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T 0 all whom it may concern: ' 
Be it known that I, NIKOLA TESLA, a citize 

of the United States, residing at New York, 
in the county and State of New York, have 
invented certain new and useful Improve 
ments in Electrical Condensers, of which the 
following is a speci?cation, reference being 
had to the drawings accompanying and form 
ing a part of the same. 

It has heretofore been announced and dem 
onstrated by me that, under ordinary condi 
tions, the efficiency of an electrical condenser 
is greatly increased by the exclusion of air or 
gaseous matter in general from the dielectric. 
In a patent granted to me December 8, 1891, 
No. 464,667, I have shown and described a 
convenient and practicable means of accom 
plishing this result by immersing the cone 
ducting-plates or armatures of the condenser 
in an insulating ?uid, such as oil. 

My present invention, while based upon 
this important feature of the practically com- ‘ 
plete exclusion of air or gas from‘the dielec 
tric, is an improvement on the forms of con 
denser heretofore described and used by me. 

According to my present invention I-em 
ploy an electrolyte, or, in general, a conduct 
ing liquid in lieu of a solid, as the material 
for the armatures of the condenser, under 
conditions more fully hereinafter described, 
whereby air or gas will be practically pre 
vented from exercising upon the condenser 
or the more active portions of the same the 
detrimental effects present in such devices as 
heretofore made. Such condensers are es 
pecially advantageous when used with cir 
cuits of great rates of electrical vibration be 
cause of the high conducting capacity of such 
fluids for currents of this character. There 
is, however, a general advantage derived 
from the fact that the conducting fluids have 
a high speci?c heat, so that the temperature 
remains constant, a condition in many cases 
highly advantageous and not met with in 
condensers of ordinary construction. 

In the accompanying drawings, annexed 
in illustration of the manner in which my im 
provement is or may be carried into practice, 
Figure 1 is a view, partly in vertical section, 
of a condenser constructed in accordance with 
the invention. Fig. 2 is a part vertical sec~ 
tion of a modi?ed form of such condenser. 

A designates a jar or receptacle partly or 
wholly of conducting material and provided 
with a closely-?tting cap or cover B, prefer 
ably of insulating material. Within this re 
ceptacle is a smaller jar or vessel 0, of insu 
latin g material, containing a conducting-elec 
trode D, supported by the cover B, through 
which passes a suitable terminal E, which 
may be incased in an insulating-plug P. The 
spaces within the jars or receptacles are nearly 
?lled with a conducting liquid F G, such as a 
saline solution, the two bodies of such liquid 
in the inner and outer receptacles constitut 
ing the condenser -armatures. Above the 
conducting solution in each of the receptacles 
is poured a layer of oil L or other insulating 
liquid, which serves to prevent access of air 
to the highly-charged armatures. The ter 
minals for the two armatures may be pro— 
vided in various ways, ‘but in such forms of 
condenser as that illustrated I vprefer to util 
ize the conducting portion of the outer recep 
tacle as one terminal, securinga binding-post 
to the same, as at H, and to employ an elec 
trode D of suitably-extended surface im 
mersed in the liquid of the inner receptacle 
and in electrical connection with the binding 
post E. It is desirable'in some cases to mod 
ify the construction of the condenser, as when 
a larger capacity is required. In such in 
stances, in order to secure the substantial 
bene?ts of the improvement above described, 
I construct the instrument as shown in Fig. 2. 
In this case I employ a jar or receptacle A 
which is preferably used also as one terminal 
and ?lled with a conducting liquid, as before. 
Into the latter extends _a series of connected 
conductors K, inclosed and fully insulated 
from the liquid by a coating of such material 
as gutta-percha B. These conductors are 

55 

65 

75 

85 

electrically joined to a terminal E,‘ which eX- ' 
tends up through the cover B, and constitute 
one of the armatures of the condenser. On 
the surface of the electrolyte or conducting 
liquid is poured a quantity of oil L, for the 
purpose above stated. While I have illus 
trated the invention in its preferred form for 
general practical purposes, it will be under 
stood that without departure from the inven 
tion its construction may be greatly varied 
and modi?ed. 

What I claim is- , 
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1. In an electric condenser constructed or 
provided with means for the exclusion of air 
and gas, and an armature composed of a con 
ducting liquid as herein set forth. 

2. A condenser comprising as arinatures 
two bodies of conducting liquid electrically 
insulated and contained in a receptacle from 
Which air and gas are excluded 

r) o. A condenser comprising two bodies of 
IO conducting liquid electrically insulated and 

contained in a receptacle, and a seal of insu 
lating liquid on the surfaces of the liquid, as 
set forth. 

In testimony whereof I have hereunto set 
my hand this 15th day of June, 1896. 

NIKOLA TESLA. 
\Vitnesses: 

DRURY W. CooPER, 
M. LAWsoN DYER. 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, of 

Smiljan Lika, border country ofAustria-Hun 
gary, have invented an Improvement in Dy 

5 name-Electric Machines, of which the follow 
ing is a speci?cation. 

My invention relates to the commutators 
on dynamo - electric machines, especially in 
machines of great electromoti ve force, adapted 

IO to are lights; and it consists in a device by 
means of which the sparking on the commu 
tater is prevented 

It is known that in machines of great elec 
tromotive force-such, for instance, as those 

1 5 used for are lights—-whenever one commutator 
bar or plate comes out of contact with the col— 
lectingbrush a spark appears on the commu 
tator. This spark may be due'to the break of 
the complete circuit, or of a shunt of low re 

20 sistanee formed by the brush between two or 
more commutator-bars. In the ?rst case the 
spark is more apparent, as there is at the mo 
ment when the circuit is broken a discharge 
of the magnets through the ?eld-helices, pro 

25 ducing a great spark or ?ash which causes an 
unsteady current, rapid wear of the commu 
tator bars and brushes, and waste of power. 
The sparking may be reduced by various de 
vices, such as providing a path for the our 

30 rent at the moment when the commutator 
segment or bar leaves the brush, by short~cir~ 
cuiting the ?eld-helices, by increasing the 
number of the connnutator-bars, or by other 
similar means; but all these devices are ex 

35 pensive or not fully available, and seldom at 
tain the object desired. ' 

My invention enables me to prevent the 
sparking in a simple manner. For this pur 
pose I employ with the commutator - bars 

40 and intervening insulating material mica, as 
bestus paper or other insulating and prefer 
ably incombustible material, which I arrange 
to bear on the surface of the commutator, 
near to and behind the brush. 

My invention will be easily understood by 
reference to the accompanying drawings. 

In the drawings, Figure 1 is a section of a 
commutator with an asbestus insulating de 
vice‘; and Fig. 2 is a similar View, represent 

50 ing two plates of mica upon the back of the 
brush. 

In Fig. 1, C represents the commutator and 
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intervening insulating material; B B, the 
brushes. (1 d are sheets of asbestus paper or 
other suitable non-conducting material. ff 55 
are springs, the pressure of which may be ad 
justed by means of the screws 9 g. 

In Fig. 2 a simple arrangement is shown 
with two plates of mica or other material. It 
will be seen that whenever one commutator- 6o 
segment passes out of contact with the brush 
the formation of the arc will be prevented by 
the intervening insulating material coming in 
contact with the insulating material on the 
brush. 65 

My invention may be carried out in many 
ways; and I do not limit myself to any particu~ 
lar device, as my invention consists, broadly, 
in providing a solid non-conducting body to 
bear upon the surface of the commutator, by 70 
the intervention of which body the sparking 
is partly or completely prevented. 

I prefer to use asbestus paper or cloth im~ 
pregnated with zinc-oxide, magnesia, zirconia, 
or other suitable material, as the paper and 75 
cloth are soft, and serve at the same time to 
wipe and polish the commutator; but mica or 
any other suitable material may be employed, 
said material being an insulator or a bad coir 
ductor of electricity. 

My invention may be applied to any elec 
tric apparatus in which sliding contacts are 
employed. 

I claim as my invention—— 
1. The combination, with the commutator- 85 

bars and intervening insulating material and 
brushes in a dynamo electric machine, o'fa solid 
insulator or bad conductor of electricity ar 
ranged to bear upon the surface of the com 
mutator adjacent to the end of the brush, for go 
the purpose set forth. 

2. In an electric apparatus in which sliding 
contacts wit-h intervening insulating material 
are employed, the combination, with the con 
tact springs or brushes, of a solid insulator or 95 
bad conductor of electricity, as and for the 
purposes set forth. 

Signed by me this 2d day of May, A. D. 
1885. 

80 

NIKOLA TESLA. 

Witnesses: . 

GEO. T. PINcKNnY, 
WILLIAM G. Mo'rT. 
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To aZZ whom, it may concern: 
Be it known that I, NIKOLATESLA, of Smil 

j an Lika, border country of Austria-Hungary, 
have invented certain Improvements in Elec 

5 trio-Arc Lamps, of which the following is a 
speci?cation. 

In another application, No. 160,574, ?led 
by me March 30, 1885, I have shown, and de 
scribed a lamp having two magnets, in the 

IO main and shunt circuits, respectively, an ar 
mature-lever, and feed-mechanism connected 
to the armature-lever. 

M ypresent invention consists in some modi~ 
?cations of and improvements upon the do 

I 5 vices shown in the application referred to. 
In my present invention I further provide 

means for automatically withdrawing a lamp 
from the circuit, or cutting out the same, 
when, from afailure of the feed, the arc reaches 

20 an abnormal length, and also means for auto 
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. Fig. 2 is a 
sectional plan at the line 00 m. Fig. 3 is an 
elevation, partly in section, of the lamp at 

30 right angles to Fig. 1. Fig. 4 is a sectional 
plan at the line 3/ y of Fig. 1. Fig. 5 is asec 
tion of the clamp in about full size. Fig. 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 oolumns,S S, is preferably cast in one piece of 
brass or other diamagnetie material. To the 
magnets are soldered or otherwise fastened the 
brass washers or disks a a a a. Similar wash 
ers, b b, of fiber or other insulating material, 

4.5 serve to insulate the wires from the brass 
washers. 

The magnets MI and N are made very ?at, 
so that their width exceeds three times their 
thickness, or even more. In this way a com 

50 paratively small number of eonvolutions is 
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sufficient to produce the required magnetism, 
besides a greater surface is offered for cooling 
off the wires. 

The upper pole-pieces, m In, of the magnets 
are curved, as indicated in the drawings, Fig. 55 
1. The lower pole-pieces, m’ n’, 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 magnetism upon the armature, 60 
and also to allow the pull to be exerted always 
upon the middle of the armature g. This 
armature g is a piece of iron in the shape of a 
hollow cylinder, having on each side a seg 
ment cut away, the width of which is equal to 6 5 
the width of the pole-pieces m’ n’. 

The armature is soldered or otherwise fast 
ened to the clamp 0', which is formed of a 
brass tube, provided with gripping-jaws e c, 
Fig. 5. These jaws are arcs of a circle of the 70 
diameter of the rod 1%, 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 to re- 75 
duce greatly the wear and corrosion of the 
parts coming in frictional contact with the rod, 
which frequently causes trouble. The jaws e e 
are fastened to the inside of the tube 1', 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 red when the same is 
released by the clamp. The clamp r is sup 
ported on bearings 20 20, Figs. 1, 3 and 5, which 
are just in the middle between the jaws c e. I 
?nd this disposition to be the best. The bear 
ings w w are carried by a lever, I‘, one end of 
which rests upon an adjustable support, q, of 
the side columns, S, the other end being o0n~ 
nected by means of the link (2’ to the armature 
lever L. The armature-lever L is a hat piece 
of iron in Z shape, having its ends curved so 
as to correspond to the form of the upper pole 
pieces of the magnets M and N. It is hung 
upon the pivots e c, Fig. 2, which are in the 
jaw 00 of the top plate, 13. This plate B, with 
the jaw, is preferably cast in one piece and 
screwed to the side columns, S S, that extend 
up from the base A. To partly balance the 
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Figs. 2 and 6, is fastened to the top plate, B, 
and hooked to the lever 15. I The hook 0 is to 
ward one side of the lever or bent a little 
sidewise, as seen in Fig. 6. By this means a 
slight tendency is given to swing the armature 
toward the pole-piece m’ of the main magnet. 

The binding - posts K K’ are preferably 
vscrewed to the base A. Amanual switch, for 
short-circuiting the lamp when the carbons 
are renewed, is _also to be fastened to the base. 
This switch is of ordinary character, and is not 
shown in the drawings. I 

Therod R is electrically connected toithe 
lamp-frame by means of a ?exible "conductor 
or otherwise. The lamp-case receives a re 
movable ornamental cover, 82, around the sa me 
to inclose the parts. _ 

The electrical connections are as indicated 
diagrammatically in Fig. 7. 

The wire in the main magnet consists of two 
parts, :17’ and 1)’. These two parts may be in 
‘two separated coils or in one single helix, as 
shown in the drawings. The part as’ being 
normallyin circuit, is, with the ?ne wire upon 
the shuntmagnet, wound and traversed by the 
current in the same direction, so as to tend to 
produce similar poles, n n or s s, on the cor 
responding pole-pieces of the magnets M and 
N. The part 19’ 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 the start the 
carbons are to be in contact, and the current 
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 .00’ 
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 6. At the same time the ar 
mature-lever L is pulled down and the can 
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. . 

It will be seen that the armatures L and g 
are practically the keepers for the magnetsM 
and N, and owing to this fact both magnets 
with either one of the armatures Land 9 may 
be considered as one horseshoe-magnet,which 
we might term a “compound magnet.” The 
whole of the soft-iron parts m, m’, g, a’, n, and 
L form a compound magnet. 

The carbons being separated, the ?ne wire 
receives a portion of the current. Now, the 

- magneticinduction from themagnet M is such 
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as to produce opposite poles on the corre 
sponding ends of the magnet N; but the cur 
rent traversing the helices tends to produce 
similar poles on the corresponding ends of 
both magnets, and therefore as soon as the ?ne 
wire is traversed by suf?cient current the 
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magnetism of the whole compound magnet is 
diminished. ' - ~ 

With regard to the armature g and the op 
eration of the lamp, the pole in’ may be termed 
as the “clamping” and the pole n’ as the “re 
leasing” pole. 

As the carbons burn away, the ?ne 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 

a moving parts until the end 1), Fig. 1, strikes 
astop on the top plate, B. ‘ The adjustment is 
such that when this takes place the rod R is 
yet gripped securely by the jaws e e. 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 grippingjaw's 66 upon the rod R, 
and the rod is allowed to drop a little, short 
ening thus the arc. The ?ne wire now re 
ceiving less current, the 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 so, in 
the position shown in Fig. l. ' ' 

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 through the ?ne 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 thearc reaches a 
great length, until it ?nally breaks. Then the 
light goes out. and frequently the ?ne wire is 
injured. To prevent such an accident, 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 ?ne 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 a’. As soon as the contact is estab 
lished, the current passes from the positive 
binding~post over the clamp r, armature g, 
insulated shunt-magnet, and the helix 1)’ upon 
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 su?'icient- ' 

110 

I15 

I20 

125 

opposite direction and changes the polarity of I 30 
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 9 remains 
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against the shunt-magnet pole n’. 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 contact the arc is started 
again. For this purpose I proportion the re 
sistance of the part 1)’ and the number of the 
convolutions of the wire upon the main mag 
net so that when the carbons come in contact a 
suf?cient amount ofcurrent is diverted through 
the carbons and the part 00’ to destroy or neu 
tralize the magnetism of the compound mag 
net. Then the armature 5;, having a slight 
tendency to approach to the clamping-pole m’, 
comes out of contact with the releasingpole a’. 
As soon as this happens, the current through 
the part 19’ is interrupted, and the Whole cur 
rent passes through the part :v. The magnet 
M is now strongly magnetized, the armature 
g is attracted, and the rod clamped. ‘At the 
same time the armature-lever L is 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‘ 
?ed without departing from the spirit of my 
invention, as long as the shunt-magnet closes 
a circuit 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 arc-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 clampingpole and a 
releasing-pole upon the respective cores, the 
cores, poles, armature-lever, and clamping 
armature forminga compound electromagnet, 
substantially as set forth. 

2. The combination, in an electric-arclamp, 
of a carbouholder and its rod, a clamp for 
such carbon-holder, a clampingarmature con 
nected to the clamp, acompound electro-mag 
net controlling the action of the clamping-ar 
mature, and electric-circuit connections, 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 combination, with the carbon-hold 
ers in an electric lamp, of a clamp around 
the rod of the upper-carbon holder, the clamp 
ing-armature connected with said clamp, the 
armature-lover and connection from the same 

to the clamp, the main and shunt magnets, 
and the respective poles of the same to act upon 
the clamping-armature and armature-lever, 
respectively, substantially as set forth. 

4. In an electric-arc lamp, a cut~out con 
sisting of a main magnet, an armature, and a 
shunt-magnet having an insulated pole-piece, 
and the cut-out circuit-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 6’, clamp r, and lever 
t, and the spring 8’, for the purpose set forth. 

6. In an electric-arc lamp, the combination, 
with two upright magnets in the main and 
shunt circuits, respectively, having curved 
pole-pieces on one end and converging pole 
pieces on the other end, of a ?at Z-shaped 
armature - lever between the curved pole 
pieces and a clamping-armature between the 
convergent pole-pieces, substantially as de 
scribed. 

7. The combination, in an electric-arc lamp, 
of an electro-magnet in the main circuit and 
an electro-magnet in the shunt-circuit, 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 speci?ed, 
whereby the branch circuit 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 clamping-armature, substan 
tially as speci?ed, for shunting the current 
when the electric are between the carbons be 
comes abnormally long, substantially as set 
forth. 

9. The combination, with the carbon~hold~ 
ing rod and a clamp for the same, of an ar 
mature upon the clamp, a shunt-magnet the 
pole 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 in ashunt or cutout circuit, the clamp 
ing-armature acting to close said cut-out cir 
cuit when the arc becomes too long and to 
break the shunt-circuit when the carbons come 
together, substantially as set forth. 

Signed by me this 11th day of July, A. D. 
1885. 

Y NIKOLA TESLA. 

lVitnesses: 
G120. T. PINCKNEY, 
WILLIAM G. Mom‘. 
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To all whom it ‘may concern: > 
Be it known that I, NIKOLA TESLA, from 

Smiljan, Lika, border country of Austria-Hun 
, gary,at presentresidingiu the city, county, and 

- 5 State of New York, have inventedcertain new 
and useful I uiprove'mentsin Commutators for 
Dynamo {Electric ‘Machines and Motors, of 
which the following is .a speci?cation, refer 
ence being had to the drawings accompanying 

to and forming a partof the ‘same. 
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‘This invention relates to dynamo-electric 
machines or motors, and is an improvement in' 
thedevices for commutating and collecting the 
cnrrents.-,v , V - ' r ' ‘I _'l 

rl‘he objects of tlie'inycntion are, first,v to 
avoid the sparking and the gradual wearing 
away or destruction of the commutator-slog 
mcntsand brushes or collectors resulting 
therefrom; second, to obviate the necessity of 

20 readjustment of the commutator or'thc brushes 

25 

or collectors and other consequences "of the 
wear of the same; third, to ‘render practicable 
the construction of very large d ynamo-‘electric 
machines and motors with the minimum‘ num 
berof com initiator-segments, and,fourth,'toin 
crease the efficiency and safety and reduce the 
cost of the machine. I . ‘ ' ’ _ " 

In carrying, out my invention in a manner 
to accomplish these results I‘ construct a com 

30 inutator and the collectors therefor in two 
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parts mutually auapted to one another, and, so 
far as the essential features are concerned, 
alike in mechanical structure. Selecting as 
an illustration a commutator of two segments 
adapted for use with an armature the coils 
'or coil of which have but two free ends, con 
nected respectively to the said segments,'the 
bearing-surface is the face of a disk, and is 

‘ formed’of two metallic quadrant-segments and 
two iusulatin'gsegmcnts 'of the same dimen 
sions, and the Taco of the disk 'should‘be 
smoothed off, so that themctal and insulating 

, , segments areilush. The part which takes the 
placcofithe usual‘brushemor what Iterin the 

45- "c'ollcctor,” ‘is'a disli’of the same character as 
the connnutatol- and‘ having-a surface simi-_ 
larly formed with two insulating and two Ine 
tallic segments.‘ These-two parts are mounted 
with their faces in contact and in such man 
nor that the rotation of the armature causes . 

of these segments, _ 
.are in electrical, connection with the ends of 
the coils on the armature. The other two seg- , 1C0» , 

the ‘commutator to turn upon~ ‘ the-collector,‘ 
whereby the currents induced in the coils are 
taken off by the collector-segments and thence 
conveyed o?‘ by suitable conductors leading ‘ 
from the collector'-segments.~ Thisis the gen- 55 
eral plan‘of ‘the construction which I have in‘ 
vented; Aside from certain adjuncts, the na 
ture and functions of which will be hereinaf 
ter set forth, this means of commutatiouwill 
be scen'to possess many important advan4 6c 
tages. In the ?rst place" the 'short-circuiting ~ 
and breaking of the armature-coil connected 
to the commutator-segments occur at the same 
instant, and from the nature of a the construc 
tion this will be done with the greatest pre- 65 
ci'sion; secondly, the duration of both the 
break and that of the short circuit will be re 
duced to a minimum. vThe ?rst results in a 
reduction which amounts practically to a sup 
pression of the spark,‘ since the break and the 
short circuit produce opposite effects in the 
armature-coil. The second has the effect of, 
diminishing the destructive eil'ect of a spark, ,_ 
since this would be in a measure proportioned . 
to the duration~ of thesparlqwhile lessening the 
duration of the short circuit obviously .in- - 
creases the elficiency'of' the machine.. ' " ~ 

The mechanical advantages'will be better 
understoodby-referriug to the accompanying 
drawings, in which-- - 8c 

’ Figure 1~isa central longitudinal section of r 
the‘ end of a shaft with my improved commu 
t'ator carried thereon. Fig. 2 is a view of the 
inner or hearing face of the collector. Fig. 3 
is an end view- from the armature side of‘ a 
modi?ed form'of‘ commutator. i FigsA and 5 
are views of details‘of Fig. 3. Fig. 6 is a lou 
g'itudinal central section- of anotherumodi?ca 
tion, and Fig. 7 iso. sectional view of the same. I 

‘ A is the end ‘of the armature-shaft of ajdy 
naino-electric machine or motor._ ._ .7 _ 

A’ is a sleeve of insulating material around 
the shaft, secured in place hyia' screw, a’,\-'or 
by other suitable means. ~ ' ' .r , . 

vThe commutator proper is in the form of a 95 
disk which is-made up of four segments,.D I)’ . 
GG', similar-to those shown .ilL'Eig. 3. Two >_ 

as D D’, are ‘of metal and 
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ments arc of insulating material. . The seg-’ 
ments are held in place by a band, B, of in‘ 
sulating material. The disk is held in place 
by friction or by .screws, such as g’ 9’, Fig. 3,. 
which secure the disk ?rmly to the sleeve A’. 

The collector. is, made in the same form as 
llu- cmnmutator‘. ' It is composed of the two 
metallic segments E E’ and the twoinsulating 
semnents F F’, bound together by a band, 0. 
The metallic segments-‘E E" are of the same orv 

' practically the same width or extent as the 

20 

- justcd'and set to the desired position. 
' ' I prefer in the form shown in Figs. 1 and 2 

30 

‘as 
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_, parts. 

lector are made in substantially the same man 

insnla/ting segments or spaces of the commu 
tator. The collector" is secured to a-sleeve, B’, 
by screws g g, and the sleeve is‘ arranged to 
turn freely on the vshaft A. The end of the 
sleeve B’ is closed by a plate, as f, upon which 
presses a pivot-pointed screw, h, adj ustable in 
a spring, H, which acts to maintain the col 
lector in close contact with the commutator 
and to compensate for the play of the shaft. 
Any convenient means is employed to hold 
the collector so thatjt may not turn with the 
shaft. ~ For example, Ishave shown a slotted 
plate, K, which is designed ‘to be attached to 
a stationary support, and ‘an arm extending 
from the collector and carrying a clamping‘ 
screw, L, by which the collector may be ad 

to lit the insulatingrsegments of both commu 
tutor and collector loosely and to provide some 
means~—as, for example, light springs e e, se 
cured to the bands A’ B’,lrespectively, and 
bearing against the ‘segments-to exert alight 
pressure upon them and keep them in close 
contact and to compensate for wear, . The 
metal segments of. the commutator may be 
moved forward by loosening the screw a’. _ 

The circuit or line wiresare led'from' the 
metal segments of the collector, being secured. 
thereto in any convenient manner','the'plan of 
connections being shown as applied to a modi 
?ed form of the commutator in Fig. 6. 'The 
commutator and the collector in thus present 
ing two ?at and smooth bearing-surfaces pre 

vent-by mechanical action the occurrence of 
sparks, and this is more‘ e?‘ectively accom 
plished asis here done—-that is to say, by the 
interposition of an ‘insulating body between 
the separating plates or segments of the com 
mutator and collector-“than by any other me-— 
chanical devices of which I am aware.‘ . 

The insulating-segments are made of some 
'hard material capable of being polished and 
formed with sharp edges. Such ‘materials as 
glass,‘ marble, or soapstone may be advanta 
geonsly used. The metal segments are pref 
erably of-copper or brass; but‘they may have 

' a facing or edge of durable material--such as 
platinum or the like~—where the sparks ‘are 
liable tooccur. ' 

I nqFig. 3 a somewhat modi?ed form of my 
invention is shown, a form designed to facili 
tate the construction and replacing of the 

In this form the commutator and col 

ner as previously described, except that the, 
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ments of each part, however, are secured to 
their respective sleeves by screws 9’ g’, and 
one edge of each segment is cut away,'so that 
small plates a b may he slipped into the spaces 
thus'formed. OF these plates a a are of metal, 
and are in contact with the metal segments D 

' Di, respectively. The other two, ()1), are of glass 
0r marble, and they are all preferably square, 
as shown in Figs. 4 ends, so that they may 
be turned to present new edges should any 
edge’ become worn by use. ‘Light springs d 
bear upon these plates and press'those in the 
commutator toward thosc'in the collector, {and 
insulating-strips c c are secured to 'thc periph 
cry of the disks to prevent the blocl-zsfroin‘ 
being thrown out by-centrifugal action. These‘ 

. plates are, of course, useful at those edges of 
the segments only where sparks are liable to 
occur, and, as they are easily replaced, they 
are of great advantage. 
with platinum or silver. , I 

In Figs. 6 and 7 is shown the construction 
which I use when, instead of solid segments, a 
?uid is employed. In this case the commutator 
and collector are made of two insulating-disks,‘ 
S T, and in lieu of the metal segments a space 

.' is cut out of each part, as at R R’, correspond 
ing in‘ shape and size to a metal segment. 

bands B C may be omitted. ‘The four seg- ; 

80 

_._I prefer to coat them ' 
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The two parts are ?tted smoothly and the col- ' ’ 
lector. T held- by the screw h ‘and spring H 
against the commutator S. 4 As in the other 

cases, the commutator revolves while the col 
lector remains stationary. ~ The ends of the 
coils are connected to binding-posts s s,,wh»1ch 
are in electrical connection with metal plates 
t t within the recesscs'iu the two parts SIT. 
These chambers or recesses ‘are ?lled with 
mercury, and in the collector part are tubes 
W W, with screws w 10, carrying springs X 
and pistons X’, which compensate for the ex‘ 
pension and contraction of the mercury under 
varying temperatures, but which are suffi 
ciently strong not to yield‘ to the pressure of 
the ?uid'dne, Le centrifugal action, and which 
serve as binding-posts. , 1 

In all the above cases I have described com 
mutators adapted for a single coil,and the de 

105' 
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vice is particularly adapted to such purposes. , 
The number of segments may be increased, 
however, or more than one commutator used ' 
with asingle‘armature, as will be well under 
stood. _ _ -, 

Although I have shown the bearing-surfaces 
as planes at right angles to the shaft or axis, 
it is evident that in this particular the con 
strnction may be very greatly modi?ed with 
out departure from the invention. 

Without con?ning myself, therefore, to the 
details of construction which Ulavc shown in 

' illustration of the invention, what I claim as 
new is 

1. In a dynamo-electric machine, the com 
binatiomwith a commutator formed with con‘ 
dncting terminals or segments with interven< 
ing insulating-spaces, of a collector adapted. 

- 12C 

[30 

to bear upon the surface of thecommntatohp 
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and formed with conducting terminals or seg 
ments equal in extent to‘ the insulating-space 
between the commutator-segments, as set forth. 

' 2. rlfhe combination, ,with a commutator 
5 built or formed of alternate blocks or seg 

ments of ‘conducting and insulating material, 
of a collector adapted to bear upon the surface 
of the commutator and formed of conducting 

. blocks or segments of a width or egtent equal 
_ 10 to that of the insulating-segments of thecom_~ 

mutator and separated by interposed blocksv 
- or segments of insulating material, as de 

scribed‘. - 

3. The combination, with a commutator 
. x 5 formed as a disk with alternate terminals or 

segments of conducting and insulating ma 
terial, of a collector similarly formed and 
mounted with its face in contact with that of 
the commutator, as set forth. ‘ ' 

2o . 4. The combinationmith acommutator havi 

ing a bearing-surface formed of alternate sec 
tions of conducting and insulating mate'riat, 
of a collector with asimilar andsymmetrically 
‘formed bearing-surface and means for apply 
ing spring-pressure to force the two bearing- 2 5 
surfaces together, as set forth. 

5. The combination,'witha commutator and 
a collector the bearing-surfaces of which are 
identical in respect to the disposition of the 
conducting and insulating parts, of means for 30 
applying springpressure to maintain the two 

- bearing-surfaces in contact and means for hold 
' ing the collector against rotary movement, as 

set forth. _ 

--Signed_ this 21st day of April, 1887._ 
NIKOLA TESLA. 

_, Witnesses: 
Ron'r. F. GAYLOBD, ' 
FRANK E. HARTLEY. 
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To all whom it-ma-y concern.- . 
Be it known that I, NIKOLA TEsLs, from 

Smiljan, Lika, border country of Austria-Hun 
gary, and residing in the city, county, and State 
of New York, have invented certain new and 
useful Improvements in the Transmission of 
Power, of which the following is a speci?cation, 
reference being bad vto the drawings accom 
panying and forming a part of the same. 

This application is a division of an applica 
tion ?led by me October 12, 1887, No. 252,132. 

The practical solution of the problem of the 
electrical conversion and transmission of me— 
chanical energy involves certain requirements 
which the apparatus and systems heretofore 
employed have not been capable of ful?lling. 
Such a solution primarily demands a uni 
formity of speed 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 such that 
all danger from the use of currents of high 

,' tension,which are necessary to an economical 
transmission, may be avoided. 

My present invention is a new method or 
mode of e?'ectin'g the transmission of power 
by electrical agency, whereby many of the 

D present objections are overcome and great 
economy and efficiency secured. 

In carrying out my invention I employ a 
motor in which there are two or more indeg 
pendent energizing-circuits, through whiehI 

in the manner hereinafter described,'al 
ternating currents, e?‘ectin g thereby a progres 
sive shifting of the magnetism or of the “lines 
offorce,”which,inaccordance with well-known 
theories, produces the action of the motor. 

) - It is'obvious that a proper progressive shilt~ 
ing of the lines of force may be utilized to set 
up a movement or rotation of either element 
ofthe motor, the armature, or the ?eld-magnet, 
and that if the currents directed through the 

5 ‘several circuits of the motor are in proper di 
rection no commutator for the motor will be 
required; but to avoid all the usual commu 
tating appliances in the system I connect the I 
motor-circuits directly with those of a suitable 

The practical 

tages, and the mode of its construction and , 
operation will be described more in detail by 
reference to the accompanying ‘diagrams and 
drawings. ‘ 

Figures 1 to 8 and‘1“to'8“, inclusive, are dia- , 
grams illustrating the principle of the action 
of my invention. The remaining ?gures-are 
views of the apparatus in various forms by 
means of which the invention may be carried 
into e?'ect, and which will be described in their 
order. ~ ’ 

Referring ?rst to Fig. 9, which is a dia 
grammatic representation of a motor, a gen~ 
erator, and connecting-circuits in accordance 
with my invention, M is the motor, and G 
the generator for driving it. The motor com 
prises a ring or annulus, R, preferably built. 

55 

up of thin insulated iron rings or annular . 
plates, so as to be as susceptible as possible to 70 
variations in its magnetic condition. This ring .. 
is surrounded by four coils of insulated wire 
symmetrically placed and designated by 0 CG’ . ' 
C’. ‘The diametrically-opposite coils are con 
nected up so as to co-operatein pairs in produc 
ing .free poles on diametrically-opposite parts‘ 
of the ring. The four free ends thus left are 
connected 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 mag 
netic disk, 0, generally circular in shape, but 
having two segments, cut away as shown. 
This disk is mounted so as to turn freely within 
the ring R. The generator G is of any ordi 
nary type, that shown in the present instance 
having ?eld-magnets N S and a cylindrical ar 

75 
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mature-core, A, wound with the two coils B _ 
B’; The free ends- of each coil are carried 
through the shaft a’ and connected, respect 
ively, to insulated contact-rings b b b’ b’. Any 
convenient form of collector or brush bears on 

veach ring and forms a terminal by which the 
current to and from a ring is conveyed. These 

terminals are connected to the terminals of the 
motor by the wires Laud L’ in the manner in 
dicated, whereby two complete circuits are 
formed, one including, say, the coils B of the 
generator and 0-0 of the motor and the other 
the remaining. coils ‘B’ and 0’ 0' of the gen 
orator and the motor. 

It remains now'to explain‘ the mode of op 

95. 

I60 

oration of this system, and for this purpose I ' ‘ 
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refer to the diagrams, Figs. 1 to 8 and l“ to 8", 
for an illustration of- the, various phases 
through which the coils of the generator pass 
when in operation, and the corresponding and 
resultant magnetic changes produced in the 
motor. The revolution of the armature of the 
generator between the ?eld~magnets N S ob 
viously produces in ‘the coils B B’ alternating 
currents the intensity and direction of .which 
depend upon well~known laws. In the posi 
tion of the coils indicated in Fig. l the current 
in the coil B is practically m'l, whereas the 
coil B’ at the same time is developing its 
maximum current, and by the means indicated 
in the description of Fig. 9 the eircuitinclud 
ing this coil may also include, say, the coils C 
G of the motor, Fig. 1“. The result, with the 
proper connections, wouldbe the magnetiza 
tion of the ring R, the poles being on the line 
N S. The same , order" of connections being 
observed between the coil B and the coil 0’, 
the latter ~when traversed by a current tend to 
?x the poles at right angles to the lineNS of 
Fig. 1’. It results, therefore, that when the 
generator-coils have made one-eighth of a re 
v‘olution, reaching the position shown in Fig. 
2, both pairs of coils, C and C’, will be trav 
ersed by current and act in opposition in so 
far as the location of the poles is concerned. 
The position of the poles will therefore be the 
resultant of the magnetizing forces 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 to one-fourth ofa 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 neutralposition. 
of the ring R in Fig. 3"‘ will in consequence be 
shifted to a position ninety degrees from that 
at the start, as shown. 7. ‘I have in like manner 
shown the conditions existing at each succes 
sive eighth of one revolution in the remaining ' 
?gures. A short reference to these ?gures will 
suffice to an‘understanding, of their.signi?~ 
canoe. _ ' . - 

Figs. ‘land 4‘illustrate ‘the conditions which 
exist. when the generator-armature has com’ 
pleted three-eighths of a. revolution. .Here 
both coils are generating currents; but the coil 
B’, having now'entered the opposite ?eld, is 
generating a current in the opposite direction 

- having the opposite magnetizing effect; hence 
-55 the resultant pole will be on'the line" N S, as 

shown. ‘ - -- - ~ 

. InFig. bone-half of .one revolution of the 
armature of the generator has been completed, ‘ 
and the resulting magnetic condition of the 
ring is shown in Fig. 5“. In this phase coil B 

‘ is in the-neutral position, while coil B’. is gen'- 

65 

crating its maximum current, which is in the 
same direction as in Fig. 4. The poles will‘ 
consequently be shifted through onehalf of 
the ring. ' . = I . 

In Fig. 6_ the armature has completed ?ve 
eighths of a‘revolution. In this position coil, 

The poles ' 

‘ 382,280 

B’ develops a less powerful current, but in the 
same direction as before. The coil B, on the 

other hand, having entered a. ?eld of opposite 
polarity, generates a current of opposite di 
rection. The resultant poles will therefore be 
in the line N S, Fig. 6“; or, in‘ other words, 
the poles of. the ring-will be shifted along ?ve. 
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 revolution of 
the generator-armature. ’ These?g‘ures will be 
readily understood from the foregoing. _ 

When a complete revolution 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 revolu 
tion of the armature of the generator produces 
a corresponding shifting of the poles or lines. 
of force around the ring. This effect I utilize 
in producing the rotationof a body or arma 
ture in a variety of ways~for example, apply~ 
ing the principle above described to the apps 
ratus shown in Fig. 9. ‘The disk D, owing to 
its tendency to assume that position in which 
it embraces the greatest possible number of the 
magnetic lines, is set in rotation, following the 
motion of the lines or the points of greatest 
attraction, v > v " 

The disk D in Fig. 9 is'shown as cut away 
on opposite sides; butthis I have found is not‘ 
essential ‘to effecting its rotation, as a circular 
disk, as indicated ‘by dotted lines, is also set 
in rotation. This phenomenon I- attribute to 
a certain inertia or resistance inherent in the 

. metal to the rapid shifting of the lines of ‘force 
through the same, which results'in ‘a continu- 
ous tangential pull upon the disk, causing its 
rotation. This seems to be con?rmed by, the 
‘fact that a circular disk of steel is more e?'ect 
ively rotated than one of soft iron, for the rea 
son that the former is assumed to possess a 
greater resistanceto the shifting of the mag 
netic lines. _ v _. ‘ 

Inillustration of other forms of apparatus 
by means of which I carry out my invention. 
I shall now describe the‘ remaining ?gures of 
the drawings. ' _ ~ . 

Fig. 10'is'a view in elevation and part vcri 
tical section of a motor. Fig. 12 is a top view 
of the same with the?eld in section and’ a 
diagram’ of connections. Fig. 11 is an end or 
side view of a generator with the ?elds in sec 

'tion. This form of motor‘ may hauled in place 
of that shown. a p 

" , D is a cylindrical or drum armatnrecorc, 
which, for obvious reasons, should be splitnp 
as far as practicable to prevent the circulation 
withingitv of currents of induction. The core 
is wound longitudinally with two il's,B and 
E’, the ends of which are respect my con. 
nected to insulated contact-rings d dd’ J, ried by the shaft a,_up'on which the armature 
is mounted. “ ‘ 

‘ The armature is set to revolve within an‘ 



382.280 

iron shell, R, which constitutes the ?eld-mag 

20 

net or other element of the motor. This shell 
is preferably formed with a slot or opening, 1', 
but- it may be continuous, as shown by the 
dotted lines, and in this event 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_ gen 
crater for driving this motor, I may use the 
device shown in Fig. 11. This represents an 
annular or ring armature, A, surrounded by 
four coils, F F F’ F’, of which those diamet 
rically opposite are connected in series, so 
that four free ends are left, which. are con 
nected to the insulated contact-rings b b b’ b'. 
The ring is suitably mounted on‘a shaft, a’, 
between the poles NS. The contact-rings of 
each pair of generator coils are connected to 
those of the motor, respectively, by means of 
contact-brushes and the twopairs'of conduct 

.ors, L L and L’ L’, as indicated diagrammat~ 

30 

ically in Fig. 13. - 
N ow, it is obvious from 'a consideration of 

the preceding ?gures 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 
arm'ature,owing to the attractive force between 
the shell and the poles of the armature; but 
inasmuch as the coils ‘in this case move rela 
tively to the shell or ?eld-magnet the move 
ment. of the coils is in the opposite direction 
to the progressive shifting of the poles. 

Other arrangements of the coilsof both gen 
erator and motor are possible, and‘ a greater 
number of circuits may - be used, as will be 
seen in the two succeeding ?gures. 

Fig. 13 is a diagrammatic illustration of a 
motor and a generator connected and con~ 

, structed in accordance with my invention. 

45 
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Fig. 14 is an end view of the generator with 
its ?eld-magnets in section. V ' . 

The ?eld of the motor‘M is produced by six 
magnetic poles, G’ G’, seeur'edto or projecting 
from a ringor frame, H. These magnets or 
poles are wound with insulated coils, those 
diametrically oppositeto each other being con 
nected in pairs,so as to produce opposite poles 
in each pair. This leaves six free ends,which 
are connected to the terminals T T T’ T’ T’”1‘”. 
The armature which is mounted to rotate be 
tween the poles is a cylinder or disk, D, of 
wrought-iron,- mounted on the shaft a. Two 
segments of the same arecut away, as ‘shown. 
The generator for this motor has in this in 
stance an armature, A, wound with three 

‘Y ' coils,-K K’ K", at sixty degrees apart. The 

6. 

ends of these coils are connected, respectively, 
to insulated contact rings e cc’ c"c”_ c".- These 
rings are connected to those of the motor in 
proper order by means of collecting-brushes 
and six win-m, forming three independent cir— 
cuits. The variations in the strength‘aud di 
rection of the currents transmitted through 
these circuits and traversing the coils of the 

. terminals t t t’ t’. 

‘view of such-a motor. 

motor produce a steadily-progressive shifting 
of the resultant attractive force exerted by the 
poles G’ upon the armature D, and conse 
quently keep the armature rapidly rotating. 
The peculiar advantage of this disposition is 
in obtaining a more concentrated and power 
ful ?eld. Theapplicationof this principle to 
systems involving multiple circuits generally 
will be understood from this apparatus. 

Referring now to Figs. 15 and 16, Fig. 15 is 
a diagrammatic representation of a modi?ed 
disposition of my invention. Fig. 16 is ahori 
zontal cross-section of the motor. In this case 
a disk,‘ D, of magnetic metal, preferably cut 
away at opposite edges, as shown in dotted 
lines in the ?gure, is mounted so as to turn 
freely inside two stationary coils,N’ N ”,placed 
at right angles to one another. The coils are 
preferably wound on a frame, 0, of insulating 
material, and their ends are connected to the‘ 
?xed terminals T TT’ T’. The generator G is 
a representative oi that class of alternating 
current machines in which a stationary in 
duced element is employed. Thatshown con- 
sists of a revolving permanent or electro~mag< 
net, A. and four independent stationary mag 
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nets, P P’, wound with coils, those diamet- ' 
rically opposite toeach other being connected 
in series and having their ends secured to the 

From these terminals the 
currents are led to the terminals of the motor, 
as shown in the drawings. The mode of op 
eration is substantially the same as in the pre 
vious cases, the currents traversing the coils 
of the motor having the e?'ect to turn the'disk 
D. This mode of carrying out the invention 
has the advantage of dispensing with the slid 
ing contacts in the system. _ 

In'the forms of motor above described only 
one of the elements-ribs armature or the ?eld 
magnet-is provided with energizing-coils. It 
remains} then. to sh ow- how both elements may 
be wound with coils. Reference is therefore 
had to Figs. 17, 18, and 19.‘ Fig. 17 is an end 

Fig. 18 is a ‘similar 
view of the generator, with‘ the ?eld-magnets 
in section;and Fig. 19 is a diagram of the cir 
cuit-connections. 19 Fig. 17 the ?eld~magnet 
of the motor consists‘ of a ring, R, preferably; 
of thin insulated'iron sheets or hands, with 
eight pole-pieces, G, and corresponding re 
cesses in which four ‘pairs of coils, V, are 
wound. The diametricallyopposite pairs of 
coilsare' connected in...series and the free ends 
connected to four terminals, w, the rule to~ be 
followed in connecting being the same as here 

95 
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inbeforeexplained. Anarmature,D,with two ' 
coils, E E’, at right- angles to each other, is 
mounted to rotate inside of the ?eld-magnet 
R. The ends of the armature-coils are con 
nected to two pairs of contact-rings, d 'd d’ d’. 
The generator for this motor may be of any 
‘suitable kind toproduce currents‘ of the. de 
sired character. In the present instance it 
consists of a ?eld-magnet, N S, and an arma 
ture, A, withtwo coils at right angles, the’ 
ends of, which are connected to four cont-acti 
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rings, 1) b b’ b’, carried by itsshal't. ' V The cir 
cuit-connections are established between‘ the 
rings on the generator-shaft and those on the 
motor-shaft by collecting brushes and wires, as 
previously explained. In order to properly 
energize the ?eld-magnet of the motor, how 
ever, the connections are so made with the 
‘armature-coils by wires leading thereto that 
while the points of greatest attraction or great 
est density of magnetic lines of force upon the 
armature are shifted in one direction those 

' upon the ?eldmagnet are made to progressin 
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an opposite direction. In other respects the 
operation is identically the same. as in the 
other cases cited. This arrangement results 
in an increased speed of rotation. . _ 

In Figs. 17 and .19, for example,the terminals 
of each set of ?eld-coils are connected with the 
wires to the two armature-coils in sucha way 
that the ?eld~coils will maintain opposite poles 
in advance of the poles of the armature. ‘ 

In the drawings the ?eld-coils are in shunts 
to'the armature; but they may be in series or 
in independent circuits. 

It is obvious that the same principle may 
be applied to the-various typical forms of mo- 
tor hereinbefore described. 

Having now described the nature of my in 
vention and some of the various ways in which 
it is or may be carried‘ into effect, I would call 
attention to certain characteristics which the 
applications of the invention possess, and the 
advantages which it offers. 

In my motor, considering, for convenience, 
that represented in Fig. 9, it will be obseryed 
that since the dish I) has a tendency to follow 
continuously the points of greatest attraction, 
and since these points are‘shiftcd arouudthe 
ring once for each revolution of the armature, 
of the generator, it follows that the move 
ment of the disk D will be synchronous with 
that of the armature A. This feature by 
practical demonstration I have found to ex 
ist in all other fornis-inwhich one revolution 
of the armature of the'generator produces a 
shifting of the poles of ,the motor through 
three hundred and- sixty degrees. I 

In the particular modi?cation shown in Fig. 
15, or in‘ others constructed on ya similar plan, 
the number of alternating impulses resulting 
from one revolution of the generator-armature 
is double as ‘compared with the preceding 
eases, and‘gthe polarities ,i'n thermotor are 

‘ shiftedarouud' twice by one? revolution of the 
55 
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generator-armature_.:i' The ‘speed of the motor‘ 
will therefore be‘twice that .o'f'the generator. 
Thesame resnlt‘is' evidently obtained by such 
a disposition‘ as thatls'h'own in Fig. >17, where 
the poles ,of' both elements are shiftedjjn op 
positc' directions-m, ‘ _ _ ~ I ‘ . 

Again,‘considering the apparatus illustrated 
by Fig. ,9' as'typical of. the invention,2 it is obi 
vious that since the attractive effect upon ‘the 

' disk‘D is greatest when the disk is in its proper 
relative position to the poles developed-in the 
ring R-thatis to say, when its ends or poles 
immediately follow those of the ring-the 
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speed of the 'motor for all loads within the 
normal workingvlimits of the motor will be 
practically constant. g 

It is clearly apparent that the speed can 
never exceed the arbitrary limit as determined 
by the generator, and also that within certain 
limits, at least, the speed of the motor willbe 
independent of the strength of the current. 

It will now be more readily seen from the 
above description how far the requirements of 
a practical system of electrical transmission 
of power are realized in my invention. I se 
cure, ?rst, a. uniform speed under all loads 
within the normal working limits of the m0 
tor without the use of any auxiliary regula 
tor; second, synchronism .between the motor 
and the generator; third, greater e?ieiency by 
the more direct application of the current, no 
commutating devices being required on either 
the motor or the generator; fourth, cheapncss 

‘ and simplicity of mechanical construction; 
?fth, the capability of being very easily man 
aged or controlled, and, sixth, diminution of 
danger from injury to persons and apparatus. 

These‘motors may be run in series?multi 
ple are or multiple series——uuder conditions 
well understood by those skilled in the art. 

I am aware that it is not new to produce the 
rotations of a motor byinteriuittently shifting 
the poles of one of its elements. This has been 

done by passing through independent ener 
gizing-coils on one-of the elements the cur 

~ rent from a battery or other source of - direct 
or continuous currents, reversing,such cur 
rent by suitable mechanical appliances, so that 
it is directed through the. coils in alternately 
opposite directions. In such cases, however, 

' the potential of the energizing - currents re 
mains the same, theirdirection only being 

changed. According to my'inventiomhow 
ever, I employ true alternatingcurrent-s; and 
my invention consists in the discovery of the 
mode or method of utilizing such currents. 

The difference between the two plans and 
the advaiitages of mine are obvious. By pro 
ducing an alternating current each impulse , 
of which involves a rise and fall of potential 
I reproduce in the motor the exact conditions 
of thegenerator, and by such currents and the _ 
consequent production of ~resultant poles the 
progression of the poles will be continuous 
and not intermittent. In addition to this,the 
practical di?iculty of interrupting or revers 
ing a current of any considerable strength is 
such that noue'of the devices at present could 
be made to economically or practically e?‘ect 
the transmission of_ power byrev‘ersing' in the 
vmanner described a continuous or direct cur 
rent.. In so far,then,as the planl'ofactiug upon ' 
one element ofth‘e uiotor ‘is concerned, my in 
vention ,involves‘the use of an alternating as 
distinguished from ‘a rev‘ersed'curre'nt, or a cur 
rent‘ which, while continuous and direct, is 
shiited from coil to coil by anyi'orm of com 
mutator, reverser, or interrupter. With re 
gard to that part of the invention which con‘ 
sists. in acting upon both elements of the motor 



sense 5 

simnltoneously, ‘I regard the use of either 9.1- 
ternatmg or reversed currents ‘as within the 
.scope of ,the invention, although‘ I do not con 
sider the use of reversed currents of any prac- - 

5_ Meal importance. ~ ' 

“That I claim is- l 
The method herein’dcscribed of electrically 

transmitting power, which consists in produc 
mg a continuouslyprogressive shifting of the 

polarities of either or both elements (the arma- - r a 
tuna or ?eld magnet or magnets) of a motor by 
developing alternating. currents in independ 
ent circuits, including the magnetizing-coils of 
either or both elements, as herein set forth’. 

, ' __ NIKOLA TESLA. 

Witnesses: - - ’ 

FRANK B. MURPHY, FRANK E. HARTLEY. ‘ 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria?ungary, now 
residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electrolriagnetic Mo 
tors, of which the following is a speci?cation, 
reference being had to the drawings accom 
panying and forming a part of the same. 

In a former application, ?led October 12, 
1887, No. 252,132, I have shown and described 
a mode or plan of operating electric motors by 
causing a progressive shifting of the poles of 
one or both of the parts or elements of a mo 
tor—that is to say, of either the ?eld magnet 
or magnets or armature, or both. I accom 

. plish this by constructing a motor with two or 
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more independent energizing-circuits, on the 
?eld~magnets,for example, and I connect these 
up with corresponding induced or generating 
circuits in an alternating-current generator, so 
that alternating currents are caused to trav 
erse the motor - circuits. By so doing the 
poles of the ?eld-magnet of the motorare pro 
gressively shifted, and by their attraction upon 
a rotary armature set up a rotation in the lat 
ter in the direction of the movement of the 
poles. In this case, liowever, the rotation is. 
produced and maintained by the direct attrac 
tion of the magnetic elements of the motor. I 
have discovered that advantageous results may 
be secured in this system by utilizing the shift 
ing of the poles primarily to setup currents in 
a closed conductor located within the in?uence 
0f the ?eld of the motor, so that the rotation 
may result from the reaction of such currents 
upon the ?eld. 

To illustrate more fully the nature of the in 
Vention Irefer to the accompanying drawings. 

Figure 1 represents in side elevation the 
operative parts or elements of a motor em 
bodying the principles of my'invention, and 
in section the generator for operating the same. 
Fig. 2 isa horizontal central section of the mo 
tor in Fig. 1,the circuits being shown partly in 
diagram. Fig. 3 is a modi?ed form of motor 
in side elevation. Fig. 4 isa central horizon 
tal cross-section of Fig. 3. 

In Figs. 1 and 2, Ais an annular core of soft 
iron, preferably laminated or formed of in 

snlated sections, so as to be susceptible to rapid 
variations of magnetism. This core is wound 
with four coils, O O O’ O’, the diametrically-op 
posite coils being connected in the same cir- 5 5 
cuit, and the two free ends of each pair being 
brought to the terminals t and t’, respectively, 
as shown. \Vithin this annular ?eld-magnet 
A is mounted a soft-iron cylinder or disk, D, l 
on an axis, a, in bearings I) b, properly sup- 6o 
ported by the framework of the machine. 
The disk carries two coils, E E’, of insulated 
wire,wound at right angles to one another, and 
having their respective ends joined, so that 
each coil forms a separate closed circuit. 

In illustration of the action or mode of op 
eration of this apparatus,let it be assumed that _ l 
the annular ?eld-magnet A is permanently 
magnetized, so as to present two free poles dia 
metrically opposite. If suitable mechanical 7o 
provision be now made for rotating the ?eld 
magnet around the disk,the apparatus exem 
pli?es the conditions of an ordinary magneto 
generator,and currents would beset up in the 
coils or closed conductors E E’ on the disk D. 7 5 
Evidently these currents would be the most 
powerful at or near the points of the greatest 
density of the lines of force, and they would, 
as in all similar cases, tend, at least theoreti 
cally, to establish magnetic poles in the disk 80"\ 
D at right angles to thosein the annular ?eld 
magnet A. As a- result of the well-known 
reaction of these polarities upon each other, 
a more or less powerful tendency in the disk 
to rotate in the same direction as that of the 85 
?eld-magnet would be established. If, on the 
other hand, the ring or annular ?eld-magnet 
A be held stationary and its magnetic poles 
progressively shifted by passing through its 
coils C O’ properly-alternated currents, it is 90 
obvious that similar results will follow, for 
the passage of the currents causing the shift 
ing or whirling of the poles of the ?eld-mag 
net Ainduces currents in the closed circuits 
of the armaturecoils E E’, with the result of 95 
setting up a rotation of the diskD in the same 
direction of such shifting. Inasmuch as the 
currents are always induced or generated in 
the coils E E’ in the same manner, the poles 
of the disk or cylinder follow continuously no 
the poles of the annular ?eld-magnet, main 
taining, at least theoretically, the same rela 
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tive positions. This results in an even and 
perfect action of the apparatus. 

In order that the system as a whole may be 
better understood, I shall now describe the 
mode or plan devised by me for producing the 
currents that effect the progressive shifting of 
the poles of the motor. 

In Fig. 1, B B’ are the poles or polepieces 
of an alteruatingcurrent generator. They 
are permanently magnetized and of opposite 
polarity. F is a cylindrical or other armature 
containing the independent coils G G’. These 
coils are wound at right angles, so that while 
one is crossing the strongest portion of the 
?eld of force the other is at the neutral point. 
The coils G G’ terminate in the two pairs of 
insulated colleeting-ringsf andf’,upon which 
bear the brushes 9 y’. Four wires connect the 
motonterminals t and t’ with the brushes 9 and 
g’, respectively. “Then the generator is re 
tated, the coil G will at the certain point shown 
in the drawings be" generating its maximum 
current, while coil G’ is neutral. Let it be as 
sumed that this current is conveyed from the 
ringsf f to the terminalst tand through the 
coils O 0. Its effect will be to establish poles 
in the ring midway between the two coils. 
By the further rotation of the generator the 
coil G’ is brought within the in?uence of the 
?eld and begins to produce a current-,which 
grows stronger as the said coil approaches 
the maximum points of the ?eld, while the 
current produced in the coil G diminishes as 
the said coil recedes from those points. The 
current from the coil G’, being conveyed to 
the terminals 15’ t’ and through coils C’ C’, has 
a tendency to establish poles at right angles 
to those set up by the coils O C; but owing 
to the greater effect of the current in coils G 
O the result is merely to advance the poles 
from the position in which they would remain 
if due to the magnetizing in?uence of coils O 
0 alone. This progression continues for a 
quarter-revolution until coil G G becomes 
neutral and coil G’ G’ produces its maximum 
current. The action described is then re 
peated, the poles having been shifted through 
one-half of the ?eld,or ahalf-revolntion. The 
second half-revolution is accomplished in a 
similar 'way, the same polarity being main 
tained in the shifting poles by the movement 
of the generator - coils alternately through 
?elds of opposite polarity. . 

The same principle of operation may be ap~ 
plied to meters of various forms, and I have 
shown one of such modi?ed forms in Figs. 3, 
and 4 of the drawings. In these figures, M M’ 
are ?eld-magnets secured to or forming part 
of a frame, F’, mounted on a base, I). These 
magnets should be laminated or composed of 
a number of eleetrieallyinsulated magnetic 
sections, to prevent the circulation ofinduced 
currents and to render them capable of rapid 
magnetic changes. These magnetic cores or 
poles are wound with insulated coils O G’, the 
diametrically-opposite coils being connected 
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together in series and their free ends brought 
to terminals '6 t’, respectively. Between the 
poles there is mounted, in beari ngs in the cross 
pieces G”, a cylindrical iron core, D, which, 
in order to prevent the formation of eddying 
currents, and the loss consequent thereon, is 
subdivided 'in the usual way. Insulated eon 
ductors or coils are applied to the cylinder D 
longitudinally, and for these I may employ 
copper plates E E’, which are secured to the 
sides and ends of the cylindrical core in well 
known ways. These plates or conductors may 
form one or preferably several independent 
circuits around the core. In the drawings two 
of such circuits areshown, formed respectively 
by the conductors E and, E’, which are insu' 
lated from each other. It isadvantageous also 
to slot these plates longitudinally, to prevent 
the formation of eddy currents and waste of 
energy. 

From what has now been given the opera 
tion of this apparatus will be readily under 
stood. To the binding~posts t t’are connected 
the proper circuits from the generator to cause 
a progressive shifting of the resultant mag 
netic poles produced by the magnets M upon 
the armature. Thus currents are induced in 
the closed circuits on the core, which, energiz~ 
ing the core strongly, maintain a powerful at 
traction betweenihe same and the ?eld,which 
causes a rotation of the armature in the direc 
tion in which the resultant poles are shifted. 

The particular adval'itage oi‘ the construc~ 
tion'illustrated in Figs. 8 and 4 is that a con 
centrated and powerful ?eld is obtained and 
a remarkably powerful tendency to rotation 
in the armature secured. The same results 
may be obtained in the form illustrated in 
Figs. 1 and 2, however, by forming polar pro~ 
jections on the ?eld and armature cores. 

When these motors are not loaded, but run 
ning free, the rotation of the armature is nearly 
synchronous with the rotation of the poles of 
the ?eld, and under these circumstances very 
little current is perceptible in the coils E E’; 
but if a load is added the speed tends to di 
minish and the currents in coils E11’ are aug» 
mented, so that the rotary effort is increased 
proportionately. 

Obviously the principle of this invention is 
capable of many modi?ed applicationsmiost of 
which follow as a matter of course from the 
constructions described. For instance, the 
armature-coils,or those in which the currents 
are set up by induetiemmay be held stationary 
and the alternating currents from the genera 
tor conducted through the rotating inducing 
or ?eld coils by means of suitable sliding con‘ 
tacts. It is also apparent that the induced 
coils may be movable and the magnetic parts 
of the motor stationary; butI have illustrated 
these modi?cations fully in the application to 
which reference has herein been made. 

In the case of motors wound with independ 
ent field and armature circuits and operated 
by shifting their poles, as described in my said 
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prior application, I may by shortcircuiting 
the armature- coils apply the .present invention 
in order to obtain greater power on starting. 

An advantage and characteristic feature of 
motors constructed and operated in accordance 
with this invention is their capability of al-' 
most instantaneous reversal by a reversal of 
one of the energizing-currents from the gen 
erator. This will be understood from a con 
sideration of the working conditions. Assum 
ing the armature to be rotating in a certain di 
rection following the movement of the shifting 
poles, then reverse the direction of the shift 
ing,which may be done by reversing the con 
nections of one of the two energizingcircuits. 
If it be borne in mind that in a dynamoelec 
trio machine the energy developed is very 
nearly proportionate to the cube of the speed, 
it is evident that at such moment an extra 
ordinary power is brought to play in reversing 
the motor. In addition to this the resistance 
of the motor is very greatly reduced at the 
moment of reversal, so that a much greater 
amount of current passes through the energiz 
ing-circuits. ‘ 

The phenomenon alluded to-viz., the varia 
tion of the resistance of the motor apparently 
like that in ordinary motors-I attribute to the 
variation in the amount of self~induction in 
the primary or energizing circuits. ’ 

These motors presentnnmerous advantages, 
chief among which are their simplicity, relia 
bility, economy in construction and mainte 
nance, and their easy and dangerless manage 
ment. As no commntators are required on 

either the generators or the motors, the system 
is capable of a very perfect action and involves 
but little loss. 

I do not claim herein the mode or plan of 
producing currents in closed conductors in a 
magnetic ?eld which is herein diselosed,except 
in its application to this particular purpose; 
but 

What I claim is» 
1. The combination, with a motor contain 

ing independent inducing or energizing cir~ 
cuits and closed induced circuits, of an alter 
nating-current generator having induced or 
generating circuits corresponding to and con 
nected with the energizing-circuits of the mo» 
tor, as set forth. 1 

2. An electro-magnetic motor having its 
?eld-magnets wound with independent coils 
and its armature with independent closed coils, 
in combination with a source of alternating 
currents connected to the ?eld-coils and capa 
ble of progressively shifting the poles of the 
?eld-magnet, as set forth. 

3. A motor constructed with an annular 
?eld-magnet wound with independent coils 
and a cylindrical or disk armature wound with 
closed coils, in combination with a source of 
alternating currents connected with the ?eld 
magnet coils and acting to progressively shift 
or rotate ‘the poles of the ?eld, as herein set 
forth. 

» NIKOLA TESLA. 

Witnesses: I 

FRANK B. MURPHY, 
FRANK E. HARTLEY. 
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UNITED STATES PATENT O'rrrcs. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

METHOD OF CONVERTING AND DISTRIBUTING ELECTRIC CURRENTS. 

SPECIFICATION forming part of Letters Patent No,382,282, dated May 1, 1888. 

Original application ?led December 23, 1887, Serial No. 258,787. Divided and this application ?led March 9, 1888. Serial No. 
266,757. (No model.) 

.To allwhom it may concern. 
Be it known that I, NIKQLA TESLA, from 

Smilj an, Lika,border country of Austria-Hun 
gary, and now residing at New York, in the 

5 county and State of New York, have invented 
certain new and useful Improvements in Meth 
ods of Converting and Distributing Electric 
Currents, of which the following is a speci?ca 
tion, this application being a division of an ap 

r0 plication ?led by me December 23, 1887, Serial 
No. 258,787. 

This invention relates to those systems of 
electrical distribution in which a current from 
a single source of‘ supply in a main or trans 

[ 5 mitting circuit is caused to induce, by means 
‘of suitable induct-ion apparatus, a current or 
currents in an independent working circuit or 
circuits. 

The main objects of the invention are the 
20 same as have been heretofore obtained by the 

use of these. systerns—-viz., to divide the cur 
rent from a single source, whereby a number 
of lamps, motors, or other translating devices 
may be independently controlled and operated 

25 by the same source of current, and in some 
cases to reduce a current of high potential in 
the main circuit to one of greater quantity and 
lower potential in the independent consump 
tion or working circuit or circuits. 

The general character of the devices em 
ployed in these systems is now well understood. 
An alternating - current magneto-machine is 
used as a source of supply. The current de 
veloped thereby is conducted through a trans 

55 mission-circuit to one or more distant points, 
at‘ which the transformers are located. These 
consist of induction-machines of various kinds. 
In some cases ordinary forms of induction 
coil haye been used with one coil in the trans 

30 

_4o mitting-circuit and the other in a local or con 
sumption circuit, the coils being differently 

vproportioned, according to the work to be 
done in the consumptioncircuit-that is to 
say, if the work requires a current of higher 

45 potential than that in the transmission-circuit 
the secondary or induced coil is of greater 
length and resistance than the primary,while, 
on the other hand, if a quantity current of 
lower potential is wanted, the longer coil is 

50 made the primary. In lieu of these devices 
various forms of electrodynamic induction; . 

' understood principles, and on the same arma 

machines, including the combined motors and 
generators, have been devised. For instance, 
a motor is constructed in accordance with well 

55 
ture are wound induced coils which constitute 
a generator. The motor-coils are generally of 
?ne wire and the generator-coils of coarser 
wire, so as to produce a current of greater 
quantity and lower potential than theline-cur 
rent, which is of relatively high potential to 
avoid loss in long transmission. Asimilar ar 
rangement is to wind coils corresponding to 
those described on a ring or similar core, and 
by means of a commutator of suitable kind to 
direct the current through the inducing-coils 
successively, so as to maintain a movement of 
the poles of the core or of the lines of force 
which set up the currents in the induced coils. 

\Nithout enumerating the objections to these 
systems in detail, it will suffice to say that the 
theory or the principle of the action or oper 
ation of these devices has apparently been so 
little understood that their proper construc 
tion and use have, up to the present time, been 
attended with various difficulties and great ex-_ 
pense. The transformers are very liable to be 
injured and burned out, and the means resorted 
to for curing this and other defects have in 
variably been at the expense of efficiency. I 
have discovered amethod of conversion and dis 
tribution, however,which is not subject to the 
defects and objections to which I have alluded, 
and which is both eflicient and safe. I secure 
by it a conversion by true dynamic induction 
under highly efficient conditions and without 
the use of expensive or complicated apparatus 
orlmoving devices,which in use wear out and 
require attention. This method consists in 
progressively and continuously shifting the 
line or points of maximum effect in an induct 
ive ?eld across the convolutions of a coil or 
conductor within the in?uence of said ?eld 
and included in or forming part of a second 
ary or translating circuit. . 

In carrying out my invention I provide a 
series of inducing-coils and corresponding in 
duced coils which, by preference, I wind upon 
a core closed upon itself~=-sueh as an annulus 
or ring-‘subdivided in the usual manner. The [O0 
two sets of coils are wound side by side or su- > 
perposed or otherwise placed in well-known ' 
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ways to bring them into the most effective re 
lations to one another and to the core. The 
inducing or primary coils Wound on the core 
are divided into pairs or sets by the proper 
electrical connections, so that while the coils 
of one, pair or set cooperate in fixing the mag 
netic poles of the core at two given diametric 
ally-opposite points the coils of the other pair 
or set-—assuming, for the sake of illustration, 
that there are but two—-—tend to fix the poles 
at ninety degrees from such points. \Vith this 
induction device I use an alternating~current 
generator with coils or sets of coils tow corre 
spond with those ofthe converter,and by means 
of suitable conductors I connect up in inde 
pendent circuits the corresponding coils of the 
generator and converter. It results from this 
that the different electrical phases in the gen— 
erator are attended by corresponding magnetic 
changes in the converter; or, in other words, 
that as the generator-coils revolve the points 
of greatest magnetic intensity in the converter 
will beprogressively shifted or whirled around. 
This principle I have applied under variously 
modified conditions to the operation of elec 
tromagnetic motors, and in previous applica~ 
tions—~notably in those having serial numbers 
252,132 and 256,56l—-I have described in de 
tail the manner of constructing and using such 
motors. 

In the present application my object is to 
describe the best and most convenient manner 
of which I am at present aware of carrying 
out the invention as applied to a system of 
electrical distribution; but one skilled in the 
art will readily understand, from the descrip 
tion of the modi?cations proposed in said ap~ 
plieations,whcrein the form of both the gener~ 
ator and converter in the present case may be 
modi?ed. In illustration, thereforc,of the de 
tails of construction which my present inveir 
tion involves, I now refer to the accompanying 
drawings. 

Figure 1 is a diagrammatic illustration of 
the converter and the electrical connections of 
the same. Fig. 2 is ahorizontal central cross 
section of Fig. 1. Fig. 8 is a diagram of the 
circuits of the entire system, the generator 
being shown in section. 

I use a core, A, which is closed upon itself-‘ 
that is to say, of an annular, cylindrical, or 
equivalent iorm-~and as the efficiency of the 
apparatus is largely increased by the subdi 
vision of this core I make it of thin strips, 
plates, or wires of soft iron electrically insu 
lated as far as practicable. Upon this core, by 
any well-known method, Iwind, say, four coils, 
B B B’ B’, which I use as primary coils, and 
for which I uselong lengths of comparatively 
?ne wire. Over these coils I then wind shorter 
coils of coarser wire, C O O’ O’, to constitute 
the induced orsccondary coils. The construc 
tion of this or any equivalent form ofconvert-er 
may be carried farther, as above pointed out, 
by inclosing these coils with iron-»as, for ex~ 
ample, by winding over the coils a layer or 
layers of insulated iron wire. ' 
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The device is provided with suitable bind 
ing-posts, to which the ends of the coils are 
led. The diametrically-opposite coilsBBand 
B’ B’are connected, respectively, in series, and 
the four terminals are connected to the bind~ 
ing~posts 1 2 3 at. The induced coils are con 
nected together in any desired manner. For 
example, as shown in Fig. 3, C 0 may be con 
nected in multiple are when a quantity cur 
rent is ‘desired-ms for running a group of in 
candescent lamps, D-while C’ C’ may be in‘ 
dependently connected in series in a circuit 
including arc lamps I)’, or the like. 

The generator in this system will be adapted 
to the converter in the manner illustrated. 
For example, in the present case I employ a 
pair of ordinary permanent or eleetromagnets, 
E E, between which is mounted a cylindrical 
armature on a shaft, F, and wound with two 
coils, G G". The terminals of these coils are 
connected, respectively, to four insulated con 
tact or collecting rings, II II II’ II’, and the 
four linecircuit wires L connect the brushes 
Kbearing on these rings to the converter in the 
order shown. Noting the results of this combi 
nation, it will be observed that at a given point 
of time the coil G is in its neutral position and 
is generating little or no current, while the 
other coil, G’, is in a position where it exerts its 
maximum effect. Assuming coil G to be eon~ 
nected in circuit with coils B B of the converter 
and coil G’ with coils B’ B’, it is evident that 
the poles of the ring A will be determined by 
coils B’ B’ alone, but as the armature of the 
generator revolves, coil G develops more cur 
rent and coil G’ less until G reaches its maxi 
mum and G’ its neutral position. The obvious 
result will be to shift the poles ofthe ring A 
through one quarter of its periphery. The 
movement of the coils through the next quar 
ter of a turn,dnring which coil G’ enters a field 
of opposite polarity and generates a current 
of opposite direction and increasing strength, 
while coil G- is passing from its maximum to 
its neutral position, generates a current of de 
creasing strength and same direction as be 
fore, and causes a further shifting of the poles 
through the second quarter of the ring. The 
second half- revolution will obviously be a 
repetition of the same action. By the shifting 
of the poles of the ring A a power-dynamic in 
ductive effect on the coils G G’ is produced. 
Besides the currents generated in the second 
ary coils by dynamo-magnetic induction,other 
currents will be set up in the same coils in 
consequence of any variations in the intensity 
of the poles in the ring A. This should be 
avoided by maintaining the intensity of the 
poles constant, to accomplish which care should 
be taken in designing and proportioning the 
generator and in distributing the coils in the 
ring A and balancing their effect. When this 
is done, the currents are produced by dynamo 
magnetic induction only, the same result be 
ing obtained as though the poles were shifted 
by a commutator with an infinite number of 
segments. ' 
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The apparatus by means of which this 
method of conversion is or may be carried out 
may be varied almost inde?nitely. The spe 
ci?c form which I have herein shown I regard 
as the best and most efficient, and in another 
application I have claimed it; but I do not 
limit myself herein to the use of any particu 
lar form or combination of devices which is or 
may be capable of effecting the same result in 
a similar way. 

What I claim is— 
‘ l. The method of electrical conversion and 
distribution herein described, which consists 
in continuously and progressively shifting the 
points or line of maximum effect in an induct 
ive ?eld, and inducing thereby currents in 
the coils or convolutions of a circuit located 

within the inductive in?uence of said ?eld, as 
herein set forth. 

2. The method of electrical conversion and 
distribution herein described, which consists 
in generating in independent circuits produc 
ing an inductive ?eld alternating currents in 
such order or manner as to produce by their 
conjoint effect a progressive shifting of the 
points of maximum effect of the ?eld, and in 
ducing thereby currents in the coils or convo 
lutions of a circuit located within the induct 
ive influence of the ?eld, as set forth. 

NIKOLA TESLA. 

WVitnesses: 
FRANK B. MURPHY, 
FRANK E. HARTLEY. 
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' ' Application ?led March so, 1886. Serial no. 197,115; (No model.) ' ‘ 

To all whom it may concern. 
Be it known that I, NIKOLA 'I‘ESLA, of. Smil 

jan, Lika, Border Country ' of Austria-Hun 
gary, have invented an Improvement in Ther 
mo—Magnetic Motors, of which the following 
is a speci?cation. 

It is well known ‘that heat applied to a mag 
netized body will lessen the magnetism, and 
if the temperature is raised suf?cientl y the 
magnetism will ‘be neutralized or destroyed. ' 

In my present invention I obtain mechan 
ical ‘power by a reciprocating action resulting 
from the joint operations of heat, magnetism, 
and a spring or weight or other foree—that is 
to say, I, subject a body magnetized by in 
duction or otherwise tot-he action of heat un~ 
til the magnetism is su?iciently neutralized 
to allow a weight or spring to give motion to 
the body and lessen the action of the heat, so 

vthat the magnetism may be su?iciently re 
in the opposite di 

rection, and again subject the same to thede 
magnetizing of the heat. _ 

In carrying out my invention I am able to 
make use of either an electro-magnet ora per 
manent magnet, and I preferably direct the 

ismagnetized by in; 
duction, rather than directly against a permaé 
nentnn gnet, thereby avoiding the loss of mag 
netism that might result in the permanent 
magnet by the action of heat. ‘I also provide 
for lessening the Volume of the heat or for in 
tercepting the same during that portion of the‘ 
reciprocation in ‘which the cooling action 
takes place. 

In the drawings I have rcpresentml by dia 
grams some ‘of the numerous arrangements 
that may be made use of in carrying out my 
invention. In all of these ?gures the mag 
nctspoles are marked N S, the armatnre A, the 

,Bnnsen burner or other source of heat II, the 
axisot' motion M, and the springer the equiva 
lent theroof——namely, a weight——is marked W. 

In Figure 1 the permanent magnet N is eon~ 
nected with a frame, F, supporting the axis 
M, from which the arm-P h. ngs, and at the 
lower end of which the armature A is sup 
ported. The stops 2 and ,3 limit the extent of 
motion, and the spring \V tends to draw the 
armatureA away from the magnet N. It is 
now to be understood that the magnetism 

‘wheel shaft 

of~N is-sui’fieient to overcome the spring ‘1V 
and draw the armature A toward the magnet 
N. The heat acting upon the armature A 
neutralizes its induced magnetism su?ieiently 
for the spring W to draw the armature A 
away from the magnet N and also from the 
heat at-‘Il. The armature now cools, and the 
attraction of the magnet N overcomes the‘ 
spring \V and draws the armature‘ A back 
again above theliinrner lI, so that thesalne is 
again heated and v the, operations are re 
peated. The reciprocating mvements thus 
obtained are employed as a source of me 
chanical power in any desired manner. Usu 
ally a eonnectingrod: to a crank upon a ?y 

in Fig. 10; but I do not 
respect. ' a , 

Fig. 2 represents the same parts, as before 
described; but an electro-magnet is illustrated 
in place of a permanent magnet. The opera 
tions, however, are ‘the same. ' 

In Fig. 3 I have shown the same parts as 
in Figs. '1 and 2, only they are differently ar 
ranged. The armature A, instead of swing 
ing, is stationary and held by an arm, I", and 
the core N S of the electro-magnet is made to 
swing within the helix. Q, the said eore being 
suspended by the arm P from the pivot M. 
A shield, R, is connected ‘with the magnet-core 
and swings therewith, so that-‘after the heat 
has demagnetized the arimtture A to such 
an extent that the spring Vi’ draws the core 
N S away from thearmature A the shield R 
comes between the ?ame ll and armature A, 
thereby intercepting the action of the'heat 
and allowing the armature to cool, so that the 

limit myself ‘ in this 

vmagnetism, again preponderating, causes the 
movement of the core N S toward the arma 
ture A and the removal of the shield R from 
above the ?ame, so that the heat again acts 
to lesson or neutralize the magnetism. A 
rotary or other movement may be obtained 
from‘ this reciprocation. , - 

[ Fig. 4 corresponds in every respect with 
_Fig. 3, except that a permanent horseshoe 
magnet, N S, is represented as taking the 
place of the eleetro-magnet in said Fig. 3. 

In Fig. 5 I have shown a helix, Q, with an 
armature adapted to swing toward or from 

will be .made use of, as indicated 
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the helix. In this case there may be a soft- . 



iron core in the helix, or the armature may 
assume the form of a solenoid-core, there be 
ing nopermauent core within the helix. < 

= Fig. 6 is an endview, and Fig. 7 a plan 
view, illustrating my improvmnent as applied 
to a swinging arinaturc,1\, and a stationary 
permanent magnet, N h‘. in‘ this instance I 
apply the heat to an auxiliary armature or 
‘keeper, '1‘, which is adjaeentioand preferably 
in direct contact with the magnet. This 
armature '1‘, in the form oi? a plate of sheet 
iron, extends across from one pole to the other 

I and is of sufficient sectionjopractically form 

20 

25 

a keeper for the magnet, so that when this 
armature '1‘ is cool nearly all- the lines of 
force pass over the same and ver ' little free 
magnetism is exhibited. Then the armature 
A, which swings freely on the pivots M in 
front of the poles N h‘, is very little attracted 
and the spring s pulls the same away from 
the poles into the ‘position ii'ulicated in the 
drawings. The heat is di reeted upon the ‘i ron 
plate 'I‘ at some distance from the magnet, so 
as to allow the magnet to he kept (5()lll]')1tI‘lt-. 
tively cool. 'l‘his heat is applied beneath the 
plate by means of the burners H, and there is 
a connection from the armatureA or itspivot 
to the gas-cock 6 or other device for regulat 
ing the heat. The heat acting upon the m id 

3o' dle portion of the plate '1‘, the magnetic con 

35 

duetivity of the heated portion is diminished 
or destroyed, anda great number of the lines 
of force.v are deflected over, the ,armature A, 
which is now powerfully attracted and drawn 
into line, ‘ornearly so, with the poles N S. In 
so doing the cock 6 is nearly closed and the 
plate '1‘ cools, the lines of force are again de 
?eeted over the same, the attraction exerted 
upon the armature A is diminished, and the 
spring W pulls the same away from the mag 
net into the position shown by full lines, and 
the operations are repeated. The arrange 

' ment shown in l<‘ig._ 6 has the advantages that 
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the magnet and armature are kept cool and 
the strength of the permanent magnet'is bet 
ter preserved, as the magnetic circuit is con 
stantly closed. ' 

In the plan view, Fig. 8, I have shown a 
permanent magnet and keeper-plate, 'l‘, simi-. 
lar to those in‘. Figs. 6 and 7, with the burn~ 
ers H for the gas beneath the same; but the 

I 396,121 ' BEST AVAlLABLE CO1 '. 

armature is pivoted‘ at one end to one pole of 
the magnet and the other end swings toward 
and from the other pole of the magnet. The 
apring W acts against a lever-arm that pro 
jeets from the armature, and the supply of 
heat has to be partly cut off by a connection 
to the swinging armature, so as to lessen the 
‘heat acting upon the keeper-plate when the 
armature A has been attracted. ~ 

Fig. 9 is similar in Fig. 8, except that the 
keep(.*r"l‘ is not made use of and the arma 
ture itself swings into and out of the range 
of the intense action of the heat from the 
burner li. ' 

Fig. 10 is a diagram similar to Fig. .1, except 
that in place of using a spring and stops the 
armature is shown as connected byalink, 12, 
to the crank 13 of a fly-wheel, so that the fly 
wheel will be revolved as rapidly as the arma 
ture can be heated and cooled to the neces 
sary extent. A spring may be used in addi 
tion, as in Fig. l. - - 
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'In Fig. '1 ly the two‘armaturcs A A are eou- . 
nect'ed by a link, so that one will be heating 
while the other is cooling, and the attraction 
exerted to move the cooled armature is 
availed of to draw away the heated armature 
instead of using a spring. 

I have shown in the drawings several ways 
of carrying out my invention; but said in 
vention is not limited by any particular form, 
arrangement, or construction of devices. 

I claim as my invention 
1. The combination, with a swinging body 

75 

underthein?uenee of magneiism,of a burner ' 
or other source of heat acting to vary the 
magnetism, and a spring or other power to 
move the swinging body in the opposite (li 
reetion to the action of the magnetism, sub 
stantially as set forth. - 

2. The combination, with two or more arma 
tures connected to each other, of magnets to 
in?uence such armatures, and burners or 
other sources of heat to vary the magnetic 
action and cause the armaiurcs to move,sub-, 
stantially as set forth. - -' 

Signed by me this ‘39th day of March, 1886. 
NIKOLA TESLA. - 

- Witnesses: _ 

Geo. '1‘. I’INcKNEY, 
W ALLACE L. SERRELL. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

DYNAMO-ELECTRIC MACHlNE OR MOTOR. 

SPECIFICATION forming part of Letters Patent No. 390,e15, dated October 2, 1888. 

Application ?led May 15. 1888. Serial No. 278,994. (No model.) 

To all whom it may concern: The bearings G for the armatnre'shaft are 
Be it known that I, N IKOLA TEsI.A,asul)ject cast in the side bars, E F. The ?eldcoils are 

ofthe Emperor ofAustria,from Siniljan, Lika, either wound on the pole'pieces or,preferably, 
border country of Austria-Hungary, now re- wound on a form and then slipped on over the 55 

5 siding at New York, in the county and State ends of the pole-pieces. The lower part or 
of New York, have invented certain new and castingissecured toasuitable base after being 
useful Improvementsin Dynamo-Electric Ma- ?nished off. The armature K on its shaft is 
chines and Motors, of which the following is a then mounted in the bearings of the lower 
speci?cation, reference being had to the draw- casting and the other part of the frame placed 60 

[O ings accompanying and forming a part of the in position, dowel-pins L or any other means 
same. being used to secure the two parts in proper 

This invention is an improvement in the position. 
construction of dynamo or magneto electric In order to secure an easier ?t I cast the side 
machines or motors, the improvement consist~ bars, E F, and end pieces,A B, so that slots M 65 

[5 ing in a novel form of frame and ?eld~magnet are formed when the two parts are put to 
which renders the machine more solid and com- gether. 
pact asa structure, which requires fewer parts, This machine possesses many advantages. 
and which involves less trouble and expense For example,I magnetize the cores alternately, 
in its manufacture. as indicated by the characters N S, and it will 70 

2:) The invention is applicable to generators be seen that the magnetic circuit between the 
and motors generally, not only to those which poles of each part of a casting is completed 
1 have described in former patents, and which through the solid iron side bars. The bear~ 
have independent circuits adapted for use in ings for the shaft are located at the neutral 
my patented alternating current system, but points of the ?eld,so that the armature-core is 75 

25 to other continuous or alternating current ma- not affected by the magnetic condition of the 
chines, such as have heretofore been more gen- ?eld. 
erally used. My improvementis not restricted to the use 

In the drawings hereto annexed, which illus- of four pole-pieces, as it is evident that each 
trate my improvements, Figure 1 shows the pole~piece could be divided or more than four 80 

30 machine in side elevation. Fig. 2is a vertical formed by the shape of the casting. 
sectional view of the ?eld-magnets and frame What I claim is— . 
and an end view of the armature; and Fig. 3 1. A dynamo or magneto electric machine 
is a plan view of one of the parts of the frame or motor the frame of which is built up of two 
and the armature, a portion of the latter being castings, each consisting of end plates with 8:. 

35 'cut away. pole-pieces extending inwardly therefrom and 
I cast the ?eld-magnets and frame in two connecting side bars, as set forth. 

parts. These parts are identical in size and 2. A frame forgenerators or motors built up 
shape,and each consists of the solid plates or oftwo superposed castings,each consisting ofa 
ends A B, from which project inwardly the rectangular frame with pole-pieces extending 90 

1,0 cores 0 D and the side bars or bridge-pieces, inwardly from its ends, as set forth. 
E F. The precise shape of these parts is 3. A frame and ?eld-magnet for generators 
largelya matter of choice-that is to say, each and motors built up of two rectangular cast 
casting, as shown, forms an approximately- ings having pole-pieces extending inwardly 
rectangular frame; but it may obviously be from their ends, the faces of said pole-pieces 95 

45 more or less oval, round, or square without being curved to afford clearance for the arma~ 
departure from the invention. I also prefer to ture and provided with energizing'coils, as set 
reduce the width of the side bars, E F, at the forth. 
center and to so proportion the parts that when NIKOLA TESLA. 
the frame is put together the spaces between “Titnesses: 

50 the pole-pieces will be practically equal to the B0131‘. F. GAYLORD, 
arcs which the surfaces of the poles occupy. FRANK E. HARTLEY. 
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UNITED STATES PATENT OFFICE. 

NIKOIJA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO TI‘IF TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRICAL TRANSMISSION OF POWER. 

SPECIFICATION forming part of Letters Patent No. 511,91 5,dated January 2, 1894. 

Original application ?led May 15,1888, Serial No. 273,993. Divided and this application ?led December 3, 1888- Serial No. 
292.1175; (No model.) 

To aZZ whom it may concern. 
_‘ Be it known that I, NIKOLA TESLA, from 
blIl1l]£tI1,_Llk2t, border country of Austria 

~ Hungary, a subject of the Emperor of Austria 
I‘Iungary, residing at New York, in the county 
and State of New York, have invented a new 
and useful Method of Electrical Transmis 
sion of Power, of which the following is a de 
scription, this application being a division of 
an application ?led by me on May 15, 1888, Se 
rial No. 273,993, and for the method of oper 
ating motors contained in such application. 

In former patents granted to me I have 
shown and described a system for the elec 
trical transmission of power characterized by 
the following particulars: The motor contains 
independent energizing circuits and the gen 
erator has corresponding induced or current 
generating circuits which are connected by 
independent line circuits with those of the 
motor. The disposition of the generator coils 
is such that the currents developed in the cir 
cuits includingr them will have a certain dif 
ference of phase, ‘for example, that the maxi 
mum periods of the currents generated in one 
of its circuits coincide with the minimum pe 
riods of the currents produced in the other 
circuit, and the corresponding energizing cir 
cuits of the motor are so arranged that the 
two currents co-operate to effect a progress 
ive shifting of the magnetic poles or the points 
of maximum magnetic effect in the motor in 
consequence of which a rotation of its mov 
able element is maintained. 

My present invention involves this system 
of electrical power transmission; its distin 
guishing characteristic being the mode or 
method of generating or producing the alter 
nating currents which run or operate the 
motor. 

This invention is carried out in the follow 
ing way: Instead of generating directly the 
alternating currents in each of the circuits 
which include the energizing coils of the mo 
tor, as by means of the induced coils of a 
magneto electric machine, I generate or pro 
duce an alternating current in but one of 
such circuits directly and by means of such 
current induce the proper current in the other 
energizing motor circuit. When the inde 

pendent currents are both produced in the 
magneto machine it will be observed that the 
two line or transmitting circuits will ofne 
cessity extend the entire distance from the 
generator to the motor, but that by the method _ 
herein provided, one line circuit may be dis 
pensed with as one circuit or that from the 
generator may be brought into the properin 
ductive relation to the other at any desired 
point. 

The following is illustrative of the manner 
in which I carry out this invention: Iemploy 
as a motor, for example, a subdivided annu 
lar ?eld magnet within which is mounted a 
suitable armature, such as a cylinder or disk 
wound with two coils at right angles, each of 
which is closed upon itself. On opposite sides 
of the annular ?eld magnet I wind two coils 
of insulated wire of a size adapted to carry the 
current from the generator. Over these coils 
or close to them in any of the well understood 
ways I wind secondary coils. I also wind on 
the annular ?eld magnet midway between the 
?rst mentioned coils a pair of coils which I 
connect up in circuit with the secondary coils. 
rl‘he last pair of coils I make of ?ner wire 
than the main or line and secondary coils and 
with a greater number of convolutions that 
they may have a greater relative magnetizing 
and retarding effect than either of the others. 
By connecting up the main coils in circuit 
with a generator of alternating currents the 
armature of the motor will be rotated. It is 
probable that this action is explained by the 
following theory: A current impulse on the 
line passing through the main coils estab 
lishes the magnetic poles of the annular ?eld 
magnets at points midway between said coils. 
But this impulse produces in the secondary 
coils a current which, circulating through the 
second pair of energizing coils tends to estab 
lish the poles at points ninety degrees re 
moved from their ?rst position with the result 
of producing a movement or shifting of the 
poles in obedience to the combined magnetiz 
ing e?ect of the two sets of coils. This shift 
ing continued by each successive current im 
pulse establishes what may be termed a rotary 
effort and operates to maintain the armature 
in rotation. 

60 

65 

75 

85 



10 

20 

25 

35 

45 

55 

In the drawings annexed I have shown in 
Figure 1 an alternating current generator con 
nected with a motor, shown diagrammatically 
and. constructed in accordance with my in 
vention, and in Fig. 2 a diagram of a modi?ed 
form of motor. 

A designates any ordinary form of alter 
nating current generator and B B the line 
wires for connecting the same with the motor. 

0 is the annular ?eld magnet of the motor. 
D D are two main coils wound on opposite 

sides of the ring or annular ?eld and con 
nected up with the line, and having a tend 
ency to magnetize the ring 0 with opposite 
poles midway between the two coils. 

E E are two other magnetizing coils wound 
midway between coils D D, but having a 
stronger magnetizing in?uence for a current 
of given strength than coils D D. ' 

F F are the secondary coils which are asso 
ciated with the main coils D D. They arein 
circuits which-‘include the coils E E respect 
ively, the connections being made in such 
order that currents induced in‘ coils F and 
circulating in coils E will act in opposition to 
those in coils D in so far only as the location 
of the magnetic poles in the ring 0 is con 
cerned. , 

The armature may be of any of the forms 
used by me in my alternating current system 
and is shown as wound with two closed coils 
G H at right angles to each other. 

In order to prolong the magnetizing effect 
of the induced currents in prod-ucinga shift 
ing of the poles, I have carried the principle 
of the construction exhibited in Fig. 1 farther, 
thereby obtaining a stronger and better rotary 
e?ect. 

Referring to Fig. 2, O is an annular ?eld 
magnet having three pairs or oppositely lo 
cated sets of polar projections K L M. Upon 
one pair of these projections, as K, the main 
energizing coils D are Wound. Over these 
are wound the secondary coils E. On the 
next polar projections L L are wound the sec-' 
ond energizing coils F which are in circuit 
with coils E. Tertiary induced coils E’ are 
then wound over the coils F and on the re 
maining polar projections M the third ener 
gizing coils F’ are wound and connected up 
in the circuit of the tertiary coils E’. The 
cylindrical or disk armature core N in this 
motor has polar projections wound with coils 
O forming closed circuits. My object in con 
structing the motor in this way is to elfect 
more perfectly a shifting of the points of 
maximum magnetic effect. For assuming the 
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operation, of the motor to be due to the action 
above set- forth-the ?rst effectof a current 
impulse in this motor will be to magnetlze 
the pole pieces K K, but the current thereby 
induced‘ in coils E magnetizes the pole pieces 
L and thecurrent induced in turn in coils E’ 
magnetizes the pole pieces M. The pole pieces 
are not magnetized, at least to their full ex 
tent, simultaneously by this means, but there 
is enough of a retardation or delay to produce 
a rotary effect or in?uence upon the arma 
ture. The application of this principle 1s not 
limited to the special forms of motor hereln 
shown, as any of the double circuit alternat 

' ing current motors invented by me and de 
‘scribed in former Letters Patent to me may 
be adapted to the same purpose. This method 
or mode of producing the currents in the 1n 
dependent energizing circuits of the motor 
may be carried out in various ways, and 1t 1s 
not material to the invention broadly con 
sidered, what devices be employed in e?ect 
ing the result, viz: the induction from or by the 
current from the generator or source, of the 
current or currents which cooperate there 
with in producing the rotation of the motor. 

I would state that in using the word gen 
erator, I mean either a primary generator, 
such as a magneto machine, or a secondary 
generator, such as an electrical converter, 
and in claiming protection for inducing the 
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current in one set of energizing coils by the ' 
current which circulates in another, I would 
be understoodas including the induction of 
the secondary current from the current from 
the same source as that which traverses the 
motor coils whether it be ?owing in the same 
branch or part of the circuit or not. 

What I claim is— 
’1. The method of operating electro-mag 

netic motors having independent energizing 
circuits, as herein described, which consists 
in passing an alternating current through one 
of the energizing circuits and inducing by 
such current the current in the other ener 
gizing circuit of the motor, as set forth. 

2. The method of operating electro-mag 
nctic motors having independent energizing 
circuits as herein described, which consists in 
developing an alternating current in one of 
said energizing circuits ‘and inducing there 
by currents in the other energizing'circult or 
circuits, as herein set forth. ' 

' NIKOLA TESLA. 
Witnesses: ‘ 

GEo. N. MONRO, 
EDWARD T. EVANS. 
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UNITED STATES - 

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

PATENT OFFICE,~ 

ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ALTERNATING MOTOR. 

SPECIFICATION forming part of Letters Patent No. 555,190, dated February 25, 1896. 

i ’' Application ?led May 15, 1888. $erial No. 273,993. (No model.) 

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 
provements in Electromagnetic Motors, of 
which the following is a speci?cation, refer-', 
ence being had to the drawings accompany 
ing and forming a part of the same. 

In former patents granted to me—notably, 
Patents Nos. 381,968 and 382,280, of May 1, 
1888—I have shown and described a system 
for the electrical transmission of power char 
acterized by the following particulars: The 
motor contains independent energizing-cir 
cuits and the generator has corresponding in 
duced or current-generating circuits which 
are connected by independent line-circuits 
with those of the motor, the said circuits be 
ing independent in the sense only that the 
distinctive relations of the currents produced, 
transmitted and utilized in each are preserved 
to produce their proper conjoint effect. The 
disposition of the generator coils or circuits 
is such that the currents developed therein 
and transmitted therefrom to the motor will 
have a certain difference of phase—for_ ex 
ample, so that the maximum periods of the 
currents generated in one of such circuits co 
incide with the minimum periods of the cur 
rents produced in the other circuit, and the 
corresponding energizing-circuits of the mo 
tor are so arranged that the two currents co 
operate to effect aprogressive shifting of the 
magnetic poles or the points of maximum 
magnetic effect in the motor, in consequence 
of which a rotation of its movable element is 
maintained. ' 

My present invention pertains to this sys 
tem of electrical transmission of power, its 
novel and distinguishing feature, however, 
being a special means for generating or pro 
ducing in the two motor-circuits the alter-v 
nating current necessary for the operation of 
the motor, for while in the instances referred 
to I produce both currents directly by a mag 
neto-electric machine in the present instance 
I generate or produce in but one of the cir 
cuits of the motor directly an alternating cur 
rent, and by means of such current induce 
in the other energizing~motor circuit the other 

alternating current necessary for its opera 
ation. 

When the two currents are both produced 
in the magneto-electric machine, it will be ob 
served that the two line or transmitting cir 
cuits will of necessity extend the entire dis 
tance from the generator to the motor; but 
by the plan herein provided one line-circuit 
only is required, as the circuit from the gen 
erator and the other are brought into induct 
ive relation to each other in the motor itself. 

The following is illustrative of a means by 
which I secure this result in accordance with 
my present invention: I employ as a motor, 
for example, a subdivided annular ?eld-mag 
net within which is mounted a suitable arma 
ture, as a cylinder or disk, wound with two 
coils at right angles, each of which forms a 
closed circuit. On opposite sides of the an 
nular ?eld-magnet I wind two coils of insu 
lated wire of a size adapted to carry the cur 
rent from the generator. Over these coils, or 
close to them, in any of the well-understood 
ways, I wind secondary coils. I also wind on 
the annular ?eld-magnet midway between 
the ?rst-mentioned coils a pair of coils which 
I connect up in circuit with the secondary 
coils. 

The last pair of coils I make of ?ner wire 
than the main or line and secondary coils, and 
with a greater number of convolutions, that 
they may have a greater relative magnetizing 
effect than either of the others. 

By connecting up the main coils in circuit 
with a generator of alternating currents, the 
armature of the motor will be rotated. I have 
assumed that this action is explained by the 
following theory: A current-impulse on the 
line passing through the main coils establishes 
the magnetic poles of the annular ?eld-mag 
net at points midway between saidv coils; but 
this impulse produces in the secondary coils 
a current differing in phase from the ?rst, 
which, circulating through the second pair of 
energizing-coils, tends to establish the pole at 
points ninety degrees removed from their ?rst 
position, with the result of producing a move 
ment or shifting of the poles in obedience to 
the combined magnetizing effect of the two 
sets of coils. This shifting, continued by each 
successive current-impulse, establishes what 
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maybe termed a “ rotary effort,” and operates 
to maintain the armature in rotation. 

111 the drawings annexed I have shown, in 
Figure 1, an alternating-current generator 
connected with a motor shown diagrammati~ 
cally and constructed in accordance with my 
invention, and in Fig. 2 a diagram of a modi 
?ed form of motor. 

A designates any ordinary form of alter 
nating-current generator, and B B the line 
wires for connecting the same with the motor. 

C is the annular ?eld-magnet of the motor. 
D D are two main coils wound on opposite 

sides of the ring or annular ?eld and con 
nected up with the line and having a tend-~ 
ency to magnify the ring (1 with opposite poles 
midway between the two coils. 

E E are two other magnetizing-coils wound 
midway between the- coils D D, but having a 
stronger magnetizing in?uence for a current 
of given strength than coils D D. 

F F are the secondary coils, which are as 
sociated with the main coils D D. They are 
in circuits which include the coils E E, re 
spectively, the connections being made in' 
such order that currents induced in coils F 
and circulating in coils E will act in opposi 
tion to those in coils E in so far only as the lo 
cation of the magnetic poles in the ring 0 is 
concerned. 

The armature may be of any of the forms 
used by me in my alternating-current system, 
and is shown as wound with two closed coils 
G If at right angles to each other. 

In order to prolong the magnetizing effect 
of the induced currents in producing a shift 
ing of the poles, I have carried the principle 
of the construction exhibited in Fig. 1 fur 
ther, thereby obtaining a stronger and better 
rotary effect. 

Referring to Fig. 2, C is an annular ?eld 
magnet having three pairs or oppositely-lo 
cated sets of polar projections K L M. Upon 
one pair of these projections, as K, the main 
energizing-coils D are wound. Over these are 
wound the secondary coils E. On the next 
polar projections L L are wound the second 
energizing-coils 1*‘, which are in circuit with 
coils E. Tcrtiary-induced coils E’ are then 
wound over the coils F, and on the remaining 
polar projections M the third energizing-coils 
11" are wound and connected up in the circuit 
of the tertiary coils E’. 

The cylindrical or disk armature core N in 
this motor has polar projections wound with 
coils O, forming closed circuits. My object 
in constructing the motor in this way is to 
effect more perfectly the shifting of the points 
of maximum magnetic cii'cct. For, assuming 
the operation of the motor to be due to the 
action above set forth, the ?rst effect of a 
current-impulse in this motor will be to mag 
netize the pole-pieces K K; but the current 
thereby induced in coils E magnetizes the 
pole-pieces L, and the current induced in turn 
in coils E’ magnetizes the pole~pieces M. The 
po1e~pieecs are not magnetized, at least to 
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their full extent, simultaneously by this 
means; but there is enough of a retardation 
or delay to produce a rotary effect or influ 
ence upon the armature. The application of 
this principle is not limited to the special 
‘forms of motor herein shown, as any of the 
double—circuit alternating-current motors in 
vented by me and described in former Letters 
Patent to me may be adapted to the same 
purpose. 

This invention, moreover, is not limited to 
the speci?c means herein shown for inducing 
in one energizing-circuit of the motor the cur~ 
rents necessary for co-operating with the pri 
mary current of the generator for producing 
the progressive shifting of the poles or points 
of maximum magnetic effect. 

I believe that I am the first to produce any 
kind of a motor adapted to be operated by 
alternating currents and characterized by any 
arrangement of independent circuits brought 
into inductive relation so as to produce a re 
tary effort or effect due to the conjoint action 
of alternating currents from a source of sup 
ply in one of the ]110li01'*0il'(illlii$ and alternat 
ing currents induced by the lirst~named cur 
rents in the other circuit, and this without 
reference to the specific character or arrange 
ment of the said two circuits in the motor. 

\Vhat I therefore claim as my invention is— 
1. In an electromagnetic motor, the combi 

nation of independent energizing-eircuits, one 
adapt-ed to be connected with a source of: al 
ternating current, the other arranged in in 
d uctive relation to the said ?rst circuit where 
by the motor will be operated by the result 
ant action of the two circuits, as set forth. 

2. The combination in an electron'iagnetie 
motor, with an alternating coil or conductor 
and a closed-circuit conductor in inductive 
relation thereto, of an armature mounted so 
as to be within the field produced by the coil 
and closed conductor, as set forth. 

3. The combination ‘in an electromagnetic 
motor, with energizing-coils adapted to be 
connected with the generator of induced coils 
and independent energizing-coils in circuit 
therewith and arranged to producea shifting 
movement of the points of maximum mag 
netic effect of the motor, as set forth. 

4-. The combination in an electromagnetic 
motor of a series of independent energizing 
coils or sets of coils and induced coils wound 
on all the encrgizing‘coils or sets of coils but 
the last of the series, the ?rst energizing-coil 
or set of coils being included in circuit with 
a generator and each succeeding energizing 
coil or set of coils being in circuit with the in 
duced coils of the next preceding energizing 
coils of the series. 

5. In a system for the electrical transmis 
sion of power the combination of an alternat~ 
ing-cnrrent generator, a motor with an ener~ 
gizing coil or coils connected with‘ the gen 
erator, secondary coils in inductive relation 
to said energizing-coils, and energizing—coils 
in circuittherewitharranged in substantially 
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the manner set forth to produce a movement 
or rotation of the points of maximum mag‘ 
netic effect of the motor, as set forth. 

6. In an electromagnetic motor the combi 
nation of independent energizing-circuits, one 
for connection With a source of alternating 
currents, the other in inductive relation to the 
?rst7 whereby a rotary movement or projec 
tion of the ?eld-poles Will be produced by the 

conjoint action of. the two and an armature 
mounted Within the in?uence of the ?eld pro 
duced by the energizing-circuits and contain 
ing‘ closed coils or circuits7 as set forth. 

NIKOLA TESLA. 
\Vitnesses: ' 

RoBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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To all whom it may concern. 
‘ Be it known that I, NIKOLA TEsLA, a sub— 

ject of the Emperor of Austria-Hungary, for 
merly of Siniljan, Lika, border country of Aus 

5 tria-Hungary, but now residing at New York, 
inthe county and State of NewYork,l1ave in 
vented certain new and useful Improvements 
in Systems for the Electrical Transmission of 
Power, of which the following is a speci?ca 

IO tion, reference being had to the drawings ac 
companying and forming a part of the same. 

This invention is an improvement in sys 
tems of electrical distribution of power where 
in are employed motors having two or more 

15 independent energizing- circuits, through 
which are passed alternating currents differ 
ing in phase that are produced by a magneto 
electric machine havingindependent induced 
circuits, or that are obtained from any other 

20 suitable source orbyany othersuitable means. 
In illustration of the various conditions which 
I regard as most importantto an attainment 
of the best results from the use of motors of 
this character, I have heretofore used gener 

25 ally forms of generator in which the relations 
of the induced or current-generating coils and 
?eld-magnets were such that but two impulses 

' or current are produced in each coil by a sin 
gle revolution of the armature or ?eld cores. 

30 The rate, therefore, at which the different 
phases or impulses of current in the line-cir 
cuits succeeded one another was so little 
greater than that at which the armatu’i'e of 
the generator revolved that without special 

35 provision the generator required to be run at 
very high speed to obtain the best results. 
It is well known that the most efficient re 
sults are secured in the operation of such mo 
tors when they are run at high speeds; but as 

40 the practicable rate of speed is much limited 
by mechanical conditions, particularly in the 
case of large generators, which would be re 
quired when a number of motors are run from 
a single source, I have sought to produce a 

45 greater number of current impulses by a slow 
or slower speed than that at which the ordi 
nary bipolar machines may be economically 
operated. I therefore adapt to my system any 
of the various types of multipolar alternat 

5o ing-current machines which yield a consid 

erable nu mberof current reversals orimpulses 
for each revolution of the armature by 0b 
serviug the main condition essential to the 
operation of my system that the phases of the 
currents in the independent induced circuits 
of the generator should not coincide, but ex 
hibita sufficient difference in phase to produce 
the desired results. I may accomplish this in 
a variety of ways, which, however, vary only 
in detail, since they are based upon the same 
underlying principle. Forexample,toadapta 
given type of alternating-current generator I 
may couple rigidly two complete machines, se 
curing them so that the requisite difference 
in phase between the currents produced by 
each will be obtained, or I may secure two 
armatures- to the same shaft within the influ 
ence of the same ?eld and with an angular 
displacement that will produce the proper 
difference in phase between the two currents, 
or I may secure two armatures to the same 
shaft with their coils symmetrically disposed, 
and place two sets of ?eld-magnets at such 
angle as to secure the same result, or, finally, 
I may wind on the same armature the two sets 
of coils alternately, or in such manner that 
they will develop currents, the phases of 
which differ in time sufficiently to produce 
rotation of the motor. 

Another feature of my invention is in the 
plan which 1 have devised for utilizing gen 
erators and motors of this type, whereby a 
single generator may be caused to run a num 
ber of motors either at the same speed as its 
own or all at ditferentspeeds. This I accom 
plish by constructing the motors with fewer 
poles than the generator, in which case their 
speed will be greater than that of the gener 
ator, the rate of speed being higher as the 
number of their poles is relatively less. This 
will be understood from an example. Sup 
pose the generator has two independent gen 
erating-coils which revolve between two pole 
pieces oppositely magnetized and that the 
motor has energizing-coils that produce at 
any given time two magnetic poles in one 
element that tend to set up a rotation of the 
motor. A generator thus constructed yields 
four impulses or reversals of current by each 
revolution, two in each of its independent 
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circuits, and I have demonstrated that the ef 
fect upon a motor such as that mentioned is 
to shift the magnetic poles through three 
hundred and sixty degrees. It is obvious 
that if the four reversals in the same order 
could be produced by each half-revolution 
of the generator the motor would make two 
revolutions to the generator’s one. This 
would be readily accomplished by adding two 
intermediate poles to the generator or alter 
ing it in any of the other equivalentways 
above indicated. The same rule applies to 
generators and motors with multiple poles. 
For instance, if a generator be constructed 
with two circuits, each of which produces 
twelve reversals of current to a revolution, 
and these currents be directed through the 
independent energizing-coils of a motor, the 
coils of which are so applied as to produce 
twelve magnetic poles at all times, the rota 
tion of the two will be synchronous; but if 
the motor-coils producebutsix poles the mov 
able element will be rotated twice while the 
generator rotates once, or if the motor have 
four poles its rotation will be three times as 
fast as that of the generator. 

These features, so far as it is necessary to 
an understanding of the invention, are illus 
trated in the accompanying drawings. 

Figure 1 is a diagrammatic illustration of 
a generator constructed in accordance with 
my invention. Fig. 2 is a similar View of a 
correspondingly-constructed motor. Fig. 3 is 
adiagram of agenerator of modi?ed construe 
tion. Fig. 4 is a diagram of a motor of cor 
responding character. Fig. 5 is a diagram of 
a system containing a generator and several 
motors adapted to run at various speeds. 

In Fig. 1, let 0 represent a cylindrical arma 
‘ ture-core wound longitudinally with insulated 

coils A A, which are connected up in series, 
the terminals of the series being connected 
to collecting~rings a a on the shaft G. By 
means of this shaft the armature is mounted 
to rotate between the poles of an annular 
?eld~magnet D, formed with polar projec 
tions wound with coils E, that magnetize the 
said projections. The coils E are included 
in the circuit- of a generator F, by means of 
which the ?eld'magnet is energized. It thus 
constructed, the machine is a well-known form 
of alternating-current generator. To adapt 
it to my system, however,[ wind on armature 
C a second set of coils B B intermediate to 
the ?rst, or, in other words, in such positions 
that while the coils of one set are in the rela 
tive positions to the poles of the ?eldsmagnet 
to produce the maximum current those of the 
other set Will be in the position in which they 
produce the minimum current. The coils B 
are connected, also, in series and to two col 
lectin g~rings b 19, secured generally to the shaft 
at the opposite end of the armature. 

The motor shown in Fig. 2 has an annular 
?eld-magnet H, with four pole-pieces wound 
with coils I. The armature is constructed 
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similarly to that of the generator, but with 
two sets of two coils in closed circuits to cor 
respond With the reduced number of mag 
netic poles in the ?eld. 

From the foregoing it is evident that one 
revolution of the armature of the generator 
producing eight current impulses in each cir 
cuit will produce two revolutions of the mo~ 
tor-armature. 

The application of the principle of this in 
vention is not confined to any particular form 
of machine. In Figs. and 4 a- generator and 
motor of another well~known type are shown. 
In Fig. S,J J are magnets disposed in a circle 
and wound with coils K, which are in circuit 
with a generator which supplies the current 
that maintains the field of force. In the usual 
construction of these machines the armature 
conductor L is carried by a suitable frame, so 
as to be rotated in face of the magnets J J or 
between these magnets and another similar 
set in face of them. The magnets are ener 
gized so as to be of alternately~opposite po 
larity throughout the series, so that as the 
conductor 0 is rotated the current impulses 
combine or are added to one another, those 
produced by the conductor in anygiven posi 
tion being all in the same direction. To adapt 
such a machine to my system, I add a‘ second 
set of induced conductors M, in all respects 
similar to the first, but so placed with refer 
ence to it that the currents produced in each 
will differ by a quarter-phase. With such rc~ 
lations it is evident that as the current de 
creases in conductor L it increases in con~ 
d nctor M, and conversely, and that any of the 
forms of motor invented by me for usein this 
system may be operated by such generator. 

Fig. 4». is intended to show a motor corrc‘ 
sponding to the machine in Fig. 3. The con 
struction of the motor is identical with that 
of the generator, and if coupled thereto it will 
run synchronously therewith. J’ J’ are the 
field-magnets, and K’ the coils thereon. L’ is 
one of the armature~conductors and M’ the 
other. 

Fig. 5 shows in diagram other forms of ma 
chine. The generator N in this case is shown 
as consisting of a stationary ring 0, wound 
with twenty-four coils 1’ P’, alternate coils 
being connected in series in two circuits. 
\Vithin this ring is a disk or drum Q, with 
projections Q’ wound with energizingcoils in 
cluded in circuit with a generator B. By driv 
ing this disk or cylinder alternating currents 
are produced in the coils P and P’ , which are 
carried 011:‘ to run the several motors. ‘ 

The motors are composed of a ring or an~ 
nnlar ?eld-magnet S, wound with two sets of 
energizing-coils T T’ , and armatures U, hav— 
ing projections U’ wound with coils V, all 
connected in series in a closed circuit or each 
closed independently on itself. 

Suppose the twelve generator-coils P are 
wound alternately in opposite directions, so 
that any two adjacent coils of the same set 
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tend to produce a free pole in the ring 0 be 
tween them and the twelve coils P’ to be 
similarly wound. A single revolution of the 
disk or cylinder Q, the twelve polar projec 
tions of which are of opposite polarity, will 
therefore produce twelve current impulses in 
each of the circuits W W’. Hence the motor 
X, which has sixteen coils or eight free poles, 
will make one and a half turns to the gener 
ator’s one. The motor Y, with twelve coils or 
six poles, will rotate with twice the speed of the 
generator, and the motor Z, with eight coils or 
four poles, will revolve three times as fast as 
the generator. These multipolar motors have 
a peculiarity which may be often utilized to 
great advantage. For example, in the motor 
X, Fig. 5, the eight poles may be either alter 

nately opposite or there may be at any given 
time alternately two like and two opposite 
poles. This is readily attained by making 
the proper electrical connections. The effect 
of such a change, however, would be the same 
as reducing the number of poles one-half, 
and thereby doubling the speed of any given 
motor. In these and other respects it will be 
seen that the invention involves many im 
portant and valuable features. 

It is obvious that the electrical transform 
ers described in prior patents to me and 
which have independent- primary currents 
may be used with the generators herein de 
scribed. 

It may be stated with respect to the de 
vices hereinafter set forth that the most per 
fect and harmonious action of the generators 
and motors is obtained when the numbers of 
the poles of each are even and not odd. If 
this is not the case, there will be a certain 
unevenness of action which is the less appre 
ciable as the number of poles is greater; but 
even this may be in a measure corrected by 
special provisions which it is not here neces 
sary to explain. It also follows, as a matter 
of course, and from the above it is obvious", 
that if the number of the poles of the motor 
be greater than that of the generator the mo 

tor will revolve at a slower speed than the 
generator. 1 

What I claim as my invention is- p 
1. The combination, with an alternating 

current generator comprising independent 
armature-circuits formed by conductors al 
ternately disposed, so that the currents de 
veloped therein will differ in phase, and ?eld 
magnet poles in excess of the number of arma 
ture-circuits, of a motor having independent 
energizing-circuits connected to the armature 
circuits of the generator, substantially as set. 
forth. 

2. The combination, with a source of alter 
natin g currents which differ in phase and com 
prising a rotating magneto-electric machine 
yielding agiven number of current impulses 
or alternations for each turn or revolution, of 
a motor or motors having independent ener 
gizing-circuits through which the said cur 
rents are caused to ?ow, and poles which in 
number are less than the number of current 
impulses produced in each motor-circuit by 
one turn or revolution of the magneto-ma 
chine, as set forth. 

3. The combination, with a multipolar al 
' ternating-current machine having independ 

ent induced or current-generating circuits, of 
motors having independent energizing-cir 
cuits and a smaller number of poles than the 
generator, as set forth. 

4. The combination, with an alternating 
current generator having independent in 
duced circuits and constructed or adapted to 
produce a given number of current impulses 
or alternations for each turn or revolution,of 
motors having corresponding energizing-cir 
cuits and poles which in number are less 
than the number of current impulses pro 
duced in each circuit in a turn or revolution 
of the generator, as set forth. 

NIKOLA TES'LA. 
Witnesses: 

FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
" COMPANY, OF SAME PLACE. ' ' ’ 

ELECTROMAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 524,426, dated August 14, 1894. 

' Application ?led October 20, 1888. Serial No. 288,677. (No model.) 

To all whom it may concern.- ‘ . Let A designate an ordinary type of alter 
Be it known that I, NIKOLA TESLA, a sub- nating current generator in the circuit of 

ject of the Emperor of Austria-Hungary, from which is to be connected a motor or motors, 
Smiijan, Lika, border country of Austria- according to my present invention. I con 

5 Hungary, and a resident of New York, in the struct such motor or motors in the following 55 
county and State of New York, have invented manner: On a shaft a I mount an armature O, 
certain new and useful Improvements in Elec- which for convenience of illustration is pre 
tromagnetic Motors, of which the following is sumed to be a soft iron plate or disk with two 
a speci?cation, reference being had to the cut-away portions or a bar with rounded ends. 

[0 drawings accompanying and forming a part Around this armature I place say four poles, 60 
of the same. D D E E, of soft iron, and, as is usual in all 

. In previous patents of the United States alternating current machines, built up of in 
notably in those numbered 381,968 and sulated plates or sections to prevent the heat 
382,280, dated May 1, 1888, I have shown ‘and ing that would otherwise occur. Each _of these 

I 5 described a system of transmitting power by cores is surrounded by an energizing coil F 65 
meansof electro-magnetic generators andmo- and all of these coils are connected to the 
tors. rl‘he distinguishing feature of this sys- main circuit from the generator A in series 
tem was shown to be the progressive move- or in any other manner to receive simultane~ 
ment or shifting of the magnetic poles or ously the current impulses delivered by the 

20 points of maximum attraction of a motor, due generator. If the cores are all of the same 70 
to the action or effect of alternating currents shape or mass, or composition, and the coils 
passed through independent energizing cir- are all wound in ‘the same or alternately 0p 
cuits in the motor. To secure this result the posite directions, no rotation would be pro 
two currents must have different phases, the duced by the passage through the coils of a 

25 best results being obtained when the two cur- current, whether alternating or direct, since 75 
rents differ by a quarter phase, or in other the attractive forces of the poles upon the 
words when the periods of maximum potential soft iron armature would be developed simul 
of one current coincide with the minimum pe- tan‘eously and would counterbalance or neu 
riods of ‘the other, and conversely. I have tralize each other. But to secure rotatibn I‘ 

30 also discovered that a single alternating cur- make, for example, the cores D D short with 80 
rent may be utilized to produce a progression their coils close to their inner ends and the 
or shifting of the magnetic poles of a motor cores E E long, with their coils removed from 
if the ?eld magnets of the same be of differ— the inner ends. By this means I secure a 
cut magnetic susceptibility in different parts difference in the magnetic phases which the 

35 so that the magnetic phases of the same will poles exhibit, for while the short cores will 85 
differ. That is to say, if the ?eld magnets are respond to the magnetizing effect of an alter 
of such character that their different portions nation or impulse of current in the coils in a 
will be differently magnetized-in respect to certain time, a greater interval of time will 
time-by the same current impulse, and so elapse before the same magnetic intensity 

+0 disposed that the di?erence of _ magnetic will be developed at the ends of the longer 90 
phase will maintain a rotary or progressive cores, and in practice I have found that this 
shifting of the points ofwvmaximum magnetic difference in phase may be utilized to pro 
effect. This may be accomplished in various duce the rotation of the armature. The ef 
ways, as may best be explained by reference fect being virtually to produce a shifting of 

45 to the accompanying drawings, in which--- the points of maximum magnetic effect sixnif 
Figure 1,‘ is'a diagrammatic view of a mo- lar to that which takes place when two alter 

tor constructed in accordance with my inven- nating energizing currents, di?ering in phase 
tion and a generator connected therewith. are used, as explained in the patents above 
Fig. 2, is an end view of a modi?ed form of referred to. The essential difference being 

> 50 armature for said motor. that in my patented system the rotation is ef- zoo 
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f ected by a time diiference of electrical phase, 
while in the present case it is due to a differ 
ence in magnetic phases. 

The same or similar results are obtainable 
by other means. For example, to secure the 
requisite difference of magnetic phase, I may 
make two of the cores as E E of greater mass 
than cores D D, whereby their period of sat 
uration will be greater than of cores D D, or 
I may make the cores E E of hard iron or 
steel and the cores D D of soft iron, in which 
case the cores E E offering greater resistance 
to magnetic changes, will not exhibit their 
magnetism as soon after the passage of a cur 
rent as the cores D D. Or if the cores of one 
set of poles, as D, D, be removed, the attract 
ive force of the coils or solenoids would be 
exerted instantly while the magnetic cores E 
E would lag or have a diiferent phase. 

The special form of the motor is largely a 
matter of choice, nor is the invention limited 
to the number of poles nor to the special form 
of armature shown. For example, I may 
employ such an armature as that shown in 
Fig. 2, which is a cylinder or disk 0 wound 
with coils G closed upon themselves. This 
adds materially to the ef?ciency of the motor 
for the reason that currents are induced in 
the closed coils and magnetize the iron cyl 
inder in a manner similar to that described 
in my Patent No. 383,279 of May 1, 1888. 

lVithout limiting myself, therefore, in the 
particulars hereinbefore speci?ed, what I 
claim as my invention is 

1. In an alternating current motor the com 
bination with energizing coils adapted to be 
connected with an external circuit of cores of 
different magnetic susceptibility so as to ex 
hibit differences of magnetic phase under the 

in?uence of an energizing current, as herein 40 
set forth. 

2. The combination in an alternating cur 
rent motor with a rotary armature of mag 
netic poles, and coils adapted to be connected 
with the external circuit surrounding the 
same, the said cores being constructed of dif 
ferent size or material whereby their mag 
netic phase will differ in time as set forth. 

3. The combination in an electro magnetic 
motor with a rotary armature of magnetic 
cores of dilferent length or mass and ener 
gizing coils surrounding the same and adapted 
to be connected with a single source of alter~ 
nating currents, as set forth. 

4. The combination in an electro magnetic 
motor with a rotary armature of short mag 
netic cores as D D and long magnetic cores 
as E E, and energizing coils surrounding the 
same, those on the cores E E being placed at 
a distance from the inner ends of the said 
cores, as herein set forth. 

5. The combination in an electro-magnetic 
motor with energizing coils adapted to be con 
nected with a source of alternating currents, 
and cores of different magnetic susceptibility, 
of an armature wound with coils closed upon 
themselves, as herein set forth. 

6. The combination in an electro magnetic 
motor with a rotary armature of ?eld cores 
of different magnetic susceptibility and en 
ergizing coils thereon connected in series and 
adapted to be connected with a source of al 
ternating currents, as set forth. 

NIKOLA TESLA. 

\Vitnesses: 
GEO. N. MONRO, 
A. PATTERSON. 
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UNITED STATES 

NIKOLA TESLA, CF NElV YORK, N. Y., 

PATENT OFFICE. 

ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRICAL TRANSMISSION OF POWER. 

SPECIFICATION forming part of Letters Patent No. 511,559, dated December 26, 1893. 

Application ?led December 8, 1888. Serial No. 298,0?1. (No model.) 

To to” whom it may concern: 
_ Be it known that I, NIKOLA TESLA, a sub 
Ject of the Emperor of Aust 'ia-Hungary, from 
SmilJan, Iiika, border country of Austria-Hun 

5 gary, residing at New York, in the county 
and State of New York, have invented cer 
tain new and usefullmproveinentsin the Elec 
trical Transmission of Power, of which the 
following is a speci?cation, reference being 

10 had to the drawings accompanying and form 
ing a part of the same. 

In certain patents heretofore granted, I have 
shown and described a system of electrical 
power transmission, in which each motor con 

15 tamed two or more independent energizing 
,eircuits through which were caused to pass al 
ternating currents,having in each circuit such 
a diiference of phase that by their combined 
or resultant action they produced a rotary pro 

20 gression of the poles or points of maximum 
magnetic effect of the motor and thereby 
maintained the rotation of its movable ele 
ment. In the system referred to and de 
scribed _in said patents, the production or 

25 generation of the alternating currents upon 
the combined or resulant action of which the 
operation of the system depends, is effected 
by the employment of an alternating current 
generator with independent induced circuits 

30 which, by reason of the winding or other con 
struction of the generator produced currents 
differing in phase, and these currents were 
conveyed directly from the generator to the 
corresponding motor coils by independent 

3 5 lines or circuits. I have, however, discovered 
another method of operating these motors, 
which dispenses with one of the line circuits 
and enables me to run the motors by means 
of alternating currents from a single original 

40 source. 
Broadly stated this invention consists in 

passing alternating currents, obtained from 
one original source, through both of the en 
erglzing circuits of the motor, and retarding 

45 the phases of the current in one circuit to a 
greater or less extent than in the other. 

The distribution of current between the 
two motor circuits may be eifected by induc~ 
tion or by derivation, In other words, I may 

50 pass the alternating current from the source 
through one energizing circuit and induce by 

such current a second current in the other 
energizing circuit. Or, on the other hand, I 
may connect up the two energizing circuits 
of the motor in derivation or multiple are 55 
with the main circuit from the source. In 
either event I make due provision for main~ 
taining a diiference of phase between the cur 
rents in the two circuits or branches. 

In carrying out my invention I have used 60 
various means for securing this result. For 
example, when I induce a current in one of 
the circuits from the current ?owing in the 
other, I employ a form of converter or bring 
the two circuits into such inductive relations 65 
as will produce the necessary difference of 
phase. Or, when I obtain the two energizing 
currents by derivation, I make the two cir 
cuits of different degrees of self induction by 
inserting a resistance or a self induction coil 70 
in one of said circuits, orI combine these de 
vices in diiferent ways as Ishall more speci? 
cally describe hereinafter. 

The accompanying drawings to which I now 
refer in further illustration of my invention, 75 
are a series of diagrams illustrating, not the 
specific construction of the particular devices 
which I may or may not have used,but rather, 
the electrical connections and relations to be 
adopted in carrying out the present system So 
by means of devices which are now well 
known. 

Figure I is a diagram illustrating the moth 
0d of operatingthe motors by inducing one of 
the energizing currents by the other. Fig. 2 S5 
is a similar diagram of the method of operat 
ing the motors where the two energizing cur 
rents are obtained by derivation from a sin 
gle source. Fig. 3 isa modi?ed application of 
this principle. 90 

Referring to Fig. 1 let A represent the 
source of alternating currents which are to 
be utilized in operating the motor or motors. 
It will be understood that considered as a 
source of current it may be either a primary 95 
or secondary generator. 

13 B designate the conductors of the circuit 
which convey the alternating currents to one 
or more motors. The motor has two energiz 
ing circuitsor sets ofcoils CD. One of these I00 
circuits as C is connected directly with the 
circuit B. The other set of coils as I), is con~ 
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nected up in the secondary circuit of an elec 
trical transformer or induction coil T. The 
primary coil P of this transformer, is included 
in the circuit B. The alternations of current 
in the circuit B tend to establish in their pas 
sage through the coils C, a polarity at right 
angles to that set up by the coils D, and if 
the currents in the two sets of coils accorded 
in their phases, no rotary effect would be pro 
duced. But the secondary current developed 
in the coil P’ of the transformer, will lag be- ' 
hind that in the primary which lag or re 
tardation may be increased as I have shown 
in another application, to a sufficient extent 
to practically obtain the same result as though 
two independent alternating currents were 
used to energize the motor. 

In Fig. 2 the two energizing circuits of the 
motor are shown connected in multiple arc 
to the circuit B B, and in one of these circuits 
is a resistance R. Assuming the two motor 
circuits to have the same self induction and 
resistance no rotary e?ect will be produced 
by the passage through them of an alternating 
current from the source A. But‘if one of the 
motor circuits, as G, be varied or modi?ed by 
the introduction of a dead resistance R, the 
self-induction of that circuit or branch is re 
duced, and the phases of current therein re 
tarded to a correspondingly less extent. The 
relative degrees of retardation of the phases 
of the current in the two motor circuits with 
respect to those of the nnretarded current in 
the circuit B thus produced, will set up a ro 
tation of the motor which may be practically 
utilized for many purposes. 

In Fig. 3, the arrangement of the parts is 
similar to that shown in Fig. 2, except that a 
self-induction coil as S is introduced into one 
branch or energizing circuit of the motor. 
The effect of thus increasing the self-induc 
tion in one of the circuits is to retard the 
phases of the current passing therein to a 

greater extent than in the other circuit, and 
in this way to secure the necessary diiference 
in phase between the two energizing currents 
to produce the rotation of the motor. 

In an application ?led, of even date here 
with, I have shown and described other ways 
of accomplishing this result, among which 
may be noted the introduction of a resistance 
capable of variation in each motor circuit, or 
the use of a resistance in one circuit and a 
self-induction coil in the other. v 

In the above description I‘ have referred 
mainly to motors with two energizing circuits, 
but it is evident that the invention applies 
equally to those in which there are more than 
two of such circuits, the adaptation of the 
same being a matter well understood by those 
skilled in the art. 

I do not claim in this application the spe 
cific devices employed by me in carrying out 
the invention, having made these the sub 
jects of other applications. 

WVhat I claim herein is—-— V 
1. The method of operating motors having 

independent energizing circuits, as herein set 
forth, which consists in passing alternating 
currents through both of ‘the said circuits and 
retarding the phases of the current in one 
circuit to a greater or less extent than in the 
other. 

2. The method of operating motors having 
independent energizing circuits, as herein set 
forth, which consists in directing an alternat; 
ing current from a single source through both 
circuits of the motor and varying or modify 
in g the relative resistance or self-induction of 
the motor circuits and thereby producing in 
the currents differences of phase, as set forth. 

NIKOLA TESLA. 
Witnesses: 

FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, CF NElV YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

SYSTEM OF ELECTRICAL POWER TRANSMISSION. 

SPECIFICATION forming part of Letters Patent No. 511,560, dated December :26. 1893. 

Application ?led December 8, 1888. Serial N0.293,052. (No model.) 

'l'o all whom, it‘ may concern: or less extent than in the other. The distri 
Be it known that I, NIKOLA TESLA, a sub- bution of themain ororiginal currentthrough 

ject of the Emperor of Austria-Hungary, from the two motor circuits may be effected by in 
Si11iljai1,Lika, border countryof Austria-Hun- duction or by derivation. In other words, I 

5 gary, residing at New York, in the county may pass the alternating current from the 
and State of New York, have invented cer- source through one energizing circuit, and in 
tain new and useful Improvements in Sys- duce by such current a second current in the 
tems of Electrical Power Transmission, of other energizing circuit. Or, on the other 
which the following is a speci?cation, refer- hand, I may connect up the two energizing 60 

1o ence being had to the drawings accompany- circuits of the motor in derivation or multi 
ing and forming a part of the same. ple arc with the main circuit from the source. 

In certain patents heretofore granted,I have In either eventI make due provision for main 
shown and described a system of electrical taining a difference of phase between the our 
power transmission in which each motor con- rents in the two circuits or branches. 65 

i5 tained two or more independent energizing In an application ?led by me May 15, 1888, 
circuits through which were caused to pass Serial No. 273,993, Ihave shown and described 
alternating currents having in each circuit the means which I have employed for secur 
snch difference of phase that by their com- ing this result by inducing one energizing 
bined or resultant action they produced a ro- current from the other. 70 

2o tary progression of the poles or points of man- My present application relates to the means 
imum magnetic elfect of the motor and there- employed when the two energizing currents 
by maintained the rotation of its movable are obtained from a single original source by 
element. In the system referred to and de- derivation. 
scribed in the said patents the production or In explanation of what appears to be the 75 

25 generation of the alternating currents, upon principle of the operation of my invention 
the combined or resultant effect of whichthe and of the functions of the several instru~ 
operation of the system depends, is effected mentalities comprised thereby, let it be as 
by the employment- of an alternating current sumed that the two energizing circuits of an 
generator with independent induced circuits alternating current motor, such, for example, 80 

30 which, by reason of the winding or other 0011- as I have described in my Patent No. 382,280, 
struction of the generator, produces-currents dated May 1, 1888, are connected up in deri 
differing in phase, and these currents are con- vation or multiple arc with the conductors 
veyed directly from the generator to the cor- of a circuit including an alternating current 
responding motor coils by independent lines generator. It is obvious thatif both circuits 85 

35 or circuits. I have, however, discovered that are alike and otter the same resistance to the 
I may produce the same or a similar result passage of the current no rotary effect willlbe 
by an alternating current from a single origi- produced, for although the periods of the cur~ 
nal source using between the generator and rents in both circuits will lag or be retarded 
motors but one line or transmission circuit. to a certain extent with respect to an un- 90 

4o Broadly stated, this system or method in- retarded current from the main circuit, their 
volves a source of alternating or equivalent phases will coincide. If, however, the coils 
currents, a single transmission circuit, a mo- of one circuit have a greater number of con 
tor having independent energizing circuits volutions around the cores, or a self induction 
connected with or adapted for connection coil be included in one of the circuits, the 9 5 

45 with the transmission circuit, means for ren- phases of the current in that circuit are re 
dering the magnetic effects due to the ener~ tarded by the increased self induction. The 
gizing circuits of dilferent phase, and an ar- degree of retardation may readily be secured 
mature within the in?uence of the energiz- by these means which will produce the dif 
ing circuits; the means foraccomplishing this ference in electrical phase between the two I00 

50 result being of such a nature as to retardthe currents necessary for the practical operation 
current in one energizing circuit toa greater of the motor. If in lieu of increasing the 
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self induction of one circuit a dead resist 
ance be inserted, the self induction of such 
circuit exerts a correspondingly diminished 
e?ect, and the phases of the current flowing 
in that branch are brought more nearly in 
unison with those of an unretarded current 
from the main line and the necessary differ 
ence of phase between the currents in the two 
energizing circuits thus secured. I take ad 
vantage of these results in several ways. 
For example, I may insert variable resist 
ances in both branches or energizing circuits 
and by varying one or the other so as to bring 
the phases of the two currents more or less in 
unison with those of the unretarded current, 
I may thus vary the direction of the rotation 
of the motor. In lieu of resistances I may 
employ variable self induction coils, in both 
circuits. Or I may use a resistance in one 
and a self induction coil in the other and vary 
either or both. This system or means of op 
erating the motors is rendered of great prac 
tical value by employing an armature wound 
with energizing coils closed upon themselves, 
in which currents are induced by the alter 
nating currents passing in the ?eld coils that 
serve to greatly increase the mutual attract 
ive elfect between the armature and the ?eld 
magnets. This use of the armature with 
closed coils I regard as an important feature 
of my invention. These several features of 
the invention I shall now describe more in de 
tail by reference to the accompanying draw 
ings. 

Figure 1 is a diagram of the system in 
which the motor coils or energizing circuits 
are in derivation to the main line with a dead 
resistance inserted in one circuit. Fig. 2 is 
a diagram showing dead resistances in both 
motor circuits. Fig. 3 is a diagram showing 
a ‘self induction coil in one motor circuit. 
Fig. It is a diagram showing a'dead resistance 
in one circuit and a self induction coil in the 
other. Fig. 5 in like manner shows a self in; 
duction coil in each motor ‘circuit. Fig. 6 is 
a diagram showing the two motor circuits of 
different electrical character. Fig. 7 is a dia 
gram illustrating means for varying at will 
the electrical character of the motor circuits. 

Referring to Fig. 1, A designates a suitable 
source of alternating currents and B B the 
line wires running therefrom. It will be un 
derstood that the generator A may be a pri 
mary or secondary generator, and the line B 
B may be the main transmission circuit- or a 
local circuit from a transformer connected 
at any point in the line of a main or trans 
mission circuit. For convenience in this 
case, it will be considered as a line from a 
given source of current to one or more motors. 
The motor contains a given number of pole 
pieces wound with two sets of coils O and D. 
The armature is wound with permanently 
closed energizing coils E in which currents 
are developed by inductive action when the 
motor is in operation which magnetize the 
armature core and greatly increase the ef?~ 
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ciency of the motor. Assuming the two mo 
tor circuits to have the same degree of self 
induction and resistance no rotary effect will 
be produced by the passage through them of 
an alternating current from the source A. 
But if in one of the motor circuits, as D, a 
deadpresistance represented by R be intro 
duced, the self induction of that circuit or 
branch is reduced and the phases of current 
therein retarded to a correspondingly less 
extent. The relative degrees of retardation 
of the phases of the current in the two motor 
circuits with respect to those of an unretarded 
current from the circuit B thus produced will 
set up a rotation of the motor which may be 
practically utilized for many'purposes. 

If, as in Fig. 2, a dead resistance R,-R' be 
introduced into each motor circuit, no rotary 
effect will be produced as long as the resists 
ances are equal, but by varying the resist 
ance in one circuit the retardation of the cur 
rent in that circuit will be varied, and corre 
sponding effects produced. For example, a 
reduction of the resistance in one circuit im 
parts to the motor rotation in one direction 
while a reduction of the resistance in the 
other circuit will producev a rotation in the 
opposite direction. By means of the two ro 
sistances, therefore, capable of variation or 
of being bodily withdrawn from or inserted 
in the circuits by any well known means, a 
perfect regulation of the motorsis secured. 

In Fig. 3 the arrangement of all the parts 
is similar to that shown in Fig. 1 except that 
a self induction coil as S is introduced into 
one branch or energizing circuit of the motor. 
The effect of thus increasing the self induc 
tion in one of the circuits is to retard the 
phases of the current passing therein to a 
greater extent than in the other circuit and 
in this way to secure the necessary difference 
in phase between the two energizing currents 
to produce the rotation of the motor. 

In Fig.4 a self induction coil S is included 
in one of the motorcircuits and a dead resist 
ance R in the other. The increased self in 
duction in one circuit thus produced acts to 
increase the difference of phase between the 
current in such motor circuit and the unre 
tarded current'in the main line B. On the 
other hand, the introduction of the dead re 
sistance in the other motor circuit reduces the 
retardation and brings the phases of the cur 
rent therein more closely in accord with those 
of the unretarded current, thus producing a 
correspondingly greater di'?erence of phase 
between the two currents in the energizing 
circuits 0 and D. 

In Fig. 5, two self induction coils S, S’ are 
shown, one in each motor or energizing cir 
cuit. One of these coils as S’ is much smaller 
than the other and has less self induction or 
counter electro motive force than the other, 
so that the phases of current will be retarded 
to a less extent than in the other. The two 
self induction coils may be of the same char 
acter or size if it is desired to use ‘but one at 
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, a time'for the purpose of reversing the motor, 

IO 

25 

or if'thi'y be constructed in well known ways 
so that they may be varied. 

In Fig. 7 the usual means for varying the 
resistance or self-induction of the motor cir 
cuits at will are indicated by the lever M slid 
ing over a series of resistance plates, and by a 
core N which is adapted to be moved in and 
out of the induction coil S. 

Similar results may be secured by such a 
construction or organization of the motor as 
will yield the necessary diiferences of phase. 
For example, one set of energizing coils may 
be of ?ner wire than the other, or have a 
greater number of convolutions, or each cir 
cuit may contain the same number of convo 
lutions, but composed of different conductors, 
as, for instance, one of copper, the other of 
German silver. I have represented this in 
Fig. 6, in which the coils O are indicated by 
closer lines than coils D. 

There are other ways of varying the retarda 
tion due to the self induction in the two ener 
gizing circuits. For example, the motor coils 
may be all alike, but those of one energizing 
circuit connected in parallel while the others 
are connected in series, or the connection in 
each ellirgizing circuit may be alike, but the 

":"currenti directed through them may be of 

35 

45 

"Q;_G,t?erent strength, as when one of the cur 
emu is supplied from a source of higher elec 

tro-motive force. 
In the above description I have referred 

mainly to motors with two energizing circuits, 
but it is evident that the invention applies 
equally to those in which there are more than 
two of such circuits, the adaptation of the 
same being a matter well understood by those 
skilled in the art. 

In using in the claims the term active re 
sistance as applied to the motor circuits in 
this case, it will be understood that the term 
refers to the opposing or retarding force ex 
isting in the circuits to the passage of the al 
ternating currents. Thus, the two circuits 
may have the same dead resistance, but dif 
ferent degrees of self induction. 

What I claim as my invention is 
1. The combination with a source of alter 

nating currents, and a circuit from the same, 
of a motor having independent energizing cir 
cuits connected with the said circuit, and 

means for rendering the magnetic elfects due 
to said energizing circuits of dilferent phase 
and an armature within the in?uence of said 
energizing circuits. 

2. The combination with a source of alter 
nating currents and a circuit from the same, 
of a motorhaving independent energizing cir 
cuits connected in derivation or multiple arc 
with the said circuit, the motor or energizing 
circuits being of different electrical character 
whereby the alternating currents therein will 
have a difference of phase, as set forth. 

SJl‘he combination with a source of alter 
nating currents and a circuit from the same, 
of a motor-having independent energizing cir 
cuits connected in derivation or multiple arc 
with the said circuit and of di?erent active 
resistance, as set forth. 

4. In an alternating current motor, the com~ 
bination with ?eld magnets, of independent 
energizing circuits, adapted to be connected 
in multiple arc with the conductors of the 
line or transmission circuit and a resistance 
or self induction coil in one or both of the 
said motor circuits, as set forth. 

5. In an alternating current motor, the com“ 
bination with the ?eld magnets or cores of in 
dependent energizing coilsjilapted to be con 
nected in multiple arc withthe line or trans 
mission circuit, and a variable resistance or 
self induction coil included in 01mm‘ both of 
the motor circuits as set forth. 

6. In an alternating current motor, the com 
bination with the ?eld magnets or cores and 
independent energizing circuits of different 
active resistance and adapted to be connected 
with the line or transmission circuit, of an 
armature wound with closed energizing coils 
or conductors, as set forth. 

7. The combination of a generator of alter~ 
nating currents, a pair of mains connected 
thereto, a multiple circuit differential phase, 
and an electric motor having one circuit con 
nected directly to said mains, and the other 
circuit connected to said mains through an 
interposed electro-motive phase-changing de 
vice adapted to change the time period of the 
currents passing through it. 

NIKOLA TESLA. 
WVitnesses: 

FRANK E. HARTLEY, 
FRANK B. MURPHY. 
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Correction in Letters Patent‘No. 5H, 60, 
It is hereby certi?ed that in Letters Patent No. 511,560, granted December 26, 1893, 

upon the application of_Nik0la Tesla, of New York, N. Y., for an improvement in 

“Systems of Electrical Power Transmission,” an error appears in the printed speci?ca» 

tion requiring correction, as follows: In line 95, page 3, the words “ and an ” should 

be stricken out; and that the said Letters Patent should be read with this correction 

therein that the same may conform to the record of the case in the Patent Oiiice. 

Signed and sealed this 9th day of June, A. 1)., 1903. 

[SEAL] F. I. ALLEN, 

Commissioner of Patents. 
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UNITED STATES PATENT OFFICE 

ENIKOLA TESLA, OF NEWV YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRO-MAGNETIC MOTOR. 

_ SPECIFICATION forming part of Letters Patent No. 405,858, dated June 25, 1889. 

Application ?led January 8, 1889. Serial No. 295,745. (No model.) 

To all whom it may concern: 
Be it known that I, NIKOLA TESLA, from 

Smiljan, Lika, border country of Austria 
Hungary, a subject of the Emperor of Aus~ 

5 tria, residing at New York, in the county and 
State of New York, have invented certain 
new and useful Improvements in Electro 
Magnetic Motors, of which the following is a 
speci?cation, reference being had to the draw 

10 ings accompanying and forming a part of the 
same. 

In order to de?ne more clearly the relations 
which the motor forming the subject of my 
present application bears to others of the 

[5 class to which it pertains, I will recapitulate 
brie?y the forms of alternating-current mo 
tors invented by me and described more in 
detail in my prior patents and applications. 
Of these there are two principal types or 

20 forms: ?rst, those containing two or more e11 
ergizing-circuits through which are caused to 
pass alternating currents differing from one 
another in phase to an extent sufficient to 
produce a continuous progression or shifting 

2 5' of the poles or points of greatest magnetic ef 
feet, in obedience to which the movable ele 
ment of the motor is maintained in rotation; 
second, those containing poles or parts of dif 
ferent magnetic susceptibility, which under 

30 the energizing in?uence of the same current or 
two currents coinciding in phase will exhibit 
di?erences in their magnetic periods or 
phases. In the ?rst class of motors thetorque 
is due to the magnetism established in dif-_ 

3 5 ferent portions of the motor by currents from 
the same or from independent sources, and 
exhibiting time differences in phase. In the 
second class the torque results from the en-' 
ergizing effects of a current upon parts of 

40 the motor which differin magnetic suscepti 
bility——in other words, parts which respond to 
the same relative degree to the action of a 
current, not simultaneously, but after dif 
ferent intervals of time. In my present in 

45 vention,however, the torque, instead of being 
solely the result of a time difference in the 
magnetic periods or phases of the poles or at 
tractive parts to whatever cause‘due, is pro 
duced by an angular displacement of the 

50 parts which, though movable with respect to 

one another, are magnetized simultaneously, 
or approximately so, by the same currents. 
This principle of operation I have embodied 
practically in a motor in which I obtain the 
necessary angular displacement between the 55 
points of greatest 111agnetic attraction in the 
two elements of the motor-~the armature and 
?eld-by the direction of the lamination of the 
magnetic cores of said elements,and thebest 
means of accomplishing this result of which 60 
I am at present aware I have shown in the 
accompanying drawings. . 

Figure 1 is a side view of the motor with a 
portion of its armature-core exposed. Fig. 2 
is an end or edge view of the same. Fig. Sis 65 
a central cross-section of the same, the arma 
ture being shown mainly in elevation. 

Let A A designate two plates built up of 
thin sections or laminae of soft iron insulated 
more or less from one another ‘and held to~ 7o 
gether by bolts a or any other suitable means 
and secured to a base B. The inner faces of 
these plates contain recesses or grooves in 
which a coil or coils D are secured obliquely to 
the direction of the laminations. lVithin 75 
the coils D is a disk E, preferably composed 
of a spirally-wound iron wire or ribbon or a 
series of concentric rings and mounted on a 
shaft F, having bearings in the plates A A. 
Such a device when acted upon by an alter- 8o 
nating current is capable of rotation and con 
stitutes a motor, the operation of which 1 ex 
plain in the following manner: A current or 
current-impulse traversing the coils D tends 
to magnetize the cores A A and E, all of 85 
which are within the influence of the mag 
netic ?eld of the coils. The poles thus es 
tablished would naturally lie in the same line 
at right- angles to the coils D, but in the plates 
A they are de?ected by reason of the direc- 90 
tion of the laminations and appear at or near 
the extremities of said plates. In the disk, 
however, where these conditions are not pres— 
out, the poles or points of greatest attraction 
are on a line at right angles to the plane of 95 
the coils; hence there will be a torque estab 
lished by this angular displacement of the 
poles or magnetic lines, which starts the disk 
in rotation, the magnetic lines of the armature 
and ?eld tending toward a posit-ion of paral- Ioo 
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lelism. This rotation is continued and main 
tained by the reversals of the current in coils 
D D, which change alternately the polarity 
of the ?eld-cores A A. This rotary tendency 
or effect will be greatly increased by winding 
the disk with conductors G, closed upon them 
selves and having a radial direction,whereby 
the magnetic intensity of the poles of the 
disk will be greatly increased by the energiz 
ing effect of the currents induced in the coils 
G by the alternating currents in coils I). The 
plan of winding and the principle of opera 
tion have been fully explained in my patent, 
No. 382,279, of May 1, 1888. 

The cores of the disk and field may or may 
not be of different magnetic susceptibilitym 
that is to say, they may both be of the same 
kind of iron,s0 as to be magnetized at ap 
proximately the same instant by the coils D; 
or one may be of soft iron and the other of 
l1ard,in order that a certain time may elapse 
between the periods of their magnetization. 
In either case rotation will be produced; but 
unless the disk is provided with the closed 
energizing~coils it is desirable that the above 
described difference of magnetic suscepti 
bility be utilized to assist in its rotation. 

The cores of the ?eld and armature maybe 
made in various ways, as will be well under 
stood, it being only requisite that the lamina 
tions in each be in such direction as to secure 
the necessary angular displacement of the 
points of greatest attraction. Moreover, since 
the disk maybe considered as made up of an 
in?nite number of radial arms, it is obvious 
that what is true of a disk holds, under well 
understood conditions, ‘for many other forms 
of armature, and my invention in this respect 
is in no sense limited to the speci?c form of 
armature shown. 

It will be understood that the specific ways 
of carrying out this invention are almost with 
out number, and that, therefore, I do notlimit 
myself to the precise form of motor which I 
have herein shown. 

I believe that I am the iirst- to produce ro 
tation of an armature, at least such as could 
be utilized for any general or practicable pur 
poses, by means of an alternating current pass 
ing through a single coil or several coils act 
ing as one, and which have a direct magnet 
izing effect upon the cores of both armature 
and ?eld, and this I claim in its broadest sense. 

I further believe that I am the first to im 
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part- directly, by means of an alternating cur~ 
rent, magnetism to the cores of the two ele 
ments of a motor, and by the direction of the 
lamination of one or both of the same to pro 
duce an angular displacement of the poles or 
lines of magnetic force of the cores, respect~ 
ively. 

\Vhat I therefore claim is— 
1. An electromagnetic motor consisting of 

a "field-magnet, a rotary armature, and a sin 
gle coil. adapted to be connected to a source 
of alternating currents and. to impart magnet 
ism to both the armature and the field-magi'iet 
with angular displacement of the maximum 
points, as set forth. . 

2. In an electromagnetic motor, the combi 
nation, with a coil adapted to be connected 
with a source of alternating currents, of a 
field-magnet and rotary armature the cores 
of which are in such relation to the coil as 
to be energized thereby and subdivided or 
laminated in such manner as to produce an 
angular displacement of their poles or the 
magnetic lines therein, as set forth. 

3. In an electro-magnetic motor, the combi_ 
nation, with a coil adapted to be connected 
with a source of alternating currents, of Jield~ 
magnets with laminations lying obliquely to 
the plane of said coil and a circular or disk 
armature mounted to rotate between the ?eld 
magnets, both h old and armature being under 
the magnetizing in fluence of the coil, as set 
forth. 

-it. In an electromagnetic motor, the combi 
nation, with a coil adapted to be connected 
with a source of alternating currents, of ?eld-v 
magnets with laminations lying obliquely to 
the plane of the coil and a circular or disk 
armature with spiral or concentric lam ina 
tion s mounted between the .iield-magnets, both 
?eld and armature being under the magnet 
izing influence of the coil, as set forth. 

5. In an electro-magnetic motor, the combi 
nation, with a coil adapted to be connected to 
a source of alternating currents, of a :field 
magnet and a rotary armature with closed 
coils thereon, both the field and the armature 
being under the magnetizing in ii uencc of said. 
coil and laminated to produce an angular dis 
placement of the poles of the two cores. 

NIKOLA TESLA. 
‘Witnesses: 

E31) WARD '1‘. Evans, 
GEORGE N. Moxno. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEWV YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

METHOD OF ELECTRICAL POWER TRANSMISSION. 

~ SPECIFICATION forming part of Letters Patent No. 405,859, dated June 25, 1889. 

,, Application ?led March 14, 1889. Serial No. 308,251. (No model.) 

T0 at” whom it may concern: . In carrying out my present inventionl con 
Be it known that I, NIKOLA TEsLA, a sub- struct a generator with two coils or sets of 

ject of the Emperor of Austria, from Smilj an, coils and a motor with corresponding energiz 
Lika, border country of Austria-Hungary, re- ing coils or sets of coils. By means of two 5 5 

5 siding at New York, in the county and State line-Wires one terminal of each generator-coil 
of New York, have invented certain new and or set of coils is connected to one terminal of 
useful Improvements in Methods of Electrical its corresponding motor-coil or set of coils, 
Power Transmission, of which the following while the opposite terminals of the generator 
is a speci?cation, reference being had to the' coils are joined together and likewise those of 60 

[0 drawing accompanying and forming a part the motor. ' 
of the same. To start the motor I establish temporarily 

This application is for a speci?c method of an electrical connection between the points of 
transmitting power electrically, shown and connection between the coils in the generator 
described in, and covered broadly by the and those in the motor, so that the system 6 5 

15 claims of, an application ?led by me February becomes an ordinary double-circuit system 
18, 1889, No. 300,220. identical with that described in my patent, 

As is well known, certain forms of alternat- No. 390,413, of October 2,1888, except that the 
ing-current machines have the property, when generator and motor are constructed in any 
connected in circuit with an alternating-cur- well-known way with a strong tendency to 70 

2o rent generator, of running as a motor in syn- synchronize. \Vhen by this plan of connec 
chronism therewith; but, while the alternating tion the motor has attained the desired speed, 
current will run the motor after it has at- the earth- connection is severed, by which 
trained a rate of speed synchronous with that means the system becomes an ordinary sin gle 
of the generator, it will not start it; hence, in circuit synchronizing system. 

25 all instances heretofore where these “syn- In the drawing I have illustrated this 
chronizing motors,” as they are termed, have method by a diagram. 
been run, some means have been employ ed to Let G represent an ordinary alternating-cur 
bring the motors up to synchronism with the rent generator having four ?eld-poles A, per~ 
generator, or approximately so, before the manently or arti?cially magnetized, and an 80 

3o alternating current of the generator is applied armature wound with two coils C connected 
to drive them. In some instances mechanical together in series. 
appliances have been. utilized for this pur- Let M represent an alternating-current m0 
pose. In others special and complicated tor with, say, four poles D, the coils on which 
forms of motor have been constructed. are connected in pairs and the pairs connected 8 5 

3 5 My present invention is an improvement in in series. The motor-armature should have 
methods of operating these motors and in- polar projections and closed coils E. 
volves a new and improved plan of bringing From the common joint or union between 
the motor up to the proper rate of speed, that the two coils or sets of coils of both the gen 
it may be run in synchronism with the gen- erator and motor an earth-connection F is es 9o 

40 eraton tablished, while the terminals or ends of the 
The expression “ synchronism with the gen- said coils or circuits which they form are con 

orator” is used herein in its ordinary accepta- nected to the line-conductors H II. 
tion-that is to say, a motor is said to syn- Assuming that the motor is a synchronizing 
chronize with the generator when it preserves motor, or one that has the capability of run- 95 

45 a certain relative ‘speed determined by its ning in synchronism with the generator, but 
number of poles and the number of alterna- not of starting, it may be started by the above 
tions produced per revolution of the genera described plan by closing the ground-connec~ 
ator. Its actual speed, therefore, may be _ tion from both generator and motor. The 
faster or slower than that of the generator, system thus becomes one with a twoacircuit T00 

50 but it is said to be synchronous so long as it- generator and motor, the ground forming a 
preserves the same relative speed. common return for the currents in the two 
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wires II II. \Vhen by this arrangement of 
circuits the motor is brought to speed, the 
ground-connection is broken between the gen 
erator or motor or both and ground, switches 
K K being employed for this purpose. The 
motor then runs as a synchronizing motor. 

This system is capable of various useful ap 
plications which it is not necessary to describe 
in detail ; but it will be enough to say that the 
convertibility of the system from double cir 
cuit to single circuit is a feature in itself of 
great value and utility. 

I do not wish to be understood as con?ning 
myself to the precise arrangement or order of 
connections herein. set forth, as these may be 
obviously varied in many respects. 

‘Vhat I claim is~~ 
1. The method of operating synchronizing 
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motors herein described, which consists in 
electrically connecting intermediate points of 
the inducing-circuit of the generator and the 
energizii'lg-circuit of the motor until the motor 
has reached a desired speed and then inter 
rupting such connection, as set forth. 

2. The method herein described of starting 
or operating synchronizing motors, which con~ 

in electrically connecting intermediate 
points of the inducing-cirmlit of the generator 
and the energiZing-circuit of the motor to 
earth until the motor has reached the desired 
speed and then interrupting either or both of 
the ground-connections, as set forth. 

N I‘KOLA TESIA. 
\Vitnesses: 

Emvixnn T. Evan s, 
E. G. Urs'rrLL. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NE\V YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 459,772, dated September 22, 1891. 

Application ?led April 6, 1889. Serial No. 306,165. (No model.) I 

To aZZ whom it may concern.- ‘ with a current of a very high number of al 
Be it known that I, NIKOLA TESLA, a sub- ternations the motor may not respond prop 

ject of the Emperorof Austria, from Smiljan, erly. To avoid this objection and to start up w 
Lika, border country of Austria-Hungary, re- a synchronizing motor in which these condi- 55 

5 siding at- New York, in the county and State tions obtain is the object of my present in 
of New York, have invented certain new and vention. I have therefore combined two 1no~ 
useful Improvements in Electro-Magnetic tors, one a synchronizing motor, the other a 
Motors, of which the following is a speci?ca- multiple-circuit or torque motor, and by the 
tion, reference being had to the drawings ac- latter I bring the ?rst named up to speed, 60 

IO companying and forming a part of the same. and then either throw the whole current into 
As is well known, certain forms of alternat- the synchronizing motor or operate jointly 

ing-current machineshave the property, when both of the motors. 
connected in circuit with an alternating~cur~ This invention involves several novel and 
rent generator, of running as a motor in syn- useful features. It will be observed, in the 6g 

I 5 chronism therewith; but while the alternating ?rst place, that both motors are run without 
current will run the motor after it has at- commutators of any kind, and, secondly, that 

,. tained a rate of speed synchronous with that the speed of the torque mot-or may be higher 
of the generator it will not start it. Hence in than that of the synchronizing motor, as will 
all instances heretofore when these “synchro- be the case when it contains a fewer number 70 

2o nizing motors,” as they are termed, have been of poles or sets of poles, so that the motor will 
run, some means have been adopted to bring be more readilyand easily brought up to speed. 
the motors up to synchronism with the gen- Thirdly, the synchronizing motor may be con 
erator, or approximately so, before the alter- structed so as to havea much morepronounced 
nating current of the generator is applied to tendency to synchronism without lessening 7 5 

25 drive them. the facility with which it is started. 
In an application ?led February 18, 1889, In the drawings I have illustrated the in 

Serial No. 300,220, Ihave shown and described vention. 
an improved system of operating this class Figurel is a part sectional View of the two 
of motors, which consists, broadly, in wind- motors; Fig. 2,an end view of the synchroniz- 80 

3o ing or arranging the motor in such manner ing motor; Fig. 3, an end view and part see 
that by means of suitable switches it could tion of the torque or double-circuit motor; 
be started as a multiple-circuit motor, or one Fig. I, a diagram of the circuit connections 
operating by a progression of its magnetic employed; and Figs. 5, 6, 7, 8, and 9 are dia 
poles, and then, when up to speed, or nearly grams of modi?ed dispositions of the two mo- 85 

3 5 so, converted into an ordinary synchronizing tors. 
motor, or one in which the magnetic poles Inasmuch as neither motor is doing any 
were simply alternated. In some cases, as work while the current is acting upon the 
when a large motor is used and when the other,I prefer torigidly connect the two arina~ 
number of alternations is very high, there is tures. I therefore mount both upon the same 90 

40 more or less difficulty in bringing the motor shaft A, the ?eld-magnets 13 of the synchro 
to speed as a double or multiple-circuit mo- nizing andOof the torque motorbeingsecured 
tor, for the plan of construction which renders to the same base D. The preferably larger 
the motor best adapted to run as a synchro- synchronizing motor has polar projections on 
nizing motor impairs its eificiency as a torque its armature, which rotate in very close prox- 9 5 

45 or double-circuit motor under the assumed imity to the poles of the ?eld, and in other 
conditions 011 the start. This will be readily respects it conforms to the conditions, now 
understood, for in a large synchronizing mo- well understood, that are necessary to secure 
tor the length of the magnetic circuit of the po- synchronous action. I prefer, however, to 
larprojectionsandtheirmassare so greatthat wind the pole-pieces of the armature_\_vith I00 

50 apparently considerable time is required for closed coils E, as this obviates the employ 
magnetization and demagnetization. Hence ment of sliding contacts. The smaller or 
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torque motor, on the other hand, has, prefer 
ably, a cylindrical armature F, without polar 
projections and wound with closed coils G, as 
I have described in my previous patents, 

5 notably No. 382,279, dated May 1,1888. The 
?eld-coils of the torque motor are connected 
up in two series H and I, and the alternating 
current from the generator is directed through 
or divided between these two circuits in any 

10 manner to produce a progression of the poles 
or points of maximum magnetic effect. I 
secure this result in a convenient way by 
connecting the two motor-circuits in deriva 
tion with the circuit from the generator, in 

i5 serting in one motor-circuit a dead resist 
ance and in the otherasel'f-induction coil, by 
which means a difference in phase between 
the two divisions of the current is secured. 
If both motors have the same number of ?eld 

2o poles, the torque motor for a given number 
of alternations will tend to run at double the 
speed of the other, for, assuming the connec 
tions to be such as to give thebestresults, its 
poles are divided into two series and the 

25 number of poles is virtually reduced one-half, 
which being acted upon by the same number 
of alternations tend to rotate the armature 
at twice the speed. By this means the main 
armature is more easily brought to or above 

30 the required speed. When the speed neces 
sary for synchronism is imparted to the main 
motor, the current is shifted from the torque 
motor into the other. _ 

A convenient arrangement for carrying out 
35 this invention is shown in Fig. 4C. In said 

?gure J J are the ?eld-coils of the sychroniz 
ing, and II I the ?eld-coils of the torque, mo 
tor. L L’ are the conductors of the main 
line. One end of, say, coils II is connected to 

40 wire L through a self-induction coil M. One 
end of the other set of coils I is connected to 
the same wire through a dead resistance N. 
The opposite ends of these two circuits are 
connected to the contact on of a switch the 

1,5 handle or lever of which is in connection with 
the line-wire L’. One end of the ?eld-circuit 
of the synchronizing motor is connected to 
the wire L. The otherterminatesin the switch 
contact '12. From the diagram it will be read 

50 ily seen that if the lever P be turned onto 
contact m the torque motor will start by 
reason of the difference of phase between the 
currents in its two energizing~circuits. Then 
when the desired speed is attained if the le 

55 ver P be shifted onto contact a the entire 
current will pass through the ?eld-coils of the 
synchronizing motor and the other will be 
doing nowork. 

The torque motor may be constructed and 
60 operated in various ways, many of which I 

have described in other applications; but I do 
not deem it necessary in illustration of the 
principle of construction and mode of opera 
tion of my presentinvention to describe these 

65 further herein. It is not necessary that one 
motor be cut out of circuit while the other is 

in, for both may be acted upon by the our 
rent at the same time, and I have devised va 
rious dispositions or arrangements of the two 
motors for accomplishing this. Some of these 70 
arrangements are illustrated in Figs. 5 to 9. 

Referring to Fig. 5, let T designate the 
torque or multiple-circuit motor and S the 
synchronizing motor, L L’ being the line-wires 
from a source of alternating current. The 75 
two circuits of the torque motor of different 
degrees of self-induction, and designated by 
NM, are connected in derivation to the wire 
L. They are then joined and connected to 
the energizing-circuit of the synchronizing 
motor, the opposite terminal of which is con 
nected to wire L’. The two motors are thus 
in series. To start them I short-circuit the_ 
synchronizing motor by a switch P’, throwing 
the whole current through the torque motor. 85 
Then when the desired speed is reached the 
switch P’ is opened, so that the current passes 
through both motors. In such an arrange 
ment as this it is obviously desirable for 
economical and other reasons that a proper 
relation between the speeds of the two motors 
should be observed. 

In Fig. 6 another disposition is illustrated. 
S is the synchronizing motor and T the torque 
motor, the circuits of both being in parallel. 95 
IV is a circuit also in derivation to the motor 
circuits and containing a switch P”. S’ is a 
switch in the synchronizing-motor circuit. On 
the start the switch S’ is opened, cutting out 
the motor S. Then P” is opened, throwing 
the entire current through the motor T, giv 
ing it a very strong torque. \Vhen the de 
sired speed is reached, switch S’ is closed and 
the current divides between both motors. By 
means of switch P” both motors may be cut 105 
out. 

In Fig. 7 the arrangement is substantially 
the same, except that a switch T’ is placed in 
the circuit which includes the two circuits of 
the torque motor. 

Fig. 8 shows the two motors in series, with 
a shunt around both containing a switch S T. 
There is also a shunt around the synchroniz 
ing motor S, with a switch P’. 

In Fig. 9 the same disposition is shown; 1 r5 
but each motor is provided with a shunt, in 
which are switches P’ and T”, as shown. 

The manner of operating the systems will 
be understood from the foregoing descrip 
tions. 

I do not claim herein the torque motor nor 
any part thereof, except in so far as they e11 
ter into the combination which forms the sub— 
ject- of this application, for I have made the 
distinguishing features of said motor the sub- r25 
ject of other applications. 

“That I now claim is 
1. An alternating-current non-synchroniz 

ing electric motor coupled with a synchroniz 
ing alternating-current motor, substantially 
as set forth, whereby the former starts the 
latter and throws it into synchronism with 
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its actuating-current, and switch mechanism 
for directing the current through either or 
both of the motors, as set forth. 

2. The combination of two motors the ar 
matures of which are mounted upon the same 
shaft, one of said motors being an alternating 
current torque motor, or one in which the 
magnetic points or poles are progressively 
shifted by the action of the energizing-cur 
rent, the other motor being an alternating 
currentsynchronizingmotor,and‘switchmech 
anism for directing the current through either 
or both of said motors, as set forth. 

3. The combination, with an alternating 
current synchronizing motor having one en 
ergizing-?eld, of an alternatingcurrent torque 
motor having a plurality of energizing-cir 
cuits and adapted to be operated by currents 
differing in phase, and a switch for directing 
the alternating current or currents through 
the several circuits of one motor or the single 
circuit of the other, as and for the purpose 
set forth. 

4. The combination, with an alternating 
current motor having ?eld-cores wound with 
coils adapted to be connected to a source of 
alternating currents and an armature wound 
with induced coils closed upon themselves, of 

a starting device for bringing said motor into 
SYIlGlll‘OIliSlll with the generator with which 
it is connected. _ 

5. The combinatiom'with an alternating 
current motor composed of a multipolar al 
ternating ?eld-magnet, and an armature hav 
ing poles wound with coils closed upon them 
selves, of a starting device, as set forth. 

(3. In an alternating-current motor, the com 
bination of a ?eld-magnet having poles wound 
with coils adapted when connected with a 
source of alternating current to produce si 
multaneously opposite magnetic polarities 
and an armature provided with poles or pro 
jections and wound with coils connected in 
a continuously-closed unconnected circuit, as 
set forth. 

7. The herein-described mcthodof operat 
ing alternating-current motors, which consists 
in actuating a motor by an alternating cur 
rent to bring a second alternating~current 
motor up to synchronizing speed‘ relative to 
the actuating-current and then switching the 
synchronizing motor into circuit. 

NIKOLA TESLA. 
WVitnesses: 

GEORGE N. MoNRo, 
EDWARD T. EVANS. 
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_ UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEI/V YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
' ' COMPANY, OF SAME PLACE. 

ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 416,193, dated December 3, 1889. 

Application ?led May 20, 1889- Serial No. 311,415. (No model.) 

To all whom it may concern. 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria, from Smilj'an, 
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 Electro - Magnetic 
Motors, of which the following is a speci?ca 
tion, reference being had to the accompany 
ing drawings. 

This invention relates to alternating-cur 
rent motors of the general description in 
vented by me, and in which two or more en 
ergizing-circuits are employed, through which 
alternating currents differing in phase are 
passed, with the result of producing a pro 
gressive shifting or rotation of the poles or 
points of maximum attractive effect. 

In prior patents and applications I have 
shown and described various forms of motors 

’ of this kind. . Among them are motors in 

25 

Which both energizing-circuits are electrically 
alike-that is to say, both have the same or 
approximately the same electrical resistance 
and self-induction—in the operation of which 
the alternating currents used are primarily 
of different phase. In others the difference 

’ of phase is arti?cially produced——as, for in 
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stance, in cases where the motor-circuits are 
of different resistance and self-induction, so 
that the same current divided between them 
will be retarded in one to a greater extent 
than in the other, and the requisite phase dif 
ference secured in this way. ‘ To this latter 
class generally my present invention relates. 

The lag or rotation of the phases of an al 
ternating current is directly proportional to 
the self-induction and inversely proportional 
to the resistance of the circuit through which 
the current ?ows. Hence, in order to secure 
the proper difference of phase between the 
two motor-circuits, it is desirable to make the 
self-induction in one much higher and the re 
sistance much lower-than the self~induction 
and resistance, respectively, in the other. At 
the same time the magnetic quantitiesof the 
two poles or sets of poles which the two cir 
cuits produce should be approximately equal. 
These requirements, which I have found to 
exist in motors of this kind, have led me to 

the invention of a motor having the follow 
ing general characteristics: The coils which 
are included in that energizing-circuit which 
is to have the higher self-induction I make of 
coarse wire, or a conductor of relatively low 
resistance, and I use the greatest possible 
length or number of turns. In the other set of 
coils I use a comparatively few turns of ?ner 
wire or a wire of higher resistance. Further 
more, in order to approximate the magnetic 
quantities of the poles excited by these coils, 
I use in the self-induction circuit cores much 
longer than those in the other or resistance 
circuit. I have shown in the drawings aino 
tor embodying these features. 

Figure l is a part~sectional view of themo 
tor at right angles to the shaft. Fig. 2 is a 
diagram of the ?eld-circuits. 

In Fig. 2, let A represent the coils in 
one motor-circuit, and B those in the other. 
The circuit A is to have the higher self-in 
duction. I therefore use a long length or a 
large number of turns of coarse wire in form 
ing the coils of this circuit. For the circuit 
B, I use a smaller conductor, or a conductor 
of a higher resistance than copper, such as 
German silver or iron, and wind the coils with 
fewer turns. I11 applying these coils to a mo 
tor I build up a ?eld-magnet of plates C, of 
iron or steel, secured together in the usual 
manner by bolts D. Each plate is formed 
with four (more or less) long cores E, around 
which is a space to receive the coil and an 
equal number of short projections F to receive‘ 
the coils of the resistance-circuit. The plates 
are generally annular in shape, having an 
open space in the center for receiving the 
armature G, which I prefer to wind with closed 
coils. An alternating current divided be 
tween the two cireuits is retarded as to its 
phases in the circuit A to a much greater ex 
tent than in the circuit B. By reason of the 
relative sizes and disposition of the cores and 
coils the magnetic effect of the poles E and 
F upon the armatureclosely approximate. 
These conditions are well understood and 
readily secured by one skilled in the art. 

An important result secured by the con 
struction herein shown of the motor is, that 
these coils which are designed to have the 
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higher self~induotion are almost completely 
surrounded by iron, by which the retardation 
is considerably increased. 

1 do not claim herein, broadly, the method 
and means of securing rotation by arti?cially 
producing a greater lag of the current in one 
motor-circuit than in the other, nor the use 
of poles or ‘cores of different magnetic sus 
ceptibility, as these are features which I have 
specially claimed in other applications ?led _ 
by me. 

WVhat I claim is 
1. An alternatingr - current motor having 

two or more energizing-circuits, the coils of 
one circuit being composed of conductors of 
large size or low resistance and those of the 
other of fewer turns of Wire of smaller size or 
higher resistance, as set forth. 

2. In an alternating-currentmotor, the com- ‘ 
bination, With long and short ?eld-cores,‘ of _ 
energizing-coils included in independent cir 
cuits, the coils on the longer cores containing 

an excess of copper or conductor over that in 
the others, as set forth. 

3. The combination, with a ?eld-magnet 
composed of magnetic plates having an open 
center and pole-pieces or cores of different 
length, of coils surrounding ‘said cores and 
included in independent circuits, the coils on 
the longer cores containing an excess of cop 
per over that in the others, asset forth. 

25 

4. The combination, with a ?eld-magnet _ 
composed of magnetic plates having an open 
center and pole-pieces or cores of different 
length, of coils surrounding said cores and 
included in independent circuits, the coils on 
the longer cores containing an excess of cop 
per over that in the others and being set in 
recesses in the iron core formed by the plates, 

NIKOLA TESLA. 
, as set forth. 

\Vitnesses: 
ROBT. F. GAYLORD, 
FRANK E. HARTLEY. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 416,194, dated December 3, 1889. 

Application filed May 20, 1889. Serial No. 311,418. (No model.) 

To all whom it may concern: 
Be it known that I, NIKoLA TEsLA, a sub 

ject „of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, 
residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro-Magnetic 
ïlotors, of which the following is aspecifica 
ion. 

This invention relates to the alternating 
, current electro-magnetic motors invented by 

me, in which a progressive shifting or ro 
tation of the poles or points of maximum 
magnetic effect is produced by the action of 
the alternating currents. These motors I 
have constructed in a great variety of ways. 
As instances, I have built motors with two or 
more energizing-circuits, which I connected 
up with corresponding circuits of a generator 
so that the motor will be energized by alter 

' nating currents differing primarily in phase. 
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I have also built motors with independent 
energizing-circuits of different electrical char 
acter or self-induction, through which I have 
passed an alternating current the phases of 
which were artiiicially distorted by the greater 
retardin g effect of one circuit over another. 
I have also constructed other forms of motor 
operating by magnetic or electric lag, which 
it is not necessary to describe herein in detail. 
although my present invention is applicable 
thereto. In such motors I use an armature 
wound with _acoil or coils,'which is sometimes 
connected with the external eircuit'aud some 
times elosed upon itself, and to both forms 
the present invention applies. In these mo 
tors the total energy supplied to effect their 

_ operation is equal to the sum of the energies 
expended in the armature and the field. The 
power developed, however, is proportionate 
to the product of. these quantities. This pro 
duet will be greatest when these quantities are 
equal; hence in constructing a motor I deter 
mine the mass of the armature and field 'cores 
and the windings of both and adapt the two so 
as to equalize as nearly as possible the mag 
netic quantities of both. In motors which have 
closed armature-coils this is only approxi 
mately possible, as the energy manifested in 
the armature is the result of inductive action 

o 

from the other element; but in motors in- 
which the coils of uboth armature and field 
are connected with the external circuit the 
result can be much more perfectly obtained. 

In'further explanation of my object let it 
be assumed that the energy as represented in 
the magnetism in the iield of a given motor 
is ninety and that of the armature ten. The 
sum of these quantities, which represents the 
total energy expended in driving the motor, 
is one hundred; but, assuming that the motor 
be so constructed that the energy in the field 
is represented by fifty and that in the arma 
ture by fifty, the sum is still one hundred; . 
but while in the first instance the product is 
nine hundred, in the second it is two thousand 
five hundred, and as the energy developed is 
in proportion to these products it is clear that 
those motors are the most efficient-other 
things being equal-in which the magnetic 
energies developed in the armature and field 
are equal. These results I obtain by using 
the same amount of copper or ampere turns 
in both elements when the cores of both are 
equal, or approximately so, and the same cur 
rent energizes both; or in cases where the 
currents in one element are induced to those 
of the other I use in the induced coils an 
excess of copper over that iu the primary 
element or conductor. 

lVhile I know of no way of illustrating this 
invention by a drawing such as will meet 
the formal requirements of an application for 
patent, I have appended for convenience a 
conventional iigure of a motor such as I em 
ploy. I would state, however, that I believe 
that with the problem before him which I 
have herein stated, and the solution which I 
have proposed, any one skilled in the art will 
be able to carry out and apply this invention 
without difficulty. ' 

Generally speaking, if the mass of the cores 
of armature and iield be equal, the amount 
of copper or ampere turns of the energizing 
coils on both should also be equal; but these 
conditions will be modified in well-understood 
Ways in different forms of machine. It will 
be understood that these results are most ad 
vantageous when existing under the con 
ditions presented when the'motor is running 
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with Vits normal load, and in carrying out the 
invention this fact should be taken into con 
sideration. 

Referring to the drawing, A is the Iield 
magnet, B the armature, C the Íield-coils, and 
D the armature-coils, of the motor. 

The motors described in this application, 
except as to the features specifically pointed 
out in the claims, are described and claimed 
in prior patents granted to and applications 
filed by me, and are not herein claimed. 

W'hat I claim is 

416,194 

l. An electro-magnetic motor having field 
and armature magnets of equal strength or 
magnetic quantity when energized by a given 
current, as Set forth. 

2. In an alternating-current motor, the 
combination, with field and armature cores 
of equal mass, of energizingcoils containing` 
equal amounts of copper, as herein set forth. 

NIKOLA TESLA. 
W itnesses: 

RoB'r. F. GAYLORD, 
FRANK E. HARTLEY. 
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i UNÍTED STATES PATENT OFFICE. 

NIKOLA TESLA,`OE NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 416,191, dated December 3, 1889. 

i Application ñled May Z0, 1889. Serial No. 311,413. (No model.) 

To all whom. it may concern: 
Be it known that I, NIKOLA TEsLA, a sub 

ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-IfIungary, re 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro - Magnetic 
Motors, of which the following is a specifica 
tion, reference being had to the drawings ac 
companying and forming a part of the same. 

This invention pertains to that class of elec 
tro-magnetic motors invented by me in which 
two or more independent energizing-circuits 
are employed, and through whicha lternating 
currents differing in phase are passed to pro 
duce the operation or rotation of the motor. 

y One of the general ways which I have fol 
lowed in carrying out this invention is to pro 
duce practically independent currents differ 
ing primarily in phase and pass these through 
the motor-circuits. Another way is to pro 
duce a single alternating current, to divide it 
between the motor-circuits, and to effect arti 
ficially a lag in one ofthe said circuits or 
branches, as by givin g to the circuits different 
self-inductive capacity, and in other ways. 
In the former case, in which the necessary 
difference of phase is primarily effected in 
the generation of currents, I have, in some ink 
stances, passed the currents through the en 
ergizing-coils of both elements of the motor 
the tield and armature; but I have made the 
discovery that a new and useful result is or 
may be obtained by doing this under the con 
ditions -hereinafter specified in the case of 
motors in which the lag, as above stated, is 
artificially secured. In this my present in 
vention resides. 

In illustration of the nature of this inven 
tion I shall refer to the accompanying draw 
ings, in which-~ > 

Figures l to 6, inclusive, are diagrams of dif 
ferent Ways in which the invention is or may 
be carried out; and Fig. 7, a side view of a 
form of motor which I have used for this 
purpose. ’ 

The diagrams in detail will be described 
separately. ` 

A B in Eig. l indicate the two energizing 
circuits of a motor, and C D two circuits on 
the armature. Circuit or coilA is connected 

in series with circuit or coil C, and the two 
circuits B D are similarly connected. Be 
tween coils A and C is a contact-ring e, form 
ing one terminal of the latter, and a brush a, 
forming one terminal of the former. A ring 
(l and brush c similarly connect coils B and 
D. The opposite terminals of the field-coils 
connect to one binding-post 7L of the motor, 
and those of the ar1nature-coils are similarly 
connected to the opposite binding-post c' 
through a contact-ring f and brush g. 
each motor-circuit while in derivation to the 
other includes one armature and one ñeld 
coil. These circuits are of diiterent self-in 
duction, and may be made so in various ways. 
For the sake of clearness I have shown in one 
of these circuits an artificial resistance R 
and in the other a self -induction coil S. 
ÑVhen an alternating current is passed 
through this motor it divides between its two 
energizing-circuits, The_higher self-induc 
tion of one circuit produces a greater retarda 
tion or lag in the current therein than in t-he 
other. The difference of phase between the 
two' currents eifects the rotation or shift-ing of 
the points of maximum magnetic effect that 
secures the rotation of the armature. In cer 
tain respects this plan of including both 
armature and iield coils in circuit is a marked 
improvement. Such a motor has a good 
torque at starting; yet it has also considerable 
tendency to syncli'ronism, owing to the fact 
that when properly constructed the maximum 
magnetic effects in both armature and lield 
coincide-a condition which in the usual con 
struction of these motors with closed arma 
ture~coils is not readily attained. The motor 
thus constructed exhibits, too, a better regu 
lation of current from no- load to load, and 
there is less difference between the apparent 
and real energy expended in running it. The 
true synchronous speed of this forni of motor 
is that of the generator when both are alike 
that is to say, if the number of the coils on 
the armature and on the field is fr", the motor 
will run normally at the same speed as agen 
erator driving it if the number of field-mag 
nets or poles of the same be also x. 

Fig. 2 shows a somewhat modified arrange 
ment of circuits. There is in this case but one 
armature~coil E, the winding of which main 
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tains etiects corresponding to the resultant 
poles produced by the two field-circuits. 

Fig. _3 represents a disposition in which 
both armature and field are wound with two 
sets of coils, all in multiple varc to the line or 
main circuit. The armature-coils are wound 
to correspond with the iield-coils with respect 
to their self-induction. A modification of 
this plan is shown in Fig. ÁlL-‘that is t0 say, 
the two field-coils and two armature-coils are 
in derivation to themselves and in series with 
one another. The armature-coils in this case, 
as in the previous ligure, are wound for dif 
ferent self-induction to correspond with the 
field-coils. 

Another modilication is shown in Fig. 5. 
In this case only one armature-coil, as D, is 
included in the line-circuit, while- the other, 
as C, is short-circuited~ 

In such a disposition as that shown in y 
2, or where only one armature-coil is em 
ployed, the torque on the start is somewhat 
reduced, while the tendency to synchronism 
is som ewhatincreased. In such a disposition, 
as shown in Fig. 5, the opposite conditions 
would exist. In both instances, however, 
there is the advantage of dispensing` with one 
contact-ring. 

In Fig. 5 the two >field-coils and-the arma 
ture~coil D are in multiple arc. In Fig. 6 
this disposition is modified, coil D being` 
shown in series with the two íield-coils. 

Fig. 7 is an outline of the general form of I 
motor in which I have embodied this improve 
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ment. The circuit-connections between the 
armature and field coils are made, as indi 
cated in the previous figures, through brushes 
and rings, which are not shown. 

In the above description I have made use 
of the terms “armature” and “ñeldg” but it 
will be understood that these are in this ease 
convertible terms, for what is true of the 
iield is equally so of the armature, except that. 
one is stationary, the other capable ot' rota 
tion. 

I do not claim in this application themethod 
or means of operating adouble-circuit motor 
by making its circuits of diii‘erent self-induc 
tion or in any way retarding the phases of 
current in one circuit more than in another, 
having made theseV features subject of other 
applications; but - 

NVhat I claim is- l 
1. In an alternating-current motor, the com 

bination, with field-circuits of diiterent self 
inductive capacity, of corresponding arma 
ture-circuits electrically connected therewith, 
as set forth. 
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2. In an alternating-current motor, the com 
bination, with independent ñeld-coils of dif 
ferent selt`-induction,otl independent arma 

=ture~coils, one or more in circuit with the 
field-coils and the others short-circuited, as set 
forth. 

NIKOLA TESLA. 
Witnesses: 

RoB'r. F. GAYLORD, 
FRANK E. HARTLEY. 
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To all whom it may concern-. 
Be it known that I, NIKOLA TEE-LA, a sub 

j eat of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria-Hun 

5 gary, residing at New York, in the county and 
State of New York, have invented certain new 
and useful Improvements in Electro-Magnetic 
Motors, of which the following is a speci?cai 
‘LlOll, reference being,r had to the drawings ac~ 

to companying and forming a part'ot the same. 
Among the various forms of alternating 

‘ current motors invented by me is onewhich 
I have described in other applications, and 
which is constructed asfollows: I build a ?eld 

_i5 core with, say, four poles, between which is 
mounted an armature that is generally wound 
with closed coil-s. On two of the opposite 
poles of the ?eld I wind primary coils, which 
are connected up in'the main circuit. On the 

520 same cores 1 also wind secondary coils, which 
are closed through coils on the other pair or 
set of poles. In this motor when an alternat 
ing current is caused to pass through the pri 
mary coils it energizes directly one set of 

25' poles and induces currents in the secondary 
coils, which act to energize the other poles; 
ibut the phases of the current in the second 
ary coils may ditfer in time from those of the 
primary current, and hence a rotation or shift-_ 

30 ing of the poles is effected that imparts rot-a 
tion to the motor. 

These motors may be constructed'in many 
other ways; but for purposes of this case itis 
only necessary to consider the speci?c form 

35 which I have thus generally described, as my ’ 
improvements relate mainly to such form. 

The object of my present invention is to 
render this ‘form of motor moree?icient and 
to improve its action or mode of operation. 

In the motors constructed in accordance 
with this principle I bring two energizing 
circuits into inductive relation in the motor 
itselfmthat is to say, the secondary currents 

_ which energize one set of the ?eld-cores are 
45 induced in the motor itself, and the employ 

ment of an external induction device is thus 
avoided. The operation of these motorsrhm ' 
ever, is dependent upon the existence of a 
certain difference of phase between the cur~ 

5o rents in the'primary'and secondary coils. To 
obtain a difference of phase or lag that is 

40 

since the same laws apply. 

suited.to \vorliitlg (conditions is the speci?c 
object of my present invention. 

The following explanations will serve to 
illustrate the principle- upon which said in- 5 5 
vention is based. , ‘Let it be assumed that an 
ordinary alternating-current generator is con 
nected 'up in a circuit of'practically no self 
induction, such, :forexampic, as a circuitcon- ‘ 
tai?illgin?andescent lamps only. Onthe op- 60 

eration of the machine alternating currents 
will be developediu the circuit, and thcpha‘ées 
of these currents will theoretically coincide 
with the phases of the impressed electrolmos 

T'tive force. ?nch currents maybe regarded 65‘ 4 
and designated as the “ unre'tarded currents.” 

It will be understood, of course, that-in 
practice there is always more or less self~ln 
duction in the circuit, which modi?es to a cor 
responding extent these conditions; but for 70 
convenience this maybe disregarded in the 
consideration of the principle of operation, 

Assume next 
that a path of currents be formed across any 
two points of the above circuit, consisting, 75 
for example, of the primary of an induction 
device- The phases of the currents passing 
through the primary, owing to the self-in 
duction of the same, will not coincide with- p 
the phases of the impressed electroanotive 80 
force, but will lag behind the same, such lag 
being directly proportional to the self-induc~ 
tion and 'ini'ersely proportional to the'resist 
ance of the said coil. The, insertion of this 
coil will also cause a lagging or retardation 85 
ot thecurrents traversing‘ and delivered by 
the generator behind the impressed electro 
motive force, such lag‘ being the mean or re 
sultant of the lag of the current through the 
primary alone and that of what I have des- 90 
ignatcd the “ unrctardcd current ” in the 
entire working-circuit. Next consider the 
conditions imposed by the association in in 
ductive relation with the primary coil of a 
secondary coil. The current generated in the 95 
secondary coil will react upon the primary 
current, modifying the retardation of' the 
same, according to the amount of self-induc 
tion and resistance in the secondary circuit. 
It the secondary circuit have but little self- TOO 
induction-ms, for instance, when it contains 
incandescent lamps only-it will increase the 
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actual difference oi."‘phase-between its own 
andv the primary current, first, by diminish 
ing the lag between the primary current and 
the impressed electi'o-motive force, and, sec 
0nd, by its own lag or retardation behind 

'On the ~ the impressed electro-motive force. 
other hand, if the secondary circuit have a 

high self~induction its lag behind the cur 
rent in the primary is directly increased, 
while it Willbestill further increased if vthe 
primary have a very low self-induction. The 
better results are obtained when the primary 
has a low‘ self-induction. I apply these prin 
ciples to the construction of a motor whichI 
shall nowdescribe. 

trated in thedrawings, in which 
\ The details of the improvements are illus-. 

Figure 1 is a diagram ofa motor exhibiting ' 
my invention. ' Fig."2 is a similar diagram of 
a modi?cation of the same. ' 

In Fig. 1. let A designate the tield~magnet 
of a motor which, as in all these motors, is 
built up of sections or plates. _ B O are polar 
projections upon which the coils are wound. 
Upon one pair of these poles, as' C, I Wind 
primary coils D, which are directly connected ' 
vto the circuit of an alternating-current gens 
erator G. On the same poles I also wind sec- ' 
ondary coils F, either side by side or over or 
under the primary coils, and these I connect 
with other coils E, whichsurrou'nd the poles 
B B. The currents in both primary and sec 
ondary coils in such a motor will be retarded 
or will lag behind the impressed electro-ino 
tive force; but to secure a proper difference 
in phase between the primary and secondary 
currents themselves I increase the resistance 
of the circuit of the secondaryand reduce as 
much as practicable its self-induction. I do 
this by using for the secondary circuit, par 
ticularly in the coils E,‘ wire ofpomparatively 

small diameter and having but few turns 
around the cores; or I use some conductor of 
higher speci?c resistance, such as German 
silver; or I may introduce at some point in 
the secondary circuit an arti?cial-resistance 
R. Thus the self-induction of the secondary 
is kept down and its'resistance increased 
with the result of decreasing the lag between 
the impressed electro-motive force and the 

,> current in the primary coils and increasing 
the difference of phase‘ between the primary 
and secondary currents. 

In the dispositionshown in Fig. 2 the lag 
in the secondary is increased by increasing 
the self-induction of that circuit, while the 

' increased tendencyof the primary to lag is 
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counteracted by inserting therein a dead re 
sistance. .The primary coils D'iu this case 

‘have a low self-induction and high resist 
ance, while the coils E F, included in the sec 
ondary circuit, have a high self-induction and 
low resistance. This may be done ' by the 
proper winding of the coils, or in the circuit 
including the secondary coils E [1‘, I may in 

troduce a self-induction coil S, while in the 
primary circuit from the generator G and in 
cluding. coils D, I may insert a dead resist 

65 

ancei R. By this means the difference of , 
phase between the primary and secondary is 
increased. _'It is evident that both mea'nsof 

by the special winding as well as by the sup 
pl-emental or external inductive and dead re 
sistance—may be employed conjointly. _ 

In the operation- of this motor the current 
impulses in the primary coils induce currents 
in the secondary coils, and by the conjoint 
action'of the two the points of greatest mag 
netic attract-ion are shifted or rotated. 

In practice I- have found it'desirable to 
wind, the armature with closed coils in which 
currents are induced by the action thereon 
of theprimaries. - _ c 

I do not claim, broadly, herein the method 
of operating motors by‘ inducing in one cir 

70 

‘increasing the difference of phase_——namely, ' 

85 

cuit currents by means of those in another, . 
nor the other features herein not speci?cally 
pointed out in the claims, having personally 
.?led applications forsucll features. 

‘ What I claim ris4— ' 

1. The combination,in amotor, of a primary 
energizing-circuit adapted to be connected 
with the circuit of a generator and a second 
ary energizing-circuit in inductive relation 
thereto, the two circuits being of ‘different 
electrical character or resistance, as set forth. 

2. The combination, in a motor,of aprimary 
energizing-circuit" adapted to be connected 
with the circuitof a generator anda second 
ary energizing-circuit in inductive relation‘ 
thereto, the. two ‘circuits being of diifcrent 
self-inductiomas herein set forth. 

3. ' The combination, in a motor, of primary 
energizing-coils adapted to be connected to a 
source of current andisecondary energizing 
coils in a circuit in inductive relation thereto, 
one set of said coils being formed by conduct 
ors of small size and few turns, the otherby 
conductors of larger size, as setforth. 

NIKOLA TESLA.. 
Witnesses: > - 

R. J. STONEY, Jr., 
E. P. Corrm. ' 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, and 

5 aresident of New York, in the county and 
State of New York, have invented certain 
new and useful Improvements in Methods of 
Operating Electro-Magnetic Motors, of which 
the following is a speci?cation, reference be 
ing had to the drawings accompanying and 
forming a part of the same. 

In a patent granted to me April 16, 1889, 
No. 401,520, I -have shown and described a 
method of starting and operating synchro 
nizing motors which involved the transfo rm a 
tion of the motor from a torque to ‘a synchro~ 
nizing motor. This I have heretofore done 
by a change of the circuit-connections, Where 
by on the start the poles or resultant attrac 
tion of the ?eld-magnets of the motor were 
shifted or rotated by the action of the current 
until the motor reached synchronous speed, 
after which the poles were merely alternated. 
The present application is based upon another 
way of accomplishing this result, the main 
features beingas follows: Ifan alternating 
current be passed through the ?eld-coils only 
of a motor having two energizing-circuits of 
different self~induetion and the armature 
coils be short-circuited, the motor will have a 
strong torque, but little or no tendency to 
synchronism with the generator; but if the 
same current which energizes the ?eld be 
passed also through the armature-coils the 
tendency to ~remain in synchronism is very 
considerably increased. This is due to the 
fact that the maximum magnetic effects pro 
duced in the?eld and armature more nearly 
coincide. This principle discovered by me I 
have utilized in the operation of motors. In 
other words, I construct a motor having in 
dependent ?eld-circuits of different self-in 
duction, which are joined in derivation to a 
source of alternating currents. The arma 
ture I wind with one or more coils, which are 
connected with the ?eld-coils through contact 
rings and brushes, and around the armature 
coils I ‘arrange a shunt with means for open 
ing or closing the same. In starting this m0~ 
tor I close the shunt around the armature 
coils, which will therefore be in closed cir 
cuit. When the current is directed through 
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the motor, it divides between the two circuits,’ 

(it is not necessary to consider any case where 
there are more than two circuits used,) which, 5 5 
by reason of their different self-induction, 
secure a difference of phase between the two 
currents in the two branches that produces 
a shifting or rotation of the poles. By the 
alternations of current other currents are 60 
induced in the closed-01‘ short—circuited— 
armature-coils and the motor has a strong 
torque. 7When the desired speed is reached, 
the shunt around the armature-coils is opened 
and the current directed through both arma- 65 
ture and ?eld coils. Under these condi 
tions the motor has a strong tendency to 
synchronism. 

In the drawings hereto annexed I have 
illustrated several modi?cations of the plan 70 
above set forth foroperating motors. The 
?gures are diagrams, and will be explained 
in their order. 

Figure 1: A and B designate the ?eld-coils 
of the motor. As the circuits including these 75 
coils are of different self-induction, I have 
represented this by a resistance-coil R in cir 
cuit with A, and a self-induction coil S in cir 
cuit with B. The same result may of course 
be secured by the winding of the coils. C is So 
the armature-circuit, the terminals of which 
are rings a Z). Brushes c d bear on these 
rings and connect with the line and field 
circuits. D is the shunt or short circuit 
around the armature. E is the switch there- 85 
in. The operation of these devices I have 
stated above. , 

It will be observed that in such a disposi 
‘tion as is illustrated in Fig. 1, the ?eld-cir 
cuits A and B being of different self-induc- 90 
tion, there will always be a greater lag of 
the current in one than the other, and 
that, generally, the armature phases will not 
correspond with either, but with the result 
ant of both. It is therefore important to ob- 95 
serve the proper rule in winding the arma 
ture. Forinst-ance, if the motor have eight 
poles—four in each oircuit-—there will be four 
resultant poles, and hence the armature-wind 
ing should be such as to produce four poles, too 
in order to constitute a true synchronizing 
motor. 

Fig 2: This diagram differs from the pre 
vious one only in respect to the order of con 
nections. In the present case the armature- 105 
coil, instead of being in series with the ?eld 
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coils, is in multiple are therewith. The ar 
mature-winding maybe similar to that of the 
?eld-that is to say, the armature may have 
two or more coils wound or adapted for dif— 
ferent self -induction and adapted, prefera 
bly, to produce the same difference of phase 
as the field-coils. On starting the motor the 
shunt is closed around both coils. This is 
shown in Fig. 3, in which the armature-coils 
are F G. To indicate their different elec 
trical character, I have shown in circuit with 
them, respectively, the resistance R’ and the 
self-induction coil S’. The two armature coils 
are in series with the ?eld-coils and the same 
disposition of the shunt or short circuit D is 
used. Itis of advantagein the operation of mo 
tors of this kind to construct or wind the arma 
ture in such manner that when short-cireuited 
on the start it will have a tendency to reach a 
higher speed than that which synchronizes 
with the generator. For example, a given mo 
tor having, say, eight poles should run,'with 
the armature-coil short-circuited, at two thou 
sandrevolutions per minute to bring it up to 
synchronism. It will generally happen, how 
ever, that this speed is not reached, owing to 
the fact- that the armature and ?eld currents 
do not properly correspond, so that when the 
current is passed through the armature (the 
motor not being quite up to synchronism) 
there is a liability that it would not “ hold 
on,” as it is termed.v I therefore prefer to so 
wind or construct the motor that on the start, 
when the armature-coils are short-circuited, 
the motor will tend to reach a speed higher 
than the synchronous~as, for instance, double 
the latter. In such case the difficulty above 
alluded to is not felt, for the motor will al 
ways hold up to synchronism if thesynch 
ronous speed——in the case supposed of two 
thousand revolutions-is reached or passed. 
This may be accomplished in various ways; 
but for all practical purposes the following 
will suffice: I wind on the armature two sets 
of coils. On the start I short-circuit one only, 
thereby producing a number of poles on the 
armature, which will tend to run the speed up 
above the synchronous limit. IVhen such 
limit is reached or passed, the current is di 
rected through the other coil, which, by in-. 
creasing the number of armature-poles, tends 
to maintain synchronism. In Fig. 4 such a 
disposition is shown. The motor having, 
say, eight poles contains two ?eld-circuits A 
and B, of different self-induction. The arma 
ture has two coils F and G. Theformer is 
closed upon itself, the latter connected with 

' the ?eld and line through contact-rings a b, 

60 
brushes 0 d, and a switch E. On the start 
the coil F alone is active and the motor tends 
to run at a speed above the synchronous; but 
when the coil G is connected to the circuit 
the number of armaturepoles is increased, 

' while the motor is made a true synchronous 

65 motor. This disposition has the advantage 
that the closed armature-circuit imparts to 
the motor torque when the speed falls off, but 
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at the same time the conditions are such that 
the motor comes out of synchronism more 
readily. To increase the tendency to synch 
ronism, two circuits may be used on the arma 
ture, one of which is short‘eircuited on the 
start and both connected with the external 
circuit after the synchronous speed is reached 
or passed. This disposition is shown in Fig. 
5. There are three contact-rings a b e and 
three brushes 0 d f, which connect the arma 
ture-circuits with the external circuit. 011 
starting, the switch H is turned to complete 
the connection between one binding-post P 
and the ?eld-coils. This short-circuits one 
of the armature-coils, as G. The other coil 
F is out of circuit and open. IVhen the 
motor is up to speed, the switch II is turned 
back, so that the connection from binding 

70 

75 

85 
post P to the ?eld-coils is through the coil a 
G, and switch K is closed, thereby including ’ 
coil F in multiple arc with the ?eld-coils. 
Both armature-coils are thus active. 

From the above-described instances it is 
evident that many other dispositions for car 
rying out the invention are possible. 

I do not claim herein the method and 
means described and shown for operatinga 
motor by producing arti?cially a difference 
of current phase in its independent ener~ 
gizing-circuits; nor do I claim, broadly, a 
motor having independent energizing-cir 
cuits of different self-induction and arma 
ture-circuits connected therewith, as these 
features are made subjects of other applica 
tions which I have ?led. 

What I claim is—. 
1. The method herein described of operat 

ing alternating-current motors having inde 
pendent energizing-circuits, which consists 
in short-circuiting the armature circuit or 
circuits until the motor has reached or passed 
a synchronizing speed and then connecting 
said armature-circuits with the external cir 
cuit, as set forth. 

2. The method of operating alternating 
current motors having ?eld-coils of different 
self-induction, which consists in directing al 
ternating currents from an external source 

‘through the ?eld-circuits only until the mo 
tor has reached a given speed and then di 
rectin g said currents through both the ?eld 
circuits and one or more of the armature-cir 
cuits, as set forth. 

3. The method of operating alternating 
current motors having ?eld-coils of different 
self-induction, which consists in directing al 
ternating currents from an external source 
through the field-circuits and short-circuiting 
a part of the armature-circuits, and then when 
the motor has attained a given speed direct 
ing the alternating currents through both the 
?eld and one or more of the armature~circuits, 
as set forth. - 

NIKOLA TESIIA. 
IVitnesses: 

R0131‘. F. GAYLORD, 
FRANK E. HARTLEY. 
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.To all whom it 17mg concern: 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria, from Smilj an, 
Lika, border country of Austria-Hungary, re 

5 siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro ~Magnetic 
Motors, of which the following is a speci?ca 
tion, reference being had to the drawings ac 

Io companying and forming a part of the same. 
This invention relates to that form of alter 

nating-current motor invented by m e,in which 
there are two or more energizing - circuits 
through which alternating currents differing 

I have in prior 
patents and applications shown various forms 
or types of this motor-?rst, motors having 
two or more energizing-circuits of the same 

- electrical character, and in the operation of 
20 which the currents used differ primarily in 

phase; second, motors with a plurality of en 
ergizing-circuits of different electrical char 
acter, in or by means of which the difference 
of phase is produced arti?cially, and, third, 

25 motors with a plurality of energizing-circuits, 
the currents in one‘ being induced from 
current-s in another. I shall hereinafter 

1 show the application of my present inven 
tion to these several types. Considering the 
structural and operative conditions of any 
one of them-as, for . example, that ?rst 
hamed——the armature which is mounted to 
rotate .in obedience to = the cooperative in 
?uence or action of the energizing-circuits has 

35 coils wound upon-it which are closed upon 
themselves and in which currents are induced 
by the energizingcurrents with the object and 
result of energizing the armature-core ; but un 
der any such conditions as must exist in these 
motors-it is obvious that a certain time must 
elapse between the manifestations of an ener 
gizing-current impulse in the ?eld-coils, and 
the corresponding magnetic state or phase in 
the armature established by the current in 

4 5 duced thereby; consequently a given magnetic 
in?uence or effect in the ?eld which is the di 
rect result of a primary-current impulse will 
have become more or less weakened or lost 
before the corresponding effect in the arma 

5o ture indirectly produced has reached its 
maximum. This is a condition unfavorable 

40 

to efficient working in certain cases—as, for 
instance, when the progress of the'resultant 
poles or points of maximum attraction is very 
great, or when a very high number of alter- 55 
nations is em.ployed-—for it is apparent that 
a stronger tendency to rotation will be main 
tained if the maximum magnetic attractions 
or conditions in both armature and ?eld co 
incide, the energy developed by a motor be- 6o_ 
ing measured by the product of the magnetic 
quantities of the armature and ?eld. 

The object, therefore, in this invention is 
.to so construct or organize these motors that 
the maxima of the magnetic effects of the 65 
two elements—the armature and ?eld-shall 
more nearly coincide. This I accomplish in 
various ways, which I may best explain by 
reference to the drawings, in which various 
plans for accomplishing the desired results 70 
are illustrated. _ ‘ 

Figure 1: This is a diagrammatic illustra 
tion of a motorsystem such as I have described 
in my prior patents, and in which the alter 
nating currents proceed from independent 75 
sources and differ primarily in phase. 

A designates the ?eld~n1agnet or magnetic 
frame of the motor; B B, oppositely-located 
pole-pieces adapted to receive the coils of one 
energizing-circuit; .and C C, similar pole- 80 
pieces for the coilsof the other energizing 
circuit. These circuits are designated, re 
spectively,.by D E, the conductor D" forming 
a common return to the generator G. Be 
tween these poles is mounted an armature—— 85 
for example, a ring or annular armature, 
wound with a series of coils Ii‘, forming a 
closed circuit or circuits. The action or op 
eration of a motor thus constructed is now I 
well understood. It will be observed, how- 90 
ever, that the magnetism of poles B, for ex 
ample, established by a current-impulse in 
the coils thereon, precedes the magnetic effect 
set up in the armature by the induced cur 
rent in coils Ii‘. Consequently the mutual 95 
attraction between the armature and ?eld 
poles is considerably reduced. The same con 
ditions will be found to exist if, instead of 
assuming the poles B or C as acting inde 
pendently, we regard the ideal resultant of 100 
both acting together, which is the real condi 

To remedy this, I construct the motor tion. 
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field with secondary poles B’ C’, which are 
situated between the others. These pole 
pieces I wind with coils D’ E’, the former in 
derivation to the coils D, the latter to coils E. 
The main or primary coils D and E are wound 
for a different sef-induction from that of the 
‘coils D’ and E’, the relations being so ?xed 
that if the currents in D and E differ, for ex 
ample, by a quarter-phase, the currents in 
each secondary coil, as D’ E’, will differ from 
those in its appropriate primary D or E by, 
say, forty-five degrees, or one-eighth of a pe 
riod. 

I explain theaction of this motor as fol 
lows: Assuming that an impulse or alterna 
tion in circuit or branch E is just beginning 
while in the branch D it is just falling from 
maximum, the conditions of a quarter-phase 

difference. The ideal resultant of the at 
tractive forces of the two sets of poles B 0 
therefore may be considered as progressing 
from poles B to poles C while the impulse in 
E is rising to maximum and that in D is fall 
ing to zero or minimum. The polarity set up 
in the armature, however, lags behind the 
manifestations of ?eld magnetism, and hence 
the maximum points of attraction in arma 
ture and ?eld, instead of coinciding, are an 
gularly displaced. This effect is counteracted 

‘ by the supplemental poles B’ C’. The mag 
netie phases of these poles succeed those of 
poles B O by the same, or nearly the same, 
period of time as elapses between the effect 
of the poles B C and the corresponding in 
duced effect in the armature; hence the mag 
netic conditions of poles B’ C’ and of the 
armature more nearly coincide and a better 
result is obtained. As poles B’ 0’ act in con 
junction with the poles in the armature es 
tablished by poles B C, so in turn poles O B 
act similarly with the polesset up by B’ C’, 
respectively. Under such conditions the re 
tardation of the magnetic effect of the arma~ 
ture and that of the secondary poles will bring 
the maximum of the two more nearly into 
coincidence and a correspondingly-stronger 
torque or magnetic attraction secured, 

In such a disposition as is shown in Fig. 1 
it will be observed that as the adjacent pole 
pieces of either circuit are of like polarity 
they will have a certain weakening effect 
upon one another. I therefore prefer to re 
move the secondary poles from the direct in 
?uence of the others. This I may do by con» 
structing a motor with two independent sets 
of ?elds, and with either one or two armatures 
electrically connected, or by using two arma 
tures and one ?eld. These modifications will 
be illustrated hereinafter. _ 

Fig. 2 is a diagrammatic illustration of a 
motor and system in which the difference of 
phase is arti?ciallyproduced. There are two 
coils D D in one branch and two coils E E in 
the other branch of the main circuit from 
the generator G. These two circuits or 
branches are of different self-induction, one, 
as D, being higher than the other. For con 

venience I have indicated this by making 
coils D much larger than coils E. By reason 
of this difference in the electrical character 
of the two circuits the phases of current in 
one are retarded to a greater extent than the 
other. 
A motor thus constructed will rotate under 
the action of an alternating current; but as 
happens in the case previously described the 
corresponding magnetic effects of the arma 
ture and ?eld do not coincide owing to the 
time that elapses between a given magnetic 
effect in the armature and the condition of 
the ?eld that produces it. I therefore em 
ploy the secondary or supplemental poles B’ 
C’. There being thirty degrees difference of 
phase between the currents in coils D E, the 
magnetic effects of poles B’ C’ should corre 
spond to that produced by a current differing 
from the current in coils D or E by ?fteen 
degrees. This I may accomplish by winding 
each supplemental pole B’ O’ with two coils If 
H’. The coilsH are included in a derived cir 
cuit having the same self-induction as circuit 
D, and coils H’ in a circuit having the same 
self~induction as circuit E, so that if these cir 
cuits differ by thirty degrees the magnetism of 
poles B’ C’ will correspond to that produced 
by a current differing from that ineither D 
or E by ?fteen degrees. 
other cases. For example, if in Fig. 1 the 
coils D’ E’ be replaced by the coils H H’ in 
cluded in derived circuits, the magnetism of 
the poles B’ C’ will correspond in effect or 
phase, if it may’ be so termed, to that pro 
duced by a current differing from that in 
either circuit I) or E by forty-five degrees, or 
one-eighth of a period. 

This invention as applied to a derived-cir 
cuit motor is illustrated in Figs. 3 and 4. The 
former is an end view of the motor with the 
armature in section and a diagram of connec 
tions, and Fig. 4 a vertical section through 
the ?eld. These ?gures are also drawn to 
show one of thedispositions of two fields that 
may be adopted in carrying out the invention. 
The poles B B O O are in one field, the re 
mainin g poles in'the other. The former are 
wound with primary coils I J and secondary 
coils I’ J’, the latter with coils K L. The pri 
mary coils I J are in derived circuits, between 
which, by reason of. their different self-induc 
tion, there is a difference of phase, say, of 
thirty degrees. The coils I’ K are in circuit 
with one another, as also are coils J’ L, and 
there should be a difference of phase between 
the currents in coils K and L and their corre 
sponding primaries of, say, ?fteen degrees. 
If the poles B C are at right angles, the arma 
ture-coils should be connected directly across, 
or a single armature-core wound from end to 
end may be used; but if the poles B C be in 
line there should be an angular displacement 
of the armature-coils, as will be well under 
stood. 

The operation will be understood from the 
foregoing. The maximum magnetic condition 

Let this difference be thirty degrees. - 
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of a pair of poles, as B5 13', coincides closely 
with the maximum effect in the armature, 
which lags behind the corresponding condi 
tion in poles B B. 

There are many other ways of carrying out 
this invention, but they all involve the same 
broad‘ principle of construction and operation. 

In using expressions herein to indicate a 
coincidence of the magnetic phases or effects 
in one set of ?eld-magnets with those set up 
in the armature by the other I refer only to 
approximate results; but this of course will 
be understood. 

What I claim is— 
1. In an alternating-current motor, the com 

bination, with an armature wound with closed 

coils, of main and supplemental ?eld magnets 
or poles, one set of which is adapted to ex 
hibit their maximum magnetic effect simul 
taneously with that set up in the armature 
by the action of the other, as set forth. 

2. In an electromagnetic motor, the combi 
nation, with an armature, of a plurality of 
?eld or energizing coils included, respectively, 
in main circuits adapted to produce a given 
difference of phase and supplemental or sec 
ondary circuits adapted to produce an inter 
mediate difference of phase, as set forth. 

NIKOLA TESLA... 
Witnesses: 

R. J. STONEY, Jr., 
JOHN GILLESPIE. 
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NIKOLA TESLA,~ OF NEIV YORK, N. Y., 
COMPANY, OF 

PATENT OFFICE. 

ASSIGNOR TO THE TESLA ELECTRIC 
SAME PLACE. 

ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 424,036, dated March 25, 1890. 

Application filed May 20, 1889. Serial I‘l'o.` 311,416` (No model.) 

T0 all whom, it may concern: 
Be itknown that I, NIKoLA TEsLA, a subject 

of the Emperor of Austria - Hungary, from 
Smiljan, Lika, border country of Austria-Hun 

5 gary, residing at New York, in the county and 
State of New York,have invented certain new 
and useful Improvements in Electro~Magnetic 

'Motors of which the following is a specifica 
. tion, reference being had to the drawings ac 

companying and forming a part of the same. 
I have invented and elsewhere described 

an electro-m agnetie motor operated or adapted 
to be operated by an alternating electric cur~ 
rent, and which is now commonly designated, 
whether correctly or not, a “magnetic~lag” 
motor. The main distinguishing features of 
this motor are the following: An armature is 
mounted Within the magnetizing influence of 
a certain number of field magnets or poles of 
different magnetic susceptibility-that is to 
say, poles of unequal length, mass, or com 
position-and wound with coils adapted in 
the operation of the motor to be connected 
to a source of alternating currents. When 
an alternating current is passed through the 
coils of such a motor, the field magnets or 
poles do not appear to manifest their attractive 
eifect upon the armature simultaneously, the 
magnetic attraction of some appearing to lag 
behind that of others, with the result of pro 
ducing a torque and rotation of the motor. 
Generally I have made such motors with 
closed armature-coils. 

I have invented another form of motor, 
which, for similar reasons, may be called a 
“ magnetic-lag” motor; but in operation it dif 
fers from that which I have above described 
in that the attractive eifeets or phases of the 
poles, while lagging behind the phases ofcur 
rent which produce them, are manifested si~ 
multaneously and not successively. 

To carry out this invention I employ a mo 
tor embodying the principle of qconstruction 
of a motor described and claimed in an ap 
plication filed by me January S, 1889, No. 
295,745, to the extent that both the armature 
and field receive their magnetism from a sin 
gle energizing-coil or a plurality of coils act 
ing as one. ' ' 

A motor which embodies my invention, 
with certain modiíications thereof, is illus» 
trated in the accompanying drawings. 

35 

45 

Figure l is a side view of the motor in ele 
vation. Fig. 2 is a partesectional view at 
right 'angles to Fig. l. Fig. 3 is an end view 55 
in elevation and part section of a modifica 
tion, and Fig. 4 is a similar view of another 
modification. 

In Figs. l and 2, A designates a base or 
stand, and B I3 the supporting-frame of the 
motor. Bolted to the said supporting-frame 
are two magnetic cores or pole-pieces C C', of 
iron or soft steel. These may be subdivided 
or laminated, in whiehcase hard iron or steel 
plates or bars should be used, or they should 
be wound with closed coils. D is a circular 
disk-armature built up of sections or plates of 
iron and mounted in the frame between the 
pole-pieces O O', which latter are preferably 
curved to conform to the circular shape there 
of. I may wind thisk disk with a number of 
closed coils E. F F are the main energizing 
coils, supported in any convenient manner by 
the supporting-frame, or otherwise, but so as to 
include within their magnetizing iniiuence 
both the pole-pieces C C’ and the armature I). 
The pole-pieces C O’ project out beyond 
the coils F F on opposite sides, as indicated 
in the drawings. It' an alternating current 
be passed through the coils F F, rotation of 
the armature will be produced, and this rota 
tion I explain by the following apparent ac 
tion or mode of operation: An impulse of 
current in the coils F F establishes two polari 
ties in the motor. The protruding end of 
pole-piece C, for instance, will be of one sign, 
and the corresponding end of pole-piece O’ will 
be of the opposite sign. The armature also 
exhibits two poles at right angles to the coils 
F F, like poles to those in the pole-pieces 
being` on the saine side of the coils. lVhile 
the current is flowing there is no appreciable 
tendency to rotation developed; but after 
each current impulse ceases or begins to fall 
the magnetism in the armature and in the 
ends of the pole-pieces O O" lags or continues 

75 

95 

' to manifest itself, which produces a rotation 
of the armature by the repellent force be 
tween the more closely approximating points 
of maximum magnetic effect. This effect is 
continued by the reversal of current, the po 
larities of field and armature being simply 
reversed. One or bot-h of the elements-the 
armature or field-»may be wound with closed 
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induced coils to intensify this effect, although 
in the drawings I have shown but one of the 
fields, each element ofv the motor really con 
stitutes a field, wound with the closed coils, 
the currents being induced mainly in those 
convolutions or coils which are parallel to the 
coils F F. A modified form of this motor is 
shown in Fig. 3. In this form Gis one of two 
standards that support the bearings for the 
armature-shaft. II H are uprights or sides of 
a frame, preferably magnetic, the ends C C’ 
of which are bent, substantially as shown, to 
conform to the shape of the armature D and 
form field-magnet poles. The construction of 
the armature may be the same as in the pre 
vious figure, or it may be simply a magnetic 
disk or cylinder, as shown, and a coil or coils 
F F are secured in position to surround both 
the armature andthe poles C C’. The arma 
ture is detachable from its shaft, the latter 
being passed through the armature after it 
has been inserted in position. The operation 
of this form ot motor is the same in principle 
as that previously described and needs no 
further explanation. 

One of the most important features in alter 
nating-curi‘ent motors is that they should be 
adapted to and capable of running efficienti y 
in the alternating systems in present use, in 
which almost without exception the gener 
ators yield a very high number of alterna 
tions. Such a motor I have designed by a de 
velopment of the principle ot' the motor 
shown in Fig. 3, making a multipolar motor, 
which is illustrated in Fig. 4t. In the con 
struction ot this motor I employ an annular 
magnetic frame J, with inwardly-extending 
ribs or projections K, the ends of which all 
bend or turn in one direction- and are gen 
erally shaped to conform to the curved sur 
face of the armature. Coils F F are Wound 
from one part K to the one next adjacent, 
the ends or loops of each coil or group ot' 
wires being carried over toward the shaft, 
so as to form U-shaped groups of convoiti 
tions at each end of the armature. The pole 
pieces C C', being substantially concentric 
with the armature, form ledges, along which 
the coils are laid and should project to 
some extent beyond the coils, as shown. The 
cylindrical or drum armature D is ofthe same 
construction as in the other motors described, 
and is mounted to rotate within the annular 
frame J and between the U-shaped ends or 
bends of the coils F. The coils F are connected 
in multiple orin series with a source of alter 
nating currents, and are so wound that with a 
current or current impulse of given direction 
they will make the alternate pole-pieces C of 
one polarity and the other pole-pieces C’ of 
the opposite polarity. The principle of the 
operation of this motor is the same as theother 
herein described, for, considering any two 
pole-pieces C C”, a current impulse passing' 
in the coil which bridges them or is wound 
overboth tendsto establish polarities in their 
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ends of opposite sign and to set up in the 
armature-core between them a polarity of the 
same sign as that of the nearest pole-piece C. 
Upon the fall or cessation ci' the current im 
pulse that established these polarities the 
magnetism which lags behind the current 
phase, and which continues to manifest itself 
in the polar projections C C’ and the arma 
ture, produces by repulsion a rotation of the 
armature. The eitect is continued by each 
reversal of the current. “That occurs in 
the case of one pair of pole-pieces occurs si 
multaneously in all, so that the tendency to 
rotation of the armature is measured by the 
sum of all the forces exerted by the pole 
pieces, as above described. 
also the magnetic lag or effect is intensified 
by winding one or both cores with closed in 
duced coils. 
thus wound. When closed coils are used, the 
cores should be laminated. 

It is evident that a pulsatory as well as an 
alternating current might be used to drive or 
operate the motors herein described; but I 
prefer to use alternating currents. 

It will be understood that the degree of 
subdivision, the mass of theiron in the cores, 
their size, and the number of alternations in 
the current employed to run the motor must 
be taken into consideration in order to prop 
erly construct this motor. In other words, in 
all such motors the proper relations between 
the number of alternations and the mass,~ 
size, or quality of the iron must be preserved 
in order to secure the best results. These 
are matters, however, that are well under 
stood by those skilled in the art. 

l. In an alternating-current motor, the com 
bination, with the armature and held-cores, 
of stationary energizing-coils enveloping the 
said cores and adapted to produce polarities 
or poles in both, the field-cores extending out 
from the coils and constructed so as to ex 
hibit the magnetic eitect imparted to them 
after the fall or cessation ot' current impulse 
producing such etlïeet, as set forth. _ 

2. In an alternating-current motor, the com 

In this motorv 

rl‘he armature-core is shown as . 

bination, with an armature-core circular in i 
configuration, of a supporting-frame, field 
eores extending therefrom over portions of 
the periphery of the armature, and energiz 
in g-coils su rro u n din g said armatu re and parts 
of the field-cores, as set fort-h. 

The combination, with the rotatably- I 
mounted armature, of the circular frame J, 
the ribs K, with polar extensions extending 
over portions of the armature, and the ener 
gizing-coils F, wound over portions ol’ the pole 
pieces and carried in loops over the ends of 
the armature, as herein set forth. ' 

NIKOÍLA TESTA. 
Witnesses: . 

R. J. STONES’7 Jr., 
E. P. Comun. 
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To (@ZZ whom it may concern. 
Be it known that I, NIKOLA. TESLA, a sub 

ject of the Emperor of Austria, from Smilj an, 
Lilia, border country of Austria -Ilungary, 

5 temporarily residing in New York city, in the 
State of New York, have invented a certain 
new and useful Improvement in Methods of 
Obtaining )irect from Alternating Currents, 
of which the following is a speci?cation, ref 

10 crence being had to the drawings accompany 
ing and forming a part of. the same. 

In nearly all the more importantindustrial 
applications of electricity the current is pro~ 
duced by dynamo-electric machines driven by - 

15 power, in the coils of which the currents de 
veloped are primarily in reverse directions 
or alternating; but as very many electrical de 
vices and systems require direct currents, it 
has been usual to correct the current alter~ 

20 nations by means of a commutator, instead 
of taking them off directly from the generat 
ing-coils. 

The superiority of alternating-cijirrent ma 
chines in all cases where their currents can 

25 be used to advantage renders their employ 
_ ment very desirable, as they may be much 

more economically constructed and operated; 
and the object of this my present invention 
is to provide means for directing or convert 

30 ing at will at one or more points in a circuit 
alternating into direct currents. 

Stated as broadly as I am able to express 
it, my invention consists in obtaining direct 
from alternating currents, or in directing the 

35 waves of an alternating current so as to pro 
duce direct or substantially direct currents 
by developing or producing‘ in the branches 
of a circuit includin a source of alternating 
currents, either permanently or periodically7 

4o and by electric, electromagnetic, or magnetic 
agencies, manifestations of energy, or what 
may be termed active resistances of oppo— 
site electrical‘ character, whereby the cur— 
rents or current-waves of opposite sign will 

45 be diverted through different circuits, those 
of one sign passing over one branch and those 
of opposite sign over another. ' 

I may consider herein. only the case of a 
circuit divided into two paths, inasmuch as 

50 any further subdivision. involves merely an 

extension of the general principle. Selecting, 
then, any circuit through which is ?owing an 
alternating current, I divide such circuit at 
any desired point into two branches or paths. 
In one of these paths I insert some device to 55 
create an electro-motive force counter to the 
waves or impulses of current of one sign and 
a similar device in the other branch which 
opposes the waves of opposite sign. Assume, 
for example, that these devices are batteries, 60 
primary or secondary, or continuous-current 
dynamonnachines. The waves or impulses of 
opposite direction composing the main current 
have a natural tendency to divide between the 
two branches; but by reason of the opposite 65 
electrical character or effect of the two 
branches one will offer an easy passage to a 
current of a certain direction,while the other 
will otter a relatively high resistance to the 
passage of the same current. The result of 70 
this disposition is, that the waves of cur 
rent of one sign will, partly or wholly, pass 
over one of the paths or branches, while those 
of the opposite sigr. pass over the other. 
There may thus be obtained from an alter- 75 
nating current two or more direct currents 
without the employment of any commutator 
such as it has been heretofore regarded as 
necessary to use. The current in either-K 
branch may be used in the same way and 80 
for the same purposes as any other direct 
current—that is, it may be made to charge 
secondary batteries, energize eleetro-niagnets, 
or for any other analogous purpose. 

In the drawings 1 have illustrated some of 85 
the various ways in which I may carry out 
this invention. I , 

The several ?gures are diagrammatic in 
character, and. will be described in detail in 
their order. 90 

Figure 1 represents a plan of directing the 
alteri‘iatii'lg currents by means of devices 
purelyielectrical in character. Figs. 2, 3, Al, 
5, (3, and‘ 7 are diagrams illustrative of other 
ways of carrying out the invention, which 95 
will be hereinafter more particularly de 
scribed. 

In Fig. 1, A designates a generator of alter 
nating currents, and B B the main or line 

At any given point in 100 Circuit theretrom. 
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this circuit at or near which it is desired to 
obtain direct currents I divide the circuit B 
into two paths or branches 0 D. In each of 
these branches I place an electrical generator, 
which for the present We will assume pro 
duces direct or continuous currents. The 
direction of the current thus produced is op 
posite in one branch to that of the current in 
the other branch, or, considering the two 
branches as forming a closed circuit, the gen 
erators E F are connected up in series there 
in, one generator in each part or half of the 
circuit. The electro-motive force of the cur 
rent sources E and F may be equal to or 
higher or lower than the electro-motive forces 
in the branches 0 D or between the points X 
and Y of the circuit B B. If equal, vit is evi 
dent that current-waves of one sign will be 
opposed in one branch and assisted in the 
other to such an extent that all the waves of 
one sign will pass over one branch and those 
of opposite sign over the other. If, on the 
other hand, the electro-motive force of the 
sources E F be lower than that between X 
and Y, the currents in both branches will be 
alternating, but the Waves of one sign will 
preponderate. One of the generators or 
sources of ‘current E or F may be dispensed 
with; but it is preferable to employ both, if 
they otter an appreciable resistance, as the 
two branches will be thereby better balanced. 
The translating or other devices to be acted 
upon by the current are designated by the let 
ters G, and they are inserted in the branches 
0 D in any desired manner; but in’ order to 
better preserve an even balance between the 

branches due regard should be had to the 
number and character of the devices, as will 
be well understood. , 

Figs. 2, 3, at, and 5 illustrate what may be 
termed “ electro-magnetic ” devices for accom 
plishing a similar result—that is to say, in 
stead of producing directly by a generator an 
electro-motive force in each branch of the cir 
cuit, I may establish a ?eld or ?elds of force 
and lead the branches through the same in 
such manner that an active opposition of op 
posite e?ect or direction will be developed 
therein by the passage or tendency to pass of 
the alternations of current. In Fig. 2, for ex 
ample, A is the generator of alternating cur 
rents, B B the line - circuit, and O D the 
branches over which the' alternating currents 
are directed. In each branch I include the 
secondary of a transformer or induction-coil, 
which, slnce they correspond in their func! 
tions to the batteries of the previous ?gure,I 
have designated by the letters E F. The pri 
maries H H’ of the induction-coils or trans 
formers are connected either in parallel or 
series with a source of direct or continuous 
currents I, and the numberof convolutionsis 
so calculated for the strength of the current 
from I that the cores J J’ will be saturated. 
The connections are such that the conditions 
in the two transformers are of opposite char 

_ acter-that to say, the arrangement is such 

that a current wave or impulse corresponding 
in direction with that of the direct current in 
one primary, as H, is of opposite direction to 
that in the other primary H’; hence it results 
that while one secondary offers a resistance 
or opposition to the passage through it of a 
wave of one sign the other secondary simi 
larly opposes a wave of opposite ‘sign. In 
consequence the waves of one sign will, to a 
greater or less extent, pass by way of one 
branch, while those of opposite sign in likel 
manner pass over the other branch. 

In lieu of saturating the primaries by a. 
source of continuous current, I may include 
the primaries in the branches 0 D, respect— 
ively, and periodically short-circuit by any 
suitable mechanical devices—such as an or 
dinary revolving commutator—their seconda 
ries. It will be understood of course that the 
rotation and action of the commutator must 
be in synchronism or in proper accord with 
the periods of the alternations in order to se 
cure the desired results. Such a disposition 
I have represented diagrammatically in Fig. 
3. Corresponding to the previous ?gures, A 
is the generator of alternating currents, B B 
the line, and G D the two branches for the di 
rect currents. In branch C are included two 
primary coils E E’, and-in branch D are two 
similar primaries F F’. The corresponding 
secondaries for these coils and which are on 
the same subdivided cores J or J’ are in cir 

cuits the terminals of which connect to op 
posite segments K K’ and L L’, respectively, 
of a commutator. Brushes b I) bear upon the 
commutator and alternately short-circuit the 
plates K and K’ and L and L’ through a con 
nection c. It is obvious that either the mag 
nets and commutator or the brushes may re 
volve. 

The operation will be understood from a 
consideration of the effects of closing or short 
circuitin g the secondaries. For example, if 
at the instant when a given wave of current' 
passes one set of secondaries be short-cir 
cuited, nearly all the current ?ows through 
the corresponding primaries; but the second 
aries of the other branch being open-circuited 
the self-induction in the primaries is highest, 
and hence little orno current will pass through 
that branch. If, as the current alternates, the 
secondaries of the two branches are alter 
nately short-circuited, the result will be that 
the currents of one sign pass over one branch 
and those of the opposite sign over the other. 
The disadvantages of this arrangement, which 
would seem to result from the employment of 
sliding contacts, are in reality very slight, in- ~ 
asmuch as the, electro-motive force of the 
secondaries may be made exceedingly low, so 
that sparking at the brushes is avoided. 
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Fig. 4 is a diagraimpartly in section, of an- _ 
other plan of- carrying out the invention. The 
circuit B in this case is divided, as before, and 
each branch includes the coils of both the 
?eld and revolving armatures of two induc 
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tion devices. The armatures O P are prefer~ , . 
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ably mounted on the same shaft, and are ad 
justed relatively to one another in such man 
ner that when the self-induction in one branch, 
as C, is maximum in the other branch D it is 
minimum. The armatures are rotated in 

source A. The winding or position of the 
armature-coils is such that a current in a given 
direction passed through both armatures 
would establish in one poles similar to those 
in the adjacent poles~of the field and in the 
other poles unlike the adjacent ?eld-poles, as 
indicated by vn n .5- s in the drawings. If the 
like ,poles are presented, as shown in circuit 
D,the~condition is that of a closed secondary 
upon a primary, or the position of least in 
ductive resistance; hence a given alternation 
of current will pass mainly through I). A 
half-revolution of the armatures produces an 
opposite effect, and the succeeding current im 
pulse passes through 0. Using this ligure as 
an illustration, it is evident that the ?elds N 
M may be permanent magnets or independ 
ently excited and the armatures O P driven, 
as in the present case, so as to produce alter~ 
nate currents, which will set up alternately 
impulses of opposite direction in the two 
branches D G, which in such case would in— 
elude the arniattire-circuits and translating 
devices only. 

In Fig. 5 a plan alternative with that shown 
in Fig. 3 is illustrated. In the previous case 
illustrated each branch 0 and D contained 
one or more primary coils, the secondaries of 
which were periodically short-circuited in. 
svnchronism with the alternations of current 
from the main source A, and for this purpose 
a commutator was employed. The latter 
may, however, be dispensed with and an ar 
mature with a closed coil substituted. 

Referring to Fig. 5, in one of the branches, 
as C, are two coils M’, wound on laminated 
cores, and in the other branches D are similar 

A subdivided or laminated arma~ 
ture O’, carrying a closed coil R’, is rotatably 
supported between the coils M’ N’,as shown. 
In the position shown—that is, with the coil 
R’ parallel with the convolutions of the pri— 
maries N’ IiI’—praetically the whole current 
will pass through branch D, because the self 
induction in coils BI’ M’ is maximum. It, 
therefore, the armature and coil be rotated 
at a proper speed relatively to the periods or 
alternations of the source A, the same results 
are obtained as in the case of Fig. 3. 

Fig. 5 is an instance of what may be called, 
in distinction to the others, a “ magnetic” 
means of securing the results arrived at in 
this invention. V and \V are two strong 
permanent magnets provided with armatures 
V’ V7’, respectively. The arn'iatures are made 
of thin laminae of soft iron or steel, and the 
amount of magnetic metal which they con 
tain is so calculated that they will be "fully or 
nearly saturated by the magnets. Around 
the armatures are coils E F, contained, re 
spectively, in the circuits C and D. The 

i 

3 

connections and electrical conditions in this 
case are similar to those in Fig. 2, except 
that the current sourceIof Fig. Qis dispensed 
with and the saturation of the core of coils 

, E F obtained from the permanent magnets. 
synehronism with the alternations from the ‘ In the illustrations heretofore given Ihave 

‘ in each instance shown the two branches or 
paths containing the translating or induction 
devices as in derivation one iothc other; but 
this is not always necessary. For example, 
in Fig. '7, A is an alternating-current genera 
tor; I5 B, the line wires or circuit. At any 
given point in the circuit I form two paths, 
as D D’, and at another point two paths, as 
O 0’. Either pair or group of paths is simi 
lar to the previous dispositions with the elec 
trical source or induction device in one 
branch only, while the two groups taken to 
gether form the obvious equivalent of the 
cases in which an induction device or gener 
ator is included in both branches. In one 
of the paths, as I), are included the de 
vices to be operated by the current. In the 
other branch, as D’, is an induction device 
that opposes the current impulses of one di 
rection and directs them through the branch 
I). So, also, in branch C are translating de 
vices G, and in branch C’ an induction de 
vice or its equivalent that diverts through U 
impulses of opposite direction to those di—‘ 

verted by the device in branch I)’. I have 
also shown a special form of induction de 
vice for this purpose. J J’ are the cores, 
formed with pole~pieces, upon which are 
wound the coils M N. Between these pole 
pieecs are mounted at right angles to one an 
other the magncticarmatures O I’, preferably 
mounted on the same shaft. and designed to 
be rotated in synchrouism with the alterna 
tions of current. “Then one of the arma 
tures is in line with» the poles or in the posi 
tion occupied by armature P, the magnetic 
circuit of the induction device is practically 
closed; hence there will be the greatest oppo 
sition to the passage of a current through 
coils N N. The alternation will therefore 
pass by way of branch I). At the same time, 
the magnetic circuit of the other induction 
device being broken by the position of the 
armature O, there will be less opposition to 
the current in coils M, which will shunt the 
current from branch C. A reversal of the 
current being attended bya shifting of the 
armatu res, the opposite effect is produced. 

There are many other modifications of the 
means or methods of carrying out my inven 
tion; but I have not deemed it necessary here 
in to speci?cally refer to more than these de 
scribed, as they involve the chief modi?ca 
tions of the plan. In all of these it will be 
observed that there is developed in one or all 
of the branches of a circuit from a source of 
alternating currents an active (as distin 
guished from a dead) resistance or opposi 
tion to the currents of one sign, for the pur 
pose of diverting the currents of that sign 
through the other or another path, but per~ 
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‘ mitting the currents of opposite sign to pass 
without substantial opposition. 

WVhether the division of the currents or 
waves of current of opposite sign be effected 
with absolute precision or not is immaterial 
to my invention, since it will be su?icient if 
the Waves are only partially diverted or di 
rected, for in such case the preponderating 
in?uence in each branch of the circuit of the 
waves of one sign secures the same practical 
results in many if not all respects as though 
the current were direct and continuous. 

An alternating and direct current have 
been combined so that the waves of one di 
rection or sign were partially or wholly over 
come by the direct current; but by this plan 
only one set of alternations are utilized, 
whereas by my system the entire current is 
rendered available. By obvious applications 
of this discovery I am enabled to produce a 
self-exciting alternating dynamo, or to oper 
ate direct-current meters on alternating-cur 
rent circuit, or to run various devices—such 
as arc lamps—by direct currents in the same 
circuit with incandescent lamps or other de 
vices run by alternating currents. 

It will be observed thatif an intermittent 
counter or opposing force-be developed in the 
branches of the circuit and of higher electro 
motive force than that of the generator an 
alternating current will result in each branch, 
with the waves of one’ sign preponderating, 
while a constantly or uniformly acting oppo 
sition in the branches of higher electro-lno 
tive force than the generator would produce 
a pulsating current, which conditions would 

413,353 ' 

be under some circumstances the equivalent 
to those I‘ have previously described. 

“That I claim as my invention is— 
1. The method herein set forth of obtain 

ing direct from alternating currents, which 
consists in developing or producing in one 
branch of a circuit from an alternating-cur 
rent source an active resistance to the cur 
rent impulses of one direction, whereby the 
said currents or waves of current will'be di 
verted or directed through another branch. 

2. The method of obtaining direct from al 
ternating currents, which consists in divid 
ing the path of an alternating current into 
branches, and developing in one .of said 
branches, either permanently or periodically, 
an electrical force or active resistance coun 
ter to or opposing the currents or current 
waves of one sign, and in the other brancha 
force counter to or opposing the currents or 
current-waves of opposite sign, as set forth. 

3. The method of obtaining direct from al 
ternating currents, which consistsin dividing 
the path of an alternating current into 
branches, establishing ?elds of force and 
leading the said branches through the said 
?elds of force in such relation to the lines of 
force therein that the impulses of current of 
one direction will be opposed in one branch 
and those of opposite direction in the other, 
as set forth. - 

NIKOLA TESLA. 

Witnesses: 
RoB'r. F. GAYLORD, 
F. B. MURPHY. 
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UNITED STATES 

NIKOLA TESLA, OF NE\V YORK, N. Y., ASSIGNOR TO 

PATENT OFFICE. 

THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

ELECTRICAL TRANSFORMER OR INDUCTION DEVICE. 

SPECIFICATION forming part of Letters Patent No. 433,702, dated. August 5, 1890. 
' Apnlicatlion ?led March 26. 1890.‘ Serial No. 345,390. (No model.) 

To all whom it may concern; 
Be it known that I, NIKOLA TESLA, a sub 

j ect of the Emperor of Austria-I‘lungary, from 
Smiljan, Lika, border country of Austria 
Hungary, residing at New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Electrical 
Transformers ,orlnduction Devices, of which 
the following is a speci?cation, reference be 
inghad to the drawings accompanying and 
forming a part of the same. 

This invention is an improvement in elec 
trical transformers or converters, and has for 
its main objects the provision of means for se 
curing, ?rst, a phase difference between the 
primary and secondary currents adapted to 
the operation of my alternating-current mo 
tors and other like purposes, and, second, a 
constant current for all loads imposed upon 
the secondary. ' 

In transformers as constructed now and 
heretofore it will be found that the electro 
motive force of the secondary very nearly co 
incides with that of the primary, being, how 
ever, of opposite sign. At the same time the 
currents, both primary and secondary, lag be 
hind their respective electro-motive forces; 
but as this lag is practically or nearly the 
same in the case of each it follows that the 
maximum and minimum of the primary and 
secondary currents will nearly coincide, but 
differ in sign or direction, provided the sec 
ondary be not loaded or if it contain devices 
having the property of self-induction. On 
the other hand, the lag of the primarybehind 
the impressed electro-niotive force may be di 
minished by loading the secondary with‘ a non 
inductive or dead resistance-such as incan 
descent lam ps-—whereby the time interval be 
tween the maximum or the minimum periods 
of the primary and secondary currents is in 
creased. This time interval, however, is lim 
ited, and the results obtained by phase dif 
ference in the operation of such devices as 
my alternating-current motors can only be 
approximately realized by such means of pro 
ducing or securing this difference, as above 
indicated, for it is desirable in such cases that 
there should exist between the primary and 
secondary currents, or those which, however 

prod uccd, pass through th etwo circuits of the 
motor, a difference of phase of ninety de 
grees; or, in other words, the current in one 
circuit should be maximum when that in the 
other circuit is minimum. 
attain to this condition I obtain or secure an 
increased retardation of the secondary cur~ 
rentin the following manner: Instead of bring 
ing the primary and secondary coils or cir 
cuits of a transformer into the closest possi- 6o 
ble relations, as has hitherto been done, I pro 
tect in a measure the secondary from the in 
ductive action or effect of the primary bysur 
rounding either the primary or the secondary 
with a comparatively-thin magnetic shield or 65 
screen. Under these conditions or circum 
stances, as long as the primary current has a 
small value, the shield protects the secondary; 
but as soon as the primary current has reached 
a certain strength, which is arbitrarily deter- 7o 
mined, th eprotectingmagnetic shield becomes 
saturated and the inductive action upon the 
secondary begins. Itresults, therefore, that the 
secondary current begins to flow at a certain 
fraction of a period later than it would without 75 
the interposed shield, and since this retarda 
tion may be obtained without necessarily. re 
tarding the primary current also, an addi 
tional lag is secured, and the time interval be 
tween the maximum or minimum periods of 80 
the primary and secondary currents is in 
creased. I have further discovered that such 
a transformer may, by properly proportion 
ing its several elements and determining in 
a manner well understood the proper relations 85 
between the primary and secondary windings, 
the thickness of the magnetic shield, and other 
conditions, be constructed to yield a constant 
current at all loads. N o precise rules can be 
given for the speci?c construction and pro- 90 
portions for securing the best results, as this 
is a matter determined by experiment and 
calculation in particular cases; but the gen 
eral plan of construction which I have de 
scribed will be found‘under all conditions to 95 
conduce to the attainment of this result. 

‘In the accompanying drawings I have illus 
trated the construction above set forth. 

Figure 1 is a cr0ss~section of a transformer 
embodying my improvement. Fig. 2 is a simi~ I00 
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lar view of a modi?ed form of transformer, 
showing diagrammatically the manner of 
using the same. 

A A is the main core of the transformer, 
composed of a ring of soft annealed and insu 
lated or oxidized iron Wire. Upon this core 
is wound the secondary circuit or. coil B B. 
This latter is then covered with a layer or 
layers of annealed and insulated iron wires 
O O, wound in a direction at right angles to 
said secondary coil. Over the whole is then 
wound the primary coil or wire D D. From 
the nature of this construction it will soon 
be obvious that as long as the shield formed 
by the wires 0 is below magnetic saturation 
the secondary coil or circuit is effectually pro 
tected or shielded from the inductive in?u 
ence of the primary, although I would state 
that on open circuit it may exhibit some elec 
tro-motive force. ‘Vhen the strength of the 
primary reaches a certain value, the shield O, 
becoming saturated, ceases to protect the sec 
ondary from inductive action, and current is 
in consequence developed, therein. For simi 
lar reasons, when the primary current weak 
ens, the weakening of the secondary is re 
tarded to the same or approximately the same 
extent. _ 

The speci?c construction of the transformer 
is largely immaterial. In Fig. 2, for exam 
ple, the core A is built up of thin insulated 
iron plates or disks. The primary circuit D 
is wound next thecore A. Over this is ap 
plied the shield O, which in this case is made 
up of thin strips or plates of iron properly 
insulated and surrounding the primary, form 
ing a closed magnetic circuit. The secon 
dary B is wound over the shield O. In Fig. 
2, also, E is a source of alternating or rapidly 
changing currents. The primary of the trans 
former is connected with the circuit of the 
generator. 

.F is a two-circuit alternating-current n10 

tor, one of the circuits being connected with 
the main circuit from the source E, and the 
other being supplied with currents from the 
secondary of the transformer. 

Having now described my i 
I claim is— 

1. In an electrical transformer or induction 
device, the combination, with the main mag 
netic core and the primary and secondary 
coils or circuits, of a magnetic shield or screen 
interposed between said coils, as herein set 
forth. , 

2. In an electrical transformer or inductive 
device, the combination, with the magnetic 
core and the primary and secondary coils or 
circuits, of a magnetic shield or screen sur 
rounding one of said coils only, as set forth. 

3. In an electrical transformer or induction 
device, the combination, with the magnetic 
core and the primary and secondary coils 
wound thereon,of a magnetic shield or screen 
wound on or built up around one only of said 
coils, as described. - 

4. In an electrical transformer or induction 
device, the combination, with a main lami 
nated magnetic core and primary and second 
ary coils thereon, of a subdivided or lami 
nated magnetic shield or screen interposed 
between the coils, as set forth. 

5. I11 an electrical transformer, the combi 
nation, with a magnetic core and primary 
and secondary coils wound thereon, of a mag 
netic shield or screen interposed between 
said coils and surrounding one of them and 
adapted to be or capable of being magnetic 
ally saturated by a predetermined current 
strength below the maximum in the primary, 
as set forth. ‘ 

nvention, what 

NIKOLA TESLA. 

- Witnesses: 

RoBT. F. GAYLORD, 
PARKER W. PAGE. 
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To all whom it may concern. 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria-I-Iungary, from 
Smiljan, Lika, border country of Austria 

5 Hungary, residing at New York,in the county 
and State of New York, have invented certain 
new and useful Improvements in Alternating 
Current Electro-Magnetic Motors, of which 
the following is a speci?cation, referencebein g 

1c had to the drawings accompanying and form 
ing a part of the same. 

This invention is an improvement in that 
class of electro-magnetic motors in which the 
rotation is produced by the progressive move 

r5 ment or effect of the maximum magnetic 
points or poles produced by the conjoint ac 
tion or effect of two energizing - circuits 
through which are passed alternating cur 

, rents, or currents of rapidly-varyin g strength 
20 of a kindred nature. 

The improvements subject of this applica 
tion are more particularly applicable to that 
class of motors in which two or more sets of 
energizing-magnets are employed, and in 

2 5 which by arti?cial means a certain interval 
of time is made to elapse between the respect 
ive maximum or minimum periods or phases 
of their magnetic attraction or effect. This 
interval or difference in phase between the 
two sets of magnets, when arti?cially pro 
duced, is limited in extent. It is desirable, 
however, for the economical working of such 
motors that the strength or attraction of one 
set of magnets should be maximum at the 

35 time when that of the other set is minimum 
and conversely; but these conditions have not 
heretofore been realized except in cases wh ere 
the two currents have been obtained from in 
dependent sources in the same or different 
machines. 

The object of the present invention is to 
establish conditions more nearly approaching 
the theoretical requirements of perfect work 
ing, or, in other words, to produce arti?cially 

45 a difference of magnetic phase by means of 
a current from a single primary source suf?i 
cient in extent to meet the requirements of 
practical and economical working. 

In carrying out my invention I employ a 
50 motor with two sets of energizing or ?eld 

30 

magnets, each wound with coils connected 
with a source of alternating or rapidly-vary 
ing currents, but forming two separate paths 
or circuits. The magnets of one set I pro 
feet to a certain extent from the energizing 55 
action of the current by means of a magnetic 
shield or screen interposed between the mag 
net and its energizing-coil. This shield is 
properly adapted to the conditions of particu 
lar cases, so as to shield 'or protect the main 60 
core from magnetization until it has become 
itself saturated and no longer capable of con 
taining all the lines of force produced by the 
current. By this means it will be seen that 
the energizing action begins in the protected 65 
set of magnets a certain arbitrarily~deter 
mined period of time later than in the other, 
and that by this means alone or in conjunc 
tion with other means or devices heretofore 
employed a practically-economical difference 70 
of magnetic phase may readily be secured. ' 

The nature and operation of the invention 
will be more fully explained by reference to 
theaccompanying drawings. 

Figure 1 is a view of a motor, partly in sec- 75 
tion, withv a diagram illustrating the inven 
tion. Fig. 2 is a similar view of a modifica 
tion of the same. } 

In Fig. 1, which exhibits the simplest form 
of the invention, A A is the ?eld~magnet of a 80 
motor, having, say, eight poles or inwardly 
projecting cores B and C. The cores 13 form 
one set of magnets and are energized by coils 
D. The cores C, forming the other set, are 
energized by coils E, and the coils are con~ 85 
nected, preferably, in series with one another, 
in two derived or branched circuits F G, re 
spectively, from a suitable source of current) 
Each coil E is surrounded by a magnetic 
shield H, which is preferably composed of an 90 
annealed, insulated, or oxidized iron wire 
wrapped or wound on the coils in the manner 
indicated, so as to form a closed magnetic 
circuit around the coils and between the same 
and the magnetic cores C. Between the pole 95 
pieces or cores B C is mounted the armature 
K,which,asis usual in this type of machines, 
is wound with coils L closed upon themselves. 
The operation resulting from this disposition 
is as follows: If a current impulse be dis 10o 
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rected through the two circuits of the motor, 
it will quickly energize the cores B, but not 
so the cores 0, for the reason that in passing 
through the coils E there is encountered the 
in?uence of the closed magnetic circuits 
formed by the shields II. The ?rst effect is 
to effectively retard the current impulse in 
circuit G, while at the same time the propor 
tion of current which does pass does not mag 
netize the cores 0, which are shielded or 
screened by the shields H. As the increasing 
electro-motive force then urges more current 
through the coils E, the iron wire H becomes 
magnetically saturated and incapable of car 
rying all the lines of force, and hence ceases 
to protect the cores 0, which become mag 
netized, developing their maximum effect 
after an interval of time subsequent to the 
similar manifestation of strength in the other 
set of magnets, the extent of which is arbi 
trarily determined by the thickness of the 
shield H, and other well-understood condi 
tions. 

From the above it will be seen that the ap 
paratus or device acts in two ways. First, by 
retarding the current, and, second, by retard 
ing the magnetization of one set of the cores, 
from which its effectiveness will readily ap 

ear. 
p Many modi?cations of the principle of this 
invention are possible. One useful and ef? 

I cient application of the invention is shown in 

35 
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Fig. 2. In said ?gure a motor is shown simi 
lar in all respects to that above described, ex— 
cept that the iron wire H, which is wrapped 
around the coils E, is in this case connected 
in series with the coils D. The iron-wire 
coils II, are connected and wound, so as to 
have little or no self-induction, and being 
added to the resistance of the circuit F the 

' action of the current in that circuit will be 
accelerated,while in the other circuit G it will 
be retarded. The shield H may be made in 
many forms, as will be understood, and used 
in different Ways, as appears from the forego 
ing description. I do not, however,limitmy 
self to any speci?c form or arrangement; but 

WVhat I claim is-— 
1. In an alternating-current motor having 

two energizing-circuits, the combination,with 
the magnetic cores and coils of one of the cir 
cuits, of interposed magnetic shields orscreens 
for retarding the magnetization of said cores, 
as set forth. 

2. In an alternating~current motor having 
two energizing-circuits, the combination,with 
the magnetic cores and the coils of one of the" 
circuits wound thereon, of magnetic shields 
or coils wound around said coils at right a11 
gles to their convolutions, as set forth. 

3. In an alternating-current motor having 
two energizing-circuits, the combinatiomwith 
the magnetic cores and the coils of ‘one of the 
circuits which energize the said cores, of mag 
netic shields forming closed magnetic circuits 
around the coils and interposed between the 
coils and cores, as set forth. 

4. In an alternating-current motor having 
two energizing-circuits derived from the same 
source, the combination,with the cores and the 
‘coils of one of the circuits that energizes the 
same, of insulated iron-wire coils wound 011 
the said energizing~coils at right angles to 
their convolutions and connected up in series 
with the coils of the other energizing-circuit, 
as set forth. I 

NIKOLA TESLA. . 

Witnesses: 
RoB'r. F. GAYLORD, 
PARKER W. PAGE. 

45 

55 

65 

70 



> N. TESLA. 

ELEGTRO MAGNETIC MOTOR. 

(No Model.) 

No. 433,703. Patented Aug. 5, 18,90. 

ma mums warms cm. vMoTo-Llmm. msnmaran, u‘ r‘ 



UNITED STATES PATENT ()EEIcE. 
NIKOLA TESLA, OF NEXV YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 

COMPANY, OF SAME PLACE. 
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To all whom it may concern. 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria-IIungary, from 
Smiljan, Lika, border country of Austria 

5 Hungary, residing at New York, in the county 
‘and State of New York, have invented certain 
new and useful Improvements in Electro-Mag 
netic Motors, of which the following is a speci? 
cation, reference being had to the drawings ac 

ro companying and forming a part of the same. 
This invention is an improvement in alter 

nating-current motors, and has for its general 
object to produce a single-circuit alternating 
currcnt torque~motor of economical and sim 

[5 pie construction. 
The nature of the invention will be under 

stood from the following statement. 
It is well known that if a magnetic core, even 

if laminated or subdivided, be wound with an 
20 insulated coil and a current of electricity di 

rected through the coil the magnetization of 
the entire core does not immediately ensue, 
the magnetizing effect not being exhibited in 
all parts simultaneously. This I attribute to 

25 the fact that the action of the current is to 
energize ?rst those laminze or parts of the 
core nearest the surface and adjacent to the 
exciting-coil, and from thence the action pro~ 
grosses toward the interior. A certain inter 
val of time therefore elapses between the 
manifestation of magnetism in the external 
and the internal sections or layers of the core. 
If the core be thin or of small mass, this effect 
may be inappreciable; but in the case of a 

35 thick core, or even of a comparatively thin 
one, if the number of alternation or rate of 
change of the current strength be very 
great the time interval occurring between the 
manifestations of magnetism in the interior 

40 of the core and in those parts adjacent to the 
coil is more marked, and in the construction 
of such apparatus as motors which are de 
signed to be run by alternating or equivalent 
currents——such as pulsating or undulating 

45 currents generally-I have found it desirable 
and even necessary to give due consideration 
to this phenomenon and to make special pro 
visions in order to obviate its consequences. 
The speci?c object of my present invention is 
to take advantage of this action or effect, and 50 

by rendering it more pronounced to utilize it 
in the operation of motors in general. This 
object I attain by constructing a ?eld-magnet 
in which the parts of the core or cores that 
exhibit- at different intervals of time the mag- 5 5 
netic effect imparted to them by alternating 
or equivalent currents in an energizing coil 
or coils are so placed with relation’ to a rotat 
in g armature as to exert thereon their attract 
ive effect successively in the order of their 60 
magnetization. By this means I secure a 
similar result to that which I have heretofore 
attained in other forms or types of motor in 
which by means of one or more alternating 
currents I have produced a rotation or pro- 65 
gression of the magnetic poles or points of 
maximum attraction of the ?eld of force. 

In the drawingsI have shown a simple form 

of motor, which will serve to demonstrate the principle of the mode of operation, which I 70 

have above described in general terms. 
Figure 1 is a side elevation of such motor. 

Fig. 2 is a side elevation of a more practica 
ble and efficient embodiment of the inven 
tion. Fig. 3 is a central vertical section of 75 
the same in the plane of the axis of rotation. 

Referring to Fig. 1, let X represent alarge 
iron core, which may be composed of a num 
ber of sheets or laminae of soft iron or steel. 
Surrounding this core is a coil Y, which is 89 
connected with a source E of rapidlywarying 
currents. Let us consider 110w the magnetic 
conditions existing in this core at any point, 
as Z), at or near the center, and any other 
point, as‘ a, nearer the surface. “Then a our- 85 
rent~impulse is started in the magnetizing 
coil Y, the section or part at a, being close to 
the coil, is immediately energized, while the 
section or part at Z), which, to use a c0nven— 
ient expression, is “protectet ” by the inter- 9o 
vening sections or layers between a and I), 
does not at once exhibitits magnetism. How 
ever, as the magnetization of a increases, 1) 
becomes also affected, reaching ?nally its 
maximum strength some time later than a. 95 
Upon the weakening of the current the mag 
netization of a ?rst diminishes, while I) still 
exhibits its maximum strength; but the @011 
tinued weakening of a is attended by a sub 
sequent weakenin g of Z). Assuming the cur- 10o 
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rent to be an alternating one, a, will now be 
reversed, while I) still continues of the ?rst-im 
parted polarity. This action continues the 
magnetic condition of h, following that of a in 
the manner above described. If an arma 
ture-for instance, a simple disk F, mounted 
to rotate freely on an axis-be brought into 
proximity to the core, a movement of rota 
tion‘will be imparted to the disk, the direc 
tion depending upon its position relatively to 
the core, the tendency being to turn thepor 
tion of the disk nearest to the core from a to 
b, as indicated in Fig. 1. This action or prin 
ciple of operation I have embodied in a prac 
ticable form of motor, which is illustrated in 
Fig. 2. Let A in said ?gure represent a cir 
cular frame of iron, from diametrically-oppo-. 
site points of the interior of which the cores 
project. Each core is composed of three main 
parts 13, B, and O, and they are similarly 
formed with a straight portion or body 6, 
around which the energizing-coil is wound, a 
curved aim or extension 0, and an inwardly 
projecting pole or end d. Each core is made 
up of two parts B B, with their polar exten 
sions reaching in one direction and a part 0 
between the other two and with its polar ex 
tension reaching in the opposite direction. 
In’order to lessen in the cores the circulation 
of currents induced therein, the several sec 
tions are insulated from one another in the 
manner usually followed in such cases. These 
cores are wound with coils D, which are con 
nected in the same circuit, either in parallel 
or series, and supplied with an alternating or 
a pulsating current, preferably the former, by 
a generator E, represented diagrammatically. 
Between the cores or theirpolar extensions is 
mounted a cylindrical or similar armature 
F, wound with magnetizing-coils G, that are 
closed upon themselves, as is usual in motors 
of this general class. 

The operation of this motor is as follows: 
JVhen a current impulse or alternation is di 
rected through the coils D, the sections B B 
of the cores, being on the surface and in close 
proximity to the coils, are immediately ener 
gized. The sections 0, on the other hand, are 
protected from the magnetizing in?uence of 
the coil by the interposed layers of iron B B. 
As the magnetism of B B increases,however, 
the sections 0 are also energized; but they do 
not attain their maximum strength until .a 
certain time subsequent to the exhibition by 
the sections B B of their maximum. Upon 
the weakening of the current the magnetic 
strength of B 13 first diminishes, while the 
sections 0 have ‘still their maximum strength; 
but as B B continue to weaken the interior 

sections are similarly weakened. B B may 
then begin to exhibit an opposite polarity, 
which is followed later by a similar change 
on O, and this action continues. B B and C 
may therefore be considered as separate ?eld 
magnets, being extended so as to act 011 the 
armature in the most efficient positions, and 
the effect is similar to that in my other forms 
of motor——viz., a rotation or progression of 
the maximum points of the ?eld of force. Any 
armature-such, for instance, as a disk-— 
mounted in this ?eld would rotate from the 
‘pole ?rst to exhibit its magnetism to that 
which exhibits it later. 

It is evident that the principle herein de 
scribed may be carried out in conjunction 
with other means, such as I have elsewhere 
set forth, for securing a more favorable or 
efficient action of the motor. For example, 
the polar extensions of the sections 0 may be 
wound or surrounded by closed coils L, asin 
dicated by dotted lines in Fig. 2. The effect 
of these coils will be to still more effectively 
retard the magnetization of the polar exten 
sions of C. 

I do not wish to be understood as limiting 
myself to any particular construction of this 
form of motor, as the same principle of action 
or operation may be carried out in a great 
variety of forms. 

\Vhat I claim is—— » 
1. In an alternating -current motor, the 

combination, with an energizing-coil and a 
core composed of two parts, one protected 
from magnetization by the other interposed 
between it and the coil, of an armature 
mounted with the influence of the ?elds of 
force produced by said parts, as set forth. 

2. The combination, in an alternating-cur 
rent motor, of a rotating armature, a ?eld 
magnet composed of a coil and a core with 
two sections in proximity to the coil and an 
inner section between the same, the sections \ 
being formed or provided with polar projec 
tions extending in opposite directions over or 
around the armature, as set forth. 

3. The ‘combination, in an alternating-cur 
rent motor, of a rotating armature, a frame 
and ?eld-magnets thereon, each composed of 
an energizing-coil wound around a core made 
up of outer and inner or protected magnetic 
sections, each of which is formed orprovided 
with independent laterally - extended pole 
pieces or projections, as herein described. 

NIKOLA TESLA. 
‘Vitnesses: 

R0131‘. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES PATENT OEEICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

METHOD OF OPERATING ARC LAMPS. 

SPECIFICATION forming part Of Letters Patent No. 447,920, dated March l0, 1891. 

Application filed October l, 1890. 

To all whom, it may concern: 
Be it known that I, NIKOLA TEsLA, a sub 

ject of the Emperor of Austria-Hungary, re 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Methods of Operating 
Arc Lamps, ot' which the following is a speci 
iication. 

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, but under anycircumstances 
constituting an objectionable and disagree 
able feature, for which heretofore no effective 
remedy has been found or proposed. This 
noise is probably due to the rapidly altern ating 
heating and cooling and consequent expan 
sion and contraction of the gaseous matter 
forming the are 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 arc producing the 
noise approximately equals or exceeds that 
which is generally regarded as the limit of 
audition. For example, I may use a generator 
which produces ten thousand or more alter 
nations of current per second. In such a case 
the periodical heating and cooling of the are 
would occur with such rapidity as to produce 
little or no perceptible effect upon the ear. 

There are a number ot' 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 
st rueted for the purpose. Such a generator, for 
the purpose of the illustration of this case, I 
have shown in the accompanying drawings. 

Figure l is a view of the generator in side 
elevation. Fig.Y 2 is a vertical cross-section 

Serial No. 366,734. (No model.) 

ot' the same with a diagram ot' the circuit-con 
nections. Fig. 3 is an enlarged view, in side 
elevation, of a part ot the machine. Fig. a is 
an enlarged sectional detail of the armature 
and field. Fig. 5 is a detail section of the 
íield- magnets exhibiting the plan of winding. 

A is an annular magnetic frame supported 
by the cross-bars or brackets B, provided with 
feet O, upon which the machine rests. The 
interior ot the annulus A is provided with a 
large number of projections orpole-pieces I). 
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 poles and the spaces between them, 
I apply the exciting or held coils by winding 
an insulated conductor F zigzag through the 
grooves, as shown in Fig. 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-shattll, 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 a 
mass of tine annealed iron wires K, which are 
wound in the groove to form the core proper 
for the armature-coils. Pins L are set in the 
sides of the ringJ , and the coils Mare 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 II to con* 
tact-rings P P, from whence the currents are 
taken ott 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-tive to tour hundred poles in a ma 
chine that may be safely driven at a speed of 
iifteen hundred or sixteen hundred revolu 
tions per minute, which will produce ten 
thousand or eleven thousand alter-nations of 
current per second. Arc lamps R R are 
shown in diagram as connected up in series 
with the machine in Fig. 2. It sucha current 
be applied to running are lamps, the sound 
produced by or in the arc becomes practically 
inaudible, for byincreasing the rate ofîh-ange 
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in the current, and consequently the number 
of vibrations per unit of time of the gaseous 
material of the arc up to or beyond ten thou 
sand or eleven thousand per second, or to 
what is regarded as the limit of audition, the 
sound due to such vibrations will not be au 
dible. The exact number of changes or un 
dulations necessary to produce this result will 
vary somewhat according to the size of the 
arc-that is to say, the smaller the are the 
greater the number of changes that will be 
required to render it inaudible Within certain 
limits. Of course, as the rate ot' alternations 
or undulations for a given size of arc becomes 
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 current, in that it is more 
persistent, owing to the fact that the time in 
terval between undulations is so small that 
the gaseous -matter cannot cool down so far 
as to increase very considerablyin resistance. 

I claim- - 

The method of abating or rendering inau~ . 
dible the sound emitted by arc 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, 
RAPHAÈL NETTER. 
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NIKOLA TESLA, OF NE\V YORK, N. Y. 

ALTERNATlNG-ELECTRlC-CU RRENT GENERATOR. 

SPECIFICATION forming part of Letters Patent No. 447,921, dated March 10, 1891. 
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T0 aZZ whom it may concern: 
Be it known that I, NIKOLA TESLA, a sub 

j ect of the Emperor of Austria, from Smiljan, 
Lilia, 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-Current 
Machines, of which the followingr 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 to three hundred alternations of cnr~ 
rent per second. I have recognized and dem 
onstrated in practice 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 ?fteen 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 ?eld, 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 without 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 construction. 

I provide a ?eld-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 ?eld 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 
armature-coil or conductor so that it will be 
symmetrically disposed with respect to the 
?eld-that is to say, so that when one portion 
of the conductor is passing through the 
strongest portion of the ?eld the other por_ 
tion, which forms the return for the former, 
is passing through the weakest points or 
parts of the ?eld. The strongest points of 
the ?eld, 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 ?eld~magnet, when constructed as above 
described, produces, when the energizing-coil 
is traversed by a continuous current, a ?eld 
of great strength, and one which maybe 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 
?eld-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 further simplifying the machine and ren 
dering it more easy to maintain in operation 
I arrange the armature-00nductors and the 
frame or supports therefor so as to support 
also a ?xed coil or coils for energizing the ro 
tating ?eld-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 a; of Fig. 2; and 
Fig. 2 is a horizontal section on line y y of 
Fig. 1. The machine in these two ?gures is 
one in which the armatureconductor and the 
?eld-coil are stationary while the ?eld-mag 
net core revolves. Fig. 3 is avertical central 
section of amachine embodying the same plan 
of construction, but having a stationary ?eld 
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magnet and aiming armature Fig. i is‘ diagram illiis‘ti'ating the peculiar con?giir'a 
tion of the polar faces and the relation of the 
armature‘ conductor or conductors thereto. 

In Figs. 1 and 2, A A designate two cylin 
drical castings provided with bracketrarms 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 alternately from opposite edges. 
In this way a continuous zigzag conductor 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 
ductor, but held ?rmly thereto, as by means 
of bolts F. Within the rings E is then placed 
an annular coil G, which is the energizing 
coil for the ?eld-magnet. The conductor D 
and the parts attached thereto are supported 
by means of the cylindrical 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 ?eld-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 0f the cores H II are trued off, 
so as to ?t closely against one another, while 
the‘ outerportions or ?anges which form the 
polar faces J J arereduced somewhatin 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 H are mounted 
on and ?xed to the shaft K, and are bound 
together by bolts L. The number of serra 
tions in the polar faces is arbitrary; 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 ?eld, 
and S S the points of the other face. The 
conductor D is shown in this ?gure in sec 
tion, a a’ designating the radial portions of 
the conductor, and b the insulating-divisions 
between the same. The relative width of the 
parts a a’ and the space between any two 
adjacent points N N or S S is such that when 
the radial portions a of ‘the conductor are 
passing between the opposite points N S, 
where the ?eld is strongest, the intermediate 
radial portions a’ are passing through the 
widest spaces midway between such points 
and where the ?eld 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 other face. Hence, although the 

The central 

space between‘ any two‘ adjacent points on the 
same’fac'e’ may lie‘ e‘?ti‘e‘mely small, there will 
be no leakage of the magnetic lines between 
any two points of the same name; but the 
lines of force will pass across from one set of 
points to the other. The construction 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 ?owing at any 
given time from the center toward the pe 
riphery in one set of radial parts a and in the 
opposite direction in theadjacent parts a’. 

In order to connect the energizing'coil G 
with a source of continuous current, I have 
found it convenient to utilize two adjacent ra-y 
dial portions of the conductor D for connect-- 1 
ing the terminals of the coil G with two bind 
ing-posts M. For this purpose the plate D is 
cut entirely through, as shown, and the break 
thus made is bridged over by a short con 
ductor 0. 

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 o? from 
the binding-posts N. It will be observed 
that from the nature of the construction de 
scribed this machine is capable of producing 
an alternating current of an enormously high 
rate of alternations. _ - 

When it is desired to rotate the conductor 
between the faces of a stationary ?eld-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 0, held together by bolts 0 and ?xed 
to the driving-shaft K. The inner edge of 
the plate or conductor D is preferably ?anged 
to secure a ?rmer union between it and the 
heads 0. It is insulated from said head. 
The ?eld-magnet in this case consists of two 
annular parts H 11, provided with annular 
grooves I for the reception of the coils. The 
?anges or faces surrounding the annular 
groove are brought together, while the inner 
?anges 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 S are non-magnetic bushings secured or 
set in the central opening of the cores. 

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

What I claim is 
1. The combination, in an annular ?eld 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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ms 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 connected se 
ries of radial conductors forming an annular 
coil, of a stationary two-part supporting-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 ?eld-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 ?eld-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 con volutions and 
mounted in theannular field, whereby a rota~ 
tion of the ?eld 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 face of opposite polarity with 
corresponding grooves or serrations, the two 

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 ?eld-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 ?eld-core. 

7. The combination, with opposing field 
magnet 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 combination, with a rotating ?eld 
Inagnet 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. F. GAYLORD, 
PARKER N. PAGE. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF YE“T YORK, N. Y. 
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SPECIFICATION forming part of Letters Patent No. 455,067, dated June 30, 1891. 

Application filed January 27,1891. Serial No. 379,251. (No model.) 

To all whom ¿t may concern. 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperorvof Austria, from Sniiljan, 
Lika, border country of Austria-I'Iungary, and 
residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Eleetro-l‘lagnetie Mo 
tors, of which the following is a specification, 
reference being had to the accompanying 
drawings. 

The subject of my present invention is an 
improvement primarily designed for applica 
tion to alternating - current motors of the 
special type invented by me, and of which the 
operation is due to the action of alternating 
currents differing in phase and directed 
through or developed in independent ener 
gizing-circuits in the motor, and causing a 
shifting or rotation of the magnetic poles or 
their resultant attractive forces upon the ro 
tating element or armature. 

My improvements are based upon certain 
laws governing the action or effects produced 
by a condenser when connected to an electric 
circuit through which an al tern ating or in gen 

. eral an undulating current is made to pass. 
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Some of these effects, and those mostimportant 
in connection with my invention, areasfollows: 
First, if the terminals or plates ofa condenser 
be connected with two points of a circuit, the 
potentials of which are made to rise and fall 
in rapid succession, the condenser allows the 
passage or, more strictly speaking, the trans 
ferrence of a current, although its plates or 
armatures may be so carefully insulated as to 
prevent almost completely the passage of a 
current of unvarying strength or direction 
and of moderate electro-m otive force; second, 
if a circuit the terminals of which are con 
nected with the plates of the condenser pos 
sess a certain self-induction, the condenser 
will overcome or counteract to a greater or 
less degree, dependent upon well-understood 
conditions, the elfects of such self-induction; 
third, if two points of a closed or complete 
circuit through which a rapidly rising and 
falling current Hows be shunted or bridged 
by a condenser, a variation in the strength of 
the currents in the branches and also a dif 
ference of phase of the currents therein is pro 
duced. These effects I have utilized and ap 
plied in a variety of ways in the construction 

andv operation of my motors, as by producing 
a difference in phase in the two energizing 
circuits of an alternating-current motor by 
connecting the two circuits in derivation and 
connecting up a condenser in series in one of 
the circuits; but such applications seem to be 
obvious to one familiar with my motors and 
the facts above enumerated. 

My present improvements, however, possess 
certain novel features of practical value and 
involve a knowledge of facts less generally 
known. These improvements comprise the 
use of a condenser or condensers in connec 
tion with the induced or armature circuit of 
a motor and certain details of the construc 
tion of such motors. In an alternating-cur 
rent motor of the type to which I have par 
ticularly referred above, orin any other which 
has an armature coil or circuit closed upon 
itself, the latter represents not only an in 
ductive resistance, but one which is periodi 
cally varying in value, both of which facts 
complicate and render d i fiicult the attainment 
of the conditions best suited to the most ei'ii 
cient working of the motors. The most efii 
cient working conditions, in other words, re 
quire, first, that ¿for a given inductive effect 
upon the armature there should be the great 
est possible current through the armature or 
induced coils, and, second, that there should 
always exist between the currents in the en 
ergizing and the induced circuits a given re 
lation of phase. lIcnce whatever tends to 
decrease the self-induction and increase the 
current in the induced circuits will, other 
things heilig' equal, increase the output and 
efficiency of the motor, and the same will be 
true of causes that operate to maintain the 
mutual attractive effect between the field 
lnagnets and armature at its maximum. I 
secure these results by connecting with the 
induced circuit oreircuits a condenser, in the 
manner hereinafter described, and I also, 
with this purpose in view, construct the mo 
tor in a special manner. 

Referring to the dra-wings for a particular 
description of the invention, Figure 1 is a 
view, mainly diagrammatic, of an alternatin 
current motor to which my present invention 
is applied. Fig. 2 is a central section, inline 
with the shaft, of a special form of armature 
core adapted to the invention. Fig. 23 is a 
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similar section of a modification of the same. 
Fig. 1l is onev of the sections of thel core de 
tached. Fig. 5 is a diagram showing a modi 
Íied disposition of armature or induced cir 
cuits. ' 

The general plan of the invention is illus 
trated in Fig. l. A A in this figure repre 
sent the frame and field-magnets of an alter 
nating-current motor, the poles or projections 
of which are wound with coils B and C, form 
ing independent energizing-circuits connect 
ed either to the same or to independent sources 
of alternating currents, as is now well under 
stood, so that the currents flowing through 
the circuits, respectively, will have la differ 
ence of phase. Within the iniiuence of `this 
field is an. armature-core D, wound with coils 
E. In my motors of this description hereto 
fore these coils have been closed upon them 
selves, or connected in a closed series; but in 
the present case each coil or the connected 
series of coils terminates in the opposite 
plates of a condenser F. For this purpose 
the ends of the series of coils are brought out 
through the shaft to collecting-rings G, which 
are connected to the condenser by contact 
brushes II and suitable conductors, the con 
denser being independent of the machine. 
The armature-coils are wound or connected 
in such manner that adjacent coils produce 
opposite poles. 

The action of this motor and the effect of 
the plan followed in its construction are as 
follows: The motor being started in opera 
tion and the coils of the field-magnets being 
traversed by alternating currents, currents 
are induced in the armature-coils by one set 
of field-coils, as B, and the poles thus estab 
lished are acted upon by the other set, as C. 
The armature-coils, however, have necessa 
rily a high self-induction, which opposes the 
flow of the currents thus set up. The con 
denser F not only permits the passage or tran s 
ferrence of these currents, but also counter 
acts the effects of self-induction, and by a 
proper adjustment of the capacity of the con 
denser, the self-induction of the coils, and the 
periods of the currents the condenser may 
be made to overcome entirely the effect of 
the self-induction. 

It- is preferable on account of the undesir 
ability of using sliding contacts of all kinds 
to associate the condenser with the armature 
directly, or make it a part of the armature. 
In some cases I build up the armature of an 
nular plates K II, held by bolts L between 
heads M, which are secured to the driving 
shaft, and in the hollow space thus formed I 
place a condenser F, generallyby winding the 
two insulated plates thereof spirally around 
the shaft. In other cases I utilize the plates 
of the core itself as the lplates of t-he con 
denser. For example, in Figs. 3 and l, N is 
the driving-shaft, M M are the heads of the 
armature-core, and K K’ the iron plates of 
which the core is built up. rl‘hese plates are 
insulated from the shaft and from one another, 

455,067’ 

and are held together by 'rods or bolts L. The 
bolts pass through a large hole in one plate 
and asmall hole in the one next adjacent, 
and so on, connecting elect ricallyall of plates 
K, as one armature of a condenser, and all of 
plates K’ as the other. 

To eitherof the condensers al‘iovedescribed 
the armature-coils may be connected, as ex 
plained by reference to Fig. l. 

In motors in which the armature-coils are 
closed upon themselves-as, for example, in 
any form of alternating-current motor in 
which one armature coil or set of coils is in 
the position of maximum induction with re 
spect to the iield coils or poles, while the other 
is in the position of minimum induction-the 
coils are preferably connected in one series, 
and two points of the circuit thus formed are 
bridged by a condenser. rl‘his is illustrated 
in Fig. ö, in which E represents one set 
of armature- coils and E’ the other. 'I‘heir 
peints of union are joined through a con 
denser F. It will be observed that in this 
disposition the self -induction of the two 
branches E and E’ varies with their position 
relatively to the field-magnet, and that each 
branch is alternately the predomin ating source 
of the induced current. llence the eli’ect of 
the condenser F is twofold. First, it increases 
the current in each of the branches alter 
nately, and, secondly, it alters the phrase of 
the currents in the branches, this being the 
well-known effect which results from such a 
disposition of a condenser with a circuit, as 
above described. This effect is favorable to 
the proper working of the motor, because it 
increases the flow of current in the armature 
circuits due to a given inductive effect, and 
also because it brings more nearly‘into coin 
cidence the maximum magnetic effects of the 
coacting >field and armature-poles. 

It will be understood, of course, that the 
causes that contribute to the efficiency of con 
densers when applied to such uses as above 
must be given due consideration >in determin 
ing the practicability and efficiency of the 
motors. Chief among these is, as is well 
known, the periodicity of the current, and 
hence the improvements which I have here' 
in described are more particularly adapted to 
systems in which a very high rate of alterna 
tion or change is maintained. 

Although this invent-ion has been illustrated 
herein in connection with a special form of 
motor, it will be understood that it is equally 
applicable to any other alternatiiig-current 
motor in which there is a closed armature 
coil wherein the currents are induced by the 
action of the field, and, furthermore, I would 
state that the feature of utilizing the plates 
or sections of a magnetic core for forming the 
condenser, I regard as applicable, generally, 
to other kinds of alternati11g-current appa 
ratus. 

IIaving now described my invention, what 
I claim is- _ 

l. In an alternating-curren t motor, the com» 
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bination, With the field-magnets and energiz 
ing-circuit, ot' an armature-circuit and a core 
adapted to be energized by‘currcnts induced 
in its circuit by the currents in the field-cir 
cuit, anda condenser connected with the arma 
ture-circuit only, as set forth. 

2. In an alternating-current motor, the coni 
bination, with armature-coils in inductive re 
lationto the field and connected in a closed 
circuit, of a condenser bridging sa‘id circuit, 
as set forth. 

3. ln an alternating-current niotor, the coin 
binat-íon, with an armature and two energiz 
ing-circuits ‘formed by coils wound therconin 
different inductive relations to the field and 
joined in a continuous or closed series, of a 
condenser the plates of which are connected, 
respectively, to the junctions of the circuits 
or coils, as set forth. 

4. In an alternaiing-cnrrent motor, the coin 

hination, with the induced energizing coil or 
coils ot' the armature, of a condenser con 
nected therewith and made a part of the ar 
mature or rotating element, of the motor. 

5. In an alternating-current motor, the coni 
bination, with an armature-core composed of 
insulated conducting-plates alternately con 
nected to forni a condenser, of an induced en 
ergizirngr coil or coils wound thereon and con 
nected to the plates or armatures of the said 
condenser. 

6. A magnetic core for alternating-current 
apparatus, composed of plates or sections in 
sulated from each other and alternately con~ 
nected to forni the two parts or armatures of 
a condenser. 

NIKOLA TESLA. 
Witnesses: 

PARKER W. PAGE, 
FRANK VB. MURPHY. 
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UNITED STATES PATENT OFFICE. 

' NIKOLA TESLA, OF NETV YORK, N. Y. 

v‘METHOD OF AND APPARATUS FOR ELECTRICAL CONVERSION‘ AND DISTRIBUTION. 

SPECIFICATION forming part of Letters Patent No. 462,418,- dated November 3, 1891. 
Application ?led February 4, 1891. Serial No. 380,182. (No model.) 

To all whom it may concern: . 
Be it known that I, NIKOLA 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 new and 
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useful Improvements in Methods of and Ap 
paratus for Electrical Conversionand Distri 
bution, of which the 'followingis a speci?ca 
tion, reference 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 application of electrical 
energy for general useful purposes. 

Myinv’ention 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 far'as I am aware,have 
not hitherto been utilized on applied with 
any practically useful results. Stated brief 
ly, these phenomena are as follows: First, if 
a condenser or conductor possessing capacity 
he 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 electric circuit through which 
a current rapidly rising and falling in strength 
is made to ?ow be connected with the plates 
or armatures of a condenseiy'a variation in 
the current’s strength in the entire circuit or 
in a portion of the same only may be pro 
duced; third, the amount or character of 
such variation in the current’s strength is 

‘ dependent upon the condenser capacity, the 

45 

-vself-induction and resistance of the circuit or 
19' 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-induction, resistance, and pe 
riod-are all relatedin a manner well under 
stood by electricians; butto render such con 
version as may be effected by condensers 
practically available and useful it is desir 
able, chie?y on account- of the increased out 
put and e?iciency and reduced cost of the 
apparatus, to produce current-impulses suc 

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 
di?iculties in the way of e?ecting this me 
chanically, as by means of rotating switches 
or'interrupters, is perhaps due the failure to 
realize practically, at least to any 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, that if a con 
denser or a conductor possessing capacity be 
charged from asuitable source and be dis 
charged through a circuit the discharge un 
der certain ‘conditions, dependent on the ca 
pacity of the eondeuser‘lor conductor, the self 
induction and resistance of the discharging 
circuit, and the rate ‘of supply and decay of 
the electrical energy, may be eifccted 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 capable of yielding either 
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direct or alternatingcurrents. This generator . 
I connect up with a condenser or conductor 
of some capacity and discharge‘ the accumu 
lated electrical energy 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, succeeding each other more or 
less rapidly or oscillating to and fro with ex 
treme rapidity. In the working circuit, by 
reason of the condenser action, the current 
impulses or discharges of high tension and 
small volume are converted into currents of 
lower tension and greater volume. The pro 
duction and application of a current of such 
rapid oscillations or alternations (the number 
maybe many millions per second) secures, 
among others, the following exceptional ad 
vantages: First, the capacity of the condens 
ore’ for a given output is much diminished; 
second, the elliciency of the condensers is in 
creased and the tendency tov become heated 
reduced, and, third, the range of conversion 
is enlarged. I have thus succeeded in pro 
ducing a system or‘ method of conversion 
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radically different from what has been done 
heretoforc—?rst, with respect to the number 
of impulses,alternations. or oscillations of cu r 
rent per unit of time, and, second, with respect 
to the manner in which the‘ impulses are ob 
tained. To express this result, I de?ne the 
working-current as one of an excessively small 
period or of an excessivelylarge nu mberot im 
pulses or alternations or oscillations per unit 
of time, by which I mean not a thousand or 
even twenty or thirty thousand per second, but 

. manytimes that number, and one which is 
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made intermittent, alternating, or oscillating 
of itself without the employment of mechani 
cal devices. ~ ' 

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 a’ generating-circuit, a working .cir 
cuit, means for producing an intermittent 
or oscillating discharge, and condensers ar 
ranged or combined as contemplated by my 
invention. . ‘ ' 

in Figu re 1, A represents a generator of high 
tension; E B, the conductors which lead out 
from the same. To these conductors are con 
nected the conductors C of a working circuit 
containing translating devices, such as in~ 
candescentlamps or motors G. In one or both 
conductors B is a break D, thetwo ends be 
ing separated by an air-space or a ?lm of insu 
lation, through which a disruptive discharge 
takes place. F is a condenser, the plates of 
which are connected to the generating-oi rcuit. 
if this circuit 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 a con 
denser E. The condenser E is-used to modify 
the currentin any part of the working circuit, 
such as L. ' ' 

It may conduceto a better understanding 
of the invention to consider more in detail 
the conditions existing'in such asystem as 
is illustrated in Fig. 1. Let it bev assumed, 
therefore, that in the system there shown the 
rate of supply of the electrical energy, the 
capacity, self-ind uction, and the resistance of 
the circuits are so related that a. disruptive, 

' intermittent, or oscillating discharge occurs 
at D. Assume that the ?rst-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 F is charged to such an extent__ 
that the potential or accumulated charge over 
comes the'dielectric strength of the insulat 
ing-space at D the condenser is discharged. 
It is thenrecharged from the generator A, and 
this process is repeated in more or less rapid 
succession. The discharges will follow each 
other the more rapidly the more nearly the ‘ 
rateof supply from the generator equals the 

rate at which the circuit including the gen 
erator is capable of taking up and getting rid 
of the energy. Since the resistance and self 
induction of the working circuit C and the 
rapidity of the successive discharges may be 
varied at will, the current strength in the 
working and generating circuit may bear to 
one another any desired relation. _ 

To understand the action of the local con 
denser E in Fig. 2, let a single discharge be 
?rst 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, byvirtue of its 
self-ind notion, o?ers a strong opposition to 
such a sudden discharge, while the condenser, 
on the other hand, olters no such opposition. 
The result is that practically no current 
passes at ?rst through the branch I’, but pre 
sumably opposite electricities rush to the 
condenser-coatings, this storing for the mo 
ment electrical ener'gyin the condenser. Time 

~is gained by- this means, and the condenser 
then discharges through the branch ‘L, this 
process being repeated for each discharge oc 
curring at D. The amount of (electrical en 
ergy stored in the condenser at each; charge 
is dependent upon the capacity of the com 
denser and the potential of its plates. it is 
evident, therefore, that the quicker the dis‘ 
charges succeed each other the smaller for a 
given output need be the capacity of the .con 
denser and the greater is also the e?iciency of 
the condenser. This .is con?rmed by prac 
tical results. > - 

The discharges occurring at I), as stated, 
may be of the same direction or may be alter 
nating, and in the former case the devices 
contained in the working circuit- maybe 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 circuit or branch L. 
l 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 formulae 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 current in the working 
to that in the generating circuits 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 
ci?c forms of the apparatus described in con 
nection with this invention norto the precise 
arrangement of the system with respect to its 
details herein shown. in the drawings re 
turn-Wires are shown in the circuit; but it will 
be understood that in any case the ground 
may be conveniently used in lieu of the re_ 
turn-wire. ' 

' ‘What I claim is- ‘ 

1. The method of electrical conversion here 
in described, which consists in charging acou 
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denser or conductor possessing capacity and 
maintaining a succession of intermittent or 
oscillating disruptive discharges of said con 
ductor into a working circuit containing 
translating devices. ' 'jf ’ 

In a system of electrical conversion, the 
combination of a generator or source of elec 
tricity and a. line or generating circuit con 
taining av condenser or possessing capacity, 
and a working circuit ope'ratively connected 
with the generating-circuit through one or 

more air-gaps or breaks in the conducting 
medium, 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. F. GAYLORDj 
PARKER W. PAGE.’ ' 
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NIKOLA TESLA, OF NE‘V YORK, N. Y. v . 

ELECTRICAL METER. 

SPECIFICATION forming- part of Letters Patent No. 455,068, dated June 30, 1891. 

Application ?led March 27, 1891. Serial No, 386,666. (No model.) 

To all whom, it may concern." 
I Be it known that I, NIKOLA TEsLA, a sub 
Ject of the Emperor of Austria, from Smiljan, 
Lika, border countryof Austria-Hungary, and 
a residentof 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 speci?cation, refer 
ence being had to the drawings accompany 
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 circuit 
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 de?nite 
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 Ways to bring into ac 
tion suitable automatic registering mechan 
ism when the resistance exceeds or falls below 
predetermined limits. ' 

In carrying out my inventionvI 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 is an equal difference 
of potential between them throughout their 
entire extent. The free ends or terminals of 
the conductors are connected either in series 
in the circuit 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 circum 
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 to the strength of the 
current passing through the conductors. 
Moreover, as there is a constant difference of 

potential between the two conductors through 
out the entire extent that is exposed to the 
solution, the current density through such so- ’ 
lution is the same at all 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 formingthe positive 
and negative electrodes of the cell the current 
energy expended may be readily computed. 

Other modi?ed 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-circuit 
and under slightly-modi?ed arrangements. 

In Fig. 1, G designates a suitable direct 
current generator. L L are the conductors 
of the circuit 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 B B. O C’ 
are two conductors extending through the 
tube A, their ends passing out through the 
plugs B to terminals thereon. These con 
ductors may be corrugated 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 conductors 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 G C’, 
respectively, are accurately measured and 
noted. Then a knowh 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 0011 
ductors respectively taken. From 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 O C’ are connected 
in parallel, the current device at X pass 
ing in one branch ?rst through a resistance 
R’ and then through conductor C, while in 
the other branch it passes ?rst through con 
ductor C’, and then through resistance R”. 
The resistances R’ R” are equal, as also are 
the resistances of the conductors C 0’. It is, 
moreover, preferable that the respective re 
sistances of the conductors O 0’ 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. 2 there 
is a constant potential difference between the 
two conductors O 0' throughout their entire 
length. 

It will be seen that in both cases illus 
trated the proportionalityv of the increase 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 0’ 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 directionof 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 modi?ca 
tions. For instance, since there is a section 
of the circuit—to wit, the conductor 0 or O’ 
that varies in resistance in proportion to the 
current strength, such variation may be util 
ized, as is done in many analogous cases, to 
e?eet 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 this invention are, 
?rst, 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 
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changes in temperature. In addition to these 
advantages the invention possesses the merit 
of economy in the waste of energy and sim 
plicity, compactness, and eheapness in con 
struction. 

‘Vhat I claim is 
1. The method of computing the amount of 

electrical energy expended in a given time in 
an electric circuit, which consists in main 

. taining by the current a potential difference 
between two conductors in an electrolytic so 
lution uniform throughout the whole extent 
of such 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 clectro-deposition, as 
set forth. 

2. The combination, with an electric cir 
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 circuit. 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 electric 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 electrical meter consisting of an elec 
trolytic cell, two parallel conductors extend 
in g 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 circuit,these parts 
being combined in the manner substantially 
as set forth. 

5. An electric meter consisting 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. 

\Vitnesses: 
tor/r. F. GAYLORD, 

PARKER W. PAGE. 
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UNITED STATES‘ PATENT QFFICE. 

IN'IKoLA TESI-.A,'-OF NEW YORK, N. Y. 

SYSTE'M' OF ‘ELECTRIC LIGHTING. 

SPECIFICATION forming part of letters Patent No. 454,622,. dated June 23, 1891. 
Application ?led April 25, 1891. 

To all whom it may concern.. 
Be it known that I, NIKOLA TESLA, a sub» 

ject of the Emperor of Austria-Hungary, from 
Smilj an, Lika, border country of Austria-Hun 

' gary, and a resident of NewYorkJnthe county 
and State of New York, have invented certain 
new and useful Improvements in Methods of 
and Apparatus for Electric Lighting, of which 
the following is a speci?cation, reference be 
ing had to the drawings accompanying and 
forming a part of the same; ‘ ' ‘ 

This invention consists in a novel method 
of and apparatus for producing light by means 
of electricity. 

For a better understanding of the inven 
tion it may be stated, ?rst, that heretofore I 
have produced and employed currents of very 
high frequency for operating translating de 

vices, such as, electric lamps, and, second, 
23 that currents of high potential have'also been 

’ produced and employed for obtaining lumi 
nous effects, and this, in a broad sense, may. 
be regarded for purposes of this case as the 
prior state of the art; but Ihave 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-described conditions 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 
' i'icably to great advantage for the production 
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of light. - . 

It is dif?cult for me to de?ne the exact lim 
its of frequency and potential within which my 
discovery is comprised, for the. results ob 
tained are due to both conjointly; but I would 
make it‘ clear that as to the inferior limits of 
both, the lowest frequency and potential that 
I contemplate using-are far above what have 
‘heretofore been. regarded as practicable. As 
an instance of what I regard as the lowest 
practicable limits I would state‘ that I have 

- obtained fairly good results by a frequency 
as low as ?fteen thousand to twenty thousand 

-' per second and a potential of about twenty 
thousand volts. Both frequency and poten 
tial may be enormously increased above these 
?gures, the practical limits being determined‘ 
by the character of the apparatus and its on 

Serial No. 390,414. (No model.) 

pabilit-yof standing the strain. I do not mean 
by the term “excessively small-perim ” and 
similar expressions herein to imply that I 
contemplate any number of pulsations or vi 
brations per second approximating to the 
number of light-waves, and this will more 
fully appear from the description of the na 
ture of invention which is hereinafter con 
tained. 

The carrying out of this invention and the 
full’rcalizat-ion of the conditions necessary to 
the attainment of [the desired results involve, 
?rst, 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 7 
form of translating ‘device or light-giving ap 
pliance‘. These I shall now describe. 

To produce a‘current of very high frequency ' 
.and very high potential, certain well-known 
devices may be employed. For instance, as 
the primary source of current or electrical 
energy a continuous-current generator may 
be used, the circuit of which may be inter‘-v 

75 

ruptcd with extreme rapidity ‘by mechani- ‘ 
cal devices, or a magneto-electric machine 
specially constructed to yield alternating cur 
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, ?nally, in order to‘overcome the mechani 
cal di?iculties, which in such cases become 
practically insuperable before the best results 
are reached, the principle of the disruptive 
discharge may be utilized. iy means of this 
latter plan I producea much greater rate of 
change in the current than by the other means 
suggested, and in illustration of my invention 
I shall confine the description of the means or 

‘apparatus for producing the current to this 
plan, although I would not be understood as 
limiting myself to its use.v 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 
vthrough a circuit under proper-relations of 

_ self-induction,capacity, resisti'mcemndperiod 
in well-understm N1 ways. Such a discharge I8 
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known to be, under proper conditions, inter 
, mittent or oscillating in character, and in this 

20 

Way a current varyingin strength at an error 
rnously rapid rate maybe produced. Having 
produced in the above manner a current of ex 
cessive frequency, I obtain from it by, means 
oi’ an induction-coil enormously high poten 
tials-that is to say, in the circuit through 
‘which or intoivvhich the disruptive discharge 
of the condenser takes place i include the pri 
mary of a suitable induction-coil, and by a sec 
ondary coil of much longer and ?ner wire 1 con 
vert to currents of extremely high potential. 
The di'?‘erences in the length of the primary 
and secondary coils in connection with the 
enormously rapid rateoi change in the pri 
mary current yield a secondary of enormous 
frequency and excessively high potential, 
Such currents are not, so far as l am aware, 
available for use in the usual Ways; but 1 have 
discovered that if ll connect to either of the 
terminals of the secondary coil or source of 

I current of high potential the leading'iin Wires 

.25 
of such a device, for example, as an-ordh 
nary incandescent lamp, the carbon may be 
brought to and maintained at incandescence, 
or, in general, that any body capable oi“ cone 

. ducting the high-tension current described 
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and properly inclosed in a rare?ed or ex 
hausted receiver may be rendered luminous 
or incandescent, either when connected di~= 
rectly with one terminal or‘ the secondary 
source or energy or placed in the vicinity of 
such terminals so as to be acted upon induct 
ively. ’ 

Without attempting a detailed explanation 
of the causes to which this phenomenon may 
be ascribed, ll deem it su?icient to state that, 
assuming the now generally accepted theories 
of scientists to be correct, the ed‘ects thus 
produced are attributable to molecular bom 

\ bardment, condenser action, and electric or 
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etheric disturbances. Whatever part each 
or any of these causes may play in producing. 
the e?ects noted, it is, however, a fact that a 
strip of carbon or a mass oi‘ any other shape, 
either of carbon or any more or less conduct= 
ing substance in a rare?ed or exhausted re 

. ceiverand connected directlyor inductively 

55 

,60 

to a source ‘of electrical energy such as l 
have described, may be maintained at incan 
descence if the frequency and potential of the 
current be suf?ciently high,’ F - 

I would here state that by the termsfcuri 
rents of high frequency and high potential” 
and similar expressions which I have used in 
this description I do not i mean, necessarily, 
currents ‘in thensual acceptance of the term, 
but, generally speaking, electrical disturb 
ances or e?ects such as would be produced in 
the ‘secondary source by the action of the 
primary disturbance or electrical eiiiect.v ' 

It is necessaryto observe in carrying out 
i’ this invention that care must be taken.- to ‘re 

duce to ail-minimum, the opportunity for the‘ 
~ , dissipation of the energyfrom the conductors 

ondary S". 

sired, one terminal may 

wallsshould be coated with 
conducting substance in order that theymay 

intermediate to the source of current and the 
light-giving bod y° ‘For this purpose the con 
ductors should be free from projections and 
points and well covered or coated with a good 
insulator. 

The body to be rendered incandescent 
should be selected with a view to its capa 
bility of withstanding the action to which it 
is exposed without being rapidly destroyed, 
for some conductors will be much more speed 
ily consumed than others, _ ' 

1' now refer to the accompanying drawings, 
in which 

‘Figure 1 is a diagram of one of the special 
arrangements that l have employed in carry 
ing out my discovery, and Figs. 2 and 3 are 
vertical sectional views of modi?ed forms of 
light-giving devices that l have devised for 
use with the system. 

I would state that as all of the apparatus 
herein shown, with the exception of certain 
special‘forms of lamp invented by me, is or 
may be of well-known construction and in 
common use for other purposes, l have indi 
cated such Well-known parts therefor by con‘ 
ventional representations. 7 

G is the primary source of current or elec 
trical energy. I have 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 com parativelylow electro-inotive 
force. ‘ Under such circumstances I raise the 
potential of the current by rneansot an in 
duction-coil having a primary P and a sec 
ondary S. Then by the current developed in 
this secondary I charge a condenser O, and 
this condenser I discharge through or into a 
circuit A,‘ having an air-gap a, or, in general, 
means for maintaininga'disruptive discharge, 
By the means above described a current of 
enormous frequency is produced. My object 
is next to convert this into a working-circuit 
of very high potential, for which purpose it 
connect up in the circuit .A the primary P’ of 
an induction-coil having a long fine wire sec 

The currentin ' 

trical e?ect of corresponding frequency, but 
of enormous difference of potential, and the 

secondary S’ thus becomes the source of the 
energy to be applied to the purpose of‘p'rm 
ducing light. ~ 

The light-giving devices may be connected 
to either terminal of the secondary S’. It’ dc 

conducting-wall W of ya room or space to be 
lighted and the other arranged for con nection 
of the lamps therewith. In such case the 

some metallic or 

have 'su?icient‘ conductivity. 
The lamps or light-giving devices may be 

an ordinary incandescent lamp; but I prefer 
t0\use specially-designed lamps, examples of 
which I have‘ shown in-detailiii the draw 

be connected to a 
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the primary 1?’ ‘ 
develops in the secondary S’ a current or eleci 

lill 
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ings. This lamp consists of a rare?ed 'or 
exhausted bulb or globe which incloscs a 
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 inv 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. As many lamps of this or other 
kinds may be connected to the terminal of S’ 
as the energy supplied is capable of maintain» 
ing at incandescence. . 

In Fig. 3, b is a rare?ed or exhausted glass 
globe or receiver, in which is a body of car 
bon or other suitable conductor 6. To this 
body is connected a,_ metallic conductor j’, 
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 connect-ed to 
one pole or terminal of the source of current. . 
Outside of ‘the globe the conducting-wires are 
protected by a coating of insulation 72', of any 
suitable kind, and inside the globe the sup 
porting-wire is inclosed in and insulated by a 
tube or coating It of a refractory insulating 
substance, such as pipe-clay or the like. A 
re?ecting-plate Z is shown applied to the out 
side of the globe b. This form of lamp is a ' 

' type of those designed for direct electrical 
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' metallic plate 0, 

. is electrically connected 
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connection with one terminal of the source 
of current; but, as above stated, there need 
not be a direct connection, for the carbon or 
other illuminatingbody may be renderedlumi 
nous by inductive action of the current 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 ?gure the globe b is formed with a cy 
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 it of any 
suitable'insulating material. The lower edges 
of this tube are in electrical contact with a 

secured to the cylinder 01, 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 straight-stem of carbon, 

with the said plate 
a~wire or conductor similar to the wire f, 

Fig. 3, which 'is.coated in like manner with a 
refractory insulating material It. The neck 

‘ bf the globe ?ts into a socket composed of. an 
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insulating tube or cylinder 11, with a more or 
less complete metallic linlng s, electrically 
connected by a metallic head or plate rwith 
a conductor g, that is to be attached to one 

pole of the source of current. The metallic 
lining 8 and the sheet on thus compose the 
plates or armaturcs of a condenser. - 

r 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 poteu~ 
tials; but I have only described herein cer 
tain ways in which I have practically carried 
out the invention. 

“that 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. The method of producing an electric cur 
rent for practical applicatiomsuch as for elec 
tric lighting, which consists in generating or 
producing a current of enormous 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. . | . 

3. The method of producing an electric cur 
rent for practical application, such as for elec 
tric lighting, 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 circuit, 
and producing thereby in a secondary work 
ing-circuit in inductive relation to the pri 
mary very high potentials, as set forth. 

4. The method of producing electric light 
by incandescence by electrically or induct 
ively connecting a conductor inclosed in a 

rare?ed 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. , '- _ . 

5. A system of electric lighting, consisting 
in the combination, with a source ofv electric 
energy 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 rare?ed or ex 
hausted receiver and connected directly or 
inductively to one pole or terminal of the 
source of energy, as set forth. 

6. In a systemof electric lighting, the com 
bination,with a source of currents of enormous 
frequency and excessively high potential, 
of incandescent lighting devices, each con 
sisting of a conducting body inclosed in a 
rare?ed or exhausted 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 

‘source, as set forth. 
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70 ‘in e: sysiem of electric lighting, the com 
bination, with seen me 0f eurrents of enermous 
frequency of excessively high poientia?, of 
?ghting devices? each eonsistizag ‘of a- con 
e‘iueting 11006137 inelosec? in e rare?ed or ex 
ha‘msted'reeeiver and eesnee‘ted by e0nduet-' 

directly or in?uctive'ly with we Qf ‘the 
ipeymimels of said som‘ee, e11 ‘pants 05 U38 con 

duetors intermediate to the said source and 
the light-giving" body-being insulated. and pro 
tested to ‘prevent the dissipation of the e1ec~ 
trio energy, as herein set forth. 

' NIKOLA TESLA~ ‘ 

Witnesses: 
PARKER W. PAGE, 
1%. G. TRACY. 

I 



(No Model.) 
N. TESLA. 

ELECTRIC INGANDBSGBNT LAMP. 

No. 455,069. Y y .Patented June 30, ‘1891. 

wz 'mums ravens co., »num-wma., wnsnmcfon, n. c. 



IO 

25 

30 

40 

15 

50 

UNITED STATES PATENT OEEICE. 

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

.ELECTRIC IÑCANDESCEN‘T LAMP. 

SPECIFICATION forming part of Letters Patent No. 455,069, dated June 30, 1891. 
. ' n 

Application iiled May 14, 1891. 

To all whom it may concern: 
Be it known thatI I, NIKOLA TEsLA,'a sub 

ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re 
siding at Newv York, in the county and State 
of New York, have invented certain new and 
useful 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 distinctly point out those 
features which distinguish my invention, I 
would state that heretofore electric lamps 
have been made, iirst, 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 lis rendered incandescent 
by the actual iiow or passage of a current 
through it, while in the second the luminous 
eifects, as heretofore produced, or, in fact, 

.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 maybe 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. - ` 

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 inductively to the ter~ 
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minals of a source of current of very great 
frequency Yand very high potential. 

The practical 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 coniined to a particular 
form of lamp whichI employ in anew system 
invented by me, which system involves, as 
one of its essential characteristics, the em 
ployment of currents or electric eifccts of a 
novel kind. 'Inl an application filed by me 
April 25, 1891, No. 390,414, I have shown and 
described this system in detail, and I there 
fore deem it sufiicient 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 efficient sources of light if the 
frequency of the current by which they are 
operated be sufficiently great and the poten 
tial suf?cie‘ntly high. To produce such cur 
rents, any known means may be utilized or 
the plan described in my said application fol 
lowed of disruptively discharging the accumu 
lated energy in a condenser into or through 
a primary circuit to produce a current of very 
high frequency, and inducing from this cur 
rent a Secondary current of avery much higher 
potential.> 

v I now refer to the drawings in illustration 
of the invention. 

Figure l is avertical sectional viewof a lamp 
constructed with leading-in wires for direct 
connection with a circuit or source of current. 
Fig. 2 is a similar view of a form of lamp ar 
rangedv for inductive connection with such 
source. 
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The common methods or steps followed in ' 
the manufacture of th e 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 are surrounded by small 
tubes or cups D. The joints between the 
wires C and the iucandescing 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 are then filled up with ñre~clay or 
other refractory non-conductor F, which is 
molded around the carbons G. The carbons or 
other refractory conductors or semi-conduet~ 
ors G are eompletelyisolated from one another. 
They are here shown as slender strips; but 
they may have any other desired shape. 
Lamps' thus made 'are attached to a vacu 
nm-pump in the usual way. After the pro 
cess of exhaustion has been carried on for 
some time they are brought to incandescence 
by a suitable current, by which the ñreclay 
is thoroughly baked and the occluded gases 
are driven off. The exhaustion is carried to 
the highest possible point, and the globe 
finally sealed oit at Il. Inasmuch as there is 
a tendency to sparking when the current is 
turned on before the exhaustion h’as been 
carried very high, it is well, when the char 
acter of the carbon admits of it, to cause their 
ends to approach, in order that the sparks 
may leap across between such points, where 
by the danger of injury to the cai-bons or the 
lamp is lessened. The conductors outside the 
globe, as well as all those which convey the 
current from the source, should be carefully 
insulated to prevent the dissipation of the 
current. y 

In lieu of connecting the two carbons di 
rectly to the circuit through leadingin 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 tubular portions B B’. Inside 
of these tubular extensions are condenser 
coatings K K’. 

.I .I are plugs of nre-clay or the like con 
tained in the extensions B B’. The two com 
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’,liaving metallic linings 
O O', with terminals adapted for connection 
with the circuit-wires. \Vith such currents 
as are employed to operate these lamps. con 
densers of small capacity, such as those thus 
made` transmit the energy from the outside 
circuit to the carbons within the globe with 
little loss. This lamp is exhaust-ed and sealed 
off from t-he pump in the same manneras that 
first described. There is no electrical con 
nection at any time between the two cai-bons 
of this lampand no visible discharge ortrans 
fer of current from one to the other through 

the highly-rareñed medium between them. 
The fact, therefore,.of their being renderedl 
incandescent by the action of such a current 
as I have described 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 
formand 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 demonstrated to be prac 
tical lamps. 

As the lamps which I employ and which 
are made as above described 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, ot' 
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 novelty in inylainps--viz., 
that they are exhausted to or beyond the non« 
striking point. 

W’hat I claim as my invention is--« 
l. An incandescent lamp consisting of two 

isolated refractory conductors contained in a 
non-striking vacuum and adapted to produce 
light by incandescenee, cach being provided 
with a terminal for connection with a source 
of electrical energy, as set forth. 

` 2. 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 connecting said bodies with the i 
two poles or terminals, respectively, of a 
source of electrical energy. 

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. 

l. 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 conduct 
ors near the joint', as set forth. 

NIKOLA TESLA. 
W itncsses: 

Roer. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NElV YORK, N. Y. 

ELECTRO-MAGNETIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 464,666, dated December 8, 1891. 

Application ?led July 13, 1891. Serial No. 399,312. (No model.) 

To all whom it may concern. 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, ro 
siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro - Magn etie 
Motors, of which the following is a speci?ca~ 
tion, reference being had to the drawing ac 
companying and forming a part of the same. 

The general object of my present invention 
is to secure arti?cially a difference of a quar 
ter of a phase between the currents in the 
two energizingcircnits of an alternating-cur 
rent electro-magnetic motor of that general 
class invented by me, in Which the action or 
operation is dependent upon the inductive in 
fluence upon a rotating armature of inde 
pendent ?eld magnets or coils exerted suc-_ 
cessively and not simultaniously. 

It is a well-known fact that if the field or 
energizing circuits of such a motor be both 
derived from the same source of alternating 
currents and a condenser of proper capacity 
be included in one of the same, approxi 
mately the desired difference of phase may 
be obtained between the currents ?owing di 
rectly from the source and those ?owing 
through the condenser; but the great size and 
expense of condensers for this purpose that 
would meet the requirements of the ordinary 
systems of comparatively low potential are 
practically prohibitory to their employment. 

Another new well-known method or plan 
of securing a difference of phase between the 
energizing-currents of meters of this kind is 
to induce by the currents in one circuit those 
in the other circuit or circuits; but no means 
have heretofore been proposed that would se 
cure in this way between the phases of the 
primary or inducing and the secondary or in 
duced currents that differencow-theoretically 
ninety degrees?-that is best adapted for prac» 
tical and economical working. 

I have deviseda means which renders prac 
ticableboth the above-described plans or meth~ 
ods, and by which I am enabled to obtain an 
economical and efficient alternating-current 
motor, my invention consisting in placing a 
condenser in the secondary or induced circuit 
of the motor above described and raising the 
potential of the secondary currents to such a 

degree that the capacity of the condenser, 
which is in part dependent on the potential, 
need be quite small. The value of this con 
denser will be determined in a well~under 
stood manner with reference to the self-induc 
tion and other conditions of the circuit, so as 
to cause the currents which pass through it 
to differ from the primary currents by a quar 
ter~phase. 

The drawing is a partly-diagrammatic ill us 
tration of a motor embodying my invention. 

1 have illustrated the invention as embodied 
in a motor in which the inductive relation of 
the primary and secondary circuits is secured 
by winding them inside the motor partly 
upon the same cores; but it will be under 
stood that the invention applies, generally, to 
other forms of motor in which one of the en 
ergizing-currents is induced in any way from 
the other. 

Let A 1)’ represent the poles of an alternat 
ing-current motor, of which 0 is the arma 
ture wound with coils D, closed upon them 
selves, as is now the general practice in mo 
tors of this kind. The poles A, which alter~ 
nate with poles B, are wound with coils of or 
dinary or coarse wire E in such direction as 
to make them of alternate north and south 
polarity, as indicated in the diagram by the 
characters N S. Over these coils or in other 
inductive relation to the same are wound long 
?ne-wire coils F F and in the same direction 
throughout as the coils E. These coils are 
secondaries, in which currents of very high 
potential are induced. I prefer to connect 
all the coils E in one series and all the sec 
ondaries F in another. 

On theintermcdiate poles B are wound ?ne 
wire energizing-coils G, which are connected 
in series with one another and also with the 
series of secondary coils F,‘the direction of 
winding being such that a current-impulse 
induced from the primarygcoils E imparts the 
same magnetism. to the poles B as that pro 
duced in poles A by the primary impulse. 
This condition is indicated by the characters 
N’ S’. 

In the circuit formed by the two sets of 
coils F and G is introduced a condenser E; 
otherwise the said circuit is closed upon itself, 
while the free ends of the circuit of coils E 
are connected to a source of alternating cur 
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rents. As the condenser capacity which is 
needed in any particular motor of this kind 
is dependent upon the rate of alternation or 
the potential, or both, its size or cost, as be 
fore explained, may be brought Within eco-. 
noniical limits for use With the ordinary cir 
cuits if the potential of the secondary circuit 
in the motor be sufficiently high. By giving 
to the condenser proper values any desired 
difference of phase between the'priinary and 
secondary energizing- circuits may be ob~ 
tained. 

lVhat I claim is—— 
1. In an alternating-current inotor provided 

with two or more energizing or ?eld circuits, 
one of which is adapted for connect-ion with 
a source of currents and the other or others 

it 464,666 

in inductive relation thereto, the combination, 
with the secondary or induced circuit or cir 
cuits, of aeondenser interposed in the same, 
as set forth. 

2. Injan alternating-current motor, the com 
bination of two energizing-circuits, one con 
nected or adapted for connection with a source 
of alternating currents, the other constitut 
ing a high-potential secondary circuit in in 
ductive relation to the first, and a condenser - 
interposed in said secondary circuit, as set 
forth. - 

NIKOLA TESLA. 

Witnesses: 
RoBT. F. GAYLORD, 
ERNEST HOPKINSON. 
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UNITED STATES 

NIKOLA TESLA, OF 

PATENT OFFICE. 

NEIV YORK, N. Y. 

ELECTRICAL CONDENSER. 

SPECIFICATION forming part of Letters Patent No. 464,667, dated December 8, 1891. 

Application ?led August l, 1891. 

To aZZ 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, 
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have invented a certain new and useful Im 
provement in Electrical Condensers, of which 
the following is a speci?cation, reference be 
ing had to the accompanying drawings. 

The subject of my present application is a 
new and improved electrical condenser con— 
structed with a view of obviating certain de 
fects which I have observed to exist in the or 
dinary forms of such apparatus when em 
ployed in the system devised by me of pro 
ducing light and other effects by means of 
currents of high frequency and high poten 
tial. , 

I have found that insulating material such 
as glass, mica, and, in general, those bodies 
which possess the highest speci?c inductive 
capacity are inferior as insulators in such 
devices when currents of the kind described 
are employed to those possessing high insu 
lating power, together with a smallerspeci?c 
inductive capacity, and I have also found that 
it is very desirable to exclude all gaseous mat 
ter from the apparatus, or any access to the 
same to the electri?ed surfaces, in order to 
prevent heating by molecular bombardment 
and the loss or injury consequentthereon. I 
have found that I may accomplish these re 
sults and produce highly efficient and reliable 
condensers by using oil as the dielectric, and 
in this my invention resides. 

No special construction of the condenser is 
necessary to a demonstration of the inven 
tion; but the plan admits of a particular con 
struction of condenser, in which the distance 
between the plates is adjustable, and of which 
I take advantage. 

In the accompanying drawings, Figure 1 ‘is 
a section of a condenser constructed in ac— 
cordance with my invention and having sta~ 

Serial No.401,356. (No model.) 

tionary plates, and Fig. 2 is a similar view of 
a condenser with adjustable plates. 

I use any suitable box or receptacle A to 
contain the plates or armatures. These lat 
ter are designated by B and G and are con 
nected, respectively, to terminals D and E, 
which pass out through the sides of the case. 
The plates ordinarily are separated by strips 
of porous insulating material If, which are 
used merely for the purpose of maintaining 
them in position. The space within the can 
is ?lled with oil G. Such a condenser will 
prove highly ei?cient and will'not become 
heated or permanentlyinjured. 

In many cases it is desirable to vary or ad 
just the capacity of a condenser, and this I 
provide for by securing the plates to adjust 
able supports—as, for example, to rods II— 
passing through stuffing-boxes K in the sides 
of the case A and furnished with nuts L, the 
ends of the rods being threaded for engage 
ment with the nuts. 

It is well known that oils possess insulating 
properties, and it has been a common prac< 
tiee to interpose a body of oil between two 
conductors for purposes of insulation; but I 
have discovered peculiar properties in oils 
which render them very valuable in this par 
ticular form of device, their employment in 
which has never heretofore and, so far as I 
am aware, been regard ed as necessary or even 
desirable. 

“That I claim is—~ ‘ , 

1. An electric condenser composed of plates 
or armatures immersed in oil. 

2. An electrical condenser composed of 
plates or armatures adjustable with respect 
to one another and immersed in oil. 

NIKOLA TESLA. 

\Vitnesses: 
PARKER W. PAGE, 
MARoELLA G. TRACY. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRICAL CONDUCTOR. 

SPECIFICATION forming part of Letters Patent No. 514,167, dated February 6, 18Q4. 

Application filed January 2, 1892. Serial No. 416,773. (No model.) 

To all whom, ¿t may concern,. 
Be it known 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 Line Conductors for Systems of Electrical 
Distribution, of which the followingis a speci 
fication, reference being had to the drawings 
accompanying and forming a part of the same. 

In any system of electrical transmission or 
distribution in which currents of excessively 
high potential are employed, and more par 
ticularly, when the frequency is high, there is 
a dissipation of energy from the conductor or 
conductors of the line, due to the electrifica 
tion of the atmosphere or other surrounding 
medium, or other causes. 

Heretofore it has been usual, in order to 
prevent loss by dissipation orinterference by 
induction on line conductors, to insulate the 
same and inclose them in a continuous con 
ducting sheathing or cover which has been 
connected with the ground by a good con 
ducting- path. 

The object of my invention is to prevent 
loss on line conductors in a system of electri 
cal transmission and distribution, more par 
ticularly such as that described by me in pat 
ent of June 23, i891, No. 454,622, but in any 
other system in which alternating or, gener 
ally speaking, varying currents of excessively 
high potential are employed. 

I have found that in these systems the use 
of a conducting sheath or screen around the 
line conductors and well grounded, or even 
brought into proximity to external conduc 
tors or large bodies, is attended by an actual 
and generally a seriousA loss of energy. I 
therefore maintain the sheath either entirely 
isolated or connected directly or inductively 
to the'ground, through a path which will prac 
tically prevent the passage of currents over 
it. I have also found that when a continu 
ous insulated sheath or screen is employed, 
there is greater liability to loss of energy by 
inductive action, for unless the sheath or 
screen be considerably shorter than the cur 
rent Waves passing in the conductor, electro 
motive forces will be set up between different 
points in the sheath, which will result in the 

passage between such points of induced cur 
rents. I, therefore, divide up the sheath or 
screen into short lengths, very much shorter 
than the wave lengths of the current used, so 
that the grounding of any one of such lengths 
or the approach thereto of a large body will re 
sult-in an inappreciable loss,orat most a small 
local draining of the energy,while the tendency 
of currents to flow between different points 
in the sheath is effectually overcome. The 
function of the sheath as a static screen for 
preventing the dissipation of the electric en 
ergy, however, requires for its complete ef 
fectiveness an uninterrupted conducting-pari 
tition or screen around the conductor. I at 
tain this respect in the case of a sectional 
screen, by causing the ends of the insulated 
divisions or sections of the same to overlap, 
interposing a suitable insulating material he 
tween the overlapping portions. By means 
of a conductor or conductors thus protected, 
I may transmit with slight loss and to great 
distances currents of very high potential and 
extremely high frequency. 

The invention is illustrated in the accom~ 
panying drawings in which 

Figure l illustrates portions of the conduc 
tor with the earth connections above de 
scribed. Fig. 2 is a sectional View of a por 
tion of the conductor on an enlarged scale. 

A is the central wire or conductor that car 
ries the current. 

B is an insulating coating. 
C is a conducting sheathing or screen, which 

may be externally insulated, if so desired. 
This sheathing is divided up, as shown, into 
short lengths or sections, and the end of one 
section overlaps or telescopes with the end of 
the adjacent sections but is insulated there- 
from by the material D. 

It is well known that a static screen, to be 
entirely effective as such, should have a 
ground connection, but it has been usual in 
such cases to provide a good electrical con 
nection from the screen to earth. When a 
current of excessively high potential, how 
ever, is used, or when the frequency of the 
current is very high, such a connection isim 
practicable on account of the loss which fol 
lows. In such cases, therefore, I obtain the 
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beneficial results of an earth connection While 
preventing the generally serious loss that 
would occur in the use of such currents, by 
providing between the sheath and the ground 
a path P of Very high ohrnic resistance or one 
containing a self-induction coilS properly de 
termined With respect to the existing condi 
tions so that it Will effect the described re 

Y sult, or a condenser of very small capacity as 
IO shown at R. In such cases the sheathing or 

screen for practical purposes may be regard 
ed as isolated from the ground, since by the 
character of the connection employed no ap 
preciable loss results from the passage ot‘ cur 
rent from the sheath to the ground. 

No particular plan of construction need be 
followed in making up this conductor, and no 
special materials of the several kinds named 
need be used; the general construction and 
character of the conductor, apart from the 
particular features herein described, being en 
tirely Well understood by those skilled in the 
art. » 

514,167 

1. A conductor for electric circuits, com- z5 
posed ot' a Wire for carrying the current, an 
insulated coating or covering and a surround 
ing conducting sheath or screen divided into 
insulated sections, as set forth. 

2. A conductor for electric circuits, corn 
posed of a Wire for carrying the current, a 
coating or covering of insulating materialand 
a surrounding conducting sheath or screen 
divided into insulated sections, the ends of 
Whichoverlap, as set forth. ' 

3. The combination lof a wire or conductor 
for conveying electric currents, an insulated 
coating or covering therefor, a conducting 
sheath or screen surrounding the insulating 
coating and a connection between said sheath 
ing and the ground .containing a condenser 
of very small capacity or its equivalent. 

NIKOLA TESLA. 
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ERNEST HoPKINsoN, 
PARKER. W. PAGE. 
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NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRIC-RAILWAY SYSTEM. 

SPECIFICATION forming part of Letters Patent No. 514,972, dated February 20, 1894. 
Application ?led January 2, 1892. gcrial No. 416,774. (No model.) 

T0 at” whom it may concern. 
Be it known 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 Electric-Railway Systems, of which the fol 
lowing is a speci?cation, 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 contacts 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 the line 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 the line conductorand 
surround it with a conducting coating that 
serves as a screen, wandI 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. In the car, or to 
each of a number running on a given track, 

' equipped in accordance with my invention, I 
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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 ‘carried in proximity to the line con 
ductor, so as to take o?, 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. 
7 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 
ductor. . 

I propose to employ an iron conduit A, 
which is buried preferably between the rails. 
of the track and provided with a longitudinal 
slot along its top close to one edge or side. A 
?ange B is formed or applied along the slot, 
forming a protected chamber or compartment 
forcontainingthelineconductor. Thischam 
ber should be of such form in cross~section 
that its walls will be symmetrically disposed 
with respect to the conductorrunning through 
it, and thus reduce to a minimum any dis 
turbing inductive effects which would be pro 
duced by an unsymmetrical disposition of the 
walls with respect to the conducting screen or 
covering around the conductor. 

For the line conductor I employ a suitable 
wire 0, surrounded by an ' insulated coating 7 

75 D, which ‘is inclosed in a metallic sheathing 
G. For the latter I prefer to use iron pipes 
provided with perforated lugs F, by means 
of which the conductor is suspended by in 
sulated rods or other devices E. I also divide 
up the conducting screen or sheathing into 
sections insulated from one another, but over 
lapping so as to leave no breaks in the screen. 
The advantage in dividing up thescreen in 
this manner is that the loss due to currents 
induced in the outer conductor is reduced, 
while at the same time the grounding of any 
one section would result in a very small loss 
compared with what would take place from a 
continuous sheath; moreover, by overlapping 
the ends of the sections but little opportunity 
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 
the kind employed. Connected with the mo 
tor or car is an iron or conducting tube I, 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 
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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tube 1, and all parts of the said .plate except 
the surface exposed to the conductor 0, or its 
metallic sheath, are insulated and protected 
by a metallic screen L. It is obvious that all 
portions of the arm as well as the plate itself 
may be insulated as by a water-proof cover 
mg, and it will be understood that the prin 
cipal object of the invention would still be 
attained even though the plate were in actual 
contact with the screen while the car is in 

3' motion. 

1 5 

o of a plate J of any 
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In operation, the line conductor C is con 
nected with a source of current of very high 
potential and great frequency. 7 This current 
may be conveyed to any desired distance 
without material loss, as the insulated metal 

lic covering or sheath around. the conductor 
serves as a static screen to prevent the dissi 
pation of the energy. The presence, however, 

car close to the sheath or 
screen disturbs the electrical equilibrium and 
sets up by condenser action a transfer of en 
ergy from the screen to the plate suiiicient 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 
ducting bodies, bnt the single continuous 
screen 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-induction or resistance, as 
shown in dotted lines at G’ in Fig. 1. 

I do not claim in this application the par 
ticular line conductor described, nor the 
broad idea of inducing from a stationary con 
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ductor the current to operate the motor on a 
traveling car or other vehicle, but 

\Vhat 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 
electrically screened supply conductor ex 
tending along the line of travel, a motor car 
or cars carrying a conducting plate or bar in 
inductive relation to the screened conductor 
and an electrical connection between the said 
plate and the motor, as set forth. 

45 

2. 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 or screen dividedinto insulated 
sections and surrounding the said conductor, 
a motor car supporting a conducting bodyin 
proximity to the supply conductor and an 
electrical connection between said body and 
the motor as set forth. 

3. In an electrical railway system, the com 
bination with a slotted conduit of an insulated 
conductor supported therein, an insulated 
sheath or screen surrounding the conductor, 
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 eonduit,and an electrical connection 
between the plate and the motor, as set forth. 

NIKOLA TESLA. 

Witnesses: 
ERNEST HorKINsoN, 
PARKER W. PAGE. 
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UNITED STATES PATENT OFFICE. 

NIKOLA TESLA, on NEW YORK, N. Y. 

MEANS FOR GENERATING ELECTRIC CURRENTS. 

SPECIFICATION forming part of Letters Patent No. 514,168, dated February 6, 1894. 

Application ?led August 2, 1893. Serial No. 482,194. (No model.) 

T0 at” whom it may concern. 
Be it known 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 Means for Generating Electric Currents, of 
which the following is a speci?cation, refer 
ence being had to the 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 vLetters 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 circuit of suitable capacity into a 
working circuit containing translating de 
vices. 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 circuit, I have found it to 
be of advantage not only to break up or de 
stroy the least tendency to continuity of the 
are 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 conducting 
bridge at predetermined intervals. To ob 
tain the best results, moreover, I ?nd it es 
sential to maintain at the point of discharge 
a ?ow of the insulating medium, or, in gen 
eral, such a circulation of the same as will 
constantly operate to cut oif or break up the 
discharge as fast as it is established. The 
accomplishment of this latter result involves 
the employment of some mechanism for main 
taining the ?ow 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 
?cial result which is the maintenance of a 
?ow or circulation of the insulating liquid 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. By 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 inde?nite 
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 the system and de 
vices employed by me. Fig. 2 is a sectional 
view of a detail of mechanism. 

G represents an electric generator, as for 
instance, an ordinary alternator, in the cir 
cuit of which is the primary P of a trans 
former, of which S represents the secondary, 
which is usually of much longer and ?ner 
wire than the primary. To the secondary cir 
cuit, if it have not of itself suiiicient capac 
ity for the purpose herein contemplated, are 
connected the plates of a condenser O, and at 
any point in said circuit isa break or gap at 
which occurs the disruptive discharge. In a 
portion of the secondary circuit, preferably 
in series with the condenser, as shown in the 
drawings, is a primary coil 1" with which is 
associated a secondary S’, which latter con 
stitutes the ultimate source of currents for a 
working circuit D in which or with which are 
connected translating devices E. Under the 
conditions assumed it will be understood that 
by the oscillation or change caused by the ac 
tion of the discharge, 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 ?xed 
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 effective 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 is secured 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 ?lled with oil and the 
latter is drawn 06 or permitted to ?ow 01f 
through the tube A, the turbine will be ro 
tated by the ?ow, the rate of rotation being 
dependent upon the rate of ?ow. By this 
means the are or discharge is periodically es‘ 
tablished through a ?ow of _oil, which secures 
in the most- satisfactory manner the condi 
tions best adapted for practical results. 

The further objects of the invention are se 
cured by placing the transformer P’ S’ in the 
body of oil in the tank B, and the condenser 
in a closed receptacle L. Then in order to 

‘ 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 Lby 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 0 from the 
latter back to the tank B. 

When necessary or desirable I may insert 
in the pipe 0 a coil R, which is contained in 
a jacket T through which a cooling medium 
is passed. . 

The ?ow of oil is regulated by the speed at 
which the pump N is driven, and by this 
means the period of re-establishment of the 
arc is controlled. 

Having now described 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 
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scribed, 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 ?ow of insulating 
liquid, as set forth. 

2. In an electrical system of the kind de 
scribed, the combination witha transformer, 
and the points or terminals between which 
occurs the‘ intermittent or oscillating dis 
charge, of a body of insulating liquid sur 
rounding the same, and means for maintain 
ing a ?ow or circulation of the same, as set 
forth. ' 

3. In an electrical system of the kind de 
scribed, 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 
?ow of the oil through said receptacles and 
around the devices therein, as set forth. 

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

5. The combination with discharge points 
immersed in oil, of means for periodically va 
rying the length of the path of discharge'be 
tween them, as described. 

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 ?ow of 
the oil between said points and a metallic 
turbine mounted between the points and 
adapted by the rotation produced by the ?ow 
ing oil to bridge with its vanes or blades the 
space between the said points. ' 

NIKOLA TESLA. 
Witnesses: 

RoBr. F. GAYLORD, 
PARKER W. PAGE. 
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T0 M_Z whom it may concern. 
Be 1t known 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 
1n Reciprocating Engines, of which the fol 
lowing is a specification, reference being had 
tothe drawing accompanying and forming a 

. part of the same. 
[O In the invention'which forms the subject of 

my present application, my object 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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s maintenance of constant speed. This, whilel 

50 

will yield an oscillatory movement which, 
_within very wideV 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 objects 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 whichresult 
in these by the combination with rotating 
parts possessing great inertia of a reci procat 
ing system; which also, is better adapted for 
use at higher temperatures and pressures, andl 
which is capable of useful and practical ap-; 
plication to general industrial purposes, par 
ticularly insmall> units. 

The invention is based upon certain well 
known mechanical principlesa 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 production 
of `mechanical motion it has been customary 
to connect with the reciprocatingor 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 

securing in a measure this obj ect, renders im 
possible the attainment of 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, 

where reciprocating engines or tools have been 
used without a rotating system of great iner 
tia, no attempt, so far as I know, has been 
made to secure conditions which would nec 
essarily yield such results as I have reached. 

It is a well known principle that if a spring 
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 mayv form an immediate part. This is 
known to be true in all cases where the force . 

vwhich tends to bring the spring or movable 
system into a given position is proportionate 
to the displacement. ' 

In carrying out my invention and for secur 
ing the objects in general terms stated above, 
I employ the energy of steam or gasunder 
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 im pelled piston, and the natural vibra 
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tions of the spring shall always correspond y 
in direction and‘ coincide in time. 

ÑVhile, in- the practice of the invention I 
may employ any kind of spring or elastic 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 rne 
chanical diñiculties in the use of ordinary or 
metallic springs are serious, owing mainly, to 
their tendency to break. Moreover, instead 
of permitting the piston to impinge directly 
upon such cushions within its own cylinder, 
I prefer, in- order to avoid the iniiuence 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 
izethe 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 v 
atmosphere, for thus a spring of practically 
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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 
the accompanying drawing which represents 
in central cross-section an engine embodying 
my improvements. 

A is the main cylinder in which works a 
piston B. Inlet ports O C 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 cylinder 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 F, which communicate 
through openings G in the piston with the 
cylinder on opposite sides of said piston re 
spectively. 

I do not consider as ot 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 aíïect 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 one side 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 I-I. 

The cylinderI is without ports 'of any kind 
and is air-tight except as a small leakage may 
occur through the bearings V, which experi 
ence has shown need not be fitted with any 
very considerable accuracy. The cylinder I 
is surrounded by a jacket K which leaves an 
open space or chamber around it. The bear~ 
ings V in the cylinder I, extend through the 
jacket K to the outside air and 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 cylinder A run 
from the said chamber, oil cups M being con 
veniently arranged to deliver oil'into the said 
pipes for lubricating the piston. 

In the particular form of engine shown,the 
jacket K which contains the cylinder I is pro 
vided with a iiange N by which it is screwed 
to the end of the cylinder A. A small cham 
ber O is thus formed which has air vents l? 
in its sides and drip pipes Q leading out from 
it through which the oil which collects in it 
is carried oí. ' 

514,169 

To explain now the operation ot' the device 
above described. In 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 cylinder I and the air on both 
sides of the same is at the normal pressurew 
ot' 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 as by 
a sudden blow, the latter is caused to recip 
rocate in a manner well understood. The 
movement ot' 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 
ot' the steam or compressed airin that end of 
the cylinder toward which it is moving and 
as in its movement the piston has shut ott 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 compress and rarity 
the air in the cylinder I at opposite ends of 
the same alternately. A forward stroke com 
presses the air ahead 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 cylinder is exactly the same in princi 
ple as though the piston rod were connected 
to the middle point of a coiled spring, the 
ends of which are connected to fixed supports. 
Consequently the two chambers may be con 
sidered as asingle spring. The compressions 
of the air in the cylinder I and the conse 
quent loss of energy due mainly to the im 
perfect elasticity ot the air, give rise to a very 
considerable amount of heat. This heat I 
utilize by conducting the steam or compressed 
air to the engine cylinder through the cham 
ber formed by the jacket surrounding the air 
spring cylinder. The heat thus taken up and 
used to raise the temperature of the steam or 
air acting upon the piston is availed of to in 
crease the etliciency 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 tothe 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 bygiving to 
the con lining 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 the air-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 ofoscillation of 
a pendulum permanently maintained in vi 
bration, upon the force which periodically 
impels it, the effect of variations in such force 
being merely toproduce corresponding vari 
ations in the length of stroke or amplitude of 
"Vibration respectively. The period 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 voscillation 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 
thecylinder 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 lit around the piston rod according to 
the pressure. therein, so that the pressure-of 
the air on opposite sides of the plunger will 
always tend to remain at that of the outside 

i 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 drives a train of wheels. These 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 von oppo 
site sides of the same, one end of the pawl 
at each half oscillation acting to propel the 
wheel forward through the space of one tooth 
when it is engaged and locked by the other 

~ endon the last half of the oscillation which 
brings the first end into position to engage 
with another tooth. , 

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

istics of the engine render it especially adapt 
ed for use in small sizes or units. 

Having now described my invention, what 
I claim is- " 

l. A reciprocating engine comprising in 
combination, a cylinder, a piston anda spring 
connected with or acting upon the reciprocat 
ing element, the said spring and reciprocating 
element being related in substantially the 
manner described so that the forces which tend 
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 an air spring 
maintained in vibration by the movements of 
the piston, the piston and spring being related 
in substantially the manner described 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 cylinder anda pis 
ton adapted to be reciprocated by steam or 
gas under pressure, a cylinder and a plunger 
therein reciprocated bythe piston and consti 
tuting an air spring acting upon said piston, 
the piston and spring being related in the 
manner described so that the forces 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 described,which consists in 
reciprocating a piston by steam or gas under 
pressure and controlling the rate or period of 
reciprocation by the vibration of a' spring, as 
set forth. y 

6. The method of operating areciprocating 
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 compression of 
the spring to the steam vor gas driving the 
piston. 

NIKOLA TESLA. 
Witnesses: 

PARKER W. PAGE, 
R. F. GAYLoRD. 

65 

70 

75 

85 

90 

95 

IOO 

105 



(No Model.) 2 Sheets-Sheet 1. 
N. TESLA. 

ELECTRIC GENERATOR. 

No. 511,916. Patented Jan. 2,1894. 

I ' - l 
J ' I . 

[F IE’ 
3! 

. / 

TWO 1 (I! K 
B’ 

.M’ I M 

HI l 

, J 1 I 
K 1 

P 7 0 V H 7H? 

0 Q 
‘ JV 

. G’ 

A _ _=-_ 

‘i _E__ E 
a I c’ 

A 

D .P 

a 

“lxhmeom ' I ~ I awqmboz' 

" W WM M 

NNNNNNNNNNNNN ‘mouum counmv. > 

wAwm'rou. 0. c4 



(No Model.) 2 Sheets-Sheet 2. 11.1mm. 
ELECTRIC GENERATOR. 

No. 511,916. Patented Jan. 2,1894. 

* @J- 2 
El 

WW/LGOOGO _ fhweutoz 

we umloxu. umcmmhwm co: AAAAAA v, 



20 

25 

35 

45 

50 

UNITED STATES PATENT ‘OFFICE. 

NIKOLA TESLA, OF NEIV YORK, N. Y. 
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SPECIFICATION forming part of Letters Patent No. 511,916, dated January 2,‘ 1894. 
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To all whont it may concern. 
Be it known 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 Electric Generators, of which the follow 
ing is a speci?cation, reference being had to 
the drawings accompanying and forming a 
part of the same. 

In an application of even date herewith, 
Serial No. $3,563, I have shown and described 
a form of engine invented by me, which, un 
der the in?uence of an applied force such as 
the elastic tension of steam or a gas under 
pressure, yields an oscillation of constant 
period. . 

In order that my present invention may be 
more readily understood I will explain the 
conditions which are to be observed in order 
to secure this result. 

It is a well known mechanical principle 
that it‘ a spring possessing a sensible inertia 
be brought under tension, as by being 
stretched, and then freed, it will perform vi 
brations which are isoehronous, and as to 
period, in the main, dependent upon the ri 
gidity of the spring, and its own inertia or that 
of the system of which it may form an imme 
diate 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 the construction of my engine above re 
ferred to I have followed and applied this 
principle, that is to say, I employ a cylinder 
and a piston which in any suitable manner I 
maintain in reciprocation by steam or gas 
under pressure. To the moving piston or to 
the cylinder, in case the latter rec1proeate 
and the piston remain stationary, a spring is 
connected so as to be maintained in vibration 
thereby, and whatever may be the inertia of 
the piston or of the moving system and the 
rigidity of the spring relatively to each other, 
provided, the practical limits within which 
the law holds true that the forces whichtend 
to bring the moving system to a given'position 
are proportionate to the displacement, are not 
exceeded, the impulses of the power impelled 
piston and the natural vibrations of the spring 
will always correspond in direction and coin 
cide in time. In the case of the engine referred 

to,the ports are so arranged that the movement 
of the piston within the cylinder in either di 
rection ceases when the force tending to impel 
it and the momentum which it has acquired 
are counterbalanced by the increasing press 
ure of the steam or compressed air in that end 
of the cylinder toward which it is moving, and 
as in its movement the piston has shut oif at 
a given point, the pressure that impelled itand 
established the pressure that tends to return it, 
it is then impelled in the opposite direction, 
and this action is continued as long as the 
requisite pressure is applied. The length of 
the stroke will vary with the pressure, but 
the rate or period of reciprocation is no more 
dependent upon the pressure applied to drive 
the piston, than would be the period of oscil 
lation of a pendulum permanently maintained 
in vibration, upon the force which periodically 
impels it, the effectot variations in such force 
being merely to produce corresponding varia 
tions in the length of stroke or amplitude of 
vibration respectively. 

In practice I have found that the best re 
sults are secured by the employment of an 
airy spring, that is, a body of con?ned air or 
gas which is compressed and rare?ed by the 
movements of the piston, and in order to se 
cure a spring of constant rigidity I prefer to 
employ a separate chamber or cylinder con 
taining air at the normal atmospheric press 
ure, although it might be at any other press 
ure, and in which works a plunger connected 
with or carried by the piston rod. The main 
reason why no engine heretofore has been 
capable of producing results of this nature is 
that it has been customary to connect with 
the reciprocating parts a heavy fly-wheel or 
some equivalent rotary system of relatively 
very great inertia, or in other cases where no 
rotary system was employed, as in certain re 
ciprocating engines or tools, no regard has 
been paid to the obtainment of the conditions 
essential to the end which I have in View, 
nor would the pressure of such conditions in 
said devices appear to’ result in any special 
advantage. 

Such an engine as I have described affords 
a means for accomplishing a result heretofore 
unattained, the continued production of elec 
tric currents of constant period, by impart 
ing the movements of the piston to a core or 

55 

65 

75 

85 

9O 

95 



511,916 . 

coil in a magnetic ?eld. It should be stated 
however, that in applying the engine for this 
purpose certain conditions are encountered 
which should be taken into consideration in 
order to satisfactorily secure the desired re 
sult. When a conductor is moved in a mag 
netic ?eld and a current caused to circulate 
th erein ,the electro-magnetic reaction between 
it and the ?eld, might disturb the mechanical 
oscillation to such an extent as to throw it 
out of isochronism. This, forinstan‘ce, might 
occur when. the electro-magnetic reaction is 
very great in comparison to the powerof the en-' 
gine, and there is'a retardation of the current 
so that the electromagnetic reaction might 
have an effect similar to that which would re 
sult from a variation of the tension of the 

_ spring, but if the circuit of the generator be 
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so adj ustedthat the phases of the electromo 
.tive force and current coincide .in time, that 
is to say, when the current is not retarded, 
then the generator driven by the engine acts 
merely as a frictional resistance and will not, 
as a rule, alter the period of the mechanical 
vibration, although it may varyits amplitude. 
This condition may be readily secured by 
properly proportioning the self induction and 
capacity of the circuit including the genera 
tor. 'I have, however, observed the further 
fact in connection with the use of such en 
gines as a means for running a generator, 
that it is advantageous that the period of the 
engineand the natural period of electrical 
vibration of the generator should be the same, 
as in such case-"thebestconditions for electri 
cal resonance are established and the possi 
bility of disturbing the period of mechanical 
vibrations is reduced to a minimum. Ihave 
found that even if the theoretical conditions 
necessary for maintaining a constant period in 
the engine itself are not exactly maintained, 
still the engine and generator combined will 
vibrate at a constant period. For example, if 
instead of usingin the engine an independent 
cylinder and plunger, as an air spring of prac 
tically constant rigidity, I cause the piston to 
impinge upon air cushions at the ends of its 
own cylinder, although the rigidity of such 

. cushions or springs might be considerably af 
fected and Varied by the variations of pressure 
within the cylinder, still by combining with 
such an engine a generator which has a period 
of its own approximately that of the engine, 
constant vibration may be maintained even 
through a considerable range of varying press 
ure, owing to the controlling action of the 
electro-magnetic system. I have even found 
that under certain conditions the in?uence 
of the electromagnetic system may be made 
so great as to entirely control the period of 
the mechanical vibration within wide limits 
of varying pressure. This is likely to occur 
in those instances where the power of the en 
gine while fully capable of maintaining a 
vibration once started, is not sufficient to 
change its rate. So, for the sake of illustra 
tion, if a pendulum is started in vibration, 

1 

and a small force applied periodically in the‘ _ ‘ 
proper direction to maintain it in motion, this 
force would have no substantial control over 
the period of the oscillation, unless the in 
ertia of the pendulum be small inlcomparison 
to the impelling force, and this would be true 
no matter through what fraction of the period 
the force may be applied. . ' In the case under 
consideration the engine is merely an agent 
for maintaining the vibration once started, 
although it will be understood that this does 
not preclude the performance of useful work 
which would simply result in a shortening of 
the stroke. My invention, therefore, involves 
the combination of a piston free to recipro 
cate under the in?uence of steam or a gas 
under pressure and the movableelement of e 
an electric generator which is in direct me 
chanical connection with the piston, and it 
is more especially the, object of my invention 
to secure from such combination electric cur-' 
rents of a constant period. In the attainment 
of this object I have found it preferable to 
construct the engine so that it of itself con 
trols the period, but as I have stated before‘, 
I may so modify the elements of the combi 
nation that the electro-magnetic system may 
exert a partial or even complete control of 
the period. _ I 

In‘illustration oflthe manner in which the 
invention is carried‘ out I now refer to the 
accompanying drawings. 

Figure l is a central sectional .view of an 
engine and generator embodying the inven 
tion. Fig. 2 is a modification of the same. 

Referring to Fig. 1 A is the‘main cylinder 
in which works a piston B. Inlet ports C 0 
pass through the sides of the cylinder open 
ing at the middle portion thereof and on oppo< 
site sides. Exhaust ports D D extend through 
the walls of the cylinder and are formed 
with branches that open into the interiorof 
the cylinder on each side of the inlet ports 
and on opposite sides of the cylinder. The 
piston B is formed with two circumferential 
grooves E F which communicate through 
openings G in the piston with-the cylinder on 
opposite sides of said piston respectively. 

The particular construction of the cylinder, 
the piston and the ports controlling it may 
be very much varied, and is not in itself ma-' 
terial, except that in the special case now un— 
der consideration it is .desirable that all the 
ports, and more especially the exhaust ports 
should be made very much larger than is usu 
ally the case so that no force due to the ac 
tion of the steam or compressed air will tend 
to retard or a?ect the return of the piston in 
either direction. The piston B is secured to 
a piston rod H which works in suitable stu? 
ing boxes in the heads of the cylinder A. 
This rod is prolonged on one side and extends 
through bearings V in a cylinder I suitably 
mounted or supported in line‘with the ?rst, 
and within which is a disk or plunger J car 
ried by the rod H. The cylinder I is without 
ports of any kind and is air-tight except as a 
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small leakage may occur through the bear 
ings V, which experience has shown need 
not be ?tted with any very considerable ac 
curacy. The cylinder I is surrounded by a 
jacket K which leaves an open space or cham 
ber around it. The bearings V in the cylin 
der I, extend through the jacket K to the out 
side air and the chamber between the cylin 
der and jacket is made steam or air-tight as 
by a suitable packing. The main supply pipe 
L for steam or compressed air leads into this 
chamber, and the two pipes that lead to the 
cylinder A run from the said chamber, oil 
cups M being conveniently arranged to de 
liver oil into the said pipes for lubricating 
the piston. In the particular form of engine 
shown, the jacket K which contains the cylin 
der I is provided with a flange N by which it 
is screwed to“ the end of the cylinder A. 
small chamber 0 is thus formed which has air 
vents P in its sides and drip pipes Q leading 
out from it through which the oil which col 
lects in it is carried off. 

To explain now the operation of the engine 
described,in 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 cylinder I and the air on both sides of the 
same is at the normal pressure of the outside 
atmosphere. It a source of steam or com 
pressed air be then connected to the inlet 
ports 0 O of the cylinder A and a movement 
be imparted to the piston as by a sudden blow, 
the latter is caused to reciprocate in a man 
ner well understood. The movements of the 
piston compress and rarefy the air in the cyl 
inder I at opposite ends of the same alter 
nately. A forward stroke compresses the air 
ahead of the plunger J which acts as a spring 
to return it. Similarly on the back strdke the 
air is compressed on the opposite side of the 
plunger J and tends to drive it forward. The 
compressions of the air in the cylinder I and 
the consequent loss of energy due mainly to 
the imperfect elasticity of the air, give rise to 
a very considerable amount of heat. This 
heat I utilize by conducting the steam or com 
pressed air to the engine cylinder through the 
chamber formed by the jacket surrounding 
the air-spring cylinder. The heat thus taken 
up and used to raise the temperature of the 
steam or air acting upon the piston is availed 
of to increase the e'liiciency of the engine. In 
any given engine of this kind the normal 
pressure 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 proper allow 
ance is made for a variation in the length of 
stroke by giving to the con?ning cylinder I 
of the air spring properly determined dimen 
sions. The greater the pressure upon the 

, piston, the higher the degree of compression 
of the air-spring, and the consequent coun» 
teracting force upon the plunger. The rate 

or period of reciprocation of the piston, how 
ever, is mainly determined as described above 
by the rigidity of the air spring and the in 
ertia of the moving system, and anylperiod 
of oscillation within very wide limits may be 
secured by properly portioning these factors, 
as by varying the dimensions of the air cham 
ber which is equivalent to varying the rig 
idity of the spring, or by adjusting the weight 
of the moving parts. These conditions are 
all readily determinable, and an engine con 
structed as herein described may be made to 
follow the principle of operation above stated 
and maintain a perfectly uniform period 
through very wide limits of pressure. 

The pressure of the air con?ned in the cyl 
inder when the plunger I is in its central po~ 
sition will always be practically that of the 
surrounding atmosphere, for while the cylin 
der is so constructed as 'not to permit 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 press 
ure therein, so that the pressure of the air on 
opposite sides of the plunger will always tend 
to remain at that of the outside atmosphere. 

To the piston rod II is secured a conductor 
or coil of wire D’ which by the movements of 
the piston is oscillated in the magnetic ?eld 
produced by two magnets B’ B’ which may 
be permanent magnets or energized by coils 
G’ 0’ connected with a source of continuous 
currents E’. The movement of the coil D’ 
across the lines of force established by the 
magnets gives rise to alternating currents in 
the coil. These currents, if the period of 
mechanical oscillation be constant will be of 
constant period, and may be utilized for any 
purpose desired. 

In the case under consideration it is as 
sumed as a necessary condition that the in 
ertia of the movable element of the genera 
tor and the electro-maguetic reaction which 
it exerts will not be of such character as to 
materially disturb the action of the engine. 

Fig. 2 is an example of a combination in 
which the engine is not of itself capable of 
determining entirely the period of oscillation, 
but in which the generator contributes to this 
end. In this ?gure the engine is the same as 
in Fig. 1. The exterior air spring is however 
omitted and the air spaces at the ends of the 
cylinder A relied on for accomplishing the 
same purpose. As the pressure in these 
spaces is liable to variations from variations 
in the steam or gas used in impelling the pis~ 
ton they might affect the period of oscillation, 
and the conditions are not as stable and cer 
tain as in the case of an engine constructed 
as in Fig. 1. But if the natural period of vi 
bration of the elastic system be made to ap 
proximately accord with the average period 
of the engine such tendencies to variation 
are very largely overcome and the engine will 
preserve its period even through a consid 
erable range of variations of pressure. The 
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generator in this case is composed of a mag 
netic casing F’ in which a laminated core G’ 
secured to the piston rod H is caused to vi 
brate. Surrounding the plunger are two ex 
citing coils O' O’, and one or more induced 
coils D’ D’. The coils ‘C’ O’ are connected 
with a generator of continuous currents E’ 
and are wound to produce consequent poles 
in the core G’. Any movement of the latter 
will therefore shift the lines of force through 
coils D’ D’ and produce currents therein. 

In the circuit of coils D’ is shown a con 
denser H’; It need only be said that by the 
use of a proper condenser the self induction 
of this circuit may be neutralized. Such‘a 
circuit will have a certain natural period of 
vibration, that is to say that when the elec 
tricity therein is disturbed in any way an 
electrical or electromagnetic vibration of‘a 
certain period takes place, and as this de 
pends upon the capacity and self induction, 
such period may be varied to approximately 
accord with the period of the engine. 

' In case the power of the engine be com‘ 
paratively small, as when the pressure is ap 
plied through a very small fraction of the 
total stroke, the electrical vibration will tend 
to control the period, and it is clear that if 
the character of such vibration be not very 
widely different from the average period of 
vibration of the engine under ordinary work 
ing conditions such control may be entire 
ly adequate to produce the desired results. 

Having now described my invention, what 
I claim is— 

1. The combination with the piston or equiv 
alent element of an engine which is free to 
reciprocate under the action thereon of steam 
or a gas under pressure, of the moving con 
ductor or element of an electric generator in 
direct mechanical connection therewith. 

2. The combination with the piston or equiv 
alent element of an engine which is free to 
reciprocate under the action of steam or a gas 
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under pressure, of the moving conductor or 
element of an electric generator in direct me 
chanical connection therewith, the engine and 
generator being adapted by their relative ad 
justment with respect to period to produce 
currents of constant period, as set forth. 

3. The combination with an engine compris 
ing a piston which is free to reciprocate un 
der the action of steam or a gas under press 
ure, and an electric generator having induc 
ing and induced elements one of which is ca 
pable of oscillation in the ?eld of force, the 
said movable element being carried by the 
piston rod of the engine, as set forth. 

4. The combination with an engine oper 
ated by steam or a gas under pressure and hav 
ing a constant period of reciprocation, of an 
electric generator, the moving element of 
which is carried by the reciprocating part of 
the engine, the generator and its circuit be 
ing so related to the engine with respect to 
the period of electrical vibration as not to 
disturb the period of the engine, as set forth. 

5. The combination with'a cylinder and a 
piston reciprocated by steam- or a gas under 
pressure of a spring maintained in vibration 
by the movement of the piston, and an elec 
tric generator, the movable conductor or ele 
ment of which is connected with the piston, 
these elements being constructed and adapt 
ed in the manner set forth for producing a 
current of constant period. 

6. The method of producing electric cur 
rents of constant period herein described 
which consists in imparting the oscillations 
of an engine to the moving element of an elec 
tric generator and regulating the period of 
mechanical oscillation by an adjustment of 
the reaction of the electric generator, as here 
in set forth. 

NIKOLA TESLA. Witnesses: 
PARKER W. PAGE, 
R. F. GAYLORD. 
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To all whom it may concern: _ 
Beit known that I, NIKOLA TESLA, a citizen 

of theUnited 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 speci?cation, 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 circuit, 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 rare?ed gas, mi 
nute particles are thrown off from the con 
ductor and are embodied in any apparatus in 

_ which the proper conditions for the above re 
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sults are present, and in which the amonnt'of 
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. As the most 
convenient means vof utilizing this principle 
in carrying out my invention, I have devised 
an instrument 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 
?laments 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 is exhausted to 

I» ‘the proper degree and which is sealed off after 

45 exhaustion in the usual manner. If the two 
conductors or carbons be connected to the two 
parts of a circuit over which ?ows an alter 
nating current of high tension, a discharge 
takes place from one carbon to the other al 
ternately, that causes in?nitesimal particles 
to be thrown off from each, which appreciably 
increases their electrical resistance. This, 

variation may be used as a measure of the 
energy of a current in a working circuit, as I 
shall now explain more in detail and by refer 
ring to the drawings hereto annexed, and in 
which—— Y . - 

Figure 1 illustrates the instrument above 
described and, diagrammatically, the manner 
of using the same. Fig. 2 is a cross section 
on an enlarged scale of 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 0, is connected to a ter 
minal of the secondary D of a high tension 
induction coil, preferably constructed with 
out iron. The carbons ‘are supported by the 
metallic'conductors 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 currents 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. p 

The action of the discharge in the tube 0 
from one conductor to the other produces a 
uniform throwing off of the in?nitesimal 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 0% in a 
given time is proportionate to the difference 
of potential between the two conductors, and 
hence the increase in the resistance of the 
conductors is in a de?nite 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 usual 
ways. Then a known current is caused to 
pass for a given time through the primary 
of the induction coil and a given number of 
lamps. The resistances of 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 calculation, the carbon 
conductors may be made rectangular in cross 
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 cal 
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 speci?c con‘ 
struction of the instrument herein shown, for 
the same may be 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 
rare?ed gas. 

The above described plan I regard as the 
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 currents, which consists in 
45 maintaining by such currents a high tension 

discharge through a rare?ed‘gas between two 

conductors, and computing from the amount 
of the particles thrown 0% from said conduc~ 
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 respectively with the 
circuit and separated by a rarefied gas sub 
stantially as set forth. 

3. The combination with aworking circuit 
of alternating currents, translating devices 
substantially as described 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 circuit 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 conductors 
mounted therein and coated with an insulat 
ing material 011 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 
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porting said carbons, the metallic conductors 85 
inside the receiver being coated with an in 
sulating material, as set forth. 

NIKOLA 'I‘ESLA. 

\Vitnesses: 
JAMES N. CA'rLoW, 
PARKER W. PAGE. 
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Application ?led December 29, 1893- Serial No. 495,079- (N0 model) - 

To aZZ 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 Improve 
ments in Steam-Engines, of which the follow 
ing 1s a speci?cation, reference being had to 
the drawings accompanying and forming a 
part of the same. ' 

lleretofore, engines, operated by the appli 
cation of a force such as the elastic tension 
of steam or a gas under pressure, have been 
provided with a ?y-Wheel, or some rotary sys 
tem equ1valent in its eifect and possessing 
relatively great mechanical inertia, which was 
relied upon for maintaininga uniform speed. 
I have produced however, an engine which 
without such appurtenances. produces, under 
very wlde variations of pressure, load, and 
other disturbing causes, an oscillating move 
ment of constant period, and have shown and ‘ 
described thesame in an application ?led on 
August 19, 1893, Serial No. 483,563. A de 
scription of the principle of the construction 
and mode of operation of this device 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 isochronous and, 
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 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 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 cause 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 vibrations of the spring shall 
always correspond in direction and coincide 
in time. In such an apparatus it being es 
sential that the inertia of the moving system 
and the rigidity of the spring should bear 

certain de?nite 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 to reciprocate, or in other words,’ 
is not connected Witha ?y 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 
?cation of the same, _ 

Referring to Fig. 1,A designatesa cylinder 
containing a reciprocating piston B secured 
to a rod 0 extending through one or both cyl 
inder heads. 7 - ’ 

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 Bis provided 
with the'usual passages F F’ which by the 
movements of the piston are brought alter 
nately into communication with the exhaust 
port. '' a , 

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 ducts D D’ to the ends of the cyl 
inder. ' 

The parts thus described may be considered 
as exemplifying any cylinder, 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 a small engine of 
constant period,'con‘structed substantially as 
follows :—a is the cylinder, in which works the 
piston b. An inlet pipe 0 passes through the 
side of the cylinder at the middle portion of 
the same. The cylinder exhausts through 
ports 01 (1 into a chamber 01' provided with an 
opening r_". The piston 12 is provided with 
.two circumferential grooves e, f which com 
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municate through openings gin the same 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 usually done, so that no force due to the ac 
tion of the steam or compressed air in the 
chambers will tend to retard or accelerate the 
movement of the piston in either direction. 
The piston 12 is secured to a rod h which ex 
tends through the cylinder heads, the lower 
end carrying the vslide valve above described 
and the upper end having secured to it a 
plungerj in a cylinder 1' ?xed to the cylinder 
at and in line with it. The cylinder 1' is with 
out ports of any kind and is air-tight except 
that leakage may occur around the piston rod 
which does not require to be very close ?tting, 
and constitutes an ordinary form of air spring. 

If steam or a gas under pressure be admit 
ted through the port a to either side of the 
piston b, the latter, as will be understood, may 
be maintained in reciprocation, and it is free to 
move, in the sense that its movement in 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 
cylinder toward which it is moving, and as in 
its movement the piston has shut oil": at a given 
point, the pressure that impelled it and estab 
lished the pressure that tends to return it, it is 
then impelled in the opposite direction, and 
this action is continued as long as the requi 
site pressure is applied. The movements of 
the piston compress and raret'y the air in the 
cylinder 2' at opposite ends of the same alter 
nately, and this results in the heating of the 
cylinder. But 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 '5 with a jacket a’ which is open 
to the air and ?lled with water. 

In-such an engine as that just above de 
scribed the normal pressure will produce a 
stroke of determined length, which may be 
increased or diminished according to the in 
crease of pressure above or the reduction of 
pressure below the normal and due allowance 
is made in constructing 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 variations in 
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 
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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 h’. Since the only work which the 
small engine has to perform is the reciproca 
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. ' lVhatever may be the load on the 
main engine therefore the steam is admitted 
to the cylinder at de?ned intervals, and thus 
any tendency to a change of the period of 
vibration in the main engine is overcome. 

The control of the main engine by the en 
gine of constant period may be effected in 
other ways-0t’ which Fig. 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 ?gure I have shown two cyl 
inders A A’ placed end to end with a piston 
B and B’ in each. The cylinder of the con 
trolling engine is formed by or in the casing 
intermediate to the two main cylinders but in 
allotheressentialrespects theconstruction and 
mode of operation of the controlling engine re 
mains as described in connection with Fig. 1. 
The exhaust ports at cl however, constitute the 
inlet ports of the cylinders A A’ and the ex 
haust of the latter is eitected 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 described 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 directly or indirectly. 

In another application of even date here 
with I have shown and described 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 de?ned character which has the capa 
bility of an oscillating movement of constant 
period. 

WVhat I claim is 
1. The combination with the cylinder and 

reciprocating 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 saidv 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 to said cylinder, 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 controlling 
engine comprising a cylinder, 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. ‘ 

4c. The combination 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 receptacle 
around the said cylinder and containlng wa 
ter to preserve the temperature of the an 
spring uniform, as set forth. 

5. The combination with. a cylinder, a re 
ciprocating piston and valve mechanism {for 
controlling the admission and .exhaustof 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 belng 
related in substantially the manner described 
to produce a reciprocating movementof con 
stant period. t . 

NIKOLA TESLA. 

Witnesses: 
ARTHUR H. SMITH, 
ERNEST HOPKINSON. 
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To all whom it may concern. 
Be it known 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 Apparatus for the Production of Electric 
Currents of High Frequency and Potential, 
of which the following is a speci?cation, ref 
erence being had to the drawings accompany 
ing and forming a part of the same. 

The inventionwhich forms the subject of 
my present application is embodied in an im 
provement on an electrical apparatus in~ 
vented by me and described in prior Letters 
Patent, notably in United States Patents No. 
462,418, dated November 3, 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 
latin g 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 circuits carry 
ing direct currents, such as the ordinary mu 
nicipal incandescent-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 

Serial No. 588,531}. (No model.) 

pose a device or devices in the nature of a 
choking-coil in order to give to the circuit a 
high self-induction. I also 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 sec 
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 by 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 
wellas 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 by speci?cally different arrange 
ments of apparatus,but in the drawings hereto 
annexed I have illustrated forms which are 
typical of the best and most practicable 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 modi?cation of 
the same. , 

Referring to Fig. 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 C. This latter 
may be an ordinary metallic disk or cylinder 
with teeth or separated segments D D E E, of 
which one or more pairs, as E E, diametrically 
opposite, are integral or in electrical contact 
with the body of the cylinder, so that when 
the controller is inthe position in which the 

55 

65 

75 

85 

90 

Ice 



IO 

15 

25 

35 

45 

55 

2 568,176 

two brushes F F bear upon two of said seg 
ments E E the circuit through the choking 
coils B will be closed. The segments 1) D are 
insulated, and while shown in the drawings 
as of substantially the same length of are as 
the segments E E this latter relation may be 
varied at will to regulate the periods of charg 
ing and discharging. 

The controller 0 is designed to be rotated 
by any proper device, such, for example, as 
an electromagnetic motor, as shown in Fig. 2, 
receiving current either from the main source 
or elsewhere. Around the controller 0, or in 
general in parallel therewith, is a condenser 
H, 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 Orooke’s tubes, or the pro 
duction of high vacua. 

IL’ indicates the circuit from the secondary, 
which may be regarded as the working circuit. 

A more convenient and simpli?ed arrange 
ment of the apparatus is shown in Fig. 2. In 
this case the small motor G, which drives the 
controller, has its ?eld-coils in derivation to 
the main circuit, and the cont-roller O and 
condenser II are in parallel in the ?eld-cir 
cuit between the two coils. In such case the 
?eld-coils M take the place of the choking 
coils 1-3. 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 
?eld-circuit of the motor should be so rapid 
as to permit only a partial demagnetization 
of the cores. These'latter, however, should in 
this specific arrangement be laminated. 

The apparatus, as will now be seen, com 
prises, as essential elements, choking-coils, a 
circuit - controller, means for rotating the 
same, a condenser, and a transformer. These 
elements may be mechanically associated in 
any convenient and compact form, but so far 
as their general arrangement and relations 
are 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 the insulation of 
any of the devices is reduced to a minimum. 

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

For instance, the choking-coil as a distinctive 
device may be wholly dispensed with, pro‘ 
vided the circuit in which it must otherwise 
he placed have a su?iciently high self-induc 
tion produced in other ways. So, too, the ne 
cessity of a condenser, strictly speaking, is 
avoided when the circuit 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 adapted to make and break such circuit, 
a condenser 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 direct 
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 circuit with the condenser as set forth. 

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

ii. 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 circuit 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 iieldqnag 
nets in said circuit and driving the said con 
troller, a condenser connected with the cir 
cuit around the point of interruption therein 
and a transformer the primary of which is in 
circuit with the condenser as set forth. 

NIKOILA 'J‘ESLA. 
\V itnesses: 

EDWIN B. IIO'PKINSON, 
M. Lawson DYER. 
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UNITED STATES 
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To all whom, it may concern..- _ 
Be-it known that I, NIKOLA TESLA, a citi 

have invented certain new and useful Im 
provements ‘in Apparatus. for Producing 
Ozone, of whichthe following is a speci?ca 
tion, reference being had to the drawings ac 
companying and forming a part of the same. 

The invention subject of my present appli 
cation has primarily as its object to provide 
a simple, cheap, and eifective apparatus for‘ 
the production of ozone or such gases as are 
obtained by the action of high-tension elec 
trical discharges, although in the application» 
to such purposes of the apparatus heretofore 
invented by me and designed for the produc 
tion of electric currents of high frequency and 
potential I have made certain improvements 

useful'in other and more general applications 
of the same. I have heretofore shown and de 
scribed, notably in Patents N 0. 462,418, dated 
November 3, 1891, and’ No. 454,622, dated 
June 23, 1891, an apparatus devised for the 
purpose of converting and supplying elec 
trical energy in a form suited for the produc 
tion of certain novel electrical phenomena 
which require currents of higher frequency 
and potential than can readily or even possi 
bly be developed by generators of the ordi 
nary types or by'such mechanical appliances 
as were theretofore known. I This apparatus 
involved means for utilizing the intermittent 
or oscillating discharge of the ~accumulated 
electrical energy of a condenser or a circuit 
possessing capacity in what may be desig 
nated. the “working” circuit or that which 
contains the translating devices or means for 
utilizing such currents. In my present im 
provement I have utilized appliances of this 
general character under conditions and in 
combination with certain instrumenta‘lities, 
hereinafter described,which enable in e to pro 
duce, without difficulty and at very slight ex 
pense, ozone 'in . any desired quantities. I 
would state the apparatus which I have de 
vised for this purpose is capable of other and 
highlyimportant uses of a similar nature, 
but for purposes of the present case I deem 

satin No. 595,927.. on model.) 

fects when used fo'r the 
ing ozone. 

In the accompanying drawings, illustrative 
of the principle of construction and mode of 
operation of my improvement, Figure l is a 
diagrammatic illustration of the. invention; 
and Fig. 2,!a View, partly in side elevation 
and partly in section, of the apparatus as I 
construct it for practical use. ' 

The device hereinafter described is espe 
cially designed for direct application to and 
use with existing circuits carrying direct cur 
rents, such as the ordinary municipal incan 
descent-lighting circuits. ‘ ' - ' _ . 

Let A B designate the terminals from any 

purpose of generat 

' given circuit of this character. ' In such cir-l 
cuit I connect up an electromagnetic motor 
0 in any of the usual ways. ‘That is to say, 

the coils of the ?eld and armature may be in 
series or derivation ‘or wholly independent, 
and either or‘ both are connected up in the 
circuit. In the present instance one termi 
nal, as B, is connected to one of the binding 
posts, from which the circuit is led through 
one ?eld-coil, _D, the brushes and commutator 
E, the‘ other ?eld-coil, F, and thence to a 
brush G, which rests uponacircuit-controller 
H, consisting in general of a conducting disk 
or cylinder with insulatingesections in its pc 
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riphery. The other terminal, as 'A, connects ' 
with a second brush K, bearing on the con 
troller, so that the current which passes 
through and operates the motor is period- ' 
ically interrupted. _ For this reason the iron 
cores of the motor should be laminated. 
Around, the controller is formed a circuit of 
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low ‘self-induction, whichincludes a con-‘ 
denser L and the primaryM of a transformer. 
The circuitv including the motor is of rela—. 
tive’ly high self-induction, and this property 
is imparted to it by the coils of the motor, or, 
when these ‘are not sut?cient, bythe addition 
of suitable choking-coils, so that at each 
break of the motor-circuit a current of . high 
electromotive force will be developed " for 

90 

charging the condenser, which may therefore . 
be small and inexpensive. The condenser 
discharges through the circuit which ‘is comi 
pleted through the brushes G K and the con 
troller H, and since the self-induction of this 
circuit, as well as the capacity of, the con 
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denser itself, may be given practically any 
desired value the frequency of the discharge 
current may be adjusted at will. The poten 
tial of the high-frequency discharge-current 
is raised by a secondary coil NY in inductive 
relation to the primary M, The conductors 
of such secondary circuit areconnected to 
two insulated conducting-plates P. P, and 
when the apparatus is in operation a _dis' 
charge in the form of streams will be main 
tained between such plates, as indicated by 
the wavyli'nes in the ?gures. ’ If air be forced 
between the plates P during this discharge, 
the effectiveness of the apparatus is increased 
and ozone is generated in large quantities. 

[In order ‘to secure this result, I inclose the 
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said plates P P in a casing R of any proper 
description, through which a current of air. 
is maintained by a fan S, mounted on the 
‘shaft of the motor.v - 

This apparatus may be constructed and 
combined in very‘compact form and small 
compass. Its operation involves but a small 
expenditure of energy, while it requires- prac 
tically no care or attention for the continued 
production of ozone in unlimited amount. 

What I claim as my invention is— 
1. The combination with a circuit of direct 

on rrents, of a controller for making and break 
ing the same, a motor included in or connected 
with said circuit so as to increase-its‘ self-in 
duction, and driving the said controller, a 
condenser in a circuit around the controller, 
and a transformer through-the primary of 
which the condenser discharges, as set forth. 

, 2-. The combination with a circuit of direct 
currents, of a controller for making and break 
ing the same, a series-wound motor having' 
its coils included in said'circuit and driving 
the said controller, a condenser connected 
with the circuit around the point of interrup~ 
tion therein, and a transformer, the primary 
of which is in the discharge-circuit of the 
condenser, as set forth. _ ' , - 

" 3. A device for producing ozone comprising 
in combination, surfaces between which an 

electrical discharge takes place, a transformer 
for producing the potential necessary for such 
discharge, a condenser in the primary circuit 
of the transformer, a charging-circuit, means 50 
for charging the condenser by such circuit 
and discharging it through the primary of 
the transformer, and a device for maintain~ 
ring a current of air between the discharge 
surfaces, as set forth. , _ 

4. A device for producing ozone comprising 
in combination, surfaces between which an . 
electrical discharge takes place, a transformer 
for ‘producin g the potential necessary for such 
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discharge, a condenser in the primary circuit 60 
of the transformer, a charging-circuit, means‘ 
for charging the condenser by such circuit 
and discharging it through the primary of 
the transformer, a motor operated by the 
charging-circuit, and a device operated there- 65 
by for maintaining a current of air between - 
the discharge-surfaces, as set forth. 

5. Adevice for producing ozone comprising 
in combination, surfaces between which an 
electrical discharge takes place, a transformer 7'0 I 
for producing the potential necessary for s uch 
discharge, a condenser in the primary circuit 
of the transformer, a charging-circuit, a cir 
cuit-controller eifecting the charging and dis 
charging of the condenser, and a fan-motor 75 
connected with the charging-circuit and op-., 
erating the circuit-controllerand adapted to 
maintain a current of air between the dis 
charge-surfaces, as set forth. _ . 

6. A device for producing ozone comprising 8o 
in ‘combination, means for charging a con- ' 
‘denser, a circuit of low self-induction and re 
sistance into which the condenser discharges, 
a coil for raising the potential of such dis 
charge‘, and means for passing a current of 85’ 
air through the high-potential discharge, as‘ v 
set forth. ' I 

i , NIKOLA TESLA'. 

Witnesses: - 

DRURY W. OOPER, 
M. LAWSON YER. 
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‘UNITED STATEs _ PATENT OFFICE. 

NIKOLA‘ TESLA, on NEW YORK, N. _Y. 

METHOD OF REGULATING APFARATU‘SIOR PRODUCING CURRENTS OF HIGH FREQUENCY.‘ 

SPECIFICATION forming part of Letters Patent N 0. 568,178, dated September 22, 1896. 

Application ?led June 20, 1896. Serial No. 596,262. (No model.) 

To aZZ whom it may concern/.- I .. 

Be it known that I, NIKOLA TESLA, a citi 
zen of the United States, residing at New 
York, in the county and State of vNew York, 
have invented certain new and useful Im 
provements in Methods of Regulating Appa 
ratus for ProducingOurrents of High Fre 
quency, of which the following is a speci?ca 
tion, reference being had to the drawings ac 
companying and forming a part of the same. 

In previous patents and applications I have 
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 char 
acter which I have devisedfor use with cir 
cuits carrying currents inthe nature of those 
classed as direct, or such as are generally ob~ 
tainable from the ordinary circuits used 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 circuits, com 
prising the circuit of high self-induction for 
charging the condenser and the circuit of 
low self-induction into which the condenser 
discharges and which itself may constitute 
the working circuit, or that containing the 
devices for utilizing the current, or may be 
inductively 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 illustration they may be regarded 
as practically distinct, with a circuit-con 

troller for alternately connecting the con 
denser with the circuit by whichit is charged 
and with that into which it discharges, and 
with a primary of a transformer in the lat 
ter circuit 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 circuit, 
provided its ohmic resistance does not exceed 
certain de?nite limits, has a period of vibra 
tion of its own analogous to the period of Vi 
bration of aweighted spring. In order to al 
ternately charge a given circuit of this char 
acter by periodic impulses impressed upon it 
and to discharge it most effectively, the fre 
quency of the impressed impulses should bear 
a de?nite relation to the frequency of vibra 

tion possessed by the circuit itself. More 
over, for like reasons the period or vibration 
of the discharge-circuit 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 
harmonic 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 behighly 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. To accomplish this, 
the number of impulses of current directed 
into the charging-circuit per unit time is 
made equal to the period of the charging-cir 
cuit itself, or, generally, to a harmonic there 
of, and the same relations are maintained 
between the 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 circuits. 

Inasmuch as the period of any given cir 
cuit depends upon the relations of its resist 
ance,self-induction, 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 the several circuits in the system 
referred to maybe varied, but the most prac 
ticable and efficient» ways of accomplishing 
the desired result are the following: (a) vary 
in g 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; (Z1) varying the self 
induction of the charging-circuit; (c) vary 
in g the self-induction or capacity of the dis 
charge~circuit. 

To regulate the output of a- single circuit 
which has no vibration of its own by merely 
varying 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 circuits when the above-mentioned rules 
are observed. 

In illustration of my invention I have 
shown by diagrams in the accompanying 
drawings some of the more practicable means 
for carrying out the same. The ?gures, as 
stated, are diagrammatic illustrations of the 
system in its typical form provided with reg 
ulating devices of different speci?c charac 
ter. These diagrams will be described in de 
tail in their order. 

In each of the ?gures, A ll 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-circuit with a condenser F, 
the circuit 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 thatin which are connected up 
the devices K K for utilizing the current. 

The circuit~controller, it may be stated, is 
any device which will permit of a periodic 
charging of the condenser F 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. I therefore employ a motor of high 
self-induction, or in place of or in addition to 
such motor a choking or self-induction coil 
E, 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 e?iciency in 
a system of this kind, it is essential, as I have 
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 from a 
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 
cure7 as far as practical considerations will 
permit, these results, I effect the regulation 
of the system by adjusting its elements so as 
to depart in a greater or less degree from the 
above conditions with a corresponding varia 
tion of output. For example, as in Figure 1, 
I may vary the speed of the motor, and con 
sequently of the controller, in any suitable 
manner, as by means of a rhcostat L in a 
shunt to such motor or by shifting the posi 
tion of the brushes on the main commutator 
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 circuit of high 
self-induction into which they are directed, 
causes a marked departure from the condi~ 
tion of resonance and a corresponding reduc 
tion in the amount of energy delivered by the 
impressed impulses to the apparatus. 

A similar result may be secured by modi 
fying any of the constants of the localcireuits, 
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-induce 
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 I have shown in Fig. 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 it 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 circuit 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. I. have illustrated as a means well 
adapted for this purpose two metallic plates 
S S, adjustable to and from each other and 
constituting the two armatures of the con 
denser. 

I have con?ned the description herein 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 
regulationof the system may be effected by 
the method herein described, and this my 
claims are intended to include. 

“That 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 set 
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 

discharge through another circuit, the said 
method consisting in varying the frequency 
of the impulses of current from the supply 
circuit, 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 energy of such charging-circuit, dis 
charging the condenser through a circuit of 
10W 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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NIKOLA TESLA, OF NEWV YORK, N. Y. 
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To aZZ whom, it may concern: 
Be it known 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 Methods of and Apparatus for Producing 
Currents of High Frequency, of which the fol 
lowing is a speci?cation, 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 for the periodic charging of a condenser 
or circuit possessing capacity 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 available for 
many practical and useful purposes. ’ 

The general arrangement of circuits and 
apparatus which I prefer for ordinary appli 
cations of this invention I have shown and de 
scribed in an application ?led by me April 22, 
1896,8erial 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 principle 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 the latter involves certain special principles 
and appliances which it is my present object 
to illustrate as the basis for the claims of in 
vention made herein. ' 

“Then 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 chargingcurrent should bear 
a de?nite time relation to the period of the 

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 electroe 
motive force be employed as the source of 
vsupply, 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 con 
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 carrying out 
the invention, I have illustrated in the ac 
companying drawings. 

The ?gures are diagrammatic illustrations 
of the system in slightly-modi?ed 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 where it is desired to produce the high 
frequency currents a branch circuit B is takenv \ 
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 cii-cuitcontroller, which, 
in the present instance, in Fig. l is shown as 
composed of a metal disk F with insulated 
segments F’ in its periphery and ?xed 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 ?xed magnets, carries two brushes H H, 
which bear upon the periphery of the disk. 
With theparts thus arranged the secondary 
circuit is completed through the coils of the 
motor whenever the two brushes rest upon 
the uninsulated 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-in duetion device will be needed. 
The energy stored in this circuit is utilized 
at each break therein to charge a condenser 
K. \Vith this object the terminals of the 
condenser are connected to the two brushes 
II II or to points of thecircuit adjacent there 
to, so that when the circuit through the mo 
tor is interrupted the terminals of the motor 
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 circuit of 
low self-induction, one terminal of which is 
connected directly to a condenser-torminal 
and the other to the brush II opposite to that 
connected with the other eondeuser-terminal, 
so that the discharge-circuit of the condenser 
will be completed simultaneously with the 
motor-circuit and interrupted while the mo 
tor-circuit is broken and the condenser being 
charged. 

The discharge-circuit 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 1), 
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. For example, 
the present improvements are applicable to 
various forms of rotary transformers, as is 
illustrated in Figs. 2 and 3. 

E’ designates a continuous-current motor, 
here represented as having four ?eld-poles 
wound with coils E” in shunt to the armature. 
The line-wires B B connect with the brushes 
Z) 1), bearing on the usual commutator. 

On an extension of the motor-shaftis a cir 
cuit-controller composed of a cylinder the sur 
face of which is divided into four conducting 
segments 0 and four insulating-segments (Z, 
the former being diametrically connected in 
pairs, as shown in Fig. 

Through the shaft run two insulated con 
ductors e c from any two com mutator-seg 
ments ninety degrees apart,an d these connect 
with the two pairs of segments 0, respectively. 
\Vith such arrangement it is evident that any 
two adjacent segments 0 0 become the termi 
nals of an alte'rnating-current source, so that 
if two brushes II II be applied to theperiphery 
of the cylinder they will take off current dur 
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ing such portion of the Wave as the width of 
segment 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 0 0 may be interrupted at any point in 
its waves. 

lVhile the brushes H II are on the conduct 
ing-segments the current which they collect 
stores energy in a circuit of high self-indue~ 
tion formed by the wires ff, self-induction 
coils S S, the conductors B 15, the brushes, 
and commutator. lVhen this circuit is inter 
rupted bythe brushes II II 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-induction containing 
the primary M. The secondary circuit N con 
tains any devices, as P R,'for utilizing the on r 
rent. 

The mechanical construction of the circuit 
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. 

\Vhat I claim is—— 
1. The method herein described of produc 

ing electric currents of high frequeney,whieh 
consists in generating an alternating current, 
charging a condenser thereby during deter 
minate intervals of each wave of 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 circu it—control 
ler adapted to direct the current during de 
terminate intervals of each wave into the con 
denser for charging the same, and a circuit of 
low self-induction into which the condenser 
discharges, as set forth. 

The combination with a source of alter 
nating current,a synchronous motor operated 
thereby, a circuit-controller operated by the 
motor and adapted to interrupt the circuit 
through the motor at determinate points in 
each wave, a condenser connected with the 
motor-circuit and adapted on the interruption 
of the same to receive the energy stored there 
in, and a circuit 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 circuit 
controller adapted to interrupt the charging_ 
circuit at determinate points in each wave, a 
condenser for receiving, on the interruption 
of the charging-circuit, the energy accumu 
lated therein,and a circuit into which the con 
denser discharges when connected therewith 
by the eircuit-controller, as set forth. 

NIKOLA 'I‘ESLA. 
\Vitnesses: 

M. Lawson I) run, 
DnUnY W. Ooornn. 
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To all whom ¿t 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 
provements in Apparatus for Producing Elec 
trical Currents of High Frequency, of which 
the following is a speciiication, 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 withv 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-induction, 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 
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in which the continuity of the paths for the 
current is established at intervals by the pas 
sage of sparks across a dielectric. 

In carrying out my present- improvement I . 
employ a circuit-controller containing two 
terminals or sets of terminals movable with 
respect t0 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 maybe 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 aview, 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. l 
on line œ a of said figure. - Fig. 3 is a diagram 
illustrating the system or apparatus as a 
whole. Figs. 4 and 5 are sectional views of 
a modified form of circuit-controller. 

A designates in Fig. l 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 circuit-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. Its construction in detail is as follows: 
D is a metal plate with a central hub D’,which 
is keyed 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 E, 
which serve as varies to maintain a circula 
tion of air when the device is in operation. 
The segmental disk and vanes are 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 maybe adjusted by this rod, and when 
in proper position may be held therein by 
screwing the rod down into a depression in 
the sleeve orbearing, as shown in Fig. 1. Air 
passages G Gr are provided at opposite ends 
of the box, through which air is maintained 
in circulation by the action of the vanes. 
Through the sides of the box F and through 
insulating-gaskets I-I, when thematerial 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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the potential of which is raised by a trans 
former, of which a is the primary and l) 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 Figs. l 
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 generator1 
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 S. The box 
or the support for the plugs K >is adj usted 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 iixed in posi 
tion in any proper manner. To the plugs 
K K are also connected the terminals of a con 
denser or condensers L, 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 circuit 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 
S is again 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 F in these figures is 
iixedly secured to the frame or bearing of the 
generator or motor which rotates the circuit 
controller in synchronism with the alternat 
ing source. lVithin said box is a disk D, iixed 
to the shaft C, with projections d’ extending 

from its4 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 pr0jec~ 
tions d’ are deeply serrated or several pins or 
narrow projections placed side by side, as 
shown in Fig.l 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. 

ÑVhat I claim as my invention is-- 
l. 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-controller 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 effecting 
the charging and discharge of said condenser, 
composed of conductors movable into and out 
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 being subdivided so as to pre 
sent a group of cond ucting-points,as setforth. 

NIKOLA TESLA. 
Witnesses : 

M. LAwsoN DYER, 
DRURY W. COOPER. 
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To aZZ 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 Improve 
ments in the Manufacture of Electrical Con 
densers, Coils, and Similar Devices, of which 
the following is a speci?cation, reference be 
ing had to the drawing which accompanies 
and forms a part of the same. 

My invention is an improvement in the man 
ufacture of electrical condensers, coils, and 
other devices. of a similar character in which 
conductors designed to form paths for cur 
rents of high potential are brought into close 
proximity with each other. Among such de 
vices are included many forms of condensers, 
transformers, self-induction coils, rheostats, 
and the like. 

It has heretofore been shown by me that the 
efficiency and practicability of such devices 
are very greatly enhanced by the exclusion 
of air or gas from the dielectric separating 
the conductors or remote portions of the same 
conductor; and the object of my present im 
provement is to secure such exclusion of air 
in as perfect a manner as possible in a con 
venient and practicable way. To this end I 
place the condenser or other device to be 
treated in a receptacle from which the air 
maybe more or less perfectly exhausted, and 
while in Vacuum I introduce an insulating 
substance, which lique?es when subjected to 
heat, such as paraffin, which surrounds the 
said device and finds its way into its inter 
stices. 

When the device has become thoroughly 
saturated with the insulating material, it is 
allowed to cool off usually until the material 
begins to solidify. Air is then admitted un 
der pressure to the receptacle containing the 
device and the pressure maintained until the 
whole mass of insulating material has solidi 
?ed. By this treatment the presence of air 
or vacuous spaces in the dielectric, which are 
otherwise liable to form by the contraction 
of the insulating material when cooling, is 
prevented. 

Any plan may be followed or apparatus used 
for securing the two conditions necessary to 
the attainment of the desired result; that is 
to say, applying the fluid insulating material 

i in vacuum and subsequently subjecting it to 
or solidifying it under pressure. 
of exhaustion or of pressure may vary, very 
good results being secured by a vacuum of 
about twenty-nine inches and a pressure of 
about one hundred pounds. It may be stated, 
however, that when hydraulic pressure is ap 
plied very much higher pressures are readily 
secured and are of advantage. 

In order to facilitate the carrying out of the 
process, I have devised a simple and useful 
apparatus, which is illustrated partly in sec 
tion in the accompanying drawing. As the 
parts of said apparatus are all of well-known 
construction, the apparatus as a whole will 
be fully understood without a full descrip 
tion of its details. 

A is a tank or receptacle that may be closed 
air-tight. Within this tank is a steanncoil 
O, surrounding a vessel l3, preferably with 
slightly-sloping sides and provided with a 
tube or pipe D, opening into it near its base. 

The condenser or other device to be treated 
is placed in the vessel B, and around the re 
ceptacle is packed a suitable insulating ma 
terial in quantity suf?cient when lique?ed by 
heat to flow through the pipe D into the ves 
sel B and ?ll the space in the latter up to the 
top of the condenser or other device placed 
therein. 

It is desirable to run into the pipe D enough 
melted material to ?ll it before using the ap 
paratus and to make the pipe of a poor heat 
conducting material, so that a little time will 
elapse after the heat is applied to melt the 
material in the tank A before the flow through 
the pipe begins. 

‘Vhen the apparatus has been thus pre 
pared, the air from the interior of the tank A 
is withdrawn as completely as practicable by 
an air-pu mp E and steam is passed through the 
coil 0. In order to prevent access of any of 
the volatile constituents of the insulating ma 
terial to the pump, a condenser F, with a cool 
ing-coil G, is interposed in the piping between 
the tank and pump. After a partial vacuum 
has been secured in the tank A and the lique 
iied insulating material has been run into the 
vessel B the pump may be stopped and the 
tank connected with a receiver H, from which 
the air has been exhausted, and the appara 
tus allowed to stand until all the interstices 
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of the condenser have been permeated with 
the insulating material. The steam is then 
shut off and cold Waterpassed through the 
coil 0. The connections with the pump are 
then reversed and air is forced into the tank 
and receiver H and the further cooling and 
solidi?cation of the insulating material car 
ried on under a pressure considerably greater 
than that of the atmosphere. After the in 
sulating material has cooled and solidi?ed 
the condenser or other device, with the adher 
ing mass of insulating material, is removed 
from the receptacle and the superfluous in 
sulating material taken off. 

I have found that condensers, transformers, 
and similar apparatus treated by this proc 
ess are of very superior quality and espe 
cially suited for circuits which convey cur 
rents of high frequency and potential. 

I am aware that conductors covered with a 
more or less porous material have been treated 
by placing them in a closed receptacle, eX 
hausting the air from the receptacle, then in 
troducing a ?uid insulating compound and 
subjecting the same to pressure, for the pur— 
pose of more perfectly incorporating the in 
sulating compound with the surrounding‘ 
coating or covering of the conductors and 
causing such compound to enter the inter 
stices in said covering, and I apply this prin 
ciple of exhausting the air and introducing 
the ?uid insulating compound under pres 
sure in carrying out my improvement. My 

process, however, differs from the foregoing 
mainly in this, that I seek not only to ?ll the 
pores of any porous material that may be in 
terposed between the conductors of such a 
device as a condenser or coil, but to ?ll up 
all the spaces in the dielectric, whereby air or 
vacuous spaces, the presence of which in the 
dielectric is so deleterious to the device, may 
be effectually prevented. To this end I per 
mit the insulating compound after its incor 
poration with the device, under exhaustion 
and pressure, to cool and solidify, so that not 
only is the air replaced by a solid insulating 
compound, but the formation of vacuous 
spaces by the contraction of the mass on cool 
ing prevented. 

What I claim is— 
The improvement in the manufacture of 

electrical devices such as condensers, which 
consists in inclosing the device in an air-tight 
receptacle, exhausting the air from the re 
ceptacle, introducing into a vessel containing 
the device an insulating material rendered 
fluid by heat, and then when said material 
has permeated the interstices of the said de 
vice, subjecting the whole to pressure, and 
maintaining such pressure until the material 
has cooled and solidi?ed, as set forth. 

NIKOLA TESLA. 

\Vit-nesses: 
M. LAMSON DYER, 
PARKER IV. PAGE. 
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To aZZ 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 
provements in Electrical Transformers, of 
which the following is a speci?cation, refer 
ence- being had to the drawings accompany 
ing and forming a part of the same. 

The present application is based upon an 
apparatus which I have devised and employed 
for the purpose of developing electrical cur 
rents of high potential, which transformers 
or induction-coils constructed on the princi 
ples heretofore followed in the'manufacture 
of such instrument-s are wholly incapable of 
producing or practically utilizing, at least 
without serious liability of the destruction of 
the apparatus itself and danger to persons 
approaching or handling it. 

The improvement involves a novel form of 
transformer or induction-coil and a system 
for the transmission of electrical energy by 
means of the same in which the energy of the 
source is raised to a much higher potential 
for transmission over the line than has ever 
been practically employed heretofore, and the 
apparatus is constructed with reference to the 
production of such a potential and so as to 
be not only free from the danger of injury 
from the destruction of insulation, but safe 
to handle. To this end I construct an induc 
tion-coil or transformer in which the primary 
and secondary coils are wound or arranged 
in such manner that the convolutions of the 
conductor of the latter will be farther removed 
from the primary as the liability of injury 
from the effects of potential increases, the 
terminal or point of highest potential being 
the most remote, and so that between adja 
cent convolutions there shall be the least pos 
sible difference of potential. 

The type of coil in which the last-named 
features are present is the ?at spiral, and this 
form I generally employ, winding the primary 
on the outside of the secondary and taking 
off the current from the latter at the center 
or inner end of the spiral. I may depart from 
or vary this form, however, in the particulars 
hereinafter speci?ed. ' 

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

Serial ll'o. 628,453‘. on) model.) 

proximately one-quarter of the wave length 
of the electrical disturbance in the circuit in 
cluding the secondary coil, based on the ve 
locity of propagation of electrical disturb 
ances through such circuit, or, in general, of 
such length that the potential at the terminal 
of the secondary which is the more remote 
from the primary shall be at its maximum. 
In using these coils I connect one end of the 
secondary, or that in proximity to the pri 
mary,to earth, and in order to more effectually 
provide against injury to persons or to the 
apparatus I also connect it with the primary. 

In the accompanying drawings, Figure l is a 
diagram illustrating the plan of winding and 
connection which I employ in constructing 
my improved coils and the manner of using 
them for the transmission of energy over long 
distances. Fig. 2 is a side elevation, and Fig. 
3 a side elevation and part section, of modi 
?ed forms of induction-coil made ‘in accord 
ance with my invention.~ 

A designates a core, which may be magnetic 
when so desired. 

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

C is the primary, which is wound around 
in proximity to the secondary. One terminal 
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of the latter will be at the center of the spiral > 
coil, and from this the current is taken to 
line or for other purposes. The other termi 
nal of the secondary is connected to earth 
and preferably also to the primary. _ 

“Then two coils are used in a transmission 
system in which the currents are raised to a 
high potential and then reconverted to a lower 
potential, the receiving-transformer will be 
constructed and connected in the same man 
ner as the ?rst-that is to say, the inner or cen 
ter end of what corresponds to the secondary 
of the first Will be connected to line and the 
other end to earth and to the local circuit or 
that which corresponds to the primary of the 
?rst. In such case also the line-wire should 
be supported in such manner as to avoid loss 
by the current jumping from line to objects 
in its vicinity and in contact with earth-as, 
for example, by means of ‘long insulators, 
mounted, preferably, on metal poles, so that 
in case of leakage from the line it will pass 
harmlessly to earth. In Fig. 1, where such 
a system is illustrated, a dynamo G is con 
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veniently represented as supplying the pri 
mary of the sending or “step-up” trans~ 
former, and lamps II and motors K are shown 
as connected with the corresponding circuit 
of the receiving or “ step-down ” transformer. 

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

In practice for apparatus designed for or 
dinary usage the coil is preferably constructed 
on the plan illustrated in Fig. 3. In this ?g 
ure L L are spools of insulating material upon 
which the secondary is wound-in the present 
case, however, in two sections, so as to con 
stitute really two secondaries. The primary 
C is a spirally-wound flat strip surrounding 
both secondaries B. 

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

The length of the secondary coil B or of 
each secondary coil when two are used, as in 

3, is, as before stated, approximately one 
quarter of the wave length of the electrical 
disturbance in the secondary circuit, based 
on the velocity of propagation of the elec 
trical disturbance through the coil itself and 
the circuit with which it is designed to be 
used—that is to say, if the rate at which a 
current traverses the circuit, including the 
coil, be one hundred and eighty-live thousand 
miles per second, then a frequency of nine 
hundred and twenty-five per second would 
maintain nine hundred and twenty-?ve sta 
tionary waves in a circuit one hundred and 
eighty-?ve thousand miles long, and each 
wave length would be two hundred miles in 
length. Forsuch a frequencyl should usea 
secondary fifty miles in length, so that at one 
terminal the potential would be zero and at 
the other maximum. 

Coils of the character herein described have 
several important advantages. As the po 
tential increases with the number of turns 
the difference of potential between adjacent 
turns is comparatively small, an d hence a very 
high potential, impracticable with ordinary 
coils, may be successfully maintained. 

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

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

lVhat I claim as my invention is 
1. A transformer for developing or convert 

ing currents of high potential, comprising a 
primary and secondary coil, one terminal of 
the secondary being electrically connected 
with the primary, and with earth when the 
transformer is in use, as set forth. 

2. A transformer for developing or con vcrt~ 
ing currents of high potential, comprising a 
primary and secondary wound in the form of 
a ?at spiral, the end of the secondary adja 
cent to the primary being electrically com 
nected therewith and with earth when the 
transformer is in use, as set forth. 

A transformer for developing or co nvert~ 
ing currents of high potential comprising a 
primary and secondary wound in the form of 
a spiral, the secondary being inside of, and 
surrounded by, the convolutions of the pri 
mary and having ‘its adjacent terminal elec 
trically connected therewith and with earth 
when the transformer is in use, as set forth. 

4:. In a system for the conversion and trans 
mission of electrical energy, the combination 
of two transformers, one for raising, the other 
for lowering, the potential of the currents, 
the said transformers having one terminal of 
the longer or ?ne~wire coils connected to line, 
and the other terminals adjacent to the 
shorter coils electrically connected therewith 

, and to the earth, as set forth. 
NIKOLA il‘lilriiln‘i. 

\Vitnesses: 
M. Lawson Dvnn, 
G. W. lliliin'rnmc. 
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To all whom ¿t may concern: . 
Beit known 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 Electric-Circuit Controllers, of which the 
following is a specification, reference being 
had to the drawings accompanying and form 
ing a part of the same. ` ' 

In previous patents granted to me I have 
shown and described methods `and apparatus 
for the conversion and‘utilization of electrical 
currents of very high frequency based upon 
the principle‘of charging a condenser or a cir 
cuit possessing capacity and discharging the 
same generally through the primary of a trans 
former, the secondary of which constituted 
the source of Workin g current and‘under such 
conditions as to yield 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 electriccircuit or 
branch thereof for the purpose of charging 
and discharging the condenser, and my pres 
ent application is based upon a novel and 
improved form of device for this purpose, 
which maybe generally styled a ‘»‘ circuit-con 
troller.’7 ‘ j 

In order that the full advantages of my sys- 
tem may be realized and the best practical 
results secured, the said >circuit-controller 
should be capable of fulfilling certain require- 
ments, the most important among which is 
the capability of effecting an extremely-rapid 
interruption and completion of the circuit. 
It is also of importance that such makes and 
breaks,and more especially the former,should 
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. W’ith the object of attain 
ing these results,which have never heretofore 
been fully attained in any form of 1nechan~ 
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 corn 
1prises as essential elements two terminals-» 

lI one with peripheral contacts alternating with 
`insulating-spaces, such as iseXemplified in a 
*stelliform disk and which is‘capable of rota 

Í tion, and the other a rotatable receptacle con 
taining a Huid` in which more or less of the 
ñrst-named terminal is immersed. 

v In the preferred construction of the appa 
ratus the receptacle contains both a conduct~ 
ing and anon-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-conductingñuid. 
These relations arebest maintained by such 

construction of the receptacle that the dis 
tribution of` the two liiuids 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 iiuid or fluids relatively thereto. 

To secure the conditions necessary for the 
accomplishment of the objects of the inven 
tion, various mechanical expedients may be 
resorted to; but the best and most practicable 
devicev for thepurpose 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 of a lighter non-conductin g 
or‘poorly-conductive fluid, such as Water or 
oil, which by the centrifugal action is main 
tained on the surface of the heavier con 
ducting 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 
thedrum, 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 cxtenttoward or into the 
conducting iiuid to effect the makes and 
breaks of the circuit. \ 

The motion of the i‘ìuid within the drum 
. causes the disk to rotate and its projections 

or vanes to make and break the circuit with 
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a rapidity which may bc 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 
íind it preferable to use it. 

l 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 force 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 reference to the ac 
companying drawings. 

Figure l is a side elevation of a complete 
apparatus for producing currents of high fre 
quency and to which my present invention 
is applied. Fig. 2 is a central vertical section 
of the improved circuit-controller of Fig. l; 
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 C, a small electromagnetic 
motor D, and the circuit-controller, which is 
drivenby the motor. The circuit connections 
will be described in connection with Fig. 5. 

In general plan of construction and arrange 
ment the apparatus is 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 K 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. 6. The disk is mounted on any suitable 
bearings in the arm L, 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 Il and is ad 
j ustable therein by means of threaded nuts P. 

The interior of the drinn F is formed by 
preferencein substantially the manner shown 

in Fig. 2--that is to say, 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 
intothe 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 K 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. rPhe presence of Vthe 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. 

In illustration 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 
two rigid arms L and L', each carrying a disk 
M, are shown, and this number may be in 
creased, if so desired. The rotating disks in 
this case areV 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 L’ and to 
provide a pinion b in engagement therewith. 
From the shaft of the pinion extends an arm 
c, the end of which is connected to an adjust 
able stop CZ 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 tothe non-conducting fluid 
a somewhat heavier fluid YV, which is a com 
paratively poor conductor and which takes 
up a position between the conducting and 
non~conducting fluids. y 

When two or more disks or equivalent de~ 
Vices are used, they maybe 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 iiuid and interrupted at 
all other times. ` 

The diagram of circuit connections will 
serve to illustrate the purpose and mode of op 
eration of the device. Let ff be the con 
ductors from a source of current, each includ 
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 circuit is completed be 
tween the two arms L L’ the coils C C’ store 
energy, which on the interruption of said cir 
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 vin operating 
vacuum-tu bes 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“ . 

l. A circuit-controller comprising, in com 
bination, .a receptacle containing a fluid, 
means for rotating the receptacle,and a termi 
nal supported independently of the receptacle 
and adapted to make and break electric con 
nection with the receptacle through the fluid, 
as set forth. 

2. A circuit-controller comprising in com 
bination a receptacle containinga 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 conducting fluid within or under the 
non-conducting duid, as set forth. ` 

3. A circuit-controller comprisingmin coin 
bination a terminal capable of rotation and 
formed or provided with peripheral contacts, 
a receptacle comprising the opposite terminal 
and containing a fluid into which the said 
contacts extend, and~ means for rotating the 
receptacle, as set forth. ` 

C@ 

4. A circuit-controller, comprising, in com 
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 rotation and 
formed or provided with >peripheral projec 
tions, a centrifugal drum or wheel containing 
a fluid conductor into which the points or 
projections of the said -conductor extend, 
and means for rotating the said drum, as set 
forth. 

6. A circuit-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 conductor 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 coin 
bination, a terminal 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 centrifu 
gal drum or wheel containing a conducting 
fluid, 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.l The combination with a hollow centrifu 
gal drum or wheel containing a conducting 
fluid and alighter non-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 fiuid 
when the fluids are displaced by centrifugal 
action, as set forth. _ ` 

ll. The combination with a centrifugal 
drum containing a conducting and a non-con 
ducting fluid, means for rotating the drum, 
a terminal capable of rotation and having 
peripheral projections, mountedwithin the 
drum on a stationary support, and a spring 
or its equivalent acting on the said terminal 
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and tending to force its projections toward 
the inner periphery of said drum, as set forth. 

12. The combination with a receptacle con 
taining a conducting Huid, a lighter fluid of 
10W conductivity and a non~conducting fluid 
lighter than the others7 and means for rotat 
ing the receptacle, of a terminal adapted to 
make and break the circnitby movements be- l 

609,251 

tween the conducting and non-conducting 
ñuid through the intermediate ñuid of 10W Io 
conductivity, as set forth. 

NIKOLA TESLA. 

Witnesses: 
M. LAWSON DYER, 
PARKER W. PAGE. 
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To (all whom it may concern: 
Be it known that I, NIKOLATESLA, acit iY-en ' 

UNITED STATES PATENT OFFICE. 
NIKOLA TESLA, OF NE\V YORK, N. Y. 

SYSTEM OF TRANSMISSION OF. ELECTRICAL ENERGY; 

SPECIFICATION forming part of Letters Patent No. 645,576, dated March 20, 1900. 

Application ?led September 2, 1897. Serial No. 650,343. (No model.) I 

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 Systems of Transmission of ElectricalEn 
ergy, of which the following is a speci?cation, 
reference being had to the drawing accom 
panying and forming a part of thesame. 

It has been well known heretofore that by 
rarefying the air inclosed in a vesselits in 
sulating properties are impaired to such an 
extent that it becomes what may be consid 
ered as a true conductor, although one of ad 
mittedly very high resistance. The practical 
information in this regard has been derived 
from observations necessarily limited in their 
scope by the character of the apparatus or 
means heretofore known and the quality of 
the electrical effects producible. thereby. 
Thus it has been shown by William (‘-rookes 
in his classical researches, which have so far 
served as the chief source of knowledge of 
this subject, that all gases behave as excellent 
insulators until rare lied to a point'correspon‘d 
in g to a barometric pressure of about seventy 
?ve millimeters, and even at this Very low 
pressure the discharge of‘ a high-tension in 
duction-‘coil passes through only a part of the 
attenuated gas in ‘the form of a luminous 
thread or are, a still further and considerable 
diminution of the ‘pressure being required to 
render the entire mass of the gas inclosed in 
a vessel conducting. While this is true in 
every particular so long as electromotive or 
current impulses such as are obtainable with 
ordinary forms of apparatusare employed, I 
have found that neither the general behavior 
of the gases nor the known relations between 
electrical conductivity and barometric pres 
sure are in conformity with these observa 
tions when impulses are used such as are pro 
ducible by methods and apparatus devised 
by me and which have peculiar and hitherto 
unobserved properties and are of effective 
electromotive forces, measuring many hun 
dred thousands or millions of volts. Through 
the continuous perfectionof these methods 
and apparatus and the investigation of the 

. 55c actions of these current impulses I have been 
led to the discovery of certain highly-impor 
tant and useful facts which have hitherto been 

unknown. Among these and bearing directly 
upon the subject of my present application 
are the following: First, that atmospheric or 
other gases, even under normal pressure,when' 
they are known to behave as perfect insula-_ 
tors, are in a large measure deprived of their 
dielectric properties by being subjected to the 
in fluence of electromotive impulses of the 
character and magnitude I have referred to 
and assume conducting and ‘other qualities 
which have been so far observed only in gases 
greatly attenuated or heated to a high tem 
perature, and, second,that the conductivity 
imparted to the air or gases increases very 
rapidly both with the augmentation of the-ap 
plied electrical pressure and with the. degree 
of rarefaction, the law in thislatter respect be; 
ing, however, quite different from that hereto 
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fore established. In illustrationof these facts ' 
a few observations, which I have made with 
apparatus devised for the purposes here con 
templated, may be cited. For example, a con 

_ductor or terminal, to which impulses such as 
those here considered are supplied, but which 
is otherwise insulated in space and is remote 
from any conducting-bodies, is surrounded 
by a luminous ?ame-like brush or discharge 
often covering many hundreds or even as 
much as several thousands of square feet of 

surface, this striking phenomenon clearly at 
testing the high degree of conductivity which 
the atmosphere attains under the in?uence 
of the immence electrical stresses to which it 
is subjected. This in?uence is, however, not 
con?ned to that portion of the atmosphere 

85 

which is discernible by the eye as luminous ' 
and which, as has been the case in some in_ 
stances actually observed, may ?ll the space 90 
within a spherical or. cylindrical envelop of , 
a diameter of sixty feet or more, but reaches 

' out to far remote regions,the insulating quali 
ties of the air being, as I have ascertained, 
still sensibly impaired at a distance many 
hundred times that through which the. lu 
minous discharge projects from the terminal 
and in all probability much farther. The dis 
tance extends with the increase of the elec 
tromotive force of the impulses,with the dimi 
nution of the density of the atmosphere, with 
the elevation of the active terminal above the 
ground, and also, apparently, in a slight meas 
ure, with the degree of moisture contained in 
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the air. I have likewise observed that this 
region of decidedly-noticeable in?uence con 
'tinuously enlarges as time goes on, and the 
discharge is allowed to pass not unlike a con-' 

5§?agration which slowly spreads, this being 
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possibly due to the gradual electri?cation or 
ionization of the air or to the formation of 
less insulating gaseous compounds. It is, 
furthermore, a fact that such discharges of 
extreme tensions, ' approximating those of 
lightning, manifest a marked tendency to pass 
upward away from the ground,which maybe 
due to electrostatic repulsion, or possibly to 
slight heating and consequent rising of the 
electri?ed or ionized air. These latter ob 
servations make it appear probable that a dis 
charge of this character allowed to escape 
into the atmosphere from a terminal main 
tained at a great height will gradually leak 
through and establish a good conducting-path 
to more elevated and better conducting air 
strata, a process which possibly takes place 
in silent lightning discharges frequently wit 
nessed on hot and sultry days. ‘ It will be 
apparent to what an extent the conductivity 
imparted to the air is enhanced by the in 
crease of- the electromotive force of the im 
pulses when it is stated that insome instances 
the area covered by the ?ame discharge men 
tioned was enlarged 'more than sixfold by 
an augmentation of the electrical pressure, 
amounting scarcely to more than ?fty per cent. 
As to the in?uence of -rarefaction upon the 
electric conductivity imparted to the gases it 
is noteworthy that, whereas the atmospheric, 
or other gases begin ordinarily to manifest 
this quality at something like seventy-?ve 
millimeters barometric pressure with theim 
pulses of excessive electromotive force to 
which I- have referred, the conductivity, as 
already pointed out, begins even at normal 
pressure and continuously increases with the 
degree of tenuity of the gas, so that at, say, 
one hundred and thirty millimeters pressure, 
when the gases are known to be still nearly 
perfect insulators for ordinary clectromotive 
forces, they behave toward electromotive im 
pulses of several millions of volts like excel 
lent conductors, as though they were rare?ed 
to a much higher “degree. By the discovery 
of these facts and the perfection of means for 
producing in a safe, economical, and ‘thor 
oughly-practicable manner current impulses 
of the character described it becomes possible 
to transmit through easily-accessible andonly 
moderately-rare?ed strata of the atmosphere 
electrical energy not merely in insigni?cant 
quantities, such as are suitable for the‘oper 

v ation of delicate instruments and like pur 
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‘ in its theoretical vaspect and in its practical 

poses, but also in quantities suitable for in 
dustrial uses on alarge scale up'to practically 
any amount and, according to all the experi 
mental evidence I have obtained, to any ter 
restrial distance. To conduceto a better un 
derstanding of this method of transmission 
of energy and to distinguish it clearly, both 
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hearing, from other known modes of trans 
mission, it is useful to state that all previous 
eiforts made by myself and others for trans 
mitting electrical energy to a distance with 
out the use of metallic‘ conductors, chie?y 
with the object of actuating sensitive receiv 
ers, have been based, in so far as the atmos 
phere is concerned,upon those qualities which 
it possesses by virtue of its being an excel 
lent insulator, and all these attempts would 
have been obviously recognized as ineffective 
if not entirely futile in the presence of a con 
ducting atmosphere or medium. The utili 
zation of any conducting properties of the 
air for purposes of transmission of energy, 
has been hitherto out of the question in the 
absence of apparatus suitable for meeting 
the many and dif?cnlt requirements, although 
it has long been known or surmised that at 
mospheric strata at great altitudes-say ?f 
teen or more miles‘ above sca-level—-are, or 
should be, ina measure, conducting; but as 
suming even that the indispensable means 
should have been ‘produced then still a diffi 
culty, which in the present state of the me 
chanical arts must be considered as iusuper 
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able, would remain-‘namely, that of 'main- , 
taining terminals at elevations of ?fteen miles 
or more above the level of the sea. Through 
my discoveries before mentioned and the pro 
duction of adequate means the necessity of 
maintaining terminals at such inaccessible 
altitudes is obviated and a practical method 
and system of transmission of energy through 
the natural media is aiforded essentially dif 
ferent from all those available up to the pres 
ent time and possessing, moreover, this im 
portant practical advantage, that whereas in 
all such methods or systems heretofore used 
or proposed but a minute fraction of the total 
energy expended by the generator or trans 
mitter was recoverable in a distant receiving 
apparatus by my method and appliances it 
is possible to utilize by far the greater por 
tion of the energy of the source and in any 
localityhowever remote from the same. 

Expressed brie?y, my present invention, 
based upon these discoveries, consists then 
in producing at one point an electrical pres 
sure of such character and magnitude as to, 
cause thereby a current to traverse elevated 
strata of the air between the point of genera 
tion and a distant point at which the energy 
is to be received and utilized. 

. In the accompanying drawing a general 
arrangement of apparatus is diagrammatic 
ally illustrated such as I contemplate em 
ployinglin the carrying out of my invention 
on an industrial scale-as, for instance, for 
lighting distant cities or districts from places 
where cheap power is obtainable. 

Referring to the drawing, A is a coil, gen 
erally of many turns and of 'a very large di 
ameter, wound in spiral form either about a 
magnetic core or not, as may be found nec 
essary. C is a second coil, formed of a con~ 
ductor of. much larger section and smaller 
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length,wound around and in proximity to the 
coil A. In the transmitting apparatus the 
coilA constitutes the high-tension secondary 
and. the coil 0 the primary of much lower 
tension of a transformer. In the circuit of 
the primary 0 is included a suitable source 
of current G. One terminal of the secondary 
A is at the center of the spiral coil, and from 
this terminal the current is led bya conduc 
tor B to a terminal D, preferably of large 
surface, formed or maintained by such means 
as a balloon at an elevation suitable for the 
purposes of transmission, as before described. 
The other terminal of the secondary A is con 
nected to earth and, if desired, also to the 
primary in order that the latter may be at 
substantially the same potential as the adja 
cent portions of the secondary,.thus insuring 
safety. At the receiving-station a trans 
former of similar construction is employed; 
but in this case the coil A’, of relatively-thin 
wire, constitutes the primary and the coil 0', 
of thick wire or cable, the secondary of the 

In the circuit of the latter are 
included lamps L, motors M, or other devices 
for utilizing the current. The elevated ter 
minal D’ is connected with the center. of the 
coil A’, and the other terminal of said coil is 
connected to earth and preferably, also, to 
the coil 0’ for the reasons above stated. 

It will be observed that in coils of the char 
acter described the potential gradually in 
creases with the number of turns toward the 
center, and the difference of potential be 
tween the adjacent turns being compara 
tively small a very high potential, imprac~ 
ticable with ordinary coils, may be success 
fully obtained. It will be, furthermore, noted 
that no matter to what an extent the coils 
may be modi?ed in design and construction, 
owing to their general arrangement and man 
ner of connection, as illustrated, those por 
tions of the wire or apparatus which are 
highly charged will be out of reach, while 
those parts of the saine which are liable to 
be approached, touched, or handled will be 
at or nearly the same potential as the ad 
jacent portions of the ground, this insuring, 
both in the transmitting and receiving appa 
ratus and regardless of the magnitude of the 
electrical pressure used, perfect personal 
safety, which is best evidenced by the fact 
that although such extreme pressures of many 
millions of volts have been for a number. of 
years continuous-1y experimented with nofin 
jury has been sustained neither by myself or 
any of my assistants. ‘ 

The length of the'thin-wire coil in each 
transformer should be approximately one 
quarter of the wave length of the electric dis 
turbance in the circuit, this estimate being 
based ,on the velocity of propagation of the 
disturbaiice through the coil itself and the 
circuit with which it is designed to be used. 
By Way of illustration if the rate at which 
the current traverses the circuit, including 

' the coil, be one hundred and eighty-?ve thou 

sand miles per second then a frequency of 
nine hundred and twenty - ?ve per second 
would maintain nine hundred and twenty-?ve 
stationary waves in a circuit one hundred and 
eighty-?ve thousand miles long-and each wave 
would be two hundred miles in length. For 
such a low frequency, to which I shall resort 
only when itds indispensable to operate mo 
tors of the ordinary kind under the condi 
tions above assumed, I would use a secondary 
of ?fty miles in length. By such an adjust 
ment or porportioning of the length of wire 
in the secondary coil or coils the points of 
highest potential are made to coincide with 
the elevated terminalsD D’, and it should be 
understood that whatever length be given to 
the wires this condition should be complied 
with in order to attain the best results. 

I As the main requirement in carrying out 
my invention is to produce currents of an ex 
eessively-high potential, this object will be 
facilitated by usinga primary current oi.‘ very 
considerable frequency, since the electromo: 
tive force obtainable with a given length of 
conductor is proportionate to the frequency; 
but the frequency of the current is in a large 
measure arbitrary, for if the potential be 
su?iciently high and if the terminals of the 
coils be maintained at the proper altitudes 
the action described will take place, and a 
current will be transmitted through the ele 
vated air strata, which will encounter little 
and possibly even less resistance than ifcon 
veyed through a copper wire of a practicable 
size. Accordingly the construction of the ap 
paratus may be in many details greatly va 
ried; butin order to enable any person skilled 
in the mechanical andelectrical arts to util 

70 

75 

85 

95 

I00 

105 
ize to advantage in the practical applications" 
of my’ system the experience I have so far 
gained the following particulars of a model 
plant which has been long in use and which 
was constructed for the purpose of obtaining 
further data to be used in the carrying out 
of my invention on a large scale are given. 
The transmitting apparatus was in this case 
one of my electrical oscillators, which are 
transformers of a special type,now well known 
and characterized by the passage of oscilla 
tory discharges of a condenser through the 
primary. The source G, forming one of the 
elements of the transmitter, was a condenser 
of a capacity of about four one-h undredths of a 
microfarad and was charged from a gener 
ator of alternating currentsof ?ftyrthousand 
volts pressure and discharged by means of a 
mechanically-operated break, ?ve thousand 
times per second through the primary O.‘_The 
latter consisted of a single turn of stout 
stranded cable of inappreciable resistance 
andof an inductance of about eight thousand 
centimeters, the diameter of the loop being 
very nearly two hundred and forty-four cen 
timcters. The total inductance of the pri 
mary circuit was approximately ten thousand 
centimeters, so that the primary circuit vi 
brated generally. according to adjustment, 
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from two hundred and thirty thousand to two 
hundred‘ and ?fty thousand times per second. 
The high-tension coil Ain the form of a ?at 
spiral was composed of ?fty turns of heavily 
insulated cable No. 8 wound in one single 
layer, the turns beginning close to the pri 
mary loop and ending near its center. The 
outer end of the secondary or high-tension 
coil A was connected to the ground, as illus 
trated, while the free end was led to a termi 
nal placed in the rare?ed airstratum through 
which the energy was to be transmitted, 
which was contained in an insulating-tube of 
alength of ?fty feet or more, within which a 
barometric pressure varying from about one 
hundred and twenty to one hundred and ?fty 
millimeters was maintained by means of a 
mechanical suction-pump. The receiving 
transformer was similarly proportioned, the 
ratio of conversion being the reciprocal of 
that of the transmitter, and the primary high 
tension coil A’ was connected, as illustrated, 
with the end near the low-tension coil 0’ to 
the ground and with the free end to a wire 
or plate likewise placed in the rare?ed air 
stratum and at the distance named from the 
transmitting-terminal. The primary and sec 
ondary circuits in the transmitting apparatus 
being carefully synchronized,an electromo 
tive force from two to four million volts and 
more was obtainable at the terminals of the 
secondary coilA, the discharge passing freely 
through the attenuated air stratum main 
tained at the above barometric pressures, and 
itnwas easy under these conditions to trans 
mit with faireconomy considerable amounts 
of energy, such as are of industrial moment, 
to the receiving apparatus for supplying from 

i the secondary coil 0' lamps L or kindred de 
vices. The results were particularly satis 
factory when thevprimary coil or system A’, 
with its secondary O’, was carefully adjusted, 
so as to vibrate in synchronism with the 
transmitting coilor system A C. I have, how 
ever, found no di?iiculty in producing with 

apparatus of substantially the same design 
' and construction electromotive forces exceed 
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ing three or four times those before men 
tioned and have ascertained that by their 
means current impulses can ‘be transmitted 
through much-denser air strata. By the use 
of these I have also‘ found it practicable to 
transmit notable amounts of energy through 
air strata not in direct contact with the trans 
mitting‘and receiving terminals, but remote 
from them, the action of the impulses, in ren 
dering conducting air of a density at which 
it normally behaves as an insulator, extend 
ing, as before remarked, to a considerable 
distance. 

stance, not so much due to a large ratio of 
transformation as to the joint elfect of the 
capacities. and inductances in the ‘synchro 
nized circuits, which effect is enhanced bya 
high frequency, and it'will be obviously up 

The high electromotive force ob-, 
,tained at the terminals of coil ‘or conductor 
A was, as will be seen, in the preceding in 
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derstood that if thelatter be reduced a greater 
ratio of transformation should be resorted to, 
especially in cases in which it may be deemed 
of advantage to suppress as much as possible, 
and particularly in the transmitting-coil A, 
the rise of pressure due to the above effect 
and to obtain the necessary electromotive 
force solely by a large transformation ratio. 

While electromotive forces such as are pro 
duced by the apparatus just described may 
be su?icient for many purposes to which my 
system will or may be applied, I wish to state 
that'I contemplate using in an industrial un 
dertaking of this kind forces greatly inex 
cess of these, and with mypresent knowledge 
and experience in this novel ?eld I would es 
timate them to range from twenty to ?fty 
million volts and possibly more. By the use 
of these much greater forces larger amounts 
of energy may be conveyed through the at 
mosphere to remote places or regions, and the 
distance of transmission may be thus extend 
ed practically without limit. ' 

As to the elevation of the terminals D D’ 
it is obvious that it will be determined by a 
number of things, as by the amount and qual 
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ity of the work to be performed, by the local I 
density and other conditions of the atmos 
phere, by the character of the surrounding 
country, and such considerations as may pre 
sent themselves in individual instances. 
Thus if' there be high mountains in the vi 
cinity the terminals should be at a greater 
height, and generally they should always be, 
if practicable, at altitudes much greaterthan 
those of the highest objects near them in or 
der to avoid as much as possible the loss by 
leakage.‘ In some cases when small amounts 
of energy are required the high elevation of 
the terminals, and more particularly of the 
receiving- terminal D’, may not be neces 
sary, since, especially when the frequency of 
the currents is very high, a sufficient amount 
of energy may be collected at that terminal 

vby electrostatic induction from the upper air 
strata, which are rendered conducting by the 
active terminal of the transmitter or through 
which the currents from the same are con 
veyed. ’ - 

With reference to the facts which have been 
pointed out above it will be seen that the al 
titudes required for the transmission‘of con 
siderable amounts of electrical energy in ac 
cordance with this method are such as are 
easily accessible and at which terminals can 
be safely maintained, as by the aid of cap 
tive balloons supplied continuously with gas 
from reservoirs and held-in position securely 
by steel wires or by any other means, devices, 
or expedients, such as may be contrived and 
perfected byingenious and skilled engineers. 
From my experiments and observgétions I 
conclude that with electromotive impulses 
not greatly exceeding ?fteen or twenty mil 
lion volts the energy of many thousands of 
horse-power may be transmitted over vast 
distances, measured by many hundreds and 
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even thousands of miles, with terminals not 
more than thirty to thirty-?ve thousand feet 
above the level of the sea, and even this com 
paratively-small elevation will be required 
chiefly for reasons of economy, and, if de 
sired, it may be considerably reduced, since 
by such means as have been described prac 
tically any potential that is desired may be 
obtained, the currents through the air strata 
may be rendered very small, whereby the loss 
in the transmission may be reduced. . 

It will be understood that the transmitting 
as well as the receiving coils, transformers, 
or other apparatus may be in some cases mov 
able—-as, for example,‘ when they are carried 
by vessels floating in the air or by ships at 
sea. In such a case, or generally, the con 
nection of one of the terminals of. the high 
tension coil 01' coils to the ground may not be 
permanent, but may be intermittently or in-, 

- ductively established, and any such or simi 
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lar modi?cations I shall consider as within 
the scope of my invention. ' 

While the description here given‘ contem 
plates chie?y a method and system vof energy 
transmission to a distance through the natu 
ral media for industrial purposes, the princi 
ples which I have herein disclosed and the ap 
paratus which I have shown will obviously 
have many othervaluable uses-as, for in 
stance, when it is desired to transmit intelli 
gible messages to great distances, or to illu 
minate upper strata of the air, or to produce, 
designedly, any useful changes in the condi 
tion of the atmosphere, or to manufacture 
from the gases of the same products, as nitric 
acid, fertilizing compounds, orthe like, by 
the action of such current impulses, for all 
of which and for many other valuable pur 
poses they are eminently suitable, and I do 
not wish to limit myself in this respect.) Ob 
viously, also, certain features of my invention 
here disclosed will be useful as disconnected 

_ from the method itself—-as,-for example, in 
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other systems of energy transmission, for 
whatever purpose they may be vintended, the 
transmitting and receiving transformers ar 
ranged and. connected as illustrated, the fea 
ture of a transmitting and receiving coil or 
conductor, both connected to the ground and . 
to an elevated terminal and adjusted so as 
to vibrate in synchronism, the proportioning ' 
of such conductors or coils; as abovespeci 
?ed', the feature of. a receiving-transformer 
with its primary connected to earth and ‘to 
an elevated terminal and‘ having the opera 
tive devices inits secondary, and other. fea 
tures or particulars, such as have been de 

‘seribed, in this speci?cation or will readily 
suggest themselves by a perusal of the same. 
“I do not claim in this application a trans 

former for developing or converting currents 
of high potential in the formherewith shown 
and described and with ‘the two coils con 
nected together, as and for the purpose set 
forth, having made these improvements the 
subject of a patent granted to me November 

5 

2, 1807, No. 593,138, nor do I claim herein 
the apparatus employed in carrying out the 
method of this application when such appa 
ratus is specially constructed and arranged 
for securing the particular object sought in 
the present invention, as these last-named 
features are made the subject of an applica 
tion ?led as a division of this application on 
February 19, 1900, Serial No. 5,780. 

\Vhat I new claim is- 
1. The‘ method hereinbefore ‘described of 

transmitting electrical energy through the, 
natural media, which consists in producing 
at a generating-station a very high electrical 
pressure, causing thereby a propagation or 
flow of electrical energy, by conduction, 
through the earth and the air strata, and col 
lecting or receiving at a distant point the elec 
trical energy so propagated or caused to flow. 

2. The method hereinbefore described of 
transmitting electrical energy, which consists 
in producing at a-generating-station a very 
high eleclrical'prcssm'e, conducting the cur 
rent caused thereby to earth and to a termi 
nal at an elevation at which the atmosphere 
serves as a conductor therefor, and collecting 
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the current by a second elevated terminal at ' 
a distance from the ?rst. . 

3. The method hereinbefore described of 
transmitting electrical energy ‘through the 
natural media,-which consists in producing 
between the earth and a generator-terminal 
elevated above the same, at a generating-sta 
tion, a sufficiently-high electromotive force to 
render elevated air strata conducting, caus 
ing thereby a propagation or flow of electrical 
energy, by'conduction, through the air strata, 

' and collecting or receiving at a point distant 
‘from the generating - station the electrical 
energy so propagated or caused to ?ow. 

4. The method hereinbefore described of 
transmitting electrical energy through the 
natural media, which consists in producing 
between the earth and a generator-terminal 
elevated above the-same, at a gen crating-sta 
tion, a sufficiently-high electromotive force to 
render the air strata at or near the elevated 
terminal conduct'ing,causin g thereby a propa 
gation or How of electrical energy, by conduc 
tion, through the air strata, and collecting or 
receiving at a point distant from the gener 
ating-station the electrical energy so propa— 
gated or caused to ?ow. 
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5. The method hereinbefore described of - 
transmitting electrical energy through the 
natural media, which consists in producing 
between-the earth and a. generator-terminal 
elevated above the same, at a generating-sta 125 
tion, electrical impulses of a sui'liciently-high . 
electromotive force .to render elevated air 
strata conducting, causing thereby current 
impulses to pass, by conduction, through the 
air strata, and collecting or receiving at a 

; point distant from the generating-station, the 
energy of the current impulses by means of a 
circuit synchronized with the impulses. 

G. The method hercinbetorc described of 
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transmitting electrical energy through the 
natural media, which consists in producing 
between the earth and a generator-terminal 
elevated above the same, at a generating-sta 
tion, electrical impulses of a su?iciently-high 
electromotive force to'render the air strata at 
or near the elevated terminal conducting, 
causing thereby current impulses to pass 
through the air strata, and collecting or re 
ceiving at a point distant from the generat 
ing-station the energy of the current im 
pulses by means of a circuit synchronized 
with the impulses. : 

'7. The method hereinbefore described of 
transmitting electrical energy through the 
natural media, which consists in producing 
between the earth and a generator-terminal 
elevated above the same, at a generating 
station, electrical impulses of a wave length 
so related to the length of the generating cir 
cuit or conductor as to produce the maximum 
potential at'the elevated terminal, and of 
suf?ciently~high electromotive force to ren 
der elevated air strata conducting, causing 
thereby a propagation of electrical impulses 
through the air strata, and collecting or re 
ceiving at a point distant. from the generat 
ing-station the energy of such impulses by 
means of a receiving-circuit having a-length 
of conductor similarly related to the wave 
length of the impulses. ‘ ' 

8. The method hereinbefore' described of 
transmitting electrical ‘energy through the 
natural media, which consists in producing 
between the earth and agenerator-terminal 
elevated above the same, at a generating-sta 

tion, a su?iciently-high electromotive force 
to render elevated air strata conducting, caus 
in g thereby a propagation orr?ow of electrical 
energy through the air strata, by conduction, 
collecting or receiving the energy so trans 
mitted ‘by means of a receiving-circuit at a 
point distant from the generatinglstation, us» 
ing the receiving-circuit to energize a second 
ary circuit, and operating translating de 
vices by means of the energy so obtained in 
the secon'dary circuit. ' - 

9. The method hereinbefore described ‘of 
transmitting electrical energy through the 
natural media, which consists in generating 
current impulses of relatively-low electromo 
tive force at a generating-station, utilizing 
such impulses to energize the primary of a 
transformer, generating by means of such 
primary circuit impulses in a secondary sur 
rounding by the primary and connected to 
the earth and to an elevated terminal, of suf 
?cientlyyhigh electromotive force to render 
elevated air strata conducting, causing there 
by impulses to be propagated through the 
air strata, collecting or receiving the energy 
of such impulses, at .a point distant from the 
generating-station, by means of a receiving 
circuit, connected to the earth- and to an ele 
vated terminal,_and utilizing the 'energy so 
received to energizeasecondary circuitof low 
potential surrounding the receiving-circuit. 

' ‘ NIKOLA TESL'A. 

Witnesses: , 

,- M. LAWsoN DYER, 
' G. W. MARTLING. 
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ELECTRICAL-CIRCUIT CONTROLLER. 

SPECIFICATION forming part of Letters Patent No. 609,245, dated August 16, 1898. 

Application ?led DeQemlier‘Z, 1897. Serial No. 660,518. (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 certainnew and 
useful Improvements in Electrical-Circuit 
Controllers, of which the following is a speci 
?cation, reference being had to the drawings 
accompanying and forming a part of the same. 

In every form of electrical apparatus in 
volving a means for making and breaking, 
more or less abruptly, a circuit a waste of en 
ergy occurs during the periods ofmake or 
break, or both, due to the passage of the cur 
rent through an are formed between the re 
ceding or approaching terminals or contacts, 
or, more generally, through a path of high re 
sistance. The-tendency 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. For example, in the case of an or 
dinary induction-coil the, tendency to the 
formation of an are at the break is, as a rule, 
the greater, while in certain forms of appa 
ratus I have invented 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 condenser. _ - 

‘ The loss 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 amounts of 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 
haveled me to recognize certain'laws govern 
ing the Waste of energy and making it de 
pendent chie?y. on the velocity with which 
the terminals approach andrecede from one 
another and also more or less on the form of 
the current-wave. Brie?y 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 proportional rather to the square than 
to the ?rst 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 assine function of the time; 

60 

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 discharging of 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 recognition of the im 
possibility of attaining the desired results by 
using ordinary forms of circuit-controllers 
led me to invent new and essentially different 
means for making and breaking a circuit in 
which I have utilized a conducting ?uid, 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 ?uid and a conductor or series of 
conductors forming the other terminal. 

With a view, however, to securing a more 
"practical and ef?cient circuit-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 ?led by me June 3, 1897, Serial‘ No. 
639,227, in which a receptacle is rotated to 
impart a rapid movement ‘to a body of con 
ducting ?uid contained therein, which is 
brought in rapidly-intermittent contact with 
a conductor having peripheral projections 
extending into the ?uid, the movement of the 
latter being conveniently utilized to rotate 
the conductor. Sucha device, though meet 
ing fully many requirements in practice, is 
nevertheless subject to certain limitations in 
the matter of attaining a high relativespeed 
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 ?uid, 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 
tive speed of the terminals andaconsequently 
more efficient form- of circuit- controller of 
this type I devised the modi?ed form of ap 
paratus which constitutes the subject of my 
present application. 

In this apparatus one of the members or 
terminals is a conducting ?uid which is caused 
to issue from an ori?ce against a series of 
spaced conductors in rapid succession. For 
this purpose the series of conductors, or it 
‘may be a single conductor, is moved trans 
versely through the stream or jet of ?uid, 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 ?uid 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 conduct 
ing ?uid. 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 circulation of the conducting, ?uid 
by combining the two mechanisms (the con— 
troller and the means for maintaining a cir 
culation of the conducting ?uid) in one. This 
feature is of great practical advantage and 
may be effected in many ways. A typical ar 
rangement for this purpose is to provide a 
tube or duct having an ori?ce 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 
?uid, divert it through the duct, and discharge 
it against the conductors. l/Vith this object 
when a closed receptacle is used 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 in?uenced by any suitable means, 
as by magnetic attraction exerted from the 
outside or otherwise, in such manner as to 
keep it either in a ?xed position or impress 
upon it a velocity different from that of the 

' rotated ?uid. 

Such other improvements in details as I 
have devised and applied to the construction 
and operation of my improved circuit-con 
troller will be more fully hereinafter de 
scribed; but from the above general statement 
of the nature of the device it will be observed 
that by means of the same the velocity of 
relative movement of the two parts or ele 
ments may be enormously increased and the 
duration of the are or 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 
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impairing the quality of contact or deterio 
rating the terminals. 

In the drawings hereto annexed, Figure 1 
is a diagram illustrating the system for which 
the improvement was more especially de 
signed. Fig. 2 is a top plan View of the cir 
cuit-controller. Fig. 3 is a view showing the 
induction-coil of Fig. 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. In said ?gure, 
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”. 

rllhe circuit-controller O, 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 circuit 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 
extension of smaller diameter. The recepta 
cle is secured to the end of a spindle c, 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 ?eld-mag 
net d, secured to the base or frame e, and an 
annular armature f, secured to the recepta 
cle a. The coils of the armature are con 
nected with. the plates 9 of a commutator se 
cured to the receptacle a and made in cylin 
drical form, so as to surround the socket in 
which the s 'ndle o is stepped. A body of 
magnetic ?erial h, which serves as an ar 
mature, is mounted on antifriction-bearings 
on an extension of the spindle 0, so that the 
receptacle and the body 71 may have freely 
independent movements of rotation. Sur 
rounding the dome b, in=which the armature 
his contained, is a core with pole-pieces 0, 
which are magnetized by coils p, wound on 
the core. 
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supported by arms r, Fig. ‘2, independently 
of the receptacle, so that when the recepta 
cle is rotated and the core energized the at 
tractive force exerted by the poles 0 upon the 
armature h within the receptacle a holds the 
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 'Z is secured to the armature 7t within the 
receptacle a and carries at its end‘a short 
tube 70, 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 the re 
ceptacle a are a series of conducting-plates Z. 
The part of the top plate 3 from which said 
conducting-plates Z depend is insulated from 
the receptacle proper by insulating packing 
rings 25, but is electrically connected with the 
dome b, and in order to maintain electrical 
connect-ion from an external circuit to the 
conductors Z a mercury-cup w is set in the 
top of the dome, into which cup extends a sta 
tionary terminal plug a. A small quantity 
of a conducting ?uid, such as mercury, is put 
into the receptacle a, and when the latter. is 
rotated the mercury by centrifugal action 
is forced out toward its periphery and rises 
up along its inner wall. When it reaches the 
level of the open-mouthed tube 7a, a portion is 
taken up by the latter, which is stationary, 
and forced byits momentum through the tube 
and discharged against the conductors Z as 
the latter pass in rapid succession by the ori 
?ce of said tube. In this way the circuit be 
tween the receptacle and the conductors Z is 
completed during the periods in which the 
stream or jet of mercury impinges upon any 
of the conductors Z and broken whenever the 
stream is discharged through the spaces be 
tween the conductors. 

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

'or terminals (the jet and the conductors Z) may 
be extremely high, while such increased speed 
affects in no material respect the quality of 
contact. - ' ' 

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

I am aware that a jet or stream of conduct 
ing ?uid has heretofore been employed as a 
means for completing an electric circuit, and 
I do not claim, broadly, the employment of a 
conducting ?uidin such form as a contact or 
terminal; but so far as I am aware both the 
purpose for which 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 receptacle of a 
conductor or series of spaced conductors, a 
nozzle or tube for directing a jet or stream of 
?uid against the same, the nozzle and conduc 
tor being capable of movement ‘relatively to 
each other, and means for maintaining a cir 
culation of conducting ?uid, 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~ 
‘ole of a conductor orseries of spaced conduc 
tors, a nozzle or tube for directing a jet or 
stream of ?uid against the same, and means 
for forcing a conducting ?uid 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 
within the receptacle having one of its ends 
directed toward the said‘conductors, 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 ?uid 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 -receptacleca 
pable of rotation and containing a series of 
spaced conductors, a duct within the recepta 
ole having an orifice directed toward the said 
conductors, and an open end in position to 
take up a conducting ?uid froma body of the 
same contained in the receptacle, when the 
latter is rotated, and direct it against the con 
ductors, the said conductors and the ?uid 
constituting the terminals‘or elements of an 
electric-circuit controller. 

5. The combination with a receptacle for 
containing a conducting ?uid and a series of 
spaced conductors thereon, of a duct having 
an orifice directed toward thesaid 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 ori?ce 
directed toward the conductors, a holder for 
said duct mounted on bearings within the re~ 
ceptacle which permit ofa 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 ?uid 
while the receptacle is rotated, whereby the 
conducting ?uid 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 duct carried by the said magnetic body and 
adapted to take up at one end a conducting 
?uid in ‘the receptacle when the latter rotates 
and to direct such ?uid from its opposite end 
against the series of conductors. ‘ 

8. The combination With a receptacle for 
containing a conducting ?uid, 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 ?uid 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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T0 at” 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 Improvements in Electrical- Circuit 
Controllers, of which the following is a speci- 
?cation, reference being had to the drawings 
accompanying and forming part of the same. 

In order to secure a more efficient working 
of circuit-controllers, particularly in their 
use in connection with my system of elec 
trical—energy conversion by means of c0n~ 
denser discharges, I have devised certain 
novel forms of such appliances, comprising 
as essential elements a body of conducting 
?uid constituting one of the terminals, a‘ con 
ductor 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-electrio circuit and 
thus reducing to a minimum the time of pas 
sage of the current through an are 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 has led me to make 
further important improvements by causing 
the make-and-break to be effected in an inert 
medium 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 
also is more sudden, and this to even a greater 
degree than the break,which result I attribute 
'to the high insulating quality of the vacuous 
space, in consequence of which the electrodes 
may be brought in very close proximity be 
fore an arc can be formed'between them. Ob 
viously these facts may be utilized. in con 
nection with my novel circuit-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 I 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 
tric, 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 chemicallyinert, 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 the application 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, 
?fth, most important, the medium ought to 
be such that the are when formed is restricted 
to the smallest 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 ?uid 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 liquid, 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. To overcome this 
defect and to still more nearly attain the the 
oretical conditions required for most efficient 
working of the circuit-controlling devices, I 
have been finallyled 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 speci?c advantages. 
One of these may be obviously inferred from 
well-established experimental facts, which 
demonstrate that the striking distance of an 
arc is approximately inversely proportional 
to the pressure of gaseous medium in which 
it occurs; but in view 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 ad vantages resulting from the red uc 
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—-nainely, 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 arc is pro 
portional to its cross-section, a very important 
gain in economy generally results. A feature 
of great practical value lies also in the fact that 
the insulating power of the compressed me 
dium is not materially impaired even by con 
siderable increase in temperature, and, fur 
thermore, th at 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 chemical inertness, which 
by proper selection of the gas is easily secured. 

In carrying out my invention the medium 
under pressure may 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 include the termi 
nals, in a chamber or receptacle with which 
communicates a small reservoir containing a 
lique?ed gas. For purpose of illustration 
this particular manner of carrying out the 
invention is described herein. 

\Vhile the improvement is applicable gen 
erally to circuit-controllers, the best results 
will be secured by the use of devices in which 
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a high relative speed between the terminals 
is obtainable, and with this special object in 
view I have devised a novel circuit'controller 
which, though belonging to the class of which 
I have shown a typical form in my applica 
tion for patent ?led December 2, 1897, Serial 
No. 660,518, differs in certain particulars of 
construction, 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 high speed 
by a suitable motor. Mounted 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 conductor 
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 ef?cient and performs the work required 
of it in a highly-satisfactory manner, it is 
nevertheless subject to certain limitations, 
arising mainly from the amount of 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 ?eld of force or a mag 
net rotated bodily. The rotary body imparts 
rotation to a series of spaced conductors 
within the receptacle and also operates as a 
pump to maintain a flow of conducting fluid 
through one or more stationary ducts and 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 cent 'al section 
of the circuit-controller complete. 

A is a receptacle, of iron, steel, or other 
proper material, with a head 13, secured by a 
gas-tight insulating-joint. ‘Vithin this re 
ceptacle is contained the circuit-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 O is screwed or otherwise 
secured centrally in the head I3, and 011 this 
is mounted on antifriction-bcarings a body 
to which rotary motion may be imparted. 
The construction of the device in this particu 
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 1“, 
provided with coils and constituting the pri 
mary element of a motor capable of produc 
ing a rotary ?eld of force which will produce 
a rapid rotation of the secondary element or 
core E. To the depending end of the sleeve 
D is secured a conductor G, usually in the 
form of a disk with downwardly-extending 
teeth or peripheral projections H. 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 H, so that 
by the rotation of the screw I a conducting 
?uid, 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 conductor. . To facilitate 
this operation, the well is ‘surrounded by a 
?ange K, containing passages L, which per 
mit the conducting ?uid to ?ow from the re 
ceptacle into the well, and having beveled 
sides which serve as a shield to de?ect the 
?uid expelled from the ducts through the 
spaces in the conductor to the bottom of the 
receptacle. 

M is any suitable reservoir communicating 
with the interior of the main receptacle and 
containing a lique?ed 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 
0, through which is a passage 0, leading into 
the interior of the receptacle A. ’ 

The receptacle A and the conducting ?uid, 
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. 
The othercircuit 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 ?uid 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 0 extends. ' 

The special advantages of this 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. 

The power required to maintain the jets of 
conducting ?uid 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 
dium 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 lique?ed inert gas, 
and communicating with the interior of the 
receptacle. 

_ at. The combination with a circuit-control 
ling mechanism, one part or terminal of which 
is a conducting ?uid, such as mercury, of a 
receptacle inclosing the same and means for 
maintaining an inert gas under pressure in 
the receptacle. . 

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 ?uid as the 
other terminal with which the conductor 
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 ?uid which constitutes one terminal, 
a conductor or conductors making intermit 
tent contact with the jet and constituting the 
other terminal and a receptacle inclosing and 
excluding oxygen front 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 ?uid against the 
conductor, and a force-pump in direct con 
nection with the conductor for maintaining a 
circulation of conducting ?uid contained in 
the receptacle through the nozzle or nozzles, 
the conductor and the ?uid constituting re 
spectively the terminals of a circuit-controller. 

8. The combination of a casing, a conductor 
or series 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 ?uid and directed toward 
the conductors, and a screw operated by the 
motor for forcing the conducting ?uid through 
the duct or ducts against the conductors, the 
conductors and the ?uid constituting the ter 
minals of an electric-circuit controller. 

9. The combination with a receptacle con 
taining a conducting ?uid, 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 ?uid collects, and a duct or ducts leading 
from the well to points from which the ?uid 
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 
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ing' device, such as a screw rotated by the 10 
core and operating to maintain a jet or jets 
of conducting ?uid, against the conductor, 
When in rotation. 

NIKOLA TESLA. 
‘Vitnesses: ’ 

M. LAWSON DYER, 
G. W. MARTLING. 
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NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTRIC-"CIRCUIT CONTROLLER. 

SPECIFICATION forming part of Letters Patent No. 609,246, dated August 16, 1898. 

Application ?led February 28, 1898. Serial No. 671,897- (No motlcL) 

T0 at” whom it may concern: 
Be it known that I, NIKOLA‘ TESLA, a citi 

zen of the United States, residing in the bor 
ough of Manhattan, in the city, county, and1 
State of New York, have invented certain new I 
and useful Improvements in Electric-‘Circuit; 
Controllers, of which the following is a speci-‘ 
?cation, reference being had to the drawing, 
accompanying and forming a part of the same. 1 

The invention which forms the subject of 1 
my present application is an improvement in ‘ 
a novel class of circuit-controlling appliances 
heretofore invented by Tme‘ and more ‘espe! 

‘ cially designed to be used with mynow 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. . i V 

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-j 
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 chie?y in theluse of a con-q 
ducting liquid for both the terminals under'v 
conditions which permit of a rapidly=~inter-I 
mittent contact between them, as will ‘be . 
herein set forth° , 

The accompanying drawing illustrates an 
apparatusembodying the principle of my said 
improvement. 

The ?gure 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’, secured together by bolts B and nuts 0, 
but insulated from each other, The recep 
tacle is journaled, by means of trunnions 
formed on or secured to its ends, in standards 
D D, and any suitable means is employed to 
impart rotation to it. 
eitected 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 E0 The abutting ends 
of the two parts of the receptacle are formed 

‘cle into two compartments 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-extendin g ?anges F, which di~ 
vide the peripheral portions of the recepta 

' Into one of 

A and the trunnion secured to or extending 
-therefrom.- Into the other compartment G’ 
extends a spindle H’, similarly journaled in 
the end of part A’ audits 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 
receptacleis revolved. 

To the weighted arm ofspindle H is secured 
a standard'L, carrying a tube L’, with one 
open end in close proximity to the inner pe 
ripheral'wall of the compartment Grand the 
other directed 'towardthe axis, but inclined 

To the 
weighted arm of spindle H’ is ‘similarly se 
cured a standard 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 nozzle M’ into a circular 
chamber N in the wall‘ of the part A’. From 

3 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 conducting 
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 it 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 into the circular chamber N, 
from which it is forced through'the passages 
N’ to the nozzles 0, from which it issues in 
jets or streams directed into the‘ compart 
ment Gr. As the nozzles O revolve with the 
receptacle the streams Whichissue from them 
will therefore be carried across the 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 ori?ces 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 so far as the 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 but one speci?c way of accomplishing this 
result. This particular plan, however, has 
certain advantages and may be applied to cir 
cuit-controllers of this class generally when 
everit is necessary to maintain 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 
the others rotating, but only that there should 
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 ?uid is directed from one com 
partment into 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 ?uid from that 
compartment which contains the greater into 
that which contains the lesser amount no dif 
?culty will be found in this respect in main 
tainin g the proper conditions for the satisfac 
tory operation of the instrument. 

A practical advantage, 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 respect to the center of rota 
tion. Preferably the difference between the 
number ofjets should be one. By such means 
the distances between the jets of each set are 
made the greatest possible and hurtful short 
circuits are avoided. 

Forthe sake of illustration let the number 
of jets or nozzles L’ in one compartment be 
nine and the number of those marked 0 in 
the other compartment ten. Then by one 
revolution of the receptacle there will be 
ninety makes and breaks. To attain the same 
result with only one jet, as L’, 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 circuit, 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 terminals are formed by a liquid 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 
1 claim is 

1. A circuit-controller comprising in com 
bination meansfor 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 circuit-controller, the combination 
with two sets of ori?ces adapted to discharge 
jets in different directions, means for main 
taining jets of conducting liquid through said 
ori?ces, and means for moving said ori?ces 
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 ?uid in elec— 
trical contact with the two parts of the circuit 
respectively, the ori?ces 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 
tric circuit, as set forth. 

4. In a circuit-controller the combination 
with one or more stationary nozzles and means 
for causing a conducting ?uid forming one 
terminal to issue therefrom, of one or more 
rotating tubes or nozzles, means for causing 
a conducting liquid 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 insulated 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 theinner 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 ?xed to the rotating re 
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ceptacle and adapted to discharge across the 
path of the jet from the stationary nozzle, as 
set forth. 

6. In a circuit-controller the combination 
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 duct car 
ricd by said body and adapted to take up a 
conducting ?uid from the rotating receptacle 
as set forth. 

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

ing from the same, jets of conducting ?uid 
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,tl1ere 
being one more nozzle in one set than in the 
other. 

NIKOLA TESLA. 
Witnesses: 

M. LAWSON DYER, 
G. W. MARTLING. 
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NIKoLA TnsLA, or NEW YORK, N. Y. 

ELECTRIC-CIRCUIT "com-ROLLER. 
SPECIFICATION forming parser Letters Patent No. 609,247, dated August 1e, 189s. 

Application filed March 12, 1898. lSerial No. 673,558. (No model.)` 

To ctZZ whom it may concern.: 
Be it known that I, N‘IKOLA TESLA, of the 

borough of Manhattan,in the city,county, and 
State of New York, have invented certain new 
and useful Improvements in Circuit-Controlf‘ 
1ers, of which the following is a specification, 
reference being had to the drawings accompa 
nying and forming a part ofthe same. 

In au application _filed by me on June 3, 
1897, Serial No. (539,227, I have shown and de~ 
scribed a device for making and breaking an 
electric circuit comprising a rot-ary receptacle 
containing a conducting fluid and a terminal. 
mounted Within but independently of the re 
ceptacle and caused by the rotation of the 
latter 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 circuit-,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 gastight 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 l 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, I have shown a field 
magnet E, mounted on or secured to the base 
D, and an armature F, supported bya bracket 
G from the under side of the receptacle A. 
The same bracket also carries a series of com 
mutator - segments Il, _upon `which bear 
brushes I, these parts being arranged to con 
stitute an electromagnetic motor with sta~ 
tionary iield and rotating armature. It may` 

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

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

The spindle B is held by its bearings atan 
angle to the vertical,and a WeightK is secured 
eccentrically to the spindle J and tends to hold 
the said spindle always in one position. The 
inclination of the axes of 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 
friction and easier lubrication. 

Attached to the spindle .I or weight K is an 
insulated bracket L, 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 lincloses 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 
receptacle'a small mercury-cup T, in metallic 
contact with the vanes through 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 cup VT through a packed 
opening in 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 WV. The apparatus may be 
connected up in circuit by connecting the 
wires of the circuit to a brush X, bearing on 
the bolt IV, and to a binding~postY 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. ÑVhen 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, 
so as to be capable of containing an inert me 
dium under pressure in which the makes and 
breaks occur and which medium is practi 
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 circuit-controller comprising, in com 
bination, a closed receptacle containing a 
iiuid, means for rotating the receptacle, a sup 
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 Huid, as 
set forth. 

2. A circuit-controller comprising, in corn 
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 terminal, 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. 

Il. 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 
tained in the receptacle when the latter is 
rotated, as set forth. 

5. The combination with a recept-acle 
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 iiuid contained in 
said receptacle when said Huid is displaced 
by centrifugal action, as set forth. 

NIKOLA TESLA. 

Witnesses: 
M. LAWSON DYER, 
G. W. MARTLING. 
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NIKOLA TESLA, NEW YORK, N. Y. 

ELECTRIC-CIRCUIT CONTROLLER. 

SPECIFICATION forming part of Letters Patent No. 609,249, dated August 16, 1898. 

Application ?led March 12 , 18,98. 

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 Electrical-Cir 
cuit Controllers, of which the following is a 
speci?cation, reference being had to the 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— 
scribed in previous applications, notably in 
an application ?led December 2, 1897, Serial 
No. 660,518. The chief distinguishing fea 
tures of these devices are the use of a con 
ducting ?uid for one or both of the terminals 
under conditions which permit of a very rapid ‘ 
succession of makesand breaks and a con 
struction or arrangement which allows the 
inclosing of the terminals in 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 entirely novel in such de 
vices. For example, in order to e?ect arap 
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 which will operate to hold 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— 
vice for securing the proper relative move 
ment of the two parts or terminals of the cir 
cuit-controller and involves two salient fea 
tures of novelty, one that it provides for main 
taining in a rotating receptacle a stationary 
jet or jets which by impinging on a rigid con 
ductor maintain the latter in rotation, there 
by securingthe requisite rapidly-intermittent 
contact between the two, and the other that it 
utilizes the rotation of such rigid conductor 
as a means for opposing or ‘preventing the 
movement of its own supports in the direc 
tion of rotation of the receptacle, thereby se 
curing, among other things, an approximately 
constant relative‘ movement " between the 

Serial No. 673,560- (NO model-l 

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

I In the drawing hereto annexed I have illus 
trated the preferred form of apparatus which 
I have devised for carrying out these improve 
ments. The ?gure isa central vertical cross 
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 0 C, so 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 
toro‘tate the ‘receptacle; but a simple way to 
effect this is to surround the same with a 
?eld-magnet G and to make the receptacle 
itself the armature of an electric motor or 
else to secure to it arm‘aturecores, as H. 

A body‘ I is Supported by trunnions J, hav 
ing bearings in the ends of vthe receptacle 
and concentric with the axis of rotation of 
the same. The weight of the body I being 
eccentric 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 f reely-rotatable spindle L, 
carrying a disk M, with radial arms inclined 
to the plane of the disk, so as to form vanes 
N. Arms 0 P are 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 latter is 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 ?uid R is caused by centrif 
ugal action to distribute itself in a layer over 
the innerperipheral surface of the receptacle. 
As the tubes or ducts Q do not take part in 
the rotation of the ?uid, 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 ?uid are simultaneously in 
contact with the vanes, but breaking the con 
tact wheneverthe 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 respect to the number of 
jets thus employed the device may be ob 
viously modi?ed 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 chie?y depend 
ent on the velocity of the streams and pitch 

' of the blades, and it is of course necessary in 
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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 accomplished by rotat 
in g the receptacle with a constant speed; 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 over?owing-reservoirs V V, as in 
dicated by dotted lines, from which the ?uid 
issues upon the vanes 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 circuit is intermittently estab 
lished, and means for directing a jet or stream 
of a ?uid 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 
ducting body therein adapted to be rotated 
independently of the receptacle by the im 
pingement thereon of a jet or stream of con 
ducting ?uid,and means for maintaining such 
a jet and directing it upon the said conduc 
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,a conducting-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 ?uid 
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 
?uid 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 
ducts and a support therefor capable of ro 
tation independently of the receptacle, a con 

- ductor mounted on said support in a plane at 
an angle to that of rotation of the receptacle, 
and adapted to be maintained in rotation by 
a jet of ?uid 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 the receptacle, the disk being formed 
or provided with conducting - vanes, upon 
which a jet of conducting ?uid, 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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NIKOLA TESLA, OF NEW YORK, N. Y. 

ELECTR’ICáCIRCUIT CONTROLLER, 

SPECIFICATION forming part of Letters Patent No. 613,735, dated November s, 189s. 
Application filed April19, 1898. Serial No. 678,127. (No model.) 

To all whom ¿t 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 Improvements in Electrical- Oircuit 
Controllers, of which the following is a speci 
fication, reference being had to the drawings 
accompanying yand 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 described by me the 
means employed for making and breaking the 
electric circuit, though performing a subor 
dinate function, may from the peculiar con 
ditions which exist become a highly important 
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 most efficient 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 
terially in construction 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 iiuid, while the other is usually a solid' 
conductor or series of conductors, both being 
preferably inclosed in a gas-tight receptacle 
and brought by rotary movement into rap 
idly intermittent contact. I have shown 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, 
ñled February 28, 1898'. 

The invention, subject of my present ap 
plication, pertains 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 
to secure 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 circuit-controller of this general kind which 

I have heretofore shown and described 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 duct which takes up a conducting fluid 
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.v This apparatus, while 
effective to a high degree and possessing many 
advantages over previously-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 
parat-us 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 motorl used for rotating 
the conductor, and thus maintained a flow of 
conducting fluid from ducts in the receptacle 
against the rotating conductor with no greater 
speed than required for efûcient operation. 
By such an apparatus itis not only possible 
to secure a higher relative speed between the 
two terminals, but to do this with a smaller 
expenditure of mechanical energy. 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 the rate of mutual contact is very greatly 
increased. » 

Obviously various means may be employed 
for rotating the conductors, 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 drawings I have only shown such forms 
of the apparatus as best illustrate the pres 
ent improvement. 

Figure l is a central vertical section of a 
circuit-controller comprising a conductor or 
series o'f conductors forming one terminal 
and means for maintaining a jet or jets of 
conducting Iiuid 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 circuit-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~controllin g 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 German silver. The 
receptacle D as a whole is made air - tight 
and any suitable means may be employed 
to eifect its rotation, the particular device 
shown for this purpose being an electromag 
netic motor, one element, G, of which is secured 
to the spindle C or receptacle D and the other, 
ll, to the box or case A. Within the recepta 
cle D and secured to the top of the same, but 
insulated therefrom, is a circular conductor 
K, with downwardly-extending projections or 
teeth L. This conductor is maintained in 
electrical connection with a plate M outside 
of the receptacle 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 5 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 F, within which is mounted the ar 
mature Q. , . 

Depending from the spindle 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 the receptacle D and" 
the series of teeth or projections L. 

The tubesV have openings at one end in 
close proximityto 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 are adapt 
ed to direct a stream or jet of fluid against 
the projections L. 

To operate the apparatus, the receptacle D, 
into which asuitable quantity of conducting 
fluid, such as mercury, is first poured, and 
the spindles I’ are both set in rotation by their 
respective motors and in opposite directions. 

By the rotation of receptacle D the conduct-Y 
ing íiuid 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 receptacleD 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 
are obtained. In this device 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 lV 
lV', which contain a conducting fluid B', such 
as mercury. Terminals C' C",passing through 
the bottom of the receptacle through insulat 
ing and packed sleeves, afford a means of conL 
necting the mercury in the two troughs with 
the conductors of the circuit. Surrounding 
that portion of the device in which the troughs 
lV lV' lie is a core D', wound with coils D", 
arranged in any suitable and well~known inan 
ner to produce, when energized by currents 
of di'lîerent 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. lf by this or any other means the 
mercury is set in motion and caused to iiow 
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 i 
may be obtained of novel and distinctive 
character and capable 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 I-I', which afford bearings for a shaft 
K', supporting two starshaped wheels L' L", 
arranged to 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' Cil 
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 O", 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 mercury; but the 
direction of rotation should be opposite to 
that of the mercury. The rate of rotation of 
the Wheels L’ L”_ 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, andy 
consequently the frequency 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 
ofthe circuit may be effected, While all the 
practical advantages which may be derived 
from inclosing the terminals or contacts 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 y 
other, thereby making and breaking the elec~ 
tric circuit, 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 íiuid 
and to thereby make and break electric con 
nection with the fluid, as set forth. 

NIKOLA TESLA. 
Witnesses: 

M. LAWSQN DYER, 
G. W. MARTLING. 
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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 in 
vented certain new and useful improvements 
in methods of and apparatus for controlling 
from a distance the operation of the propel 
ling - engines, the steering apparatus, and 
other mechanism carried by moving bodies or 
?oating vessels, of which the following is a 
speci?cation, reference being had to the draw, 
ings accompanying and forming ‘part of the 
same. ' 

The problem for which the invention form 
ing the subject'of my present application af 
fords a complete and practicable solution is 
.that of controlling from a given point the op 
eration of the propelling-engines, the steer 
ing apparatus, and other mechanism carried 
by a moving object, such as a boat or any 
?oating vessel, whereby the movements and 
course of such body or vessel may be directed 
and controlled from a distance and any de 
vice carried by the same brought into action 
at any desired time. So far as I am aware 
the only attempts to solve this problem which 
have heretofore met with any measure of suc 
cess have been made in connection with a 
certain class of vessels the machinery of 
which was governed by electric currents con 
veyed to the controlling apparatus through a 
?exible conductor; but this system is subject 
to such obvious limitations as are imposed by 
the length, weight, and strength of the con 
duetor which can be practically used, by the 
difficulty of maintaining with safety a high 
speed of the vessel or changing the direction 
of movement of the same with the desired 
rapidity, by the necessity for eifecting the. 
control from a point which is practically ?xed, 

.and by many well-understood drawbacks in 
separably connected with such a system. The 
plan which I have perfected involves none of 
these, objections, for I am enabled by the use 
of my invention to employ any means of pro 
pulsion, to impart to the moving body or ves 
sel the highest possible speed, to control the 
operation of its machinery and to direct its 
movements from either a ?xed point or from 
a body moving and changing its direction 
however rapidly, and to maintain this control 
over great distances without any arti?cial 

circuit carried by the moving body. 

connections between the vessel and the ap8 
paratus governing its movements and with 
out such restrictions as these must necessarily 
impose. . 

In a broad sense, then, my invention dif 
'fers from all of those systems which provide 

55 

for the control of the mechanism carried by a - 
moving object and governing its motion in 
that I require no intermediate wires, cables, 
or other form of electrical or mechanical con 

60 

nection with the object save the natural mo- . 
dia in space. I accomplish, nevertheless, 
similar results and in a much more lpractica 
ble manner by producing waves, impulses, or 
radiations which are received through the 
earth, water, or atmosphere by suitable ap 
paratus‘ on the moving body and cause the 
desired actions so long as the body remains 
within the active region or effective range'of 
such on rren ts, waves, impulses, or radiations. 

The many and dil?cult requirements of the 
object here contemplated, involving peculiar 
means for transmitting to a considerable dis 
tance an in?uence capable of causing in. a 

‘positive and reliable manner these actions, 
necessitated the designing of devices‘ and ap 
paratus of a novel kind in order to utilize to 

‘the best advantage various facts or results, 
which, either through my own investigations 
or those of others, have been rendered prac 
tically available. ' 

As to that part of my invention which in~ 
volves the production of suitable waves or 
variations and the conveying of the same to 
a remote receiving apparatus capable of be 
ing operated or controlled by their in?uence, 
it may be carried out in various ways, which 
are atthe present time more or less under 
stood. For example, I may pass through a 
conducting-path, preferably inclosing a large 
area, a rapidly-varying current and by elec 
tromagnetic induction of the same aifect a 

In this 
case the action at a given distance will be the 
‘stronger the larger the area inclosed by the 
conductor and the greater the rate of change 
of the current. If the latter were generated 
in the'ordinary ways, the rate of change, and 
consequently the distance at which the action 
would be practically available for the present 
purpose, would be very small; but by adopt 
ing such means as I have devised--that is, 
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either by passing through the conducting-path " 
, currents of a specially-designed high-fre 

quency alternator or, better still, those of a 
strongly-charged conden ser—a very high rate 
of change may beobtained and the effective‘ 
range of the influence thus extended over a 
vast area, and by carefully-adjusting the‘cir» 
cuit on the moving body so as to‘be'in exact 

' . electromagnetic synchronism ‘with the pri 
mary disturbances this in?uence may be util 

' ized at great distances. 

35 

Another way to carry out my invention is 
to direct the currents or dischargesof ahigh 
frequency machine or condenser through a 
circuit one terminal of which isconnected 
directly or inductively with the ground and 

‘the other to a body, preferably of large sur 
face and at an elevation. In this case if the 
circuit- on the moving’body'be similarly ar 
ranged or connected dilferences of potential 
on the terminals of the circuit either by con 
duction or electrostatic induction are pro- 

' duced and the same object is attained. Again, 

25 
. to secure the best action the receiving-circuit 
should be adjusted so as to be in electromag 
netic synchronism with the primary source, 
as before; but in this instance it willjbe un 
derstood by those skilled in the art that if the 
number of vibrations per unit of time be the 
same the circuit should now have a length 

- of conductor only one-half of that used in the 

v2.5 

former case. > _ 

Still another way is to pass the currents 
simply through the ground by connecting 
both the terminals of the source of high-fre 
quency currents to earth at di?erent and re 
mote points and to utilize the currents spread 

_ ing through the ground for affecting a re 

40 
ceiving-circuit properly placed and adjusted. _ 
Again, in this instance if only one of the ter 
minals of the receiving-circuit be connected 
tothe ground, the other terminal being insu 

- . lated, the adjustment as to synchronism with 

' '45 

,' so 

the'source‘will requiresthat under otherwise 
equal conditions the‘: length of wire be half of 
that which would be used; if‘ both the termi 
nals be connected or,‘fgen'erally, if the circuit 
be in the form of a'closed‘floop Ior coih. Ob 
vionsly also in the latter‘case the‘ relative po 
s1t1on_of the receiving andv transmitting cir 
cuits is of importance, whereas if the‘ circuit 

4 be, or the former kind-that is,‘ open—the 
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relative position of the circuits is, as a rule, 
'of little or no consequence. v . .. 

‘ - Finally, I may avail myself, in carrying out ' 
my invention, of electrical oscillations which 
do not follow any particular conducting-path, 
but propagate in straight lines through space, 
of rays, waves, pulses, or disturbances of any 
kind capable of bringing the mechanis'mof 

‘ the moving body into action from a distance 
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and at the will of the operator by their effect 
upon suitable controlling devices. 

. In the following detailed description I shall 
con?ne myself to ahqexplanation of that 
method and apparatus only .which I have 
found to be the most practical and e?z'ectu'al; 

vmeans capable of being \ 
v'by the feeblest influences in order to effect 

, the‘ sensitiveness. 

but obviously my 
tures is not limited to the special mode and 
appliances which I have devised and shall 
here describe. ' 

‘ In any ‘event-that is to say, 
the above or similar plans I may adopt-and 
particularly when the~in?uence exerted from 
a distance upon the receiving-circuit be too 

ate the controlling apparatus ‘I employ auxil 
iary sensitive relays or, generally speaking, 

brought into action 

the control of the movements of .the distant 
body with the least possible expenditure of 
energy and at the greatest practicable dis 
tance, thus extending the range andtuseful 
ness of my invention. 

A great variety of electrical and other de- . 
vices more or less suitable for the purpose of 
detecting and utilizing feeble actions are now 
well known to scienti?c men and artisans and 
need not be all enu merated here. Con?ning 

invention in its broad teal 

"whichever of ' 

7.0 

75 
small to directly'and reliablyaifect and actu-_ _ 
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myself merely to the electrical as the most . 
practicable of such means and referring only " 
to those which, while not the most sensitive, 
are perhaps more readily available from the 
mbre. general knowledge which exists ‘regard 
ing them, I may state that a contriva‘nce may 
be used which has long been known and used 
as a lightning- arrester in connection with 
telephone-switchboards for operating annun~ 

'ciators and like devices, comprising a bat 
tery the poles of which are connected to two 

‘ conducting-terminals separated by a minute 
‘thickness of dielectric. The electromotive 
force of the battery should be such as to strain 1 
the thin dielectric layer very nearly to the 
point of breaking down in order to increase 

turbance reaches a circuit so arranged ‘and 
adjusted,.additional strain is put upon‘ the 
insulating-?lm, which gives way and allows 
the passage of a current which can be util 
ized to operate any form of ‘circuit-controlling 
apparatus. ' - ' . I 

Again, another contriv-ance capable of be 
ing utilized in detecting feeble electrical ‘ef 
fects consists of two conducting plates or ter 
minals which have, preferably, wires of some ‘ 
length attached to them and are bridged by 
a mass of minute particles of metal or other 
conducting material. ~Normally these par 

.ticles 'lying loose do not connect the metal 
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When an electrical dis; > 
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plates; but under the‘ in?uenceof an elec 
trical vdisturbance produced at a distance, 

A evidently owing to electrostatic attraction, f 
they are pressed ?rmlyagainst each other, 125 ‘ 
thus- establishing a good'electrical connection .' . 

Vbetween the‘two terminals; This change of 
state may be made use of ina number of ways ‘ 
for the above purpose. A ~ - 

Still another modi?ed device, which may 
be said to embody the features of both the 
former, is .obtained by connecting the‘ two 
conducting plates or terminals above referred 
to permanently with the poles .of a battery,v » ‘‘ 

13o, 
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which should be of very constant electromo- ' 
tive force. In this arrangement a distant 
electrical disturbance produces a twofold ef 
fect'on the conducting particles and insulat 
ing-?lms between them. The former are 
brought nearer to each other in consequence 
of the sudden increase of electrostatic attrac 
tion, and the latter, owing to this, as well as 
by being reduced in thickness or in number, 
are subjected to a much greater strain, which 
they are unable to withstand. . 

It will be obviously noted from the pre 
ceding that whichever of these or similar 
contrivances be used the sensitiveness and, 
what is often still more important, the reli 
ability of operation is very materially in 
creased by a close adjustment of the periods 
of vibration of the transmitting and receiv 
ing circuits, and, although such adjustment 
is in many cases unnecessary for the success 

' ful carrying out of my invention, I neverthe 
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less make it a rule to bestow upon this fea 
ture the greatest possible care, not only be 
cause of the above-mentioned advantages, 
which are secured by the observance of the 
most favorable conditions in this respect, but 
also and chie?y with the object of prevent 
ing the receiving-circuit from being affected 
by waves or disturbances emanating from 
sources not under the control of the operator. 
The narrower the range of vibrations which' 
are still capable of perceptibly affecting the 
receiving-circuit the safer will the latter be 
against extraneous disturbances. To secure 
the best result, it is necessary, as‘ is well 
known to experts, to construct the receiving 
circuit or that part of ‘the same in which the 
vibration chie?y occurs so that it will have 
the highest possible'self-induction and at the 
same timepthe least possible resistance. In 

- this mannerI have demonstrated the practica 

45 

‘in this direction—namely, how, 
use of merely one receiving-circuit, a great 

bility of providinga great number of such re 
ceiving-circuits—-?fty ora hund red,ormore—— 
each ‘of which may be called up or brought 
into action whenever desired without theoth 
ers being interfered with. This result makes 
it possible‘ for one operator to direct simul 
taneously the- movements of a number of 

.bodies as well as to'control the action of a 
number of devices located on the same body, 
each of which may have a distinct duty to 
ful?l. In the following description, how 
ever, I shall show a still further development 

by making 

variety of devices may be actuated and any 
number of different functions performedat 

‘ the will and command of the distant- oper 

65 

ator. - 

It should be stated in advance in regard to 
the sensitive devices above mentioned, which 
may be broadly considered as belonging to 
one class, inasmuch as the operation of all 
of them involves the breaking down of a 
minute thickness of highly-strained dielec 
tric, that it is necessary to make .some provi 

' sion-for automatically restoring to the dielec 

tric its original unimpaired insulating quali 
ties in order to enable the device to be used 
in successive operations. This is usually ac 
complished by a gentle tapping or vibration 
of the electrodes or particles or continuous 
rotation of the same; but in long experience 
with many forms of these devices I have found 
that such procedures,while suitable in simple 
and comparatively unimportant'operations, 
as ordinary signaling, when it is merely re 
quired that the succeeding effects produced 
in the receiving-circuit should differ in re-' 
gard to their relative duration only, in which 
case it is of little or no consequence if some 
of the individual e?ects be altered or incom 
plete or even entirely missed, do not yield 
satisfactory results in many instances, when 
it may be very important that theeffects pro 
duced should all be exactly such ‘as desired 
and that none should fail. To illustrate, let 
it be supposed that an o?icial directing the 
movements of a vessel in the manner de 
scribed should ?nd it necessary to bring into 
action a special device on the latter or to per 
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form a particular operation, perhaps of vital ' 
moment, at an instant’s notice and possibly 
when, by design or accident, the vessel itself 
or any mark indicating its presence is hidden 
from his view. In this instance a failure or 
defective action of any part of the apparatus . 
might have disastrous consequences and such 
cases in which the sure and timely working 
of ‘the machinery is of paramount importance 

95 

100 
may often present themselves in practice, and , 
this consideration has impressed me with the 
necessity of doing away with the defects in 
the present devices and procedures and of , 
producing an apparatus which while being 
sensitive will also be most reliable and posi 
tive in its action. 
inafter described these defects are overcome 
in'a most satisfactory manner, enabling thou 

.sands of successive operations, in all respects 
alike, being performed by the controlling ap 
paratus without a single irregularity or miss 
being recorded. Fora better understanding 
of these and other details of the invention as 
I now carry them out I would refer to the ac 
companying drawings, in which— 

Figure 1 is a plan view of a vessel and 
mechanism within the same. 
gitudinal section of the same, showing the in 
terior mechanism in side elevation. Fig. 3 is 
a plan view, partially diagrammatical, of the 
vessel, apparatus, and circuit connections of‘ 
the same. Fig. 4 is a plan view, on an en 
larged scale, of a portion of the controlling 
mechanism.- Fig. 5 is an end view. of the 
same. Fig. 6 shows the same mechanism in 
side elevation. Fig. 7 is a sideview of a de 
tail of the mechanism. Fig. 8 is a central 
sectional view, on a larger scale, of a sensitive 
device forming part of the receiving-circuit. 
Fig. '9 is a diagrammatic illustration of the‘ 
system in its preferred form. ‘Fig. 10 is a 
view of the various mechanisms employed, 
but on a larger scale, and leaving out orindi 

Fig.2 is a lon-_ 
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In the arrangementlhere- _ ' 
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.I 4. eating conventionally vcertain parts of well 
understood character. . . . 

Referring to Figs. 1 and 2, A designates any 
type of vessel or vehicle which is‘ capable of 
being propelled and directed, such as a boat, 
a balloon, or a carriage. 

' to carry'in a suitable compartment-B objects 

KO 
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of-any kind, according to the nature of the 
uses to which it is to be applied. The ves 
sel=-in this instance a boat—-is provided with 
suitable propelling machinery,which is shown. 
as comprising a screw-propeller G, secured to 
the shaft of an electromagnetic motor D,which 
derives its power from storage batteries E E 
E. E. _In addition .to the propelling engine or 
motor the boat carries also a small steering 
motor F, the shaft of which is extended be 
yond its bearings and provided witha worm 
which meshes with a toothed wheel G. This 
latter is ?xed to a sleeve 1), freely movable on 
avertical rod H, and is rotated in one or the 

‘ other direction, ‘according to the direction of 
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rotation of the motor F., 
The sleeve b on rod '11 is in gear through 

the cog—wheels H’ and n", with a gpindle e, 
mounted in vertical bearings at the stem of 
the boat and carrying the rudder' F’. 

The apparatus by means of which .the op 
eration of both the propelling and steering 
mechanisms is controlled involves, primarily, 
a receiving-circuit, which for reasons before 
stated is preferably both adjusted and ren 
dered'sensitive to the in?uence of waves or 
impulses emanating from a’remote source, 
the adjustment being so that the period of 
oscillation of the circuit is either the same as 
that of the source or a harmonic thereof. 

The receiving-circuit proper (diagrammat 
icallysh'own in Figs. 3 and 10) comprises a 
terminal E’, conductor 0’, a sensitive device 
A’; and a conductor A", leading to the ground 

’ ‘conveniently through. a connection to the 
~. metal'keel B’ of the vessel.‘ The terminalE' 

should'presentv a large conducting-‘surface 
and should be supported as high as‘practica 

, ble on astandard D ', which is shown as broken 
in Fig. 2; but such provisions are not always 

' necessary. It is important to insulate very 
well the conductor 0’ in whatev,er manner it 
be supported. - ' . 

The-circuit or path just referred to forms 
, also a part of a local circuit, which latter in 

cludesa relay-magnet a and a battery a’, the 
‘ - l . electromotive force of which is, as before ex 

‘ S5 
_' 7 electric layers in the sensitive device A’ are 

plained, so determined that although the di 

subjected' .toa great strain, yet normally they 
' withstand the strain and no appreciable cur 

rent-?ows through the-local circuit; but when 
an electrical disturbance reaches the circuit 

- , the ‘dielectric ?lms are broken down, the -re- ' 
sistance of thev device A’ is suddenly-and 

3 _.-g'rea'tly diminished, anda current traverses 

65 . 
I' is shown in general ‘views and in detail in 

Figs. 4, 6, 7, and 8. ‘It consists of a metal 

the relay-magnetA. ' ~ _ v 

-- The. particular sensitive device employed 

small quantity of 

It may be designed 1 

' The central rod 

current which is started throug 

. through. a slot in a 

‘made before. 

cylinder 6, with-insulating-heads 0’, through 
which passes a central metallic rod 0”. 

grains‘ d of conducting ma- 7o 

terial, such as an oxidized metal, is placed in the cylinder. A metallic strip (1’, secured to ' 
an iu‘sulatedpost d”, bears against the side 
of the cylinder 0, connecting it with the con- ' 
ductor O’, formin one part of the circuit. 7 5 _ 

c ’ is connected to the frame 'L_ 
of the instrument and so to the other part of - 
the circuit through the , forked metal arm e, 
the ends of which are fastened with two nuts 
to the projecting ends of the rod, by which 80 
means the cylinder 0 is supported. 7' 

‘ In order to interrupt; the ?ow of battery 
the action 

of the‘sensitive device A’, specia 'means are ' 
pro'vided,which are as follows: The armature 85 
e’ of the magnet a, when attracted by the lat 

.ter, closes a circuit containing a battery b’ and 
magnet f. The armature-lever f’ of this mag 

_ net' is ?xed to a rock-shaft f”, to which is se-‘ 
cured an anchor-escapement g, which con- 90 
trols the movements of a spindle g’, driven by / 
a clock-train K. The spindle g’ has ?xed to." 7 
it a disk 9" with four pins 1)”, so thatfor each 

, oscillation of the ‘escapement g the spindle g’ 
is ‘turned through. one~quarter of a revolu- 95 
tion. One of the ‘spindles in the clock-train, 
as h, is geared so as to make one-half of a 
revolution for each quarter-revolution of spin 
dle g’. The end of the former spindle ex- ' 
tends through the side of the frame and car 
ries an eccentric cylinder 72.’, which passes 

lever h", pivoted to the 
side of the frame. _'The fdrked arm e, which 
supports the cylinder cj,.is pivoted to the end 
of eccentric It’, and the eccentric and said 165 
arm are connected by a spiral spring 1. Two 
pins '11’ z" extend out from the lever h”, and 
one of these isalways in the path of a pro 
jection on arm e. They operate to prevent 
the turning of‘ cylinder 0 with the spindle h 
and the eccentric. Itwill be evident that a 
half-revolution of the spindle It ‘will wind up 
the spring ~21 and at the same time raise or 
lower the lever-h”, and these parts are-so ar 
ranged that just before the half-revolution of. 
the spindle‘ is completed the pin 11', in engage 
meut with projection on stop-pin p, is with 
drawn from its path, and the cylinder 0, obey 
ing the force of the spring 11,‘ ‘is ‘suddenly 
turned-endvfor. end, its motion being checlpred r20 
by the other pin '11-’. The adjustment relaé' _| 
tively-to armature f’ of magnet f is further-7 " " 

I10 

:15 

‘more so made that the pin, 1" is withdrawn at 
the- moment whenthe armature has nearly _ 
reached its extreme position in its approach . 12 5 
toward the magnet.—-that is, when the lever l, 
which carries the armature f’, almost touches 
the "lower one of the two stops s s, Fig.- 5 
which limits its motion in both directions. 

The arrangement just described has been 130 
the- result of ‘long experimenting with the ob 
ject' of overcoming certain defects 'in devices 
of this kind, to which reference has been 

These defects I have found to‘ 
l 
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be due to many causes, as, the unequal size, 
weight, and shape of the grains,‘ the unequal 
pressure which results from this and from the 
manner in which the grains are usually agi 
tated, the lack of uniformity in the conduc 
tivity of the surface of the particles owing to 
the varying thickness of the super?cial oxi 
dized layer, the varying condition of the gas 
or atmosphere in which the particles are im 
mersed,and to certain de?ciencies,wellknown 

to experts, of the transmitting apparatus as 
heretofore employed, which are in a large 
measure reduced by the use of my improved 
high-frequency coils. To do away with the 
defects in the sensitive device, I prepare the 
particles so that they will be in all respects 
as nearly alike as possible. They are manu 
factured by a special tool,insu ring their equal 
ity in size, weight, and shape, and are then 
uniformly oxidized by placing them for a 
given time in an acid solution of predeter 

_ mined strength. This secures equal conduc 

25 

tivity of their surfaces and stops their further 
deterioration, thus preventing a change in 
the character of the gasin the space in which 
they are inclosed. I prefer not to rarefy the 
atmosphere within the sensitive device, as 
this has the effect of rendering the former 
less constant in regard to its dielectric prop 
erties,but merelysecure an air-tightinclosure 

- of the particles and rigorous absence of mois 
ture, which is fatal to satisfactory working. 

The normal position of the cylinder 0 is ver 
' i-ical, and when turned in the manner de 
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scribed the grains in it are simply shifted 
from one end to the other; but inasmuch as 
they always fall through the same space and 
are subjected to the same agitation they are 
brought after each operation of the relay to 
precisely the same electrical condition and 
otter the same resistance to the ?ow of the 
battery-current until another impulse from 
afar reaches the receiving-circuit. , 

The relay-magneta should be of such char 
acteras to respond toavery weak current and 
yet be positive in ‘its action. To insure the re 
traction of its armature 6' after the current has 

.been established through the magnet f and 
interrupted by the inversion of the sensitive 
device 0, a light rod 70 is supported in guides 
on the frame in position to be lifted by an ex 
tension k’ of the armature-lever Z and to raise 
slightly the armature e. Asa feeble current 
may normally ?ow through‘the sensitive de 
vice and the relay-magnet a, which would be 
su?icient to hold though not draw the arma 
ture down, it is well to observe this precau 
tion. . 

The operation of the relay-magnet a and 
the'conseqnent operation of the electromag~ 
net f, as above described, are utilized to con 
trol the operation of the propelling-engine 
and the steering apparatus in the following 
‘manner: On the spindle g’, which carries the 
escapement-disk g", Figs. 4 and 6,'is a cyld 
inderj of insulating material with a conduct 
ing 'plate or head at each end. From these 

two heads, respectively, contact plates or seg 
mentsj'j" extend on diametrically opposite 
sides of the cylinder. The plate j" is in elec 
trical connection with the frame of the in 
strument through the head from which it ex 
tends, while insulted strips or brushes J ‘J’ 
bear upon the free end or head of the cylin 
der and the periphery. of the same, respec 
tively. Three terminals are thus provided, 
one always in connection with plate j’, the 
other always in connection with the plate j", 

and the third adapted to rest on the strips j’ 
and j" in succession or upon the intermediate 
insulating-spaces, according to the position 
in which the commutator is brought by the 
clock-train and the anchor-escapement g. 

K’ K", Figs. 1, 3, and 10, are two relay 
magnets conveniently placed in the rear of 
the propelling- engine. 

the relay-coils, the opposite terminal to the 
brush J’, and the opposite ends of the relay 
coils to the brush J and to the frame of the 
instrument, respectively. As a consequence 
of this arrangement either the relay K’ or K" 
will be energized as the brush J’ bears upon 
the plate j’ or j”, respectively, or both relays 
will be inactive while the brush J’ bears upon 
an insulating-space between the plates j’ and 
j". While one relay, as K’, is energized, its 
armature closes a circuit through the motor 
F, which is rotated in a direction to throw the 
rudder to port._ On the other hand, when re 
lay K” is active another circuit through the 
motor F is closed, which reverses its direc 
tion of rotation and shifts the rudder to star 
board. These circuits, however, are at the 
same time utilized for other purposes, and 
their course is, in part, through apparatus 
which Ishall describe before tracing their 
course. . ' 

The ?xed rod I1 carries an insulating disk 
or head L, Fig. 2, to the under side of which 
are secured six brushes, 1, 2, 3, 4, 5, and 6, 
Fig. 3. Thesleeve b, which surrounds the 
rod and is turned by the steering-motorvF, 
carries -a disk L’, upon the upper face of 
which are two concentric circles of conduct— 
ing contact-plates. Brushes 1, 2, 3-, and 4 
bear upon the inner circle of contacts, while ' 
the brushes 5 and 6 bear upon the outer cir 
cle of contacts. The outer circle of contacts 
comprises two long plates 7 and 8 on opposite 
sides of the disk and a series of shorter 
plates 9, 10, 11, 12,13, and 14 in the front 
and rear. Flexible conductors Z’ Z” connect 
the plates 7 and 8 with the terminals of the 
propelling-motor D, and the poles of the 
main battery E are connected to the brushes 
5 and 6, respectively, so that while the rudder 
is straight or turned up .to a certain angle to 
either side the current is conveyed through 
the brushes 5 and 6 and segments 7 and 8 to 
the propelling-motor D. The stcering'motor 
F is also driven by current taken from the 
main battery E in the following manner; A 
conductor 15 from one pole of the battery 
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One terminal of a . 

battery'lc" is connected to one end of each of ‘ 
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leads to one of the ‘commutator-brushes, and 
from the other brush runs va conductor 16 to 
one of the contacts of each relay K’*K". 

~ When one of these relays, as K", is active, it 
5 continues thisv circuit through a wire. 19 

through one ?eld-coil or set of coils on the 
vmotor F and thence to‘ the brush 1. In'a 
similar'm'anner when the other relay K’ is 
active the circuit is continued from wire 18 

ro,through a wire 20, the second or reversing 
- - ‘ set of ?eld-coils, and to brush 2. 

'»-'Both brushes 1 and 2 at all times when the 
_.X, rudder is not turned more than about forty 

‘ ?ve degrees to one side are in contact with a 
' 15 long conducting-plate‘21, and'one brush in 

any position of the rudder is always in con 
tact with said plate, and .the latteiis- con 
nected by a ?exible conductor 22 with the op 

‘ posite pole of the main battery. Hence the 
20 motor _F>may always be ' caused to rotate in 

one direction whatever may be“ the position 
of the rudder, and may be caused to rotate 
.in either direction whenever the position of 

‘ the'rudder is less than a predetermined an 
25 gle, conveniently forty-?ve degrees from the 

center position. In order, vhowever, to pre 
vent the rudder from being turned too‘ far'in 
either direction, the isolated plate 23 is used. 
Any movement of the rudder beyond a. pre 

30 determined limit brings this plate under one 
> or. the other 'of the brushes 1 2 and breaks 
the circuit of motor F, so that the rudder'can 
be. driven no farther in that direction, but, 
as ‘will be understood, the apparatus is in 

35 condition to turn the rudder overto the other 
side. In like manner the circuit ofithe pro 

- - polling-motor D is controlled through brushes . 
' 5 and-6 and the segments on the outer circle 

of contacts of head L‘. If the short segments 
40 on either side of the vcircle are insulated, the 

motor D will be stopped whenever onev of the 
brushes 5 or, 6 passes onto one of them fro 
the larger segments 7, 8. ' ‘ 

- It is important to ‘add that on all contact 
45 points'where a break- occurs provision should 

{be made to overcome the sparking andv pre 
‘ \vent the oscillation’ of electrical charges in 

the circuits, as such sparks and oscillations 
may a?ect the sensitive device. It is this 

50 consideration chie?y which makes itadvis 
able to_use the two relays K’K", which other 
wise might be dispensed with. They should 
be also placed as far as practicable ‘from the‘ 
sensitive device in order to guard the latter 

5 5_ against. any action. of strong varying currents. 
_ In addition to the mechanism described the 

- vessel- may carry any-other devices or appa 
ratus as might be ‘required for accomplishing 
any special object of more or less importance. 

60 By way of illustration a small motor m is 
' shown, Figs. 1, and 3, which conveniently 

serves for a'number of purposes. This motor 
is shown connected in . series with the arma 

' ture of the‘ steering-motor F, so that when 
65 ever either one of the circuits of the latter is . 

closed through relays K’ K" the motor m is‘ 
likewise-rotated, but in all cases in the same 

‘this ?gure S designates any‘ source‘ of elec 

- direction. ‘ Its rotation is opposed by a spring Q 
m’, so that in normal operation, owing to the 
fact that the circuits of motor- F are closed 70 
but a short time, the lever m", which is fas-v 

tened to one of the wheels of 4 clockwork M, 
with which the armature of the motor is 
geared, will move but ashort distance and 
upon cessation of the current return to astop 75 
P; but if ,the circuits of the motor F are - - 
closed and opened rapidly in succession,which 
operation leaves the rudder unaffected, then 
the lever m" is moved toa greate'rangle, com 
ing in contact with a metal plate 11., and ?nally,‘ 
if desired, with a'post n’. Upon the lever m" 
coming in contact with plate at the-current 
of thefmain battery passes either .through one 
or other or both of the lights supported on 
standards q q, according to- the position of 
brushes 3 and 4. relatively to the insulating 
segment 23; but since' the head L, carrying - 
the segments, is geared to the rudder the po 
sitionof the latter is in ‘a general way deter 
mined by observing the lights. ' Both of the 
lights may be colored, and by ?ashing them 
up whenever desired the operator may guide 
at night the vessel in its course.-i For such 
purposes also-the standards 7‘ 'r are provided, 
which should be painted .in lively. colors, so 
as to ' be visible by day at great distances. 
By opening and closing the circuits of motor 
F a greater number of times, preferably de 
termined bef0rehand,‘the lever m" is brought 
in'contact with post- 01.’,‘thus closing the cir 
cuit ‘of the main battery through, a device 0 
and bringing the latter into action at the mo 
ment desired. 13y similar contrivances or. 
such as will readily suggest themselves to' 
mechanicians any number of different devices 
.may be operated. > > \ _ ' _ U 

Referring now to Fig. 9, which illustrates 

9b 

.95 

diagrammatically the system as vpracticed 
when directing the movements of a boat, in 

trical disturbance or oscillations the genera 
tion of which-is controlled by a suitable switch 
contained in box T. a The handle of the switch 
is movable in. one direction only and stops on 
four points z‘ t’ -u,' -u’, so that as the handle 
passes from stop to stop‘ oscillations are pro-' 
duced by the source during a very short time 
interval. There are thus produced four dis 
turbances during one revolution and the re; - 
ceiving-circuit is aifected four times; but it no 
will be understood from the foregoing descrip 
tion of the controlling devices on the vessel ,t 
that the rudder will be moved twice, once to 

r15 

‘right and once to left. Now I preferably place i 
the handle of the switch so that when it is ar- , 125 
rested on points 15 t'-_-that is, to the right 'or' 
left of the operator--he is reminded that the 
vessel is being de?ected to the right or. left 
from its course, byw'hich means the control 
isfacilitated. The normal positions of'the 

‘ handle are therefore at u u’ when the rudder 
is not acted upon, and it remains on the points 
it u’ only so long as necessary, Since, as be 
fore stated, the working of theapparatus is 

105' 
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very sure, the operator is enabled to perform 
any such operations as provision is made for 
without even seeing the vessel. 

The manner of using the apparatus and the 
operation of the several instrumentalities 
comprising the same is in detail as follows: 
Normally the plate L’ is turned so that brush 
2 rests upon the insulated segment 23 and 
brush 6 upon one of theinsulated short seg 
ments in the rear of the circle. Under these 
conditions the rudder will be turned to star 
board and the circuit of motorD interrupted 
between brushes 5 and 6. At the same time 
only one of the circuits of motor F—that con 
trolled b'y relay K’——is capable of being closed, 
since brush 2,~which connects with the other, - 
is out of contact with the long segment 21. 
Assuming now that it is desired to start the 
vessel and direct it to a given point, the han 
dle T is turned from its normal position on 
point at’ to the point t on the switch-box. 
This sends out an electrical disturbance, 
which, passing through the receiving-circuit 
on the vessel, affects the sensitive device A’ 
and starts the flow of currentthrough the 10 
cal circuit, including said device, the relay a, 
and'the battery a’. This, as has been pre 
viously explained, turns the_cylinderj and 
causes the brush J’ to pass from. insulation 
onto the contact j’. The battery k” is thus 
closed through relay K”, and the latter closes 
that circuit of the motor F which, starting 
from. plate 22, which is permanently con 
nected with one pole of the main battery, is 
completed through the brush 1, the ?eld of 
motor ‘F, Wire 19, the armature of relay K”, 
wire 16, the motor m, the brushes and com 
mutator of motor F, and wire 15 to the oppo 
site terminal of the battery E. Motor F is 
thus set in operation to shift the rudder to 
port; but the movement of plate L’ which 
follows brings the brush 6 back onto segment 
8 and closes the circuit of the propelling-mo 
tor which starts the vessel. The motor F is 
permitted to run until the rudder has been 
turned sufficiently to steer the vessel in the 
desired direction, when the handle '1‘ is turned 
to the point M. This produces another action 
of the relay a and brush J’ is shifted onto 
insulation and both relays K’ and K” are in 
active. The rudder remains in the position 
to which it has been shifted by the motor F. 
If it be then desired to shift it to starboard, 
or in the opposite direction to that in which 
it was last moved,,the handle T is simply 
turned to point t’ and allowed to remain there 
until- the motor F, which is now operated 
by relay K’, the circuit of which is closed 
by strip J’“ coming into contact with plate 
j", has done its work. The movement of 
handle T to the next point throws out both 
relays K’ and K”, and the next movement 
causes a shifting of the. rudder to port, and 
so on. Suppose, however, that after the rud 
der has been set at any angle to its middle 
position, it be desired to shift it still farther 
in the same direction. In such case the han 

dle is moved quickly over two points, so that 
the circuit which would ‘move the rudder in 
the opposite direction is closed for too short a 
time interval to produce an appreciable ef 
fect and is allowed to rest on the third point 
until the rudder is shifted to the desired po 
sition, when the handle is moved to the next 

.‘point, which again throws out both relays K’ 
and K”. It will be understood that if the 
handle be held fora sufficiently long time 

upon either point for t’ the motor F will sime 
ply turn the plate L’ in one direction or the 
other until the circuits of motors D and F are 
broken; It is furthermore evident that one 

vrelay K’ or K" will always be operative {to 
start the motor F. 

As previously explained, the longest period 
of operation of which the motor F is capable 
under ordinary conditions of use does not 
permit the motor m to shift the arm m’ into 
contact with the plate n; but if the handle 
T be turned with a certain rapidity a series 
of current impulses will be directed through 
motor m; but as these tend to rotate the 
motor F in opposite directions they do not 
sensibly affect the latter, but act to rotate 
the motor m against the force of the coiled 
sprins- . ~ 

The invention which I have described will 
prove useful in many ways. Vessels or ve 
hicles of any suitable kind may be used, as 
life, despatch, or pilot boats or the like, or for 
carrying letters° packages, provisions, in 
struments, objects, or materials of any de— 
'scription, for establishing communication 
with inaccessible regions and exploring the 
conditions existing in the same, for killing or 
capturing whales or other animals of the sea, 
and for many other scienti?c, engineering, or 
commercial purposes; but the greatest value 
of. my invention will result from its effect 
upon warfare and armaments, forby reason 
of its certain and unlimited destructiveness 
it will tend to bring about and maintain per- , 
manent peace among nations.v , 

_ Having now described myinvention, what 
I- claim is.— , . 

' 1. The improvement in the art ,of control 
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ling the movements and operation of a vessel 
or. vehicle herein described, which consists in 
producing waves or disturbances which are 
conveyed to the vessel by the natural media, 
actuating thereby suitable apparatus on the 
vessel and effecting the control of the pro 
pelling-engine, the steering and other mech 
anism by the operation of the said apparatus, 
as set forth. 

2. The improvement in the art of control 
ling the movements and operation of a vessel 
or vehicle, herein described, which consists 
in establishing a region of waves or disturb 
ances, and actuating by their influence ex 
erted at a distance the devices on suc'nvessel' 
or vehicle,which control the propelling, steer 
ingand other mechanism thereon, as set forth. 

' 3. The improvement in the art of control 
ling the movements and operation of a vessel 
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or vehicle, herein described, which consists 
in, establishing a region of electrical waves or 
disturbances, and actuating by their in?u 
ence, exerted‘at a distance, the devices on 
said vessel or vehicle, which control thepro 
pelling, steering and other'mechanism there 

_ on, as set forth. 
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4. The improvement in the art of control 
ling the movements and operation of a vessel 
or vehicle, herein. described, which consists 
in providingv on the vessel a circuit control 
ling the propelling, steering and other mechf 

vanism, adjusting or renderingv such circuit 
sensitive to waves or disturbances of a de? 
nite character, establishing a region of such 
waves or disturbances, and rendering by their 
means the controlling-circuit active or inac 
tive, as set forth. _ v 

5. The combination with a source of elec 
trical Waves or disturbances of a moving ves- ' 
sel or vehicle,and mechanism thereon forpro 
pelling, steering or operating'the same,'{and a 
controlling apparatus adapted: to be actuated 
by the in?uence of the said waves or dis 
turbance's at a distance from the source, as 
set forth. - h 

'_6. 4 The combination with a source of elec: 
trical waves or disturbances of 'a moving ves 
sel or vehicle,mechanism for propelling,steer 
in g or operating the same, a circuit and means 
therein for controlling said mechanism, and 
means for rendering said circuit active or in 
active through the influence of, the said waves 

" or disturbances exerted at a distance from the 
source, as set forth. . _ - 

~ 7. The combination with a source of elec 
' trical waves or disturbances and’ means for 

40 

~ of thesource, as set forth. 
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' same, of a vessel ‘or vehicle, _ 
, steering mechanism carried thereby, local cir 

'5o cuits controlling said mechanisms, a circuit ' 

starting and stopping'the-same, of a vessel or 
vehicle, propelling and steering mechanism 
carried thereby, a circuit containing or con 
nected with means for controlling the opera- 
tion of said mechanism and adjusted or ren< 
dered sensitive to the waves or disturbances 

8. The combination with a source of elec 
trical waves or disturbances, and- means for 
starting and stopping theoperation of the 

propellin g and 

sensitive to the waves or disturbances of the 
source and means therein adapted to control 
the said local circuits, as and for the purpose 
set forth. 
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v9. The sensitive device herein described 
comprising in, construction a receptacle con 

metal forming a part‘of the circuit, and means 
for turning the same end for end when the 
material has been rendered active by the pas 
sage through it of an electric discharge, as 
set forth. - - ' 

10. The sensitive device herein described,‘ 
comprising in combination a receptacle con- . ‘ 
taining a material such as particles of oxidized 
metal forming a part of an electric circuit, 
an electromagnet in said circuit, and devices 
controlled therebyfor turning the receptacle 
end for end when said magnet is energized, ; 

.70 as set forth. I ‘ 

11. The sensitive device hereindescribed, 
comprising in combination a receptacle con 
taining a material such as particles of oxidized 
metal forming part of an electric circuit, a 
motor for rotating the receptacle, an electro 

escapement controlled by said magnetand 
' adapted ‘to permit a half-revolution of the re 
ceptacle when the said magnet is energized, 
as set forth. - > 

55 

,taining a material such as particles of oxidized _ 

65 

magnet in circuit with the material, and an ' 

12. The combination with a movable body__ 
or vehicle, of a propelling-motor, a steering 
motor and electrical contacts carried by a 
moving portion of the‘ steering mechanism, 
and adapted in certain positions'of the latter 
to interrupt the circuit of the propelling-mo 
tor, a local circuit and‘ means connected 

35 

. therewith for controlling the steering-motor, > > 
and a circuit controlling the local-circuit and . . I 
means for rendering said controlling-circuit 
sensitive to‘ the in?uence of electricI waves or -' 
disturbances exerted at a?istance from their 
source, at set forth. _ - ~ I . 

‘13. The combination with the steering-mo 
tor, a local ‘circuit for directing vcurrent 95'. 
through the same in opposite ‘directions, a - 
controlling-circuit rendered sensitive to the 

' in?uence of electric waves or disturbances ex 
erted at a-distance from their source, amotor‘ 
in circuit with the steering-motor but adapt 
ed to'run always in the same direction, and 
a local circuit or circuits controlled by said 
motor, asset forth. ‘ ‘ 

NIKOLA TESLA. 
Witnesses: " ‘ 

RAPHAEL NETTER, 
GEORGE SCHERFE. _- _ 
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T0 at” whom it may concern. 
Beit known that I, NIKOLA TEsLA, a citizen 

of the United States, residing at New York, 
in the county and State of New York, have 
invented a new and useful Improvement in 
Methods of Intensifying and Utilizing Effects 
Transmitted Through the Natural Media, of 
which the following is a speci?cation, refer 
ence being had to the accompanying draw 
ings, which form a part of the same. 

The subject of my present invention is an 
improvement in the art of utilizing effects 
transmitted from a distance to a receiving 
device through the natural media; and it con 
sists in a novel method by means of which 
results hitherto unattainable may be secured. 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 
receivers are now known and have been ap 
plied with more or less success for accomplish 
ing a variety of useful results. One of these 
ways consists in producing by a suitable ap 
paratus rays or radiations—that is, disturb— 
ances—which are propagated in straight lines 
through space, directing them upon a receiv 
ing or recording apparatus at a distance, and 
thereby bringing the latter into action. This 
method is the oldest and best known and has 
been brought particularly into prominence 
in recent years through the investigations of 
Heinrich Hertz. Another method consists in 
passing a current through a circuit, prefer 
ably one inclosing a very large area, inducing 
thereby in a similar circuit situated at a dis 
tance another current and affecting by the 
same in any convenient way a receiving de 
vice. Still another way, which has also been 
known for many years, is to pass in anysuit 
able manner a current through a portion of 
the ground, as by connecting to two points 
of the same, preferably at a considerable dis 
tance from each other, the two terminals of a 
generator and to energize by a part of the cu r 
rent diffused through the earth a distant cir 
cuit which is similarly arranged and ground 
ed at two points widely apart and which is 
made to act upon a sensitive receiver. These 
various methods have their limitations, one 
especially, which is common to all, being that 
the receiving circuit or instrument must be 
maintained in a de?nite position with respect 

to the transmitting apparatus, which often 
imposes great disadvantages upon the use of 
the apparatus. 

In several applications filed by me and pat 
ents granted to me I have disclosed other 
methods of accomplishing results of this na 
ture, which may be brie?y described as fol 
lows: In one system the potential of a point 
or region of the earth is varied by imparting 
to it intermittent or alternating electri?ca 
tions through one of the terminals of a suit 
able source of electrical disturbances which, 
to heighten the effect, has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electrifications communicated to the earth 
spread in all directions through the same, 
reaching a distant circuit which generally 
has its terminals arranged and connected 
similarly to those of the transmitting source 
and operates upon a highly-sensitive receiver. 
Another method is based upon the fact that 
the atmospheric air which behaves as an ex 
cellent insulator to currents generated by or 
dinary apparatus becomes a conductor under 
the in?uence of currents or impulses of enor 
mously-high olectromotive force which I have 
devised means for generating. By such 
means air strata, which are easily accessible, 
are rendered available for the production of 
many desired effects at distances, however 
great. This method, furthermore, allows ad 
vantage to be taken of many of those im 
provements which are practicable in the or 
dinary systems of transmission involving the 
use of a metallic conductor. 

Obviously whatever method be employed 
it is desirable that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possible, and by the use of cer 
tain forms of high-frequency apparatus which 
I have devised and which are now well known 
important practical advantages are in this re 
spect secured. Furthermore, since in most 
cases the amount of energy conveyed to the 
distant circuit is but a minute fraction of the 
total energy emanating from the source it is 
necessary for the attainment of the best re 
sults that whatever the character of the re 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
should be made available for the operation 
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of the receiver, and with this object in view 
I have heretofore among other means em 
ployed a receiving-circuit of high self-induc 
tion and very small resistance and of a pe 
riod such as to vibrate in synchronism with 
the disturbances, whereby a number of sep 
arate impulses from the source were made to 
cooperate, thus magnifying the effect exerted 
upon and insuring the action of the receiv 
ing device. By these means decided advan 
tages have been secured in many instances; 
but very often the improvement is either not 
applicable at all or, if so, the gain is very 
slight. Evidently when the source is one pro 
ducing a continuous pressure or delivering 
impulses of long duration it is ‘impracticable 
to magnify the effects in this manner and 
when, on the other hand, it is one furnishing 
short impulses of extreme rapidity of succes 
sion the advantage obtained in this way is 
insigni?cant, owing to the radiation and the 
unavoidable frictional waste in the receiving 
circuit. These losses reduce greatly both the 
intensity and the number of the cooperative 
impulses, and since the initial intensity of 
each of these is necessarily limited only an 
insigni?cant amount of energy is thus made 
available for a single operation of the receiver. 
As this amount is consequently dependent on 
the energy conveyed to the receiver by one 
single impulse it is evidently necessary to 
employ either a very large and costly, and 
therefore objectionable, transmitter or else to 
resort to the equally objectionable use of a 
receiving device too delicate and too easily 
deranged. Furthermore,theenergyobtained 
through the cooperation of the impulses is in 
the form of extremely rapid vibrations and, 
because of this, unsuitable for the operation 
of ordinary receivers, the more so asthis form 
of energy imposes narrow restrictions in re 
gard to the mode and time of its application 
to such devices. 

To overcome these and other limitations 
and disadvantages which have heretofore ex 
isted in such systems of transmission of sig 
nals or intelligence is the main object of my 
present invention, which comprises a novel 
method of accomplishing these ends. 

The method, briefly stated, consists in pro 
ducing arbitrarily-varied or intermittent dis 
turbances or effects, transmitting such dis~ 
turbances or effects through the natural me 
dia to a distant receiving-station, utilizing 
energy derived from such disturbances or ef 
fects at the receiving-station to charge a con 
denser, and using the accumulated potential 
energy so obtained to operate a receiving de 
vice. 

An apparatus by means of which this 
method may be practiced is illustrated in 
the drawings hereto annexed, in which— 

Figure 1 is a diagrammatic illustration of 
the apparatus, and Fig. 2 is a modi?ed form 
or arrangement of the same. 

In the practical application of my method 
I usually proceed as follows: At any two 
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points in the transmitting medium between 
which there exists or may be obtained in any 
manner through the action of the disturb 
ances or effects to be investigated or utilized 
a difference of electrical potential of any mag 
nitude I arrange two plates or electrodes so 
that they may be oppositely charged through 
the agency of such effects or disturbances, 
and I connect these electrodes to the termi 
nals of a highly-insulated condenser, gener 
ally of considerable capacity. To the con 
denser-terminals I also connect the receiver 
to be- operated in series with a device of suit— 
able construction, which performs the func 
tion of periodically discharging the condenser 
through the receiver at and during such in 
tervals of time as may be best suitable for 
the purpose contemplated. This device may 
merely consist of two stationary electrodes 
separated by a feeble dielectriclayerof minute 
thickness or it may comprise terminals one 
or more of which are movable and actuated 
by anysuitable force and are adapted to be 
brought into and out of contact with each 
other in any convenient manner. It will now 
be readily seen that if the disturbances of 
whatever nature they may be cause de?nite 
amounts of electricity of the same sign to be 
conveyed to each of the plates or electrodes 
above mentioned, either continuously or at 
intervals of time which are su'l‘?ciently long, 
the condenser will be charged to a certain po~ 
tential, and an adequate amount of energy 
being thus stored during the time determined 
by the device effecting the discharge of the 
condenser the receiver will be periodically 
operated by the electrical energy so accumu~ 
lated; but very often the character of the im 
pulses and the conditions of their use are such 
that without ‘further provision not enough 
potential energy would be accumulated in the 
condenser to operate the receiving device. 
This is the case when, for example, each of 
the plates or terminals receives electricity of 
rapidly-changing sign or even when each re 
ceives electricity of the same sign, but only 
during periods which are short as compared 
with the intervals separating them. In such 
instances I resort to the use of a special de 
vice which I insert in the circuit between 
the plates and the condenser for the purpose 
of conveying to each of the terminals of the 
latter electrical charges of the proper qual 
ity and order of succession to enable the re 
quired amountof potential energyto be stored 
in the condenser. 

There are a number of well-known devices, 
either without any moving parts or terminals 
or with elements reciprocated or rotated by 
the application of a suitable force, which of 
fer a more ready passage to impulses of one 
sign or direction than to those of the other, 
or permit only impulses of one kind or order 
of succession to traverse a path, and any of 
these or similar devices capable of ful?lling 
the requirements may be used in carrying my 
invention into practice. One such device of 
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familiar construction which will serve to 
convey a clear understanding of this part of 
my invention and enable a person skilled in 
the art to apply the same is illustrated in 
the annexed drawings. It consists of a cylin 
derA of insulating material, which is moved 
at a uniform rate of speed by clockwork or 
other ‘suitable motive power and is provided 
with two metal rings 13 B’, upon which bear 
brushes a and a’, which are connected, re 
spectively, in the manner shown to the ter 
minal plates P and P’, above referred to. 
From the rings 13 B’ extend narrow metallic 
segments 8‘ and s’, which by the rotation of 
the cylinder A are brought alternately into 
contact with double brushes b and I)’, carried 
by and in contact with conducting-holders h 
and h’, which are adjustable longitudinally 
in the metallic supports D and D’, as shown. 
The latter are connected to the terminals T 
and T’ of a condenser O, and it should be un 
derstood that they are capable of angular 
displacement, as ordinary brush-supports. 
The object of using two brushes, as b and l)’, 
in each of the holders h and h’ is to vary at 
will the duration of the electric contact of the 
plates P and P’ with the terminals T and T’, 
to which is connected a receiving-circuit in 
cluding a receiver R and a device d of the 
kind above ‘referred to, which performs the 
duty of closing the receiving-circuit at pre 
determined intervals of time and discharging 
the stored energy through the receiver. in 
the present case this device consists of a cyl 
inder d, made partly of conducting and partly 
of insulating material e and 6’, respectively, 
which is rotated at the desired rate of speed 
by any suitable means. The conducting part 
c is in good electrical connection with the 
shaft S and is provided with tapering seg 
ments ff, upon which slides a brush 7o, sup 
ported on a conducting-rod Z, capable of lon 
gitudinal adjustment in a metallic support 
m. Another brush a is arranged to bear 
upon the shaft S, and it will be seen that 
whenever one of the segments fcomes in con 
tact with the brush 7; the circuit, including 
the receiver R, is completed and the con 
denser discharged through the same. By an 
adjustment of the speed of rotation of th 
cylinder 61 and a displacement of the brush 
70 along the cylinder the circuit may be made 
to open and close in as rapid succession and 
remain open or closed during such intervals 
of time as may be desired. The plates Pand 
P’, through which the electri?cations are con 
veyed to the brushes a and a’, may be at a 
considerable distance from each other and 
both in the ground or both in the air, or one 
in the ground and the other in the air, pref 
erably at some height, or they may be con 
nected to conductors extending to some dis 
tance or to the terminals of any kind of ap 
paratus supplying electrical energy which is 
obtained from the energy of the impulses or 
disturbances transmitted from a distance 
through the natural media, 

In illustration of the operation of the de 
vices described let it be assumed that alter 
nating electrical impulses from a distant gen 
erator, as G, are transmitted through the 
earth and that it is desired to utilize those 
impulses in accordance with my method. 
This may be the case, for example, when such 
a generator is used for purposes of signaling 
in one of the ways before enumerated, as by 
having its terminals connected to two points 
of the earth distant from each other. In this 
case the plates 1? and P’ are first connected 
to two properly-selected points of the earth. 
The speed of rotation of the cylinder A is 
varied until it is made to turn in synchro 
nism with the alternate impulses of the gen 
erator,and,?nally, the position of the brushes 
b and Z)’ is adjusted by angular displacement, 
as usual, or in other ways, so that they are 
in contact with the segments 8 and 8’ during 
the periods when the impulses are at or near 
the maximum of their intensity. Only ordi 
nary electrical skill and knowledge are re 
quired to make these adjustments, and a 
number of devices for effecting synchronous 
movement being well known, and it being 
the chief object of my present application to 
set forth a novel method of utilizing or ap 
plying a principle, a detailed description of 
such devices is not considered necessary. I 
may state, however, that for practical pur 
poses in the present case it is only necessary 
to shift the brushes forward or back until the 
maximum effect is secured. The above re 
quirements being fulfilled, electrical charges 
of the same sign will be conveyed to each of 
the condenser-terminals as the cylinder A is 
rotated, and with each fresh impulse the con 
denser will be charged to a higher potential. 
The speed of rotation of the cylinder (1 be 
ing adjustable at will, the energy of any num 
ber of separate impulses may thus be accu~ 
mulated in potential form and discharged 
through the receiver R upon the brush 7t‘ 
coming in contact with one of the segments 
f. It will be of course understood ‘that the 
capacity of the condenser should be such as 
to allow the storing of a much greater amount 
of energy than is required for the ordinary 
operation of the receiver. Since by this 
method a relatively great amount of energy 
and in a suitable form may be made avail 
able for the operation of a receiver, the latter 
need not be very sensitive; but of course 
when the impulses are very feeble, as when 
coming from a great distance or when it is 
desired to operate a receiver very rapidly, 
then any of the well-known devices capable 
of responding to very feeble in?uences may 
be used in this connection. 

If instead of the alternating impulses short 
impulses of the same direction are conveyed 
to the plates l? and P’, the apparatus de 
scribed may still readily be used, and for this 
purpose it is merely necessary to shift the 
brushes Z) and K)’ into the position indicated 
by the dotted lines while maintaining the 
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same conditions in regard to synchronism as 
before, so that the succeeding impulses will 
be permitted to pass into the condenser, but 
prevented from returning to the ground or 
transmitting medium during the intervals 
between them, owing'to the interruption dur 
ing such intervals of the connections leading 
from the condenser-terminals to the plates. 

Another way of using the apparatus with 
impulses of the same direction is to take off 
one pair of brushes, as b, disconnect the plate 
P from brush a and join it directly to the ter 
minal T of the condenser, and to connect 
brush a with brush a’. The apparatus thus 
modi?ed would appear as shown in Fig. 2. 
Operated in this manner and assuming the 
speed of rotation of cylin'derA to be the same, 
the apparatus will now be evidently adapted 
for a number of impulses per unit of time 
twice as great as in the preceding case. In 
all cases it is evidently important to adjust 
the duration of contact of segments 3 and s’ 
with brushes 1) h’ in the manner indicated. 

When the method and apparatus I have de 
scribed are used in connection with the trans 
mission of signals or intelligence, it will of 
course be understood that the transmitter is 
operated in such a way as to produce disturb 
ances or effects which are varied or intermit 
ted in some arbitrary manner-for example, 
to produce longer and shorter successions of 
impulses corresponding to the dashes and dots 
of the Morse alphabet~and the receiving de 
vice will respond to and indicate these varia 
tions or intermittences, since the storage de 
vice will be charged and discharged at number 
of times corresponding to the duration of the 
successions of impulses received. 

Obviously the special appliances used in 
carrying out my invention may be varied in 
many ways without departing from the spirit 
of the same. 

It is to be observed that it is the function 
of the cylinder A, with its brushes and con 
nections, to render the electrical impulses 
coming from the plates P and P’ suitable for 
charging the condenser (assuming them to be 
unsuitable for this purpose in the form in 
which they are received) by rectifying them 
when they are originally alternating in direc 
tion or by selecting such parts of them as 
are suitable when all are not, and any other 
device performing this function will obvi 
ously answer the purpose. It is also evident 
that a device such as I have already referred 
to which offers a more ready passage to im 
pulses of one sign or permits only impulses of 
the same sign to pass may also be used to 
perform this selective function in many cases 
when alternating impulses are received. 
‘When the impulses are long and all of the 
same direction, and even when they are al 
ternating, but sufficiently long in duration 
and sustained in electromotive force, the 
brushes 1) and b’ may be adjusted so as to 
bear on the parts B B’ of the cylinder A, or 

' the cylinder and its brushes may be omitted 
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and the terminals of the condenser connected 
directly to the plates P and P’. 

It will be seen that by the use of my in 
vention results hitherto unattainable in util 
izing disturbances or effects transmitted 
through natural media may be readily at 
tained, since however great the distance of 
such transmission and however feeble or at 
tenuated the impulses received enough en 
ergy may be accumulated from them by stor 
ing up the energy of succeeding impulses for 
a sufficient interval of time to render the sud 
den liberation of it highly effective in operat 
ing a receiver. In this way receivers of a va 
riety of forms may be made to respond effect 
ively to impulses too feeble to be detected or 
to be made to produce any sensible eifect in 
any other way of which I am aware, a result 
of great- value in various applications to prac 
tical use. 

I do not claim herein an apparatus by means 
of which the above-described method is or 
may be practiced either in the special form 
herein shown or in other forms which are 
possible, having made claims to such appa 
ratus in another application, Serial No. 
729,812, ?led September 8, 1899, as a division 
of the present case. 

What I claim as my invention, and desire 
to secure by Letters Patent, is-— 

l. The method of transmitting and utiliz 
ing electrical energy herein described, which 
consists in producing arbitrarily varied or in 
termitted electrical disturbances or eifects, 
transmitting the same to a distant receiving 
station, charging, for succeeding and prede 
termined periods of time a condenser with 
energy derived from such effects or disturb 
ances, and operating a receiving device by 
discharging at arbitrary intervals, the accu 
mulated potential energy so obtained, as set 
forth. 

2. The method of transmitting and utiliz~ 
ing electrical energy herein described, which 
consists in producing electrical disturbances 
or effects capable of being transmitted to a 
distance through the natural media, charg 
ing a condenser at a distant receiving-station 
with energy derived from such effects or dis 
turbances, and using for periods of time, pre 
determined as to succession and duration, 
the potential energy so obtained to operate a 
receiving device. 

3. The method of transmitting and utiliz 
ing electrical energy herein described, which 
consists in producing electrical disturbances 
or effects capable of being transmitted to a 
distance through the natural media, charg 
ing a condenser at a distant receiving'station 
for succeeding and predetermined periods of 
time, with energy derived from such elfects 
or disturbances, and using for periods of time 
predetermined as to succession and duration, 
the accumulated energy so obtained to oper 
ate a receiving device. 

4-. The method hereinbefore described of 
producing arbitrarily varied or intermitted 
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electrical disturbances or effects, transmit» 
ting such disturbances or effects through 
the natural media to a distant receiving-sta 
tion, storing in a condenser energy derived 
from a succession of such disturbances or ef 
fects for periods of time which correspond in 
succession to such effects or disturbances and 
are predetermined as to duration, and using 
the accumulated potential energy so obtained 
to operate a receiving device. 

5. The method herein described of produc 
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects through the natural 
media to a distant receiving-station, estab 
lishing thereby a ?ow of electrical energy in 
a circuit at such station, charging a con 
denser with energy from such circuit, and 
using the accumulated potential energy so 
obtained to operate a receiving device. 

6. The method herein described of produc 
ing arbitrarily varied or intermitted electrical 
disturbances ‘or effects, transmitting such 
disturbances or effects through the natural 
media to a distant receiving-station, estab 
lishing thereby a flow of electrical energy in 
a circuit at such station, charging a con 
denser with electrical energy from such cir 
cuit, and discharging the accumulated poten 
tial energy so obtained into or through a re 
ceiving device at arbitrary intervals of time. 

7. The method herein described of produc 
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects to a distant receiving 
station, establishing thereby a ?ow of elec 
trical energy in a circuit at such station, se 
lecting or directing the impulses in said cir 
cuit so as to render them suitable for charg~ 
ing a condenser, charging a condenser with 
the impulses so selected or directed, and dis 
charging the accumulated potential energy 
so obtained into, or through a receiving de 
‘Vice. 

8. The method herein described of produc 
ing arbitrarily varied or intermitted electrical 
disturbances or effects, transmitting such 
disturbances or effects through the natural 
media to a distant receiving-station, estab 

5o lishing thereby a flow of electrical energy in 
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a circuit at such station, selecting or direct 
ing the impulses in said circuit so as to ren 
der them suitable for charging a condenser, 
charging a condenser with the impulses so 
selected or directed, and discharging the ac 
cumulated potential energy so obtained into, 
or through a receiving device at arbitrary in 
tervals of time. 

9. The method hereinbefore described of 
transmitting signals or intelligence, which 
consists in producing at the sending-station 
arbitrarily varied or intermitted disturbances 
or effects, transmitting such disturbances 
or effects through the natural media to a re 
ceiving-station, utilizing energy derived from 
such disturbances or effects at the receiving 
station tocharge a condenser and using the 
accumulated potential energy so obtained to 
operate a receiving device. 

10. The method hereinbefore described of 
transmitting signals or intelligence through 
the natural media from a sending-station to 
a receiving-station, which consists in produc 
ing at the sending-station, arbitrarily varied 
o ’ intermitted electrical effects or disturb 
ances, transmitting the same through the nat 
ural media to the receiving-station, utilizing 
the energy derived from such disturbances or 
effects at the receiving-station to charge a 
condenser, and discharging the accumulated 
potential energy so obtained through a re 
ceiving device at arbitrary intervals of time. 

11. The method hereinbefore described of 
transmitting signals or intelligence from a 
sending to a distant receiving station, which 
consists in producing at the former, arbitra 
rily varied or intermitted electrical disturb 
ances or effects, transmitting the same to the 
receiving-station, charging by the energy de 
rived from such disturbances or effects at the 
receiving-station a condenser, and using for 
periods of time predetermined as to succes 
sion and duration, the potential energy so 
obtained to operate a receiving‘ device, as set 
forth. 

NIKOLA TESLA, 

‘Witnesses: . 

LEONARD E. Cunrrs, 
A. E. SKINNER, 
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To (tZZ whom, it may concern. 
Be itknown that l, NIKQLA TESLA, a citizen 

of the United States, residing at New York 
city, in the county and State of New York, 
have invented a new and useful Improvement 
in Methods of Utilizing Effects Transmit 
ted from a‘Distance to a Receiving Device 
Through the Natural Media, of which the fol 
lowing is'a speci?cation, reference being had 
to the accompanying drawings, which form a 
part of the same. 

The subject of my present invention is an 
improvement in the art of utilizing effects 
transmitted from a distance to a receiving de 
vice through the natural media; and it con 
sists in a novel method hereinafter described. 

vMy invention is particularly useful in con 
nection with methods and apparatus for op 
erating distant receiving devices by means of 
electrical disturbances produced by proper 
transmitters and conveyed to such receiving 
devices through the natural media; but it 
obviously has a wider range of applicability 
and may be employed, for example, in the in 
vestigation or utilization of terrestrial, solar, 
or other disturbances produced by natural 
causes. 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 
receivers are now known and have been api 
plied with more or less success for accom 
plishing a variety of useful results. One of 
these ways consists in producing by a suit 
able apparatus rays or radiations—that is, dis 
turbances-Which are propagated in straight 
lines through space, directing them upon a re 
ceiving'or recording apparatus at a distance, 
and thereby bringing the latter into action. 
This method is the oldest and best known 
and has been brought particularly into promi 
nence in recent years through the investiga 
tions of Heinrich Hertz. Another method 
consists in passing a current through a cir 
cuit, preferably one inolosing a very large 
area, inducing thereby in a similar circuit 
situated at a distance another current and 
affecting by the same in any convenient way 
a receiving device. Still another way, which 
has also been known for many years, is to pass 
in any suitable manner a current through a 
portion of the ground, as by connecting to two 

points of the same, preferably at a consider“ 
able distance from each other, the two ter 
minals of a generator and to energize by a 
part of the current diffused through the earth 
a distant circuit, which is similarlyarranged 
and grounded at two points widelyapart and 
which is made to act upon a sensitive receiver. 
These various methods have their limitations, 
one especially, which is common to all, being 
that the receiving circuit or instrument must 
be maintained in a de?nite position with re 
spect to the transmitting apparatus, which 
often imposes great disadvantages upon the 
use of the apparatus. 

In several applications ?led by me and pat 
ents granted to me I have disclosed other 
methods of accomplishing results of this na 
ture which may be briefly described as fol 
lows: In one system the potential of a point 
or region of the earth is varied byimparting 
to it intermittent or alternating electri?ca» 
tions through one of the terminals of a suit 
able source of electrical disturbances, which 
to heighten the effect has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electri?cations communicated to the earth 
spread in all directions through the same, 
reaching a distant circuit, which generally 
has its terminals arranged and connected 
similarly to those of the transmitting source 
and operates upon a hi ghl y-sensitive receiver. 
Another method is based upon the fact that 
the atmospheric air,which behaves as an ex 
cellent insulator to currents generated by or 
dinary apparatus, becomes a conductor un 
der the in?uence of currents or impulses of 
enormously high electromotive force which I 
have devised means for generating. By such 
means air strata,which are easily accessible, 
are rendered available for the production of 
many desired effects at distances however 
great. This method, furthermore, allowed 
advantage to be taken of many of those im 
provements which are practicable in the ordi 
nary systems of transmission involving the 
use of a metallic conductor. 

Obviously whatever method be employed 
it is desirable that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possible, and by the use of cer 
tain forms of hi gh-frequency apparatus which 
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I have devised and which are now well known 
important practical advantages are in this 
respect secured. Furthermore,sineein most 
cases the amount of energy conveyed to the 
distant circuit is but a minute fraction of the' 
total energy emanating from the source it is 
necessary for the attainment of the best re 
sults that whatever the character of the re 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
should be made available for the operation 
of the receiver, and with this object in view 
I have heretofore, among other means, em 
ployed a receiving~circuit of high self-induc 
tion and‘very small resistance and of a period 
such as to vibrate in synchronism with the 
disturbances, whereby a number of separate 
impulses from the source were made to co 
operate, thus magnifying the effect exerted 
upon and insuring the action of the receiving 
device. By these means decided advantages 
have been secured in many instances; but 
very often the improvement is either not ap 
plicable at all, or if so the gain is very slight. 
Evidently when the source is one producing 
a continuous pressure or delivering impulses 
of long duration it is imp *acticable to magnify 
the effects in this manner, and when, on the 
other hand, itis one furnishingshort impulses 
of extreme rapidity of succession the advan 
tage obtained in this way is insigni?cant, 
owing to the radiation and the unavoidable 
frictional waste in the receiving - circuit. 
These losses reduce greatly both the in tensity 
and the number of the cooperative impulses, 
and since the initial intensity of each of these 
is necessarily limited only an insigni?cant 
amount of energy is thus made available for 
a single operation of the receiver. As this 
amount- is consequently dependent on the en 
ergy conveyed to the receiver by one single 
impulse, it is evidently necessary to employ 
either a very large and costly and therefore 
objectionable transmitter or else to resort to 
the equally objectionable use of a receiving 
device too delicate and too easily deranged. 
Furthermore, the energy obtained through 
the cooperation of the impulses is in the form 
of extremely-rapid vibrations and because of 
this unsuitable for the operation of ordinary 
receivers, the more so as this form of energy 
imposes narrow restrictions in regard to the 
mode and time of its application to such de 
vices. To overcome these and other limita 
tions and disadvantages that have heretofore 
existed in such systems of transmission of 
signals or intelligence and to render possible 
an investigation of impulses or disturbances 
propagated through the natural media from 
any kind of source and their practical utili 
zation for any purpose to which they are ap~ 
plicable, Ihave devised a novel method,which 
I have described in a pending application 
tiled June 24, 1899, Serial No. 721,790, and 
which, broadly stated, consists in effecting 
during any desired time interval a storage of 
energy derived from such impulses and util~ 
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izing the potential energy so obtained for op 
erating a receiving device. 

My present invention is intended for the 
same general purposes, and it comprises a 
modi?ed method and apparatus by means of 
which similar results may be obtained. 

The chief feature which distinguishes my 
present from my former invention just re 
ferred to is that the energy stored is not, as 
in the former instance, obtained from the en 
ergy of the disturbances or effects transmit 
ted from a distance, but from an independent 
source. . 

Expressed generally, my present method 
consists in charging a storage device with en 
ergy from an independent source controlling 
the charging of said device by the action of the 
effects or disturbances transmitted through 
the natural media and coincidentally using 
the stored energy for operating a receiving 
device. 

A great variety of disturbances produced 
either by suitably-constructed transmitters 
or by natural causes are at present known to 
be propagated through the natural media, 
and there are also a variety of means or de 
vices enabling energy to be stored, and in 
view of this I wish to say that I consider the 
utilization of any such disturbances and the 
employment of any of these means as within 
the scope of my present invention so long as 
the use of the general method hereinbefore 
stated is involved. 

The best way of carrying out myinvention 
which I at present know is to store electrical 
energy obtained from a suitable electrical 
generator in a condenser and to control the 
storage or the application of this energ 1 by 
means of a sensitive device acted upon by 
the effects or disturbances, and therebycause 
the operation of the receiver. 

In the practical application of this method 
I usually proceed as follows: At any point 
where I desire to investigate or to utilize for 
any purpose effects or disturbances propa 
gated through the natural media from any 
kind of source I provide asuitable generator 
of electricity—as, for example, a battery and 
a condenser-which I connect to the poles of 
the generator in series with a sensitive de 
vice capable of being modi?ed inits electrical 
resistance or other property by the action of 
the disturbances emitted from the source. 
To the terminals of the condenser I connect 
the receiver which is to be operated in series 
with another device of suitable construction 
which performs the function of periodically 
discharging the condenser through the re 
ceiver at and during such intervals of time 
as may be best suitable for the purpose con~ 
templated. This latter device may merely 
consist of two stationary electrodes separated 
by a feeble dielectric layer of minute thick 
ness, but sufficient to greatly reduce or prac 
tically interrupt the current in the circuit 
under normal conditions, or it may comprise 
terminals one or more of which are movable 
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and actuated by any suitable force and are 
adapted to be brought into and out of con 
tact with each other in any convenient man- ‘ 
ner. The sensitive device maybe any of the 
many devices of this kind which are known 
to be aifected by the disturbances, impulses, 
or effects propagated through the media, and 
it maybe of such a character that normally 
that is, when not acted upon-—it entirely pre 
vents the passage of electricity from the gen 
erator to the condenser, or it maybe such 
that it allows a gradual leaking through of 
the current and a charging of the condenser 
at a slow rate. In any case it will be seen 
that if the disturbances, of whatever nature 
they may be, cause an appreciable diminu 
tion in the electrical resistance of the sensi 
tive device the current from the battery will 
pass more readily into the condenser, which 
will be charged at a more rapid rate, and 
consequently each of its discharges through 
the receiver, periodicallyeffected by the spe 
cial device before referred to which performs 
this function, will be stronger than nor 
1nally—that is, when the sensitive device is 
not acted upon by the disturbances. Evi 
dently, then, if the receiver be so adjusted 
that it does not respond to the comparatively 
feeble normal discharges of the condenser, if 
they should occur, but only to those stronger 
ones which take place upon the diminution 
of the resistance of the sensitive device, it 
will be operated only when this device is act 
ed upon by the disturbances, thus making it 
possible to investigate and to utilize the lat 
ter for any desired purpose. ' 

The general principle underlying my in 
vention and the operation of the various 
devices used will be clearly understood by 
reference to the accompanying drawings, in 
which- 

Figure 1 is a diagram illustrating a typical 
arrangement of apparatus which. may be used 
in carrying my method into practice, and 
Figs. 2, 3, 4, and 5 similar diagrams of modi 
?ed arrangements of apparatus for the same 
purpose. 

In Fig.1, Cis a condenser, to the terminals 
T and T’ of which is connected a charging 
circuit including a battery B, a sensitive de~ 
vice a, and a resistance r, all connected in 
series, as illustrated. The battery should be 
preferably of very constant electromotive 
force and of an intensitycarefully determined 
to secure the best results. The resistance 0*, 
which may be a frictional or an inductive 
one, is not absolutely necessary; but it is of 
advantage to use it in order to facilitate ad~ 
justment, and for this purpose it may be made 
variable in any convenient and preferably 
continuous manner. Assuming that the dis 
turbances which are to be investigated or util 
ized for some practical end are rays identical 
with or resembling those of ordinarylight, 
the sensitive device a may be a selenium cell 
properlyprepared, so as to be highly susceg~ 
tible to the influence of the rays, the action 

3 

of which should be intensi?ed by the use of 
a re?ector A, shown in the drawings. It is 
well known that when cells of this kind are 
exposed to such rays of greatly-varying in 
tensity they undergo corresponding modi?ca 
tions of their electrical resistance; but in the 
ways they have been heretofore used they 
have been of very limited utility. In addi 
tion to the circuit including the sensitive de 
vice or cell a another circuit is provided, 
which is likewise connected to the terminals 
T T’ of the condenser. This circuit, which 
may be called the “receiving-circuit,” in 
cludes the receiver R and in series with it a de 
vice (Z, before referred to, which performs the 
duty of periodically discharging the con 
denser through the receiver. ltwill be noted 
that, as shown in Fig. 1, the receiving-circuit 
is in permanent connection with the battery 
and condenser terminal T, and it should be 
stated that it is sometimes desirable to en 
tirely insulate the receiving-circuit at all 
times except the moments when the device 
01 operates to discharge the condenser, thus 
preventing any disturbing influence which 
might otherwise be caused in this circuit by 
the battery or the condenser during the pe 
riod when the receiver should not be acted 
upon. In such a case two devices, as (2, may 
be used—one in each connection from the 
condenser to the receiving-circuit——or else one 
single device of this kind, but of a suitably 
niodified construction, so that it will make 
and break simultaneously and at proper in 
tervals of time both of the connections of 
this circuit with the condenser T and T’. 

From the foregoing the operation of the ap 
paratus as illustrated in Fig. 1 will be at 
once understood. Normally——~that is, when 
it is not in?uenced by the rays at all or very 
slightly-~the cell Ct being of a comparatively 
high resistance permits only a relatively fee 
ble current to pass from the battery into the 
condenser, and hence the latter is charged at 
too slow a rate to accumulate during the time 
interval between two succeeding operations 
of the device d sufficient energy to operate 
the receiver or, generally speaking, to pro 
duce therequired change in the receiving-cir 
cuit. This condition is readily secured by a 
proper selection and adjustment of the vari 
ous devices described, so that the receiver 
will remain unresponsive to the feeble dis 
charges of the condenser which may take 
place when the cell a is acted upon but slightly 
or not at all by the rays or disturbances; but 
if new new rays are permitted to fall upon 
the cell or if the intensity of those already 
acting upon it be increased by any cause then 
its resistance will be diminished and the con 
denser will be charged by the battery at a 
more rapid rate, enabling sufficient potential 
energy to be stored in the condenser during 
the period of inaction of the device (I to op 
erate the receiver or to bring about any de 
sired change in the receiving-circuit when the 
device (1 acts. If the rays acting upon the 
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cell or sensitive device (6 are varied or inter 
mitted in any arbitrary manner, as when 
transmitting intelligence in the usual way 
from a distant station by means of short and 
long signals, the apparatus may readily be 
made to record or to enable an operator to 
read the message, since the receiver, sup 
posing it to be an ordinary magnetic relay, 
for example, will be operated by each signal 
from the sending-station a certain number of 
times having some relation to the duration 
of each signal. It will be readily seen, how 
ever, that if the rays are varied in any other 
way, as by impressing upon them changes 
in intensity, the succeeding condenser dis 
charges will undergo corresponding changes 
in intensity, which may be indicated or re 
corded by a suitable receiver and distin 
guished irrespectively of duration. 

With reference to Fig. 1, it may be useful 
to state that the electrical connections of the 
various devices illustrated may be made in 
many different ways. For instance, the sen~ 
sitive device insteadv of being in series, as 
shown, may be in a shunt to the condenser, 
this modi?cation being illustrated in Fig. 3, 
in which the devices already described are 
indicated by similar letters to correspond with 
those of Fig. 1. In this case it will be ob 
served that the condenser which is being 
charged from the batteryB through the resist~ 
a-nce 9“, preferably inductive and properly re 
lated to the capacity of the condenser, will 
store less energy when the sensitive device a 
is energized by the rays and its resistance 
thereby diminished. The adjustment of the 
various instruments may then be such that 
the receiver will be operated only when the 
rays are diminished in intensity or interrupt 
ed and entirely prevented from falling upon 
the sensitive cell, or the sensitive device may 
be placed, as shown in Fig. a, in a shunt to 
the resistance r or inserted in any suitable 
way in the circuit containing the receiver-M 
for example, as illustrated in Fig. 5—in both 
of which ?gures the various devices are let 
tered to correspond with those in Fig. 1, so that 

‘ the ?gures become self-explanatory. Again, 
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the several instruments may be connected in 
the manner of a IVheatstone bridge, as will be 
hereinafter explained with reference to Fig. 2, 
or otherwise connected or related; but in each 
case the sensitive device will have the same 
duty to perform-that is, to control the en» 
ergy stored and utilized in some suitable way 
for causing the operation of the receiver in 
correspondence with the intermittences or 
variations of the effects or disturbances, and 
in each instance by a judicious selection of 
the devices and careful adjustment the ad 
vantages of my method may be more or less 
completely secured. I ?nd it preferable, how— 
ever, to follow the plan which I have illus 
trated. and described. 

It will be observed that the condenser is an 
importantelement in the combination. Ihave 
shown that by reason of its unique properties 

it greatlyadds to the efficacy of this method. 
It allows the energy accumulated in it to be 
discharged instantaneously, and therefore in 
a highly-effective manner. It magni?es in a 
large degree the current supplied from the 
battery,and owing to these features it permits 
energy to be stored and discharged at prac 
tically any rate desired, and thereby makes 
it- possible to obtain in the receiving-circuit 
very great changes of the current strength by 
impressing upon the battery~current very 
small variations. Other means of storage 
possessing these characteristics to a useful 
degree may be employed without departing 
from the broad spirit of my invention; but I 
prefer to use a condenser, since in these re 
spects it excels any other storage device of 
which I have knowledge. 

In Fig. 2 a modi?ed arrangement of ap 
paratus is illustrated which is particularly 
adapted for the investigation and utilization 
of very feeble impulses or disturbances, such 
as may be used in conveying signals or pro 
ducing other desired effects at very great dis 
tances. In this case the energy stored in the 
condenser is passed through the primary of a 
transformer the secondary circuit of which 
contains the receiver, and in order to render 
the apparatus still more suitable for use in 
detecting feeble impulses in addition to the 
sensitive device which is acted upon by the 
impulses another such device is included in 
the secondarycircuit of the transformer. The 
scheme of connections is in the main that of 
a lVheatstone bridge the four branches of 
which are formed by the sensitive device a 
and resistances L, L’, and L”, all of which 
should bepreferably inductive and also ad 
justable in a continuous manner or at least 
by very small steps. The condenser O’, which 
is generally made of considerable capacity, 
is connected to two opposite points of the 
bridge, while a battery B, in series with a 
continuously-adjustable non-inductive resist 
ance r’, is connected to the other pair of op 
posite points, as usual. The four resistances 
included in the branches of the bridge—— 
namely, (6, L, L’, and L”-—are of a suitable 
size and so proportioned that under normal 
conditions-that is, when the device a is not 
in?uenced at all or only slightly by the dis 
turbances——there will be no difference of po 
tential or in any case the minimum of the same 
at the terminals T and T’ of the condenser. 
Itis assumed in the present instance that the 
disturbances to be investigated or utilized are 
such as will produce a difference of electric po 
tential, however small, between two points or 
regions in the natural media-as the earth, 
the water, or the air—and in order to apply 
this potential difference effectively to the sen 
sitive device a the terminals of the same are 
connected to two plates P and P’,which should 
be of as large a surface as practicable and so 
located in the media that the largest possible 
difference of potential will be produced by 
the disturbances between the terminals of 
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the sensitive device. This device is in the 
present case one of familiar construction, 
consisting of an insulating-tube, which is in 
dicated by the heavy lines in the drawings and 
whichhas its ends closed tightly by two con 
ducting-plugs with reduced extensions, upon 
which bear two brushes 1) Z), through which 
the currents are conveyed to the device. The 
tubular space between the plugs is partially 
?lled with a conducting sensitive powder, as 
indicated, the proper amount of the same 
and the size of its grains being determined 
and adjusted beforehand by experiment. 
This tube I rotate by clockwork or other 
means at a uniform and suitable rate of 
speed, and under these conditionsI find that 
this device behaves toward disturbances of 
the kind before assumed in a manner simi 
lar to that of a stationary cell of celenium to 
ward rays of light. Its electrical resistance 
is diminished when it is acted upon by the 
disturbances and is automatically restored 
upon the cessation of their in?uence. It is 
of advantage to employ round grains of pow 
der in the tube, and in any event it is im 
portant that they should be of as uniform 
size and shape as possible and that provision 
should be made for maintaining an unchang 
ing and very dry atmosphere in the tube. To 
the terminals T and T’ of the condenser C’ is 
connected a coil 19, usually consisting of a 
few turns of a conductorof verysmall resist 
ance, which is the primary of the transformer 
before referred to, in series with a device d, 
which effects the discharge of the condenser 
through the coil 1) at predetermined inter 
vals of time. In the present case this device 
consists of a cylinder made partly of con 
ducting and partly'of insulating material 6 
and 2’, respectively, which is rotated at the 
desired rate of speed by anysuitable means. 
The conducting part c is in good electrical 
connection with shaft S and is provided with 
tapering segments, as f, upon which slides a 
brush 7a, which should preferably be-capable 
of longitudinal adjustment along the cylin 
der. Another brush 1)’, which is connected 
to the condenser-terminal T’, being arranged 
to bear upon the shaft S, it will be seen that 
whenever the brush 70 comes in contact with 
a conducting-segmentf the circuit including 
the primary 19 will be completed and the con 
denser, if energized, discharged through the 
same. By an adjustment of the speed of ro 
tation of the cylinder and a displacement of 
the brush 7c along the axis of the same the cir 
cuit may be made to open and close in as rapid 
succession and remain open or closed during 
such intervals of time as may be desired. 
In inductive relation to the primary 1) is a 
secondary coils, usuallyof much thinner wire 
and of many more turns than the former, to 
which are connected in a series a receiver R, 
(illustrated as an ordinary magnetic 1'elay,) 
a continuously-adjustable non-inductive re 
sistance 9"”, a battery B’ of a properly deter 
mined and very constant electromotive force, 

and ?nally a sensitive device a’ of the same 
or similar construction as a, which is likewise 
rotated at a uniform speed and which with its 
brushes 1)” l)” closes the secondary circuit. 
The electromotive force of the battery 13’ is 
so graduated by means of the adjustable re 
sistance 0"’ that the dielectric layers in the 
sensitive device a’ are strained very nearly 
to the point of breaking down and give way 
upon a slight increase of the electrical pres 
sure on the terminals of the device. It will 
of course be understood that the resistance 
r" is used mainly because of convenience and 
that it maybe dispensed with, in which case 
the adjustment may be effected in many other 
ways, as by determining the proper amount 
or coarseness of the sensitive powder or by 
varying the distance apart of the metallic 
plugs in the ends of the tube. The same may 
be said of the resistance 1'', which is in series 
with the battery B and serves to graduate the 
force of the latter, so that the dielectric lay 
ers of the sensitive device a are subjected to 
a similar strain and maintained in a state of 
delicate poise. The various instruments be 
ing connected and adjusted in the manner de 
scribed, it will now be readily seen from the 
foregoing that under normal conditions, the 
device a being unaffected by the disturb 
ances, or practically so, and there being no 
or only a veryiusigni?cant amount of energy 
stored in the condenser, the periodical closure 
of the primary circuit of the transformer 
through the operation of the device d will 
have no appreciable effect upon the primary 
coilp, and hence no currents will be gener 
ated in the secondary coil .9, at least notsuch 
as would disturb the state of delicate balance 
existing in the secondary circuit including 
the receiver, and therefore the latter will not 
be actuated by the battery B’; but when, 
owing to the disturbances or impulses-propa 
gated ihrough the media from a distant 
source,an additional electromotive force, how 
ever small, is created between the terminals 
of the device a the dielectric layers in the 
same, unable to support the increased strain, 
give way and allow the current of the battery 
B to pass through, thus causing a diiference 
of potential at the terminals T and T’ of the 
condenser. A sufficient amount of energy 
being new stored in this instrument during 
the time interval between each two succeed~ 
ing operations of the device d, each closure > 
of the primary circuit by the latter results in 
the passage of a sudden current impulse 
through the coil 1), which induces a corre 
sponding current of relatively high electromo 
tive force in the secondary coil 5. Owing to 
this the dielectric in the device Ct’ gives way, 
and the current of the battery B’ being allowed 
to pass the receiver R is operated, but only 
fora moment, since by the rotation of the de 
vices Ct, a’, and d, which may be all driven 
from the same shaft, the original conditions 
are restored, assuming, of course, that the 
electromotive force set up by the disturbances 
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at the terminals of the sensitive device a is 
only momentary or of a duration not longer 
than the time of closure of the primary cir 
cuit; otherwise the receiver will be actuated 
a number of times and so long as the influ 
ence of the disturbances upon the device a 
continues. In order to render the discharged 
energy of the condenser more effective in 
causing the operation of the receiver, the re 
sistance of the primary circuit should be very 
small and the secondary coil .9 should have a 
number of turns many ti mes greater than that 
of the primary coil 19. It will be noted that 
since the condenser under the above assump 
tions is always charged in the same direction 
the strongest current impulse in the second 
ary coil, which is induced at the moment 
when the brush 70 comes in contact with seg 
mentf, is also of unchanging direction, and 
for the attainment of the best results it is 
necessary to connect the secondary coil so 
that the electromotive force of this impulse 
will be added to that of the battery and will 
momentarily strengthen the same. However, 
under certain conditions, which are well un 
derstood by those skilled in the art, the de 
vices will operate whichever way the second 
ary be connected. It is preferable to make 
the inductive resistances L and L’ relatively 
large, as they are in a shunt to the device a 
and might if made too small impair its sen 
sitivencss. On the other hand, the resistance 
L” should not be too large and should be re 
lated to the capacity of the condenser and 
the number of makes and breaks effected by 
the device cl in well-known ways. Similar 
considerations apply, of course, to the circuits 
including the primary p and secondary .9, re 
spectively. 

By carefully observing well-known rules of 
scienti?c design and adjustment of the in 
struments the apparatus may be made ex 
tremely sensitive and capable of responding 
to the feeblest influences, thus making it pos 
sible to utilize impulses or disturbances trans 
mitted from very great distances and too fee 
ble to be detected or utilized in any of the 
ways heretofore known, and on this account 
the method here described lends itself to 
many scienti?c and practical uses of great 
value. Obviously the character of the de 
vices and the manner in which they are con 
nected or related may be greatly varied with 
out departing from the spirit of myinvention. 

WVhat I claim as new, and desire to secure 
by Letters Patent, is— _ 

1. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
charging a storage device with energy from 
an independent source, controlling the charg 
ing of said device by the action of the effects 
or disturbances, and coincidently using the 
stored energy for operating a receiving de 
vice. 

2. The method hereinbefore described of 
utilizing effects or disturbances transmitted 

ceases 

from a distant source, which consists in charg 
ing the storage device with electrical encrg 7 
from an independent source, controlling the 
charging of said device by the action of the ef 
fects or disturbances, and coincidently using 
the stored electrical energy for operating the 
receiving device. 

The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
controlling, by means of such effects or dis 
turbances, the charging of an electrical stor~ 
age device from an independent source and 
discharging the stored energy through a re 
ceiving-circuit. 

4;. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
controlling, by means of such effects or dis 
turbances, the charging of an electrical con 
denser from an independent source, and dis 
charging the stored energythrough a receiw 
ing-circuit. 

The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
effecting a storage during any desired time 
interval and under control of such effects or 
disturbances, of energy derived from an in 
dependent sourcc, and utilizing the potential 
energy so obtained for operating a receiving 
device. 

6. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
effecting a storage, during any desired time 
interval and under the control of such dis 
turbances or effects of electrical energy de 
rived from an independent source, and util 
izing the potential energy so obtained for 
operating a receiving device. 

7. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media, which consists in 
effecting a storage in a condenser during any 
desired time interval and under the control 
of such disturbances or effects, of electrical 
energy derived from an independent source, 
and utilizing the potential energy so obtained 
for operating a receiving device. 

8. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a (list-ant 
source, which consists in storing, during suc 
ceeding intervals of time determined by 
means of such effects or disturbances, elec 
trical energy derived from an independent 
source, and utilizing the potential energy so 
accumulated to operate a receiving device. 

9. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in storing in a con 
denser during succeeding intervals of time 
determined by means of such effects or dis 
turbances, electrical energy derived from an 
independent source, and utilizing the poten 
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tial energy so accumulated to operate a re 
ceiving device. 

10. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source,which consists in storing, during suc 
ceedingintervals of timedetermincd bymeans 
of such effects or disturbances, electrical en 
ergy derived from an independent source, 
and using, for periods of time predetermined 
as to succession and duration, the accumu~ 
lated energy so obtained to operate a receiv 
ing device. 

11. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in storing in a con~ 
den'ser during succeeding intervals of time 
determined by means of such effects or dis 
turbances, electrical energy derived from an 
independent source, and using, for periods of 
time predetermined as to succession and du 

_ ration, the accumulated energy so obtained to 
operate a receiving device. 
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12. The method hereinbefore described of 
utilizing electrical effects or disturbances 
transmitted through the natural media from 
a distant source, which consists in effecting 
by means of such disturbances or e?ects a 
storage in a storage device of electrical en 
ergy derived from an independent source for 
periods of time corresponding in succession 
and duration to such disturbances or effects, 
and discharging the electrical energy so ac 
cumulated into or through a receiving device 
at predetermined intervals of time. 

13. The method hereinbefore described of 
utilizing electrical effects or disturbances 
transmitted from a distant source, which. con 
sists in effecting by means of such disturb 
ances or effects a storage in a condenser of 
electrical energy derived from an independ 
ent source for periods of time corresponding 
in succession and duration to such disturb~ 
ances or effects, and discharging the elec 
trical energy so accumulated into or through 
a receiving device at predetermined intervals 
of time.‘ 

. 14. The method hereinbefore described of 
utilizing, electrical effects or disturbances 
transmitted from a distant source, which con 
sists in producing, by means of such effects 
or disturbances, variations of resistance in a 
circuit including an independent electrical 
source and a device adapted to be charged 
with electrical energy therefrom, thereby 
causing the storage device to be charged with 
energy from such independent source, and 
using the potential electrical energy so accu 
mulated to operate a receiving device. 

15. The method hereinbefore described of 
utilizing effects or disturbances transmitted 

through the natural media from a distant 
source,which consists in producing, by means 
of such effects or disturbances, variations of 
resistance in a circuit including an independ 
ent electrical source and a condenser,thereby 
causing the condenser to be charged with en 
ergy from the independentsource, and using 
the potential electrical energy so accumulated 
to operate a receiving device. 

16. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such effects or disturbances, electrical en 
ergy from an independent source to be stored 
in a storage device, using the electrical en~ 
ergy so accumulated to operate a transformer 
and employing the secondary currents from 
such transformer to operate a receiving de 
vice. 

17. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such effects or disturbances, electrical en 
ergy from an independent source to be stored 
in a condenser, using the electrical energyso 
accumulated to operate a transformer and 
employing the secondary currents from such 
transformer to operate a receiving device. 

18. The method hereinbefore described of 
utilizing effects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such disturbances, variations of resistance 
in a circuit including an independent source 
of electricity and a storage device and thereby 
causing the storage device to be charged from 
such independent source, discharging the en 
ergy so accumulated in the storage device 
through the primary of a transformer at pre 
determined intervals of time, and operating 
a receiver by the currents so developed in 
the secondary of the transformer. 

19. The method hereinbefore described of 
utilizing e?ects or disturbances transmitted 
through the natural media from a distant 
source, which consists in causing, by means 
of such disturbances, variations of resistance 
in a circuit including an independent source 
of electricity and a condenser and thereby 
causing the condenser to be charged from 
such independent source, discharging the en~ 
ergy so accumulated in the condenser through 
the primary of a transformer at predeter 
mined intervals of time and operating a re 
ceivcr by the currents so developed in the 
secondary of the transformer. 

NIKOLA TESLA. 
Witnesses: 

F. LoWENs'rEIN, 
E. A. SUNDERLIN. 
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To aZZ whom, it may concern: 
Be it known that I, NIKOLA TESLA, a citizen 

of the United States, residing at the borough 
of Manhattan, in the city, county, and State 
of New York, have invented certain new and 
useful Improvements in Apparatus for Util 
izing Effects Transmitted from a Distance to 
a Receiving Device Through the Natural Me 
dia, of which the following is aspeci?calion, 
reference being had to the accompanying 
drawings, which form a part of the same. 

This application is a division of an appli 
cation ?led by me June 24, 1899, Serial No. 
721,790, in which a method of utilizing eifects 
or disturbances transmitted through the nat 
ural mediafrom adistant source isdescribed 
and made the subject of the claims. The in 
vention of my present application consists in 
the apparatus hereinafter described and 
claimed, by the use of which the method 
claimed in my said prior application may be 
practiced and by means of which results hith 
erto unattainable may be secured. 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing them to operate distant 
receivers are now known and have been, ap 
plied with more or less success for accom 
plishing a variety of useful results.’ One of 
these ways consists in producing by a suit 
able apparatus rays or radiations-that is,dis 
turbances-which are propagated in straight 
lines through space, directing them upon a 
receiving or recording apparatus at a distance, 
and thereby bringing the latter into action. 
This method is the oldest and best known, 
and has been brought particularly into promi 
nence in recentyears through the investiga 
tions of Heinrich l-lertz. Another method 
consists in passing a current through a cir 
cuit, preferably one inclosing a very large 
area, inducing thereby in a similar circuit, 
situated at a distance, another current and 
affecting by the same in any convenient way 
a receiving device. Still another way, which 
has also been known for many years,is to pass 
in any suitable manner a current through a 
portion of the ground, as by connecting to 
two points of the same, preferably at a con 
siderable distance from each other, the two 

terminals of a generator and to energize by a 
part of the current diffused through the earth 
a distant circuit, which is similarly arranged 
and grounded at two points widely apart and 
which is made to act upon a sensitive re 
ceiver. These various methods have their 
limitations, one, especially, whichis common 
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to all, being that the receiving circuit or in~ . 
strument must be maintained in a de?nite po 
sition with respect to the transmitting appa 
ratus, which often imposes great disadvan 
tages upon the use of the apparatus. 

In several applications ?led by me and pat 
ents granted to me I have disclosed other 
methods of accomplishing results of this na 
ture, which may be briefly described as fol 
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lows: In one system the potential of a point , 
or region of the earth is varied by imparting 
to it intermittent or alternating electri?ca' 
tions through one of the terminals of a suit 
able source of electrical disturbances, which 

‘to heighten the effect has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electrifications communicated to the earth 
spread in all directions through the same, 
reaching a distant circuit, which generally 
has its terminals arranged and connected 
similarly to those of the transmitting source, 
and operates upon ahighly-sensitive receiver. 
Another method is based upon the fact that 
the'atmospheric air, which behaves as an ex 
cellent insulator to currents generated by or 
dinary apparatus, becomes a conductor un 
der the in?uence of currents of impulses of 
enormously high electromotive force which I 
have devised means for generating. By such 
means air strata, which are easily accessible, 
are rendered available for the production of 
many desired eifects at distances, however 
great. This method, furthermore, allows ad 
vantage to be taken of many of those improve 
ments which are practicable in the ordinary 
systems of transmission involving the use of 
a metallic conductor. 

Obviously whatever method be employed 
it is desirable that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possible, and by the use of cer 
tain forms of hi gh-frequency apparatus which 

70 

75 

85 

95 



IO 

20 

25 

30 

45 

55 

2 

I have devised and which are now well known 
important practical advantages are in this 
respect secured. Furthermore, since in most 
cases the amount of energy conveyed to the 
distant circuit- is but a minute fraction of the 
total energy emanating from the source, it is 
necessary for the attainment of the best re 
sults that whatever the character of the re 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
should be made available for the operation of 
the receiver, and with this object in view I 
have heretofore, among other means, em 
ployed a receiving-circuit of high self-induc 
tion and very small resistance and of a pe— 
riod such as to vibrate in synchronism with 
the disturbances, whereby a number of sepa~ 
rate impulses from the source were made to 
cooperate, thus magnifying the effect exerted 
upon and insuring the action of the receiving 
device. By these means decided advantages 
have been secured in many instances; but 
very often the improvement is either not ap 
plicable at all or if so the gain is very slight. 
Evidently when the source is one producing 
a continuous pressure or delivering impulses 
of long duration it is impracticable to mag 
nify the effects in this manner, and when, 
on the other hand, it is one furnishing short 
impulses of extreme rapidity of succession 
the advantage obtained in this way is insig 
ni?cant, owing to the radiation and the un 
avoidable frictional waste in the receiving 
circuit. These losses reduce greatly both the 
intensity and the number of the cooperative 
impulses, and since the initial intensity of 
each of these is necessarily limited only an 
insigni?cant amount of energy is thus made 
available for a single operation of the re 
ceiver. As this amount is consequently de 
pendent on the energy conveyed to the re 
ceiver by one single impulse, it is evidently 
necessary to employ either a very large and 
costly, and therefore objectionable trans 
mitter, or else resort to the equally’objectiom 
able use of a receiving device too delicate 
and too easily deranged. Furthermore, the 
energy obtained through the cooperation of 
the impulses is in the form of extremely-rapid 
vibrations and because of this unsuitable 
for the operation of ordinary receivers, the 
more so as this form of energy imposes nar 
row restrictions in regard to the mode and 
time of its application to such devices. To 
overcome these and other limitations and dis 
advantages which have heretofore existed in 
such systems of transmission of signals or in 
telligence is the object of my invention,which 
comprises a novel form of apparatus for ac 
complishing these results. 

The apparatus which is employed at the re 
ceiving-station, described in general terms, 
consists in the combination of a storage de 
vice included in a circuit connecting points at 
adistance from the source of the disturbances 
and between which a difference of potential 
is created by such disturbances, a receiving 
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circuit connected with the- storage device, a 
receiver included in such receiving-circuit, 
and means for closing the receiving-circuit 
at any desired moment, and thereby causing 
the receiver to be operated by the energy with 
which the storage device has been charged. 

The best form of apparatus for carrying 
out my invention of which I am now aware 
and the manner of using the same will be un 
derstood from the following description and 
the accompanying drawings, in which— 

Figure l is a diagrammatic illustration of 
such apparatus, and Fig. 2 a modified form 
or arrangement of the same. 

At any two points in the transmitting me 
dium between which there exists or may be 
obtained in any manner through ‘the action 
of the disturbances or effects to be investi 
gated or utilized a difference of electrical po 
tential of any magnitude I arrange two plates 
or electrodes so that they may be oppositely 
charged through the agency of such effects 
or disturbances, and I connect these elec 
trodes to the terminals of a highly-insulated 
condenser, generally of considerable capacity. 
To the condenser-terminals I also connect the 
receiver to be operated in series with a de 
vice of suitable construction which performs 
the function of periodically discharging the 
condenser through the receiver at and during 
such intervals of time as may be best suitable 
for the purpose contemplated. This device 
may merely consist of two stationary elec 
trodes separated by a feeble dielectric layer 
of minute thickness, or it may comprise ter 
minals one or more of which are movable and 
actuated by any suitable force and are adapt 
ed to be brought into and out of contact with 
each other in any convenient manner. It will 
now be readilyseen that if the disturbances, of 
whatever nature they may be, cause de?nite 
amounts of electricity of the same sign to be 
conveyed to each of the plates or electrodes 
above mentioned either continuously or at 
intervals of time which are sufficiently long 
the condenser will be charged to a certain po 
tential and an adequate amount ‘of energy 
being‘thus stored during the time determined 
by the device effecting the discharge of the 
condenser the receiver will be periodically 
operated by the-electrical energy so accumu 
lated; but very often the character of the 
impulses and the conditions of their use are 
such that without further provision not 
enough potential energy would be accumu 
lated in the condenser to operate the receiv 
ing device. This is the case when, for ex 
ample, each of the plates or terminals re 
ceives electricity of rapidly-changing sign or 
even when each receives electricity of the 
same sign, but only during periods which are 
short as compared with the intervals sepa 
rating them. In such instances I resort to 
the use of a special device which I insert in 
the circuit between the plates and the con 
denser for the purpose of conveying to each 
of the terminals of the latter electrical charges 
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of the proper quality and order of succes 
sion to enable the required amount of poten 
tial energy to be stored in the condenser. 

There are a numberof well'known devices, 
either without any moving parts or terminals 
or with elements reciprocated or rotated by 
the application of a suitable force, which offer 
a more ready passage to impulses of one sign 
or direction than to those of the other or per 
mit only impulses of one kind or order of suc 
cession to traverse a path, and any of these 
or similar devices capable of ful?lling the re 
quirements may be used in carrying my in 
vention into practice. One such device of 
familiar construction which will serve to con 
veya clear understanding of this part of my 
invention and enable a person skilled in the 
art to apply the same is illustrated in the 
annexed drawings. It consists of a cylinder 
A, of insulating material, which is moved at 
a uniform rate of speed by clockwork or other 
suitable motive power and is provided with 
two metal rings B B’, upon which bear brushes 
av and a’, which are connected, respectively, 
in the manner shown to the terminal plates 
P and P’, above referred to. From the rings 
13 B’ extend narrow metallic segments 5 and 
s’, which by the rotation of the cylinder A 
are brought alternately into contact with dou 
ble brushes b and Z)’, carried by and in con 
tact with conductingeholders 77, and h’, which 
are adjustable longitudinally in the metallic 
supports D and D’, as shown. The latter are 
connected to the terminals T and T’ of a con 
denser O, and it should be understood that 
they are capable of-angular displacement as 
ordinarybrush-supports. The objectof using 
two brushes, as b and b’,.in each of the holders 
h and h’ is to vary at will the duration of the 
electric contact of the plates P and P’ with the 
terminals T and T’, to which is connected 
a receiving-circuit, including a receiver R 
and a device cl of the kind above referred to, 
which performs the duty of closing the re 
ceiving-circuit at predetermined intervals of 
time and discharging the stored energy 
through the receiver. In the present case 
this device consists of a cylinder made partly 
of conducting and partly of insulating mate 
rial @ and 6’, respectively, which is rotated 
at the desired rate of speed by any suitable 
means. The conducting part c is in good 
electrical connection with the shaft S and is 
provided with tapering segments f f, upon 
which slides a brush 7t, supported on a con 
ducting-rod Z, capable of longitudinal adjust 
ment in a metallic support m. Another 
brush a is arranged tobear upon the shaft S, 
and it will be seen that whenever one of the 
segments fcomes in contact with the brush 
7r. the circuit including the receiver R is com 
pleted and the condenser discharged through 
the same. By an adjustment of the speed 
of rotation of the cylinder d and a displace 
ment of the brush 7r along the cylinder the 
circuit may be made to open and close in as 
rapid succession and remain open or closed 

during such intervals of. time as may be de 
sired. The plates P and P’ through which the 
electri?cations are conveyed to the brushes 
a and a’ may be at a considerable distance 
from each other and both in the ground or 
both in‘ the air or one in the ground and the 
other in the air, preferably at some height, 
or they may be connected to conductors ex 
tending to some distance or to the terminals 
of any kind of apparatus supplying electrical 
energy which is obtained from the energy of 
the impulses or disturbances transmitted 
from a distance through the natural media. 

In illustration of the operation of the de 
vices described let it be assumed that alter 
nating electrical impulses from a distant gen 
erator, as G, are transmitted through the 
earth and that it is desired to utilize these 
impulses in accordance with my method. 
This may be the case, for example, when 
such a generator is used for purposes of sig 
naling in one of the ways before enumerated, 
as by having its terminals connected at two 
points of the earth distant from each other. 
In this case the plates P and I" are ?rstcon 
nected to two properly - selected points of 
the earth, the speed of rotation of the cyl 
inder A is varied until it is made to turn in 
synch'ronism with the alternate impulses of 
the generator, and, ?nally, the position of the 
brushes Z) and b’ is adjusted by angular dis 
placement, as usual, or in other ways, so that 
they are in contact with the segments .9 ands’ 
during the periods when the impulses are 
at or near the maximum of their intensity. 
Only ordinary electrical skill and knowl 
edge are required to make these adjustments, 
and a number of devices for e?ecting syn 
chronous movement being well known and it 
being the chief object of my present applica~ 
tion to set forth a novel apparatus embodying 
a general principle a detailed description of 
such devices is not considered necessary. I 
may state, however, that for practical pur 
poses in the present case it is only necessary 
to shift the brushes back and forth until the 
maximum e?ect is secured. The above re 
quirements being ful?lled, electrical charges 
of the same sign will be conveyed to each of 
the condenser-terminals as the cylinder A is 
rotated, and with each fresh impulse the con 
denser will be charged to a higher potential. 
The speed of rotation of the cylinder d being 
adjustable at will, the energy of any number 
of separate impulses may thus be acoumu~ 
lated in potential form and discharged through 
the receiver R upon the brush 76 coming in 
contact with one of the segments f. It will 
be of course understood that the capacity of 
the condenser should be such as to allow the 
storing of a much greater amount of energy 
than is required for the ordinary operation 
of the receiver. Since by this method a rela~ 
tively great amount of energy and in a suit 
able form may be made available for the op 
eration of a receiver, the latter need not be 
very sensitive; but of course when the im 
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pulses are very feeble, aswhen coming from a 
great distance or when it is desired to operate 
a receiver very rapidly, then any of the Well 
known devices capable of responding to very 
feeble in?uences may be used in this connec 
tion. 

If instead of the alternating impulses short 
impulses of the same direction are conveyed 
to the plates P and P’, the apparatus de 
scribed may still readily be used, and for 
this purpose it is merely necessary to shift 
the brushes 1) and 1)’ into the position indi 
cated by the dotted lines, while maintaining 
the same conditions in regard to synchronism 
as before, so that the succeeding impulses 
will be permitted to pass into the condenser, 
but prevented from returning to the ground 
or transmitting medium during the intervals 
between them, owing to the interruption dur 
ing such intervals of the connections leading 
from the condenser~terminals to the plates. 

Another way of using the apparatus with 
impulses of the same direction is to take off 
one pair of brushes, as b, disconnect the plate 
P from brush a and join it directly to the 
terminal T of the condenser, and to connect 
brush a with brush a’. \Vhen thus modi?ed, 
the apparatus'appears as shown in Fig. 2. 
Operated in this manner and assuming the 
speed of rotation of cylinder A to be the same, 
the apparatus will now be evidently adapted 
for a number of impulses per unit of time 
twice as great as in the preceding case. In 
all cases it is evidently important to adjust 
the duration of contact of segments 8 and s’ 
with brushes 1) Z)’ in the manner indicated. 

\Vhen the apparatus I have described is 
used in connection with the transmission of 
signals or intelligence, it will of course be 
understood that the transmitter is operated 
in such a way as to produce disturbances or 
effects which are varied or intermitted in. 
some arbitrary manner~for example, to pro 
duce longer and shorter successions of im 
pulses, corresponding to the dashes and dots 
of the Morse a1phabet-—and the receiving de 
vice will respond to and indicate these varia 
tions or intermittences, since the storage de 
vice will be charged and discharged a nu mber 
of times corresponding to the duration of the 
successions of impulses received. 

Obviously the special appliances used in 
carrying out my invention may be varied in 
many ways without departing from the spirit 
of the same. 

It is to be observed that it is the function 
of the cylinder A, with its brushes and con 
nections, to render the electrical impulses 
coming from the plates P and P’suitable for 
charging the condenser (assuming them to be 
unsuitable for this purpose in the form in 
which they are received) by rectifying them 
when they are originally alternating in di 
rection or by selecting such parts of them as 
are suitable when all are not, and any other 
device performing this function will obviously 
answer the purpose. It is also evident that 
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a device such as I have already referred to‘ 
which offers a more ready passage to impulses 
of one sign or permits only impulses of the 
same sign to pass may also be used to perform 
this selective function in many cases when 
alternatingimpulses are received. When the 
impulses are long and all of the same direc 
tion, and even when they are alternating but 
sufficiently long in duration and sustained in 
electromotive force, the brushes 1) and b’ may 
be adjusted so as to bear on the parts B B’ of 
the cylinder A, or the cylinder audits brushes 
may be omitted and the terminals of the con 
denser connected directly to the plates P 
and P’. 

It will be seen that by the use of my inven 
tion results hitherto unattainable in utilizing 
disturbances or effects transmitted through 
natural media may be readily attained, since 
however great the distance of such transmis 
sion and however feeble or attenuated the im 
pulses received enough energy may be accu 
mulated from them by storing up the energy 
of succeeding impulses for a sufficient; inter 
val of time to render the sudden liberation 
of it highly effective in operating a receiver. 
In this way receivers of a variety of forms 
may be made to respond effectively to im 
pulses too feeble to be detected or to be made 
to produce any sensible effect in any other 
way of which ‘I am aware-a result of great 
value in scienti?c research as well as in vari 
ous applications to practical use. . 

What I claim as my invention, and desire 
to secure by Letters Patent, is—— 

1. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
storage GBX’ICG included in the charging-cir 
cuit and adapted to be charged thereby, a re 
ceiver, and means for causing the receiver to 
be operated by the energy accumulated in the 
storage device at arbitrary intervals of time, 
substantially as described. 

2. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
storage device included in the charging-cir 
cuit and adapted to be charged thereby, 
means for commutating, directing or select 
ing the current impulses in the charging-cir 
cuit, a receiving-circuit, and means for dis 
charging the storage device through the re 
ceiving-circuit, substantially as described. 

3. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
condenser included in the charging-circuit 
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and adapted to be charged thereby, means 
for commutating, directing or selecting the 
current impulses in the charging-circuit, a 
receiving-circuit, and means for discharging 
the condenser through the receiving-circuit, 

‘ substantially as described. 
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4. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
storage device included in the charging-cir 
cuit and adapted to be charged thereby, 
means for commutating, directing or select 
ing the current impulses in the charging-cir 
cuit so as to render them suitable for charg 
ing the storage device, a receiving-circuit, 
and means for discharging the storage device 
through the receiving-circuit, substantially 
as ‘described. 

5. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to beenergized by 
the action of such effects or disturbances, a 
condenser included in the charging-circuit 
and adapted to be charged thereby, means 
for commutating, directing or selecting the 
current impulses in the charging-circuit so as 
to render them suitable for charging the con 
denser, areceivingcircuit, and means for dis 
charging the condenser through the receiv 
ing-circuit, substantially as described. 

6. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a 
charging-circuit adapted to be energized by 
the action of such effects or disturbances, a 
storage device included in the charging-cir 
cuit and adapted to be charged thereby, 
means for commutating, directing or select 
ing the current impulses in the charging-cir 
cuit so as to render them suitable for charg 
ing' the storage device, a receiving-circuit, 
and means for discharging the storage device 
through the receiving-circuit at arbitrary in 
tervals of time, substantially as described. 

7. In an apparatus for utilizing electrical 
e?ects or disturbances transmitted to a dis 
tant receiving-station, the combination with 
a source of such effects or disturbances of a 
circuit distant from the source and adapted 
to have current impulses set up in it by the 
action of the eifects or disturbances, a stor 
age device, means for commutating, directing 
or selecting the impulses and connecting the 
circuit with the storage device at succeeding 
intervals of time synchronizing with the im 
pulses, a receiving-circuit, and means for pc 
riodically discharging the storage device 
through the receiving-circuit, substantially 
as described. 

8. In an apparatus for utilizing electrical 
effects or disturbances transmitted to a dis 
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taut receiving-station, the combination with 
a source of such effects or disturbances of a 
circuit distant from the source and adapted 
to have current impulses set up in it by the 
action of the effects or disturbances, a con 
denser, means for commutating, directing or 
selecting the impulses and connecting the cir 
cuit with the condenser at succeeding inter 
vals of time synchronizing with the impulses, 
a receiving-circuit, and means for period 
ically discharging the condenser through the 
receiving-circuit, substantially as described. 

9. In an apparatus for utilizing electrical 
elfects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of acir 
cuit connecting points at a distance from the 
source between which a difference of poten 
tial is created by such elfects or disturbances, 
a storage device included in such circuitand 
adapted to be charged with the energy sup 
plied by the same, a receiving-circuit con 
nected with the storage device, a receiver in 
cluded in such receiving-circuit, and means 
for closing the receiving-circuit and thereby 
causing the receiver to be operated by the 
energy accumulated in the storage device, 
substantially as described. 

10. In an apparatus for utilizing electrical 
e?ects or disturbances transmitted through 
the natural media, the combination with a 
source of such effects or disturbances of a cir 
cuit at a distance from the source which is 
energized by such e?ects or disturbances, a 
storage device adapted to be charged with the 
energy supplied by such circuit,»means for 

‘connecting the storage device with the said 
circuit for periods of time predetermined as 
to succession and duration, a receiving-cir 
cuit connected with the storage device, a re 
ceiver included in such receiving-circuit, and 
means for closing the receiving-circuit and 
thereby causing the receiver to be operated 
by the energy accumulated in the storage de 
vice, substantially as described. 

11. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination of a cir 
cuit connecting points at a distance from the 
source between which a difference of potential 
is created by such effects or disturbances, a 
storage device included in such circuit and 
adapted to be charged with the energy sup 
plied by the same, a receiving-circuit, a- re— 
ceiver included in such circuit, and means for 
connecting the receiving-circuit with the stor' 
age device for periods of time predetermined 
as to succession and duration and thereby 
causing the receiver to be operated by the en 
ergy accumulated in the storage device, sub 
stantially as described. 

12. In an apparatus for utilizing electrical 
elfects or disturbances‘ transmitted through 
the natural media, the combination of a cir 
cuit connecting points at a distance from the 
source between which a di?erence of potential 
is created by such effects or disturbances, a 
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storage device adapted to be charged with the 
energy supplied by such circuit for succeed 
ing and predetermined periods of time, a re 
ceiving-circuit, a receiver included in the re 
ceiving-circuit, and means for connecting the 
receiving-circuit with the storage device for 
periods of time predetermined as to succes 
sion and duration and thereby causing the re 
ceiver to be operated by the energy accumu 
lated in the storage device, substantially as 
described. 

13. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination of a cir 
cuit connecting points at a distance from the 
son rce,between which a difference of potential 
is created by such effects or disturbances, a 
condenser included in such circuit and adapt 
ed to be charged by the current in the same, 
a receivingcircuit connected with the con 
denser, a receiver included in such receiving 
circuit, and a device adapted to close the re 
ceiving-circuit at arbitraryintervals of time 
and thereby cause the receiver to be operated 
by the electrical energy accumulated in the 
condenser, substantially as described. 

14:. In an apparatus for utilizing electrical ' 
effects or disturbz'tnces transmitted through 
the natural media, the combination ofa charg 
ing-circuit distant from the source and ener 
gized by the effects or disturbances, a storage 
device included in the charging-circuit, means 
included in the chargingcircuit and acting in 
synchronism with the impulses therein for 
commutating, directing or selecting the im 
pulses, a receiving- circuit and means for 
periodically discharging the storage device 
through the'receiving-circuit, substantially 
as described. 

15. In an apparatus for utilizing electrical 
effects or disturbances transmitted through 
the natural media, the combination ofa charg 
ing-circuit distant from the source and ener 
gized by the etfects or disturbances, a con 
denser included in the chargingcircuit,means 
included in the charging-circuit and acting in 
synchronism With the impulses therein for 
commutating,directing or selecting the im 
pulses, a receiving-circuit and means for pe 
riodically discharging the condenser through 
the receiving - circuit, substantially as de 
scribed. 

16. In an apparatus for transmittingsignals 
or intelligence through the natural media from 
a sending-station to a distant point, the com 
bination of agenerator or transmitter adapted 
to produce arbitrarily varied or intermitted 
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electrical disturbances or effects in the natu 
ral media, a charging-circuit at the distant 
point adapted to receive corresponding elec 
trical impulses or e?ects from the disturb 
ances or effects so produced, a storage device 
included in the charging-circuit, means in-' 
cluded in the charging-circuit and acting in 
synchronism with the impulses therein for 
commutating, directing or selecting the im 
pulses so as to render them suitable for ch arg 
ing the storage device, a receiving-circuit and 
means for periodically discharging the stor 
age device through the receiving-circuit, sub 
stantially as described. 

17. In an apparatus for transmitting signals 
or intelligencethrough the natural media from 
a sending-station to a distant point, the com 
bination of a generator or transmitter adapted 
to produce arbitrarily varied or intermitted 
electrical disturbances or effects in the natu 
ral media, a charging-circuit at the distant 
point adapted to receive corresponding elec 
trical impulses or effects from the disturb 
ances or effects so produced, a condenser in 
cluded in the charging-circuit,means included 
in the charging-circuit and acting in syn 
chronism with the impulses therein for com 
mutating, directing or selecting the impulses 
so as to render them suitable for charging 
the condenser, a receiving-circuit and means 
for periodically discharging the .condenser 
through the receiving-circuit, substantially 
as described. 

18. In an apparatus for transmitting signals 
orintelligencethrough the natu ral media from 
a sending-station to a distant point, the com 
bination of a generator or transmitter adapted 
to produce arbitrarily varied or intermitted 
electrical disturbances or effects in the natu 
ral media, a circuit at the distant point adapt 
ed to receive corresponding electrical im 
pulses or disturbances from the disturbances 
or effects so transmitted, a storage device in 
cluded in such circuit and adapted to be 
charged thereby, a receiving - circuit con 
nected with the storage device, a receiver in 
cluded in the receiving-circuit and a device 
for closing the receiving-circuit at arbitrary 
intervals of time and thereby causing the re 
ceiver to be operated by the energy accumu 
lated in the storage device, substantially as 
described. 

NIKOLA TESLA. 
Witnesses: 

O. E. TITUS, 
LEONARD E. CURTIS. 
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To aZZ whom it may concern: 
Be it known that I, NIKOLA TESLA, a citizen 

of the United States, residing at New York 
city, in the county and State of‘New York, 
have invented a new and useful Improvement 
in Apparatus for Utilizing Effects Transmit 
ted from a Distance to a Receiving Device 
Through the Natural Media, of which‘ the fol 
lowing is a speci?cation, reference being had 
to the accompanying drawings, which form a 
part of the same. 

The subject of my present invention is an 
improvement in the art of utilizing effects 
transmitted from a distance to a receiving de 
vice through the natural media; and it con 
sists in the novel apparatus hereinafter de 
scribed. 

This application is a division of one ?led 
by me August 1, 1899, Serial No. 725,749, and 
based upon and claiming the method herein 
described and which maybe practiced by the 
use of the apparatus forming the subject of 
this application. 

My invention is particularly useful in con 
nection with methods and apparatus for op 
erating distant receiving devices by means 
of electrical disturbances produced by proper 
transmitters and conveyed to such receiving 
devices through the natural media; but it oh 
viously has a wider range of applicability 
and may be employed, for example, in the in 
vestigation or utilization of terrestrial, solar, 
or other disturbances produced by natural 
causes. ' 

Several ways or methods of transmitting 
electrical disturbances through the natural 
media and utilizing ‘them to operate distant 
receivers are now known and have been ap-' 
plied with more or less success for accom 
plishing a variety of useful results. One of 
these ways consists in producing by a suit 
able apparatus rays -0r radiations—that is, 
disturbances-which are propagated in 
straight lines through space, directing them 
upon a receiving or recording apparatus at'a 
distance, and thereby bringing the latter into 
action. This method is the oldest and best 
known and has been brought particularly into 
prominence in. recent years through the in 
vestigations of Heinrich Hertz. Another 
method consists in passing a cnrrentthrough 

a circuit, preferably one inclosing a very 
large area, inducing thereby in a similar cir 
cuit situated at a distance another current 
and affecting by the same in any convenient 
way a receiving device. Still another way, 
which has also been known for many years, 
is to pass in any suitable manner a current 
through a portion of the ground, as by cou~ 
necting to‘ two points of the same, preferably 
at a considerable distance from each other, 
the two terminals of a generator and to en 
ergize by a part of the currentdiifusedthrough 
the earth a distant circuit, which is similarly 
arranged and grounded at two points widely 
apart and which is made to act upon a sensi 
tive receiver. These various methods have 
their limitations, one especially, which is 
common to all, being that the receiving cir 
cuit or instrument must be maintained in a 
de?nite position with respect to the trans 
mitting apparatus, which often imposes great 
disadvantages upon the use of the apparatus. 

In several applications ?led by me and pat 
ents granted to me I have disclosed other 
methods of accomplishing results of this na 
ture, which may be brie?y described as fol 
lows: In one system the potential of a point 
or region of the earth is varied by imparting 
to it intermittent or alternating electri?ca~ 
tions through one of the terminals of a suit 
able source of electrical disturbances, which, 
to heighten the effect, has its other terminal 
connected to an insulated body, preferably 
of large surface and at an elevation. The 
electri?cations communicated to the earth 
spread in all directions through the same, 
reaching a distant circuit, which generally 
has its terminals arranged and connected 
similarly to those of the transmitting source 
and operates upon a highly-sensitive receiver. 
Another method is based upon the fact that 
the atmospheric air, which behaves as an ex 
cellent insulator to currents generated by or 
dinary apparatus, becomes a conductor under 
the in?uence of currents or impulses of enor 
mously high electromotive force, which I have 
devised means for generating. By such 
means air strata, which are easily accessible, 
are rendered available for the production of 
many desired effects at distances however 
great. " This method, furthermore, allows ad 
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vantage to be taken of many of those im 
provements which are practicable in the or 
dinary systems of transmission involving the 
use of a metallic conductor. 

Obviously whatever method be employed 
it is desirable that the disturbances produced 
by the transmitting apparatus should be as 
powerful as possible, and by the use of cer 
tain forms of high - frequency apparatus, 
which I have devised and which are now well 
known, important practical advantages are 
in this respect secured. Furthermore, since 
in most cases the amount of energy conveyed 
to the distant circuit is but a minute fraction 
of the total energy emanating from the source 
it is necessary for the attainment of the best 
results that whatever the character of the re 
ceiver and the nature of the disturbances as 
much as possible of the energy conveyed 
should be made available for the operation 
of the receiver, and with this object in view 
I have heretofore, among other means, em 
ployed a receiving-circuit of high self-induc 
tion and Very small resistance and of a period 
such as to vibrate in synchronism with the dis 
turbances, whereby a number of separate im 
pulses from the source were made to cooperate, 
thus magnifying the effect exerted upon and 
insuring the action of the receiving device. 
By these means decided advantages have been 
secured in manyinstances; but very often the 
improvement is either not applicable at all, 
or, if so, the gain is very slight. Evidently 
when the source is one producing a continu 
ous pressure or delivering impulses of long 
duration it is impracticable to magnify the‘ 
effects in this manner, and when, on the other 
hand, it is one furnishing short impulses of 
extreme rapidity of succession the advantage 
obtained in this way is insigni?cant, owing to 
the radiation and the unavoidable frictional 
Waste in the receiving-circuit. These losses 
reduce greatly both the intensity and the 
number of the cooperative impulses, and 
since the initial intensity of each of these 

_ is necessarily limited only an insigni?cant 
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amount of energy is thus made available for 
a single operation of the receiver. As this 
amount is consequently dependent on the 
energy conveyed to the receiver by one single 
impulse, it is evidently necessary to employ 
either a very large and costly, and therefore 
objectionable, transmitter, or else to resort to 
the equally objectionable use of a receiving 
device too delicate and too easily deranged. 
Furthermore, the energy obtained through 
the cooperation of the impulses is in the form 
of extremely rapid vibrations and because of 
this unsuitable for the operation of ordinary 
receivers, the more so as this form of energy 
imposes narrow restrictions in regard to the 
mode and time of its application to such de 
vices. To overcome these and other limita 
tions and disad vantages that have heretofore 
existed in such systems of transmission of sig 
nals or intelligence and to render possible 
an investigation of impulses or disturbances 
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propagated through the natural media from 
any kind of source and their practical utili 
zation for any purpose to which they are ap 
plicable, I have devised a novel method,which 
I have described in a pending application, 
?led June 24, 1899, Serial No. 721,790, and 
which, broadly stated, consists in effecting 
during any desired time interval a storage of 
energy derived from such impulses and util 
izing the potential energy so obtained for op 
erating a receiving device. 

My present invention is intended for the 
same general purposes, and it comprises an 
other apparatus by means of which similar 
results may be obtained. 

The chief feature which distinguishes the 
method of my present from that of my former 
invention, just referred to, is that the energy 
stored is not, as in the former instance, ob 
tained from the energy of the disturbances 
or effects transmitted from a distance, but 
from an independent source. 

Expressed generally, the present method 
consists in charging a storage device with en 
ergy from an independent source, controlling 
the charging of said device by the action of the 
e?ects or disturbances transmitted through 
the natural media, and coincidently using 
the stored energy for operating a receiving 
device. 

A great variety of disturbances, produced 
either by suitably-constructed transmitters 
or by natural causes, are at present known 
to be propagated through the natural media, 
and there are also a variety of means or de 
vices enabling energy to be stored, and in 
View of this I wish to say that I consider the 
utilization of any such disturbances and the 
employment of any of these means as within 
the scope of my present invention so long as 
the use of the general method hereinbefore 
stated is involved. 

The best way of carrying out myinvention 
which I at present know is to store electrical 
energy obtained from a suitable electrical 
generator in a condenser and to control the 
storage or the application of this energy by 
means of a sensitive, device acted upon by 
the effects or disturbances, and thereby cause 
the operation of the receiver. 

In the practical application of this method 
I usually proceed as follows: At any point 
Where I desire to investigate or to utilize for 
any purpose effects or disturbances propa 
gated through the natural media from any 
kind of source I provide a suitable generator 
of electricity-as, for example, a battery and 
a condenser-which I connect to the poles of 
the generator in series with a sensitive de 
vice capable of being modi?ed in its elec 
trical resistance or other property by the ac 
tion of the disturbances emitted from the 
source. To the terminals of the condenser I 
connect the receiver which is to be operated 
in series with another device of suitable con 
struction, which performs the function of pe 
riodically discharging the condenser through‘ 
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the receiver at and during such intervals of 
time as may be best suitable for the purpose 
contemplated. This latter device may merely 
consist of two stationary electrodes separated 
by a feeble dielectric layer of minute thick 
ness, but su?icient to greatly reduce or prac 
tically interrupt the current in the circuit 
under normal conditions, or it may comprise 
terminals one or more of which are movable 
and actuated by any suitable force and are 
adapted to be brought into and out of con 
tact with each other in any convenient man 
ner. The sensitive device may be any of the 
many devices of this kind which are known 
to be affected by the disturbances, impulses, 
or effects propagated through the media, and 
it may be of such a character that normally—— 
that is, when not acted upon-it entirely pre 
vents the passage of electricity from the gen 
erator to the condenser, or it may be such 
that it allows a gradual leaking through of 
the current and a charging of the condenser 
at a slow rate. In any case it will be seen 
that if the disturbances, of whatever nature 
they may be, cause an appreciable diminu 
tion in the electrical resistance of the sensi 
tive device the current from the battery will 
pass more readily into the condenser, which 
will be charged ata more rapid rate, and con 
sequently each of its discharges through the 
receiver, periodically e?ected by the special 
device before referred to which performs this 
function, will be stronger than normally 
that is, when the sensitive device is not acted 
upon by the disturbances. Evidently then 
if the receiver be so adjusted that it does not 
respond to the comparatively feeble normal 
discharges of the condenser, if they should 
occur, but only to those stronger ones which 
take place upon the diminution of the re 
sistance of the sensitive device it will be op 
erated only when this device is acted upon 
by the disturbances, thus making it possible 
to investigate and to utilize the latter for any 
desired purpose. 

The general principle underlying my inven 
tion and the operation of the various devices 
used will be clearly understood by reference 
to the accompanying drawings, in which 

Figure 1 is a diagram illustrating a typical 
arrangement- of apparatus which may be used 
in carrying my method into practice, and 
Figs. 2, 3, 4, and 5 similar diagrams of modi 
?ed arrangements of apparatus for the same 
purpose. . . 

In Fig. 1, O is a condenser, to the terminals 
'1‘ and T’ of which is connected a charging 
circuit, including a battery 13, a sensitive de 
vice a, and a resistance r, all connected in se 
ries, as illustrated. The battery should be 
preferably of very constant electromotive 
force and of an intensity carefully deter-_ 
mined to secure the best results. The resist 
ance 7", which may be a frictional or an in 
ductive one, is not absolutely necessary; but 
it is of advantage to use it in order to facili 
tate adjustment, and for this purpose it may 

be made variable in any convenient and pref 
erably continuous manner. Assuming that 
the disturbances which are to be investigated 
or utilized for some practical end are rays 
identical with or resembling those of ordinary 
light, the sensitive device a may be a sele 
nium cell properly prepared,so as to be highly 
susceptible to the in?uence of the rays, the 
action of which should be intensi?ed by the 
use of a re?ector A. (Shown in the draw 
ings.) It is well known that when cells of 
this kind are exposed to such rays of greatly 
varying intensity they undergo correspond 
in g modi?cations of their electrical resistance; 
but in the ways they have been heretofore 
used they have been of very limited utility. 

In addition to the circuit including the sensi 
tive device or cell a another circuit is pro 
vided,which is likewise connected to the ter 
minals T T’ of the condenser. This circuit, 
which may be called the “receiving—circuit,” 
includes the receiver R and in series with it 
a device cl, before referred to, which performs 
the duty of periodically discharging the con 
denser through the receiver. It will be noted 
that, as shown in Fig. 1, the receiving-circuit 
is in permanent connection with the battery 
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and condenser-terminal T, and it should be 95 
stated that it is sometimes desirable to en 
tirely insulate the receiving - circuit at all 
times, except the moments when the device 
at operates to discharge the condenser, thus 
preventing any disturbing in?uence which 
might otherwise be caused in this circuit by 
the battery or the condenser during the pe 
riod when the receiver should not be, acted 
upon. In such a case two devices, as (1, may 
be used, one in each connection from the con 
denser tothe receiving-circuit, or else one sin— 
gle device of this kind,but of a suitably-modi 
?ed construction, so that it will make and 
break simultaneously and at proper intervals 
of time both of the connections of this circuit 
with the condenser T and T’. 

From the foregoing the operation of the ap 
paratus, as illustrated in Fig. 1, will be at 
once understood. Normally-t-hat is, when 
it is not in?uenced by the rays at all or very 
slightly-the cell a, being of a comparatively 
high resistance, permits only a relatively fee~ 
ble current to pass from the battery into the 
condenser, and hence, the latter is charged 
at too slow a rate to accumulate during the 
time interval between two succeeding opera 
tions of the device d sufficient energy to op 
erate the receiver or, generally speaking, to 
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produce the required change in the receiving- , 
circuit. This condition is readily secured by 
a proper selection and adjustment of the vari 
ous devices described, so that the receiver 
will remain unresponsive to the feeble dis 
charges of the condenser which may take 
place when the cell a is acted upon but slightly 
or not at all by the rays or disturbances; but 
if now new rays are permitted to fall upon 
the cell or if the intensity of those already 
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its resistancewill be diminished and the con 
denser will be charged by the battery at a 
more rapid rate, enabling sufficient potential 
energy to be stored ‘in the condenser during 
the period of inaction ‘of the device cl to op 
erate the receiver or to bring about any de 
sired change in the receiving-circuit when 
the device 01 acts. If the rays acting upon 
the cell or sensitive device a are varied or in 
termitted in any arbitrary manner, as when 
transmitting intelligence in the usual way 
from a distant station by means of short and 
long signals, the apparatus may readily be 
made to record or_to enable an operator to 
read the message, since the receiver-suppos 
ing it to be an ordinary magnetic relay, for 
example-will be operated by each signal from 
the sending-station a certain number of times, 
having some relation to the duration of each 
signal. It will be readily seen, however, that 
if the rays are varied in any other way, as 
by impressing upon'them changes in intensity, 
the succeeding condenser discharges will un 
dergo corresponding changes in intensity, 
which may be indicated or recorded by a suit 
able receiver and distinguished irrespectively 
of duration. 

With reference to Fig. 1 it may be useful 
to state that the electrical connections of 
the various devices illustrated may be made 
in many different ways. For instance, the 
sensitive device instead of being in-series, 
as shown, may be in a shunt to the condenser, 
this modi?cation being illustrated in?Fig. 3, 
in which the devices already described are 
indicated by siinilarletters to correspond with 
those of Fig. 1. In this case it will be ob 
served that the condenser, which is being 
charged from the battery B through the re 
sistance r, preferably inductive and properly 
related to the capacity of the condenser, will 
store less energy when the sensitive device 
a is energized by the rays, and its resistance 
thereby diminished. The adjustment of the 
various instruments may then be such that 
the receiver will be operated only when the 
rays are diminished in intensity or interrupt 
ed and entirely prevented from falling upon 
the sensitive cell, or the sensitive device may 
be‘placed, as shown in Fig. 4, in a shuntto the 
resistance r or inserted in any suitable way 
in the circuit containing the receiver——for 
example, as illustrated in Fig. 5—in both of 
which ?gures the various devices are lettered 
to correspond with those in Fig. 1, so that the 
?gures become self-explanatory° Again, the 
several instruments may be connected in the 
manner of aWheatstone bridge, as will be 
hereinafter explained with reference to Fig. 
2, or otherwise connected or related; but in 
each case the sensitive device will have the 
same duty to perform-thatis, to control the 
energy stored and utilized in some suitable 
way for causing the operation of the receiver 
in correspondence with the intermittances 0r 
variations of the effects or disturbances-and 
in each instance by a judicious selection of 

685,956 

the devices and careful adjustment the ad 
vantages of my method may be more or less 
completely secured. I find it preferable, 
however, to follow the plan which I have illus 
trated and described. ' 

It will be observed that the condenser is an 
important element in the combination. I 
have shown that by reason of its unique prop 
erties it greatly adds to the efficacy of this 
method. It allows the energy accumulated 
in it to be discharged instantaneously, and 
therefore in a highly effective manner. It 
magni?es in a large degree the current sup 
plied from the battery, and owing to these 

. features it permits energy to be stored and 
discharged at practically any rate desired, 
and thereby makes it possible to obtain in the 
receiving-circuit very great changes of the 
current'strength by impressing upon the bat 
tery-current very small variations. Other 
means of storage possessing these character 
istics to a useful degree may be employed 
without departing from the broad spirit of 
myinvention; but I prefer to usea condenser, 
since in these respects it excels any other 

. storage device of which I have knowledge. 
In Fig.» 2 a modi?ed arrangement of appa 

ratus is illustrated which is particularly 
adapted for the investigation and utilization 
of very feeble impulses or disturbances, such 
as may be used in conveying signals or pro 
ducing other desired e?feots at very great dis 
tances. In this case the energy stored in the 
condenser is passed through the primary of 
a transformer, the secondary circuit of which 
contains the receiver, and in order to render 
the apparatus still more suitable for use in 
detecting feeble impulses, in addition to the 
sensitive device which is acted upon by the 
impulses, another such device is included in 
the secondary circuit of the transformer. 
The scheme of connections is in the main that 
of a VVheatstone bridge, the four branches of 
which are formed by the sensitive device a 
and resistances L, L’, and L”, all of which 
should be preferably inductive and also ad 
justable in a continuous manner, or at least 
by very small steps. The condenser O’, which 
is generally made of considerable capacity, is 
connected to two opposite points of the bridge, 
while a battery B, in series with a continuous 

~ly~adjustable non-inductive resistance r’, is 
connected to the other pair of opposite points, 
as usual. The four resistances included in 
the branches of the bridge-namely, a, L, L’, 
and L”—-are of a suitable size and so propor 
tioned that under normal conditions-that is, 
when the device Ct is not in?uenced at all or 

only slightly by the disturbances~there will 
be no difference of potential, or, in any case, 
the minimum of‘the same at the terminals T 
and T’ of the condenser. It is assumed in 
the present instance that the disturbances to 
be investigated or utilized are such as will 
produce a difference of electric potential, how 
ever small, between two points or regions in 
the natural media, as the earth, the water, 
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or the air, and in order to apply this potential 
difference effectively to the sensitive device a 

- the terminals of the same are connected to 
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two plates P and P’, which should be of as 
large a surface as practicable and so located 
in the media that the largest possible differ 
ence of potential will be produced by the dis 
turbances between the terminals of the sen 
sitive device. This device is in the present 
case one of familiar construction, consisting 
of an insulating-tube, ‘which is indicated by 
the heavy lines in the drawings and which 
has its ends closed tightly by two conducting 
plugs with reduced extensions, upon which 
bear two brushes 1) I), through which the cur 
rents are conveyed to the device. The tubu 
lar space between the plugs is partially ?lled 
with a conducting sensitive powder, as indi~ 
cated, the proper amount of the same and the 
size of its grains being determined and ad 
justed beforehand by experiment. This tube 
I rotate by clockwork or other means at a 
uniform and suitable rate of speed, and un 
der these conditions I ?nd that this device 
behaves toward disturbances of the kind be 
fore assumed in a manner similar to that of 
a stationary cell of celenium toward rays of 
light. Its electrical resistance is diminished 
when it is acted upon by the disturbances 
and is automatically restored upon the cessa- ' 
tion of their in?uence. It is of advantage to 
employ round grains ‘of powder in the tube, 
and in any event it is important ‘that they 
should be of as uniform size and shape as pos 
sible and that provision should be made‘for 
maintaining an ‘unchanging and very dry at 
mosphere in the tube. To the terminals T 
and T’ of the condenser G’ is connected a coil 

2;, usually consisting of a few turns of a con 
ductor of very small resistance,'which is the 
primary of the transformer before referred 
to, in series'with'a device d, which effects the 
discharge of the condenser through the coil 
1) at predetermined intervals of time. In the 
present case this device consists of a cylinder 
made partly of conducting and partly of in 
sulating material 6 and a’, respectively, which 
is rotated at the desired rate of speed by 
any suitable means. The conducting part e 
is in good electrical connection with shaft S 
and is provided with tapering segments, as f, 
upon which slides a brush k, which should 
preferably be capable of longitudinal adjust 
ment along the cylinder. Another brush b’, 
which is connected to the condenser-termi 
nal T’, being arranged to bear upon the shaft 
S, it will be seen that whenever the brush it 
comes in contact with a conducting-segment e 
the circuit including the primary 19 will be 
completed and the condenser, if energized, 
discharged through the same. By an adj ust 
ment of the speed of rotation of the cylinder 
and a displacement of the brush it along the 
axis of the same the circuit may be made to 
open and close in as rapid succession and re 
main open or closed during such intervals of 
time as maybe desired. In inductive relation 
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to the primaryp is a secondary coils, usually 
of much thinner wire and of many more turns 
than the former, to which are connected in a 
series a receiver R, illustrated as an ordinary 
magnetic relay, a continuously-adjustable 
non-inductive resistance 1"’, a battery B’ of a 
properly-determined and very constant elec 
tromotive force, and ?nally a sensitive device 
a’ of the same or similar construction as a, 
which is likewise rotated at a uniform speed 
and which, with its brushes 1)’ Z)", closes the 
secondary circuit. The electromotive force 
of the battery B’ is so graduated by means of 
the adjustable resistance 7'” that the dielec 
tric layers in the sensitive device a’ are 
strained very nearly to the point of breaking 
down and give way upon a slight increase of 
the electrical pressure on the terminals of the 
device. It will of course be understood that 
the resistance 0"’ is used mainly because of 
convenience and that it may be dispensed 
with, in which case the adjustment may be 
effected in many other ways, as by deter 
mining the proper amount or coarseness of 
the sensitive powder or by varying the dis 
tance apart of the metallic plugs in the ends 
of the tube. The same may be said of the re 
sistance 7"’, which is in series with the bat 
tery B and serves to graduate the force of the 
latter, so that the dielectric layers of the sen 
sitive device a are subjected to a similar 
strain and maintained in a state of delicate 
poise. _ i 

The various instruments being connected 
and adjusted in the manner described, it will 
now be readily seen from the foregoing that 
‘under normal conditions, the device a being 
unaffected by the disturbances, or practically 
so, and there- being no or only a very insig 
ni?cant amount of energy stored in the con 
denser, the periodical closure of the primary 
circuit of the transformer through the opera 
tion of the device (1 will have no appreciable 
effect upon the primary coil 1), and hence no 
currents will be generated in the secondary 
coil s,v at least not such as would disturb the 
state of delicate balance existing in the sec 
ondary circuit including the receiver, ‘and 

therefore the latter will not be actuated by 
the battery B’; but when, owing to the dis 
turbances or impulses propagated through 
the media'from a distant source, an addi 
tional electromotive force, however small, is 
created between the terminals of the device a 
the dielectric layers in the same, unable to 
support the increased strain, give way and 
allow the current of the battery 13 .to pass 
through, thus causing a difference of po 
tential at the terminals T and T’ of the con 
denser. Asuf?cient amount of energy being 
now stored in this instrument during the 
time interval between each two succeeding op 
erations of the device (1, each closure of the 
primary circuit by the latter results in the 
passage of a sudden current impulse through 
the coil 19, which induces a corresponding cur 
rent of relatively high electromotive force in 

5 . 

75 

35 

95 

I00 

105 

I10 

I15 

I20 

I25 

130 



IO 

15 

25 

35 

45 

55 

65 

6 

the secondary coil 8. Owing to this the di 
electric in the device a’ gives way, and the 
current of the battery I3’ being allowed to 
pass the receiver R is operated, but only for 
a moment, since by the rotation of the de 
vices ct, a’, and d, which may be all driven 
from the same shaft, the original conditions 
are restored, assuming, of course, that the 
electromotive force set up by the disturbances 
at the terminals of the sensitive device a is 
only momentary or of a duration not longer 
than the time of closure of the primary cir 
cuit; otherwise the receiver will be actuated 
a number of times and so long as the in 
?uence of the disturbances upon the device a 
continues. In order to render the discharged 
energy of the condenser more effective in 
causing the operation of the receiver, the re 
sistance of the primary circuit should be very 
small and the secondary coil 3 should havea 
number of turns many times greater than 
that of the primary coil 1). It will be noted 
that since the condenser under the above as 
sumptions is always charged in the same di 
rection the strongest current impulse in the 
secondary coil, which is induced at the mo 
ment when the brush 70 comes in contact 
with segment 6, is also of unchanging-direc 
tion, and for the attainment of the best re— 
sults it is necessary to connect the secondary 
coil so that the electromotive force of this im 
pulse will be added to that- of the battery and 
will momentarilystrengthen the same. How 
ever, under certain conditions,which are well 
understood by those skilled in the art», the 
devices will operate whichever way the sec 
ondary be connected. It is preferable to make 
the inductive resistances L and L’ relatively 
large, as they are in a shunt to‘ the device a 
and might, if made too small, impair its sen 
sitiveness. On the other hand, the resistance 
L" should not be too large and should be re 
1ated to the capacity of the condenser and the 
number of makes and breaks effected bythe 
device (Z in well-known ways. Similar con 
siderations apply, of course, to the circuits in 
cluding the primary 1) and secondary 5, re 
spectively. _ r - 

By carefully observing well-known rules of 
scienti?c design and adjustment of the in 
struments the apparatus may be made ex 
tremely sensitive and capable of responding 
to the feeblest influences, thus makingit pos 
sible to utilize impulses or disturbances trans 
mitted from very great distances and too 
feeble to be detected or utilized in any of the 
ways heretofore known, and on this account 
the method here described lends itself to many 
scienti?c. and practical uses of great value. 

Obviously the character of the devices and 
the manner in which they are connected or 
related may be greatly variedwithout depart 
ing from the spirit of my invention. 

What I claim as new, and desire to secure 
by Letters Patent, is 

1. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 

685,956 

media from a distant source, the combination 
of an electrical storage device, a charging 
circuit connected therewith and including a 
device sensitive to the action of the effects or 
disturbances and determining under their 
control the ?ow of current in the charging 
circuit, a receiving-circuit including a re 
ceiver, and means-for periodically discharg 
ing the storage device through the receiving 
circuit, substantially as described. 

2. Infan apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distantsource, the combination 
of a condenser, a charging-circuit connected 
therewith and including a source of electric 
ity and a devicesensitive to the action of the 
effects or disturbances and determining un 
der their control the flow of current in the 
charging-circuit, a receiving-circuit includ 
ing a. receiver, and means for periodically 
discharging the condenser through the re 
ceiving-circuit, substantially as described. 

3. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 
of a circuit including a source of electricity, 
a storage device adapted to be charged there 
by-and a device normally of very high re 
sistance but adapted to have its resistance re 
duced when acted upon by the e?ects or dis 
turbances, with a receiving-circuit connected 
withthe storage device and including a re 
ceiver and a device adaptedto open and close 
the receiving-circuit at predetermined inter 
val-s of time, substantially as described. 

4:. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 
of a circuit including a source of electricity, 
a condenser and a device normally of very 
high resistance but adapted to have its re 
sistance reduced when acted upon by the ef 
fects or disturbances, with a receiving-circuit 
connected with the condenser and including 
a receiver and a device adapted to open and 
close the receiving-circuit at predetermined 
intervals of time, substantially as described. 

5. In an apparatus for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of a’ circuit including 
a source of electricity, a storage device adapt 
ed to be charged thereby and a device, nor 
mally of very high resistance but adapted to 
have its resistance reduced when acted upon 
by the effects or disturbances, with a receiv 
in g-circuit connected with the storage device 
and including the primary of a transformer 
and a device adapted to open and close such 
second circuit at predetermined intervals of 
time, and a receiver included in the second 
ary of the transformer, substantially as de 
scribed. _ 

6. In an apparatus for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of an electrical stor‘ 
age device,a charging-circuit connected there 
with and including a device sensitive to the 
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action of the effects or disturbances and de 
termining under their control the ?ow of the 
current in the charging-circuit, and a receiv 
ing-circuit supplied with energy from the 
storage device and including a receiver and a 
device sensitive to electrical variations in the 
rcceiving‘circuit, substantially as‘described. 

7. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 
of a condenser, a charging-circuit connected 
therewith and including a device sensitive to 
the action of the effects or disturbances and 
determining under their control the ?ow of 
the current in the charging-circuit, and a re 
ceiving~circuit supplied with energy from the 
condenser and including a receiver and a de 
vice sensitive to electrical variations in the 
receiving-circuit, substantially as described. 

8. In an apparatus for utilizing effects or 
disturbances transmitted through the natu ral 
media from a distant source, the combination 

,of a circuit, an independent local source of 
electricity included therein, a storage device 
connected with the said circuit and adapted 
to receive energy from the said source, a de 
vice normally of very high resistance, but 
adapted to have its resistance reduced when 
acted upon by-the effects or disturbances, a 
receiving-circuit connected with the storage 
device, a transformer, the primary of which 
is included in said receiving-circuit, a device 
adapted to open and close the receiving-cir 
cuit at predetermined intervals of time, a re 
ceiver, and a device, normally of very high re 
sistance, but adapted to have its resistance 
reduced when acted upon by the effects or dis 
turbances, and included in the secondary cir 
cuit of the transformer, as set forth. 

9. In an apparatus for utilizing effects or; 
disturbances transmitted from a distant 
source, the combination with a storage device 
and an independent source of energy for 
charging the same, of a receiving-circuit con 
nected with the (storage device, a device sen 
sitive to the effects or disturbances and de 
termining under their control the ?ow of on 1' 
rent in the receiving-circuit, substantially as 
set forth. ‘ 

10. In an apparatus for utilizing effects or 

disturbances transmitted through the natural 
media from a distant source, the combination 
‘with a storage device and an independent 
source of energy for charging the same, of a 
receiving-circuit connected with the storage 
device, a device sensitive to the eifects or 
disturbances and adapted to have its resist 
ance varied by the action thereon of such 
effects or disturbances and determining un 
der their control the flow of current in the 
receiving-circuit, substantially‘ as set forth. 

11. In an apparatus for utilizing effects or 
disturbances transmitted from a distant 
source, the combination of a storage device, 
a battery or ‘similar independent source of 
energy for charging the same, a sensitive de~ 
vice adapted to have its resistance varied un 
der the in?uence of the effects _or disturb 
ances, a receiver adapted to be operated by 
the discharge of the storage device, the sen 
sitive device being in one branch’of a Wheat 
stoue bridge, the storage device in one of the 
cross connections between two opposite points 
of the bridge, and the battery in the other 
cross connection, and resistances L, L’ and 
L” in the three remaining branches of the 
bridge, as set forth. ' 

12. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a distant source, the combination 
of a storage device, a battery or like inde 
pendent source of energy for chargingthe 
same, a sensitive device adapted to have its 
resistance varied under the influence of the 
effects or disturbances, a circuit connected 
with the terminals of the storage device, a 
transformer having its primary in said circuit 
and a receiver in the secondary circuit of the 
transformer, the sensitive device being in one 
branch of a Wheatstone bridge, the storage 
.device in one ofthe cross connections be 
tween opposite points of the bridge and the 
battery in the other cross connection, and re 
sist-ances L, L’ and L” in the-three remaining 
branches of the bridge, as set forth. 

NIKOLA TESLA. 

Witnesses: E. A. SUNDERLIN, 
D. D. LORD. 
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To all whom ¿t may concern: 
Be it known that I, NIKOLA TEsLA, a citi 

zen of the United States, residingat the bor 
ough of Manhattan, in the city of New York, 
county and State of New York, have invented 
certain new and useful Improvements in Ap 
paratus for the Transmission of Electrical 
Energy, of which the following is a specifica 
tion, reference being had to the drawing ac 
companying and forming a part of the same. 

This application is a division of an applica 
tion filed by me on September 2, 1897, Serial 
No. 650,343, entitled “Systems of transmis 
sions of electrical energy,” and is based upon 
new and useful features and combinations of 
apparatus shown and described in said appli 
'cation for carrying out the method therein 
disclosed and claimed. \ 

The invention which forms the subject of 
my present application comprises a transmit 
ting coil or conductor in which electrical cur 
rents or oscillations are produced and which 
is arranged to cause such currents or oscilla 
tions to be propagated by conduction through 
the natural medium from one point to another 
remote therefrom and a receiving coil or con 
ductor at such distant point adapted to be ex 
cited by the oscillations or currents propa 
gated from the transmitter. 

This apparatus is shown in the accompany 
ing drawing, which is a diagrammatic illus 
tration of the same. 

A is a coil, generally of many turns and of 
a very large diameter, wound in spiral form 
either about a magnetic core or not, as may 
be desired. O is a second coil formed by a 
conductor of much larger size and smaller 
length wound around and in proximity to the 
coil A. 

The apparatus at one point is used as a 
transmitter, the coil A in this case constitut 
ing a high-tension, secondary, and the coil O 
the primary, of much lower tension, of a trans 
former.> In the circuit of the primary C is in 
cluded a suitable source of current G. One 
terminal of the secondary A is at the center 
of the spiral coil, and from this terminal the 
current is led by a conductor B to a terminal 
D, preferably of large surface, formed or 
maintained by such means as a balloon atan 

elevation suitable for the purposes of trans; 
mission. The other terminal of the secondary 
A is connected to earth, and, if desired, to 
the primary also, in order that the lattermay 
be at substantially the same potential as the 
adjacent portions of the secondary, thus in 
suring safety. At the receiving- station a 
transformer of similar construction is em 
ployed; butin this case the longer coil A' con 
stitutes the primary, and the shorter coil O’ 
the secondary, of the transformer. In the cir 
cuit of the latter are connected lamps L, mo 
tors M, or other devices for utilizing the cur 
rent. The elevated terminal D’ connects with 
the center of the coil A', and the other ter 
minal of said coil is connected to earth and 
preferably, also, to the coil O’ for the reasons 
above stated. 

The length of the thin wire coil in each 
transformer should be approximately one 
quarter of the Wave length of the electric dis 
turbance in the circuit, this estimate being 
based on the velocity of propagation of the 
disturbance through the coil itself andthe 
circuit with which it is designed to be used. 
By Way of illustration, if the rate at which 
the current traverses the circuit including 
the coil be onellundred and eighty-five thou 
sand miles per second then a frequency of 
nine hundred and twenty-five per second 
would maintain nine hundred and twenty-five 
stationary moves in a circuit one hundred 
and eighty-five thousand miles long and each 
Wave would be tWo hundred miles in length. 

For such a low frequency, which would be 
resorted to only when it is indispensable for 
the operation of motors of the ordinary kind 
under the conditions above assumed, I Would 
use a secondary of iifty miles in length. By 
such an adjustment or proportioning of the 
length of wire in the secondary coil or coils 
the points of highest potential are made to 
coincide with the elevated terminals D D', 
and it should be understood that Whatever 
length be given to the Wires this requirement 
should be complied with in order to obtain 
the best results. 

It Will be readily understood that When the 
above-prescribed relations exist the best con 
ditions for resonance between the transmit 
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ting and receiving circuits are attained, and 
owing to the fact that the points of highest po 
tential in the coils or conductors A A’ are 
coincident with the elevated terminals the 
maximum flow of current will take -place in 
the two coils, and this, further, necessarily 
implies that the capacity andinductance in 
each of the circuits have such values as to 
secure the most perfect condition of synchro 
nism with the impressed oscillations. 

When the source of current G is in opera-n 
tion and produces rapidly pulsating or oscil 
lating currents in the circuit of coil C, cor 
responding induced currents of very-much 
higher potential are generated in the second 
ary coil A, and since the potential in the same 
gradually increases‘ with the number of turns 
toward the center and the difference of poten 
tial between the adjacent turns is compara 
tively small a very high potential impractica 
ble with ordinary coils may be successively 
obtained. ' 

As the main object for which the apparatus 
is designed is to produce a current of excess 
ively-high potential, this object is facilitated 
by using a primary current of very consid 
erable frequency; but the frequency of the 
currents is in a large measure arbitrary, for 
if the potential be sufliciently high and the 
terminals of the coils be maintained at the 
proper elevation where the atmosphere is 
rarelied the stratum of air will serve as a con 
ducting medium for the current produced 
and the latter will be transmitted through the 
air, with, it may be, even less resistance than 
throughan ordinary conductor. ' 

Y yAs to the elevation of the terminals D D', it 
is obvious that this is a matter which will be 
determined by a number of things, as by the 
amount and quality of the Work to be per 
formed, by the condition of the atmosphere, 
and also by the character of the surrounding 
country. Y Thus if there be high mountains 
,in the vicinity the terminals should be at a 
greater height, and generally they should al 

_ Ways be at an altitude much greater than that 
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of the highest objects near them. Since by 
the means described practically any potential 
that is desired may be produced, the currents 
through the air strata may be very small, thus 
reducing the loss in the air. 

The apparatus at» the'receiving-station re 
spondsto thek currents propagated from the 
transmitter in a manner which Will be Well 
understood from the foregoing description. 
The-primary circuit of the receiver-that is, 
the thin Wire coil A’-is excited by the cur 
rents propagated by conduction through the 
intervening natural medium from the trans 
mitter, and these currents induce in the'sec 
ondary coil C' other currents Which are util 
ized for operating the devices included in the 
circuit thereof. 

-Obviously the receiving-coils, transform 
ers, or other apparatus may be movable-as, 
for instance, when they are carried by a ves 
sel floating in the air or by a ship at sea. In 

649,621 

the former case the connection of one termi 
nal of the receiving apparatus to the ground 
might not be permanent, but might be inter 
mittently or inductively established Without 
departing from the spirit of my invention. 

It is to be noted that the phenomenon here 
involved in the transmission of electrical en 
ergy is one of true conduction and is not to 
be confounded With the phenomena of elec 
trical radiation Which have heretofore been 

___observed and which from the very nature and 
mode of propagation would render practically 
impossible the transmission of any appre 
ciable uamount of energy to such distances as 
are of practical importance. 

What I noW claim as my invention is 
l. The combination With a transmitting coil 

or conductor connected to ground and to an 
elevated terminal respectively, and means for 
producing therein electrical currents or oscil 
lations, of a receiving coil or conductor simi 
larly connected to ground and to an elevated 
terminal, at a distance from the transmit 
ting-coil and adapted to be excited by cur 
rents caused to be propagated from the same 
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by conduction through the intervening nat- » 
ural medium, a secondary conductor in in 
ductive relation to the receiving-conductor 
and devices for utilizing the current in the 
circuit of said secondary conductor, as set 
forth. ~ 

2. The combination withatransmittingcoil 
or conductor having its ends connected to 
ground and to an elevated terminal respec 
tively, a primary coil in inductive relation 
thereto and a source of electrical oscillations 
in said primary circuit, of a receiving conduc 
tor or coil having its ends connected to ground 
and to an elevated terminal respectively and 
adapted to be excited by currents caused to 
be propagated from the transmitter through 
the natural medium and a secondary circuit 
in inductive relation to the receiving-circuit 
and receiving devices connected therewith, 
as set forth. ' 

3. The combination with a transmitting in 
strument comprising a transformer having its 
secondary connected to ground and to an ele 
vated terminal respectively, and means for 
impressing electrical oscillations upon its pri 
mary, of a receiving instrument comprising 
a transformer having its primary similarly 
connected to ground and to an elevated ter 
minal, and a translating device connected 
With its secondary, the capacity and induct 
ance of the two transformers having such 
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values as to secure synchronism with’the im- » 
pressed oscillations, as set forth. 

4f. The combination with a transmitting in 
strument comprising an electrical-trans 
former having its secondary connected to 
ground and to an elevated terminal respec 
tively, and means for impressing electrical 
oscillations upon its primary, of a receiving 
instrument comprising a transformer having 
its primary similarly connected to ground 
and to an elevated terminal, and a translat 
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ing device connected with its secondary, the 
capacity and inductance of the secondary of 
the transmitting and primary of the receiv 

. ing instruments having such values as to se 
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cure synchronism with the impressed oscilla 
tions, as set forth. 

5. The combination With a transmitting coil 
or conductor connected to ground and an ele 
vated terminal respectively, and means for 
producing electrical currents or oscillations 
in the same, of a receiving coil or conductor 
similarly connected to ground and to an ele 
vated terminal and synchronized with the 
transmitting coil or conductor, as set forth. 

6. The combination with a transmitting in 
strument comprising an electrical trans 
former, having its secondary connected to 
ground and to an elevated terminal respec 
tively, of a receiving instrument comprising 
a transformer, having its primary similarly 
connected to ground and to an elevated ter 
minal, the receiving-coil being synchronized 
with that of the transmitter, as set forth. 

7. The combination withatransmitting coil 
or conductor connected to ground and to an 
elevated terminal respectively, and means for 
producing electrical currents or oscillations 
in the same, of a receiving coil or conductor 
similarly connected to ground and to an ele 
vated terminal, the said coil or coils having 
a length equal to one-quarter of the Wave 

length of the disturbance propagated, as set 
forth. 

8. The combination with a transmitting coil 
or conductor connected to ground and to an 
elevated terminal respectively, and adapted 
to cause the propagation of currents or oscil 
lations by conduction through the natural 
medium, of a receiving-circuit similarly con 
nected to ground and to an elevated termi 
nal, and of a capacity and inductance such 
that its period of vibration is the same as that 
of the transmitter, as set forth. - 

9. The transmitting or receiving circuit 
herein described, connected to ground and 
an elevated terminal respectively, and ar 
ranged in such manner that the elevated ter 
minal is charged to the maximum potential 
developed in the circuit, as set forth. 

10. The combination with a transmitting 
coil or conductor connected to ground and to 
an elevated terminal respectively of a receiv 
ing-circuit having a period of vibration cor 
responding to that of the transmitting-circuit 
and similarly connected to ground and to an 
elevated terminal and so arranged that the 
elevated terminal is charged to the highest 
potential developed in the circuit,- as set forth. 

NIKOLA TESLA. 
Witnesses: - . 

PARKER W. PAGE, 
MARCELLUS BAILEY. 
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To all whom vit ntay concern. 
Be it known. that I,'NIK0LA TESLA, a citi 

zen of the United States, residing at the bor 
ough of Manhattan, in the city, county, and 
State of New York, have invented certain new 
and'useful Improvements in Means for In 
creasing the Intensityof Electrical Oscilla 
tions, of which the following is a speci?cation, . 
reference being bad to the drawings accom 
panying and forming part of the same. 

In many scienti?c and practical uses of 
electrical impulses or oscillations-as, for ex 
ample, in systems of transmitting intelligence 
to distant points?it is of great importance to 
intensify as-much as possible tne current im 
pulses or vibrations which are produced in 
the circuits-of the transmitting and receiv~ 
ing instruments, particularly of the latter. 

It is well known that when electrical im 
pulses are impressed upon a circuit adapted 
to oscillate freely the intensity of the oscilla 
tions developed in the same is dependent on 
the magnitudeof ‘its physical constants and 
the relation of the periods of the impressed 
and of the free oscillations. For the attain 
ment of the best result it is necessary that 
the periods of the impressed should be the 
same as that of the free oscillations, under 
which conditions the intensity of the latter is 
greatest and chie?y dependent on the induc 
tance and resistance of the circuit, being di 
rectly, proportionate to the former and in 
versely to the latter. In order, therefore, to 
intensify the impulses or oscillations excited 
in the circuit-in other words, to produce the 
greatest rise of current or electrical pressure 
in the same-ibis desirable to make its in 
d nctan'ce as large'and its resistance as small as 
practicable. Having this end in View I have 
devised and used conductors of special forms 

' and of relatively very large cross-section; but 
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l have found that limitations exist in regard 
to the increase of the inductance as well as to 
the diminution of the resistance. This will 
be understood when it is borne in mind that 
the resonant rise of current or pressure in. 
a freely - oscillating circuit is proportionate 
to the frequency of the impulses and that a 
large inductance in general involves a slow 
vibration. On the other hand, an increase of 
the section of the conductor with the object 
of reducing its resistance is, beyond a certain 

limit, of little or no value, principally because , 
electrical oscillations,‘ particularly those of 
‘high frequency, pass mainly through the su 
per?cial conducting layers, and while it is 
true that this drawback may be overcome in 
a measure bythe employment‘of thin ribbons, 
tubes, or stranded cables, yet in practice other 
disadvantages arise, which often more than 
offset the gain. ' 

It is a well'established fact that as the tem 
perature of a metallic conductor'r'ises its elec 
trical resistance increases, and in recognition 
of .this constructors of commercial electrical 
apparatus have heretofore resorted to many 
expedients for preventing the coils and other 
parts of the same from becoming heated when 
in use, but merely with a View to economiz 
in g energy and reducing the cost of construc 
tion and operation of the'apparatus. 

Now I have discoveredthat when a circuit 
adapted to vibrate freely is maintained at a 
low temperature the oscillations excited in 
the same are to an extraordinary degree mag 
ni?ed and prolonged, and I am thus enabled 
to produce many valuable results which have 
heretofore been wholly impracticable. 

Brie?y stated, then, my invention consists 
in producing a great increase in the intensity 
andv duration of the oscillations excited in-a 
freely-vibratin g or resonating circuit by main 
taining the same at a low temperature. 

Ordinarily in commercial apparatus such 
provision is made only with the object of pre 
venting wasteful heating, and in any event 
its in?uence upon the intensity of the’oscilla 
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tions is very slight-and practically negligible, . 
for-as a rule impulses of arbitrary frequency 
are'impressed upon a circuit, irrespective of 
its own free vibrations, and a resonant rise is 
expressly avoided. , 

My invention, it will be understood, does 
not primarily contemplate the saving of en 
ergy, b'ut aims at the attainment of a dis; 
tinctly novel and valuable result-that is, the 
increase to the greatest practicable degree of 
the intensity and durationof free oscillations. 
It may be usefully applied in all cases when 
this special object is sought, but oifers ex 
ceptional advantages in those instances in 
which the freely-oscillating discharges. of a 
condenser are utilized. 

The best and most convenient manner of‘ 
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carrying out the invention of which I am now 
aware is to surround the freely-vibr'atin g cir 
cuit or conductor, which is to be maintained 
at a low temperature, with a suitable cooling 
medium, which may be any kind of freezing 
mixture or agent, such as liquid, air, and in 
order to derive the fullest bene?t from the 
improvement the circuit should be primarily 

' constructed so'as to have the greatest possi 
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vble self-induction and the smallest practica 
ble resistance, and other rules of construction 
which are now recognized should be observed. 
'For example, when in a system of transmis 
siouof energy for any purpose through the 
natural media the transmitting and receiving 
conductors are connected to earth, and to an 

insulated terminal, respectively, the lengths 
of these conductors should be onequarter of 
the wave length of the disturbance propa 
gated through them. , 

_ In the accompanying drawing I have shown 
graphically. a disposition of apparatus which 
may be‘used in applying practically my in 
vention. 

The drawing illustrates in perspective two 
devices, either of which maybe the transmit 
ter, while the other is the receiver. ' In each 

- there is a coil of few turns and low resistance, 
(designated in one by A and in the other by 
A . 

ing part of the transmitter,~_is. to be connected 
with a suitable source of current, while the 
latter is to be included in circuit with a re 
ceiving device. In inductive relation to said 
coils in each instrument is a ?at spirally 
wound coil or B’, one terminal of which is 
shown as connected ~to a ground-plate C,while 
the other, leading from the center, is adapted 
to be connected to an insulated terminal, 
which is generally maintained at an elevation 
in the air. The coils B B’ are placed in in 
sulating- receptacles D, which contain the 
freezing agent and around which the coils A 
and A’ are wound. ' 

Coils in the form of a flat spiral, such as 
those described, are eminently suited for the 
production of free oscillations; but obviously 
conductors or circuits of any other form may 
be used, if desired. 

From the foregoing the operation of the ap 
paratus will now be readily understood. As 
sume, ?rst, as the simplest case that upon 
the coil A of the transmitter impulses .or os 
cillations of an arbitrary frequency and irre 
spective of its own free vibrations are im 
pressed. Corresponding oscillations will then 
be induced in the circuit B, which, being con 
structed and adjusted, as before indicated, so 
as to vibrate ‘at the same rate, will greatly 
magnify them, the increase ‘being directly 
proportionate to the product of the frequency 
of the oscillations and the inductance of cir 
cuit B and inversely to the resistance of the 
latter. Other conditions remaining the same, 
the intensity of the oscillations in the reso 
nating-circuitB will be increased in the same 
proportion as its resistance is reduced. Very 

The former coil, supposed to be form- 
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often, however, the conditions may be such 
that the gain sought is not realized directly 
by. diminishing the resistance of the circuit. 
.In such cases the skilled expert who applies 
the invention will turn to advantage the re 
duotion'of resistance by usipg a correspond 
ingly longer conductor, thus securing a much 
greater self-induction, and under all circum 
stances he will determine the dimensions of 
the circuit, so as to get the greatest valueiof 
the ‘ratio of its inductance to its resistance, 
whichdetermines the intensity of the free os 
cillations. The vibrations of coil B, greatly 
strengthened, spread to a distance and on 
reaching the tuned receiving-conductorB' ex 
cite corresponding oscillations in the same, 
which , for similar reasons are intensi?ed, 
with the result of inducing correspondingly 
stronger currents or oscillations in circuit A’, 
including the receiving device. When, as 
may be the case in the transmission of intel 
ligible signals, the circuit A is periodically 

closed and. opened, the effect upon the re 
ceiver is heightened inthe manner above de 
scribed not only because the impulses in the 
coils B and B’ are strengthened, but also on ac3 
count of their‘ persistence through a longer 
interval of time. The advantages offered by 
the invention are still more fully realized 
when the circuit A of the transmitter instead 
of having impulses of an arbitrary frequency 
impressed upon it is itself permitted to vibrate 
at its own rate, and more particularly so if it 
be energized by the freely-oscillating high-fre 
quency discharges of a condenser.- In such a 
case the cooling of the conductor A,which may 
be cifected in any'suitable manner, results in 

tribute to the increased intensity as well as 
greater number of the high-frequency oscilla 
tions obtained in the circuit A. The receiving 
coil B’ is energized strongenin proportion and 
induces currents of greater intensity in the 
circuit A’. It is evident from the above that 
the greater the number of the freely-vibrating 
circuits which alternately receive and trans 

, mit energy from one to another the greater, 
relatively, will be the gain secured by apply 
ing my invention. 

I do not of course intend to limit myself to 
the ‘speci?c‘manner and means described of 
arti?cialcooling, nor to the particular forms 
and arrangements of_ the circuits shown. By 
taking advantage of the facts above pointed 
out and of the means described I have found 
it possible to secure a rise of electrical pres 
sure in an excited circuit very many times 
greater than has heretofore been obtainable, 
and this result makes it practicable, among 
other things, to greatly, extend the distance 
of transmission of signals and to exclude much 

than has been possible heretofore. ‘ 
Having now described my invention, what 

I claim is-- ' 
1. The combination with acircuit adapted 

an extraordinary magni?cation of the oscilla-. 
tion in the resonating-circuit B, which I at- 

more effectively interference with the same; 
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to vibrate freely, of means for arti?ciallycool 
ing the‘same to a low temperature, as herein 
set forth. _ 

2; In an apparatus for transmitting or re 
ceiving electrical impulses or oscillations, the 
combination with a primary and a secondary 
circuit, adapted to vibrate freely in response 
to the impressed oscillations, of means for 
arti?cially cooling the same to a low tempera 
ture, as'herein set forth. 

8. In a system for the transmission of elec 
trical energy, a circuit upon which electrical 
oscillations are impressed, and which is adapt 
ed to vibrate freely, in combination with a re 
ceptacle containing an arti?cial refrigerant 
in v‘vhich said‘ circuit is immersed, as herein 
set forth. 

4. The means of'increasing the intensity~ 
of the electrical impulses or oscillations im 
pressed upon a freely-vibratin g circuit, con» 

8 

sisting of an arti?cial refrigerant combined 
with and applied to such circuitand adapted 
to maintain the same at a low temperature. 

5. ‘The means of intensifying and prolong 
ing the electrical‘ oscillations produced in a 
freely-vibrating circuit, consisting of an- arti 
?cial refrigerant applied to such circuit and 
adapted to maintain the same at a uniformly 
low temperature. 

6. In a system for‘ the transmission of en 
ergy, a series of transmitting and receiving 
circuits adapted to vibrate freely, in combi 
nation with means for artificially maintain 
ing the same at a low temperature, as set 
forth. 

NIKOLA TESLA. 
1Witnesses: 

JOHN C. KERR, 
M. LAWSON DYER. 
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1'!) In” whom, it may (former/2f: 
Be it known that l, NIKOLA 'l‘nsLA, a citizen 

of the United States, residing-in the borough 
of Manhattan, in the city, county, and State 
of New York, havediscovered a new and useful 
Improvementin the Art of 'l‘ransmittingElec 
trical 'Energy Through the Natural Media, of 
which the following is a specification, refer 
ence being bad to the drawingsaccompanying 
and forming a part of the same. ' 

it is known since a long time that electric 
currents may be propagated through the 
earth, and this knowledge has been utilized 
in many ways in the transmission of signals 
and the operation of a variety of receiving de 
vices remote from the source of energy, 
mainly with the object of dispensing with a 
return conducting-wire. It is also known that 
electrical disturbances may be transmitted 
through portions of the earth by grounding 
only one of the poles of the source, and this 
fact I have made use of in systems which I 
have devised for the purposes of transmitting 
through the natural media intelligible signals 
or- power and which are now familiar; but all 
experiments and observations heretofore made 
have tended to con?rm the opinion held by 
the majority of scienti?c men that the earth, 
owing to its immense extent, although pos 
sessing conducting properties, does not be 
have in the manner of a conductor of limited 
dimensions with respect to the disturbances 
produced, but, on the contrary, much like a 
vast reservoir or ocean, which while it may be 
locally disturbed by va commotion of some 
kind remains unresponsive and quiescent in 
a large part or as a whole. Still another ‘fact 
now of common knowledge is that when elec 
trical waves or oscillations-are impressed upon 
such a conducting-path as a metallic wire re 
?ection takes place under certain-conditions 
from the ends of the wire, and in consequence 
of the interferenceof the impressed and re 
fiected oscillations the, phenomenon of “sta 
tionary .waves ” with maxima and. minima in 
de?nite ?xed-positions is produced. In any 
caselthe existenceof these waves indicates that 
someiof-ithe outgoing wavesi'have reached the 
boundaries ofth'e conducting-path and have 
been re?ected from- the same. Now I have 

discovered that notwithstanding its vast di 
mensions and contrary to all observations 
heretofore made the terrestrial globe may in 
a large part or as a whole behave toward dis~ 
turbances impressed upon it in the same man 
ner as a conductor of limited size, this fact 
being demonstratml by novel phenomena, 
which I shall hereinafter describe. 

In the course of certain investigations 
which I carried on for the purpose of studying 
the effects of lightning discharges upon the 
electrical condition of the earth I observed 
that sensitive receiving instruments arranged 
so as to be capable of responding to electrical 
disturbances created by the discharges at 
times failed to respond when theyshouldhave 
done so, and upon inquiring into the causes 
of this unexpected behavior I discovered it to 
be due to the character of the electrical waves 
which were produced in the earth by the 
lightning discharges and which had nodal re 
gions following at delinite distances the shift 
ing source of the disturbances. From data 
obtained in a large number of observations 
of the maxima and minima of these waves 1 
found their length to vary approximately 
from twenty-live to seventy kilometers, and 
these results and certain theoretical,deduc 
tions led me to the conclusion that waves of 
this kind may be propagated in all directions 
over the globe and that they may be of still 
more widely differing lengths,the extreme lim 
its being imposedby the physical dimensions 
and properties of the earth. Recognizing in the 
existence of these waves an unmistakable evi 
dence that the disturbances created had been 

conducted from their origin to the most‘re 
mote portions of the globe and had been 
thence re?ected, I conceived the idea of pro 
ducing such waves in the earth by arti?cial 
means with the object of utilizing them for 

" many useful purposes for which they are or 
might be found applicable. This problem 
was rendered extremely difiicult owing to the 
immense dimensions of the planet, and conse 
quently enormous movement of electricity or 

rate at which electrical energy had to be de 
livered in order'to approximate, even in a re 
mote degree, movements or rates wluch are‘ 
manifestly attained in the displays of elec 
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trical forces in nature and which seemed at 
?rst unrealizable by any human agencies; but 
by gradual and continuous improvements of 
a generator of electrical oscillations, which I 
have described in my Patents Nos. 645,576 
and 649,621, I ?nally succeeded in reaching 
electrical movements or rates of delivery of 
electrical energy not only approximating, 
but, as shown in many comparative tests and 
measurements, actually surpassing those of 
lightning discharges, and by means of this 
apparatus I have found it possible to repro 
duce whenever desired phenomena in the earth 
the same as or similar to those due to such 
discharges. With the knowledge of the phe 
nomena discovered by me and the means at 
command for accomplishingthese results I 
am enabled not only to carry out many opera 
tions by the use of known instruments, but 
also to offer a solution for many important 
problems involving the operation or control 
of remote‘ devices which for want of this 
knowledge and the absence of these means 
have heretofore been entirely impossible. For 
example, by the use of such a generator of 
stationary waves and receiving apparatus 
properly placed and adjusted in any other 10 
cality, however remote, it is practicable to 
transmit intelligible signals or to control or 
actuate at -will any one or all of such appa 
ratus for many other important and valuable 

' purposes, as for indicating wherever desired 
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the correct time of an observatory or for as 
‘ certaining the relative position of a body or 

distance of the same with reference to a given 
point or for determining the course of a mov 
ing object, such as avessel at sea, the distance 
traversed by the same or its'speed, or for pro 
ducing many other useful e?ects at‘a distance 
dependent 'on the intensity, wave length, di 
rection or velocity of movement, or other fea 
ture or property of disturbances of this char~ 
acter. . p 

I shall typically illustrate, themanner of ap 
plying my discovery by describing one of the 
speci?c uses of the same—namely, the trans 
mission of intelligible signals or messages be- ' 
tween distant points-and with this object ref 
erence is now made to the accompanying draw-_' 
ings, in which—— 

Figure 1 represents diagrammatically the 
generator which produces stationary waves in 
the .earth, and Fig. 2 an apparatus situated in 
a remote locality‘ for recording the e?ects of 
these waves. , . 

In Fig. 1, A designates a primary coil forrn~ 
ing part of'a transformer and consisting gen 
erally of‘ a few turns of a stout cable of inap 
preciable _ resistance, the ends of which are 
connected't'o the‘ terminals of a source of pow 
erful electrical oscillations,diagrammatically 
represented by B. This source is usually a 
condenser‘ charged to a high potential and dis 
charged in rapid succession through the pri~ 
mary, as in a type of transformer invented power. 

787,412 

by me and not well known; but when it is de 
sired to produce stationary waves of great 
lengths an alternating dynamo of suitable con 
struction} may be used to energize the primary 
A. C is a spirally-Wound secondary coil with 
in the primary having the end nearer to the 
latter connected to the ground E’ and the other 
end to an elevated terminal E. The physical 
constants of coil C, determining its period of 
vibration, are so chosen and adjusted that the 
secondary system E’ G E is in the closest pos 
sible resonance with the oscillations impressed 
upon it by the primary A. It is, moreover. 
of the greatest importance in order to still 
further enhance the rise of pressure and to 
increase the electrical movement in the sec 
ondary system'that its resistance be as small 
as practicable and its self-induction as large 

as possible under the conditions imposed. 
The ground should be made with great care, 
with the object of reducing its resistance. 
Instead of being directly grounded, as indi 
cated, the coil C may be joined .in series or 
otherwise to the primary A, in which case the 
latter will be connected to the plate E’; but 
be it that none or a part or all of the primary 
or exciting turns are included vin the coil C 
the total length of the conductor from the 
ground-plate E’ to the elevated terminal E 
should be equal to one-quarter of the wave 
length of the electrical disturbance in the sys 
tem E’ C E or else equal to that length mul 
tiplied by an odd number. This relation be 
ing observed, the terminal E will be made to 
coincide with the points of maximum pres 
sure in the secondary or excited circuit, and 
the greatest ?ow'of electricity will take place 
in the same. In order to magnify the elec— 
trical movement in the secondary as much as 
possible, it is essential that its inductive con 
nection with the primary A should not be 
very intimate, as in ordinary transformers, 
but loose, so as to permit free oscillation~ 
that is to say, their mutual induction should be 

The spiral form of coil (J secures this 
advantage, while the turns near the~primary A 
are subjected to a strong inductive action and 
develop a high initial electromotive force. 
These adjustments and relations being care 

,fully completed'and other constructive fea 
tures indicated rigorously observed, the elec— 
trical movement produced in the secondary 
system by the inductive action of the primary 
A willbe enormously magni?ed, the increase 
being directly proportionate to the inductance 
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and‘frequency and inversely to the resistance ' 
of the secondary system. .1 have found it 
practicable to produce in this manner an elec 
trical movement thousands of times greater 
than the initial-that is, the one impressed 
upon the secondary by the primary A——and 1 
have thus reached activities or rates of ?ow of 
electrical energy in the system E’ C E meas 
ured by many tens of thousands of horse 

Such immense movements of‘ elec 
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_ parts of the globe, whence they are reflected 
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tricity give rise to a variety of novel and ! 
striking phenomena, among which are those . 
alreadyydescribed. The powerful electrical 
oscillations in the system E’ C E being com 
municated to tlH' ;__-;z‘ound cause correspond 
ing vibrations to be propagated to distant 

and by interference with the outgoing vibra- ‘ 
tions produce stationary waves the crests 1 
and hollows of which lie in parallel circles E 

relatively to which the ground-plate It’ may be considered to be the pole. Stated other- ; 

wise, the terrestrial conductor is thrown into i 
resonance with the oscillations impressed i 
upon it just like a wire. More tban.this, a f 
number of facts ascertained by me clearly 1 
show that the movement of electricity through I 
it follows certain laws with nearly mathemat 
ical rigor. For the present it will be su?i 
cient to state that the planet behaves like a ' 
perfectly smooth or vpolished conductor of 'in 
appreciable resistance with capacity and self 
induction uniformly‘. distributed along the 
axis of symmetry of wave propagation and 
transmitting slow electrical oscillations with 
out sensible distortion and attenuation. 

Besides the above three requirements seem 
to be essential to the establishment of the 
resonating condition. 

First. The e'arth’s diameter passing through 
the pole should be an odd multiple of the 
quarter wave length-that is, of the ratio be 
tween the velocity of light-wand four times the 
frequency of the currents. 

Second. It is necessary to employ oscilla 
tions in which the rate of radiation of energy 
into space in the form of hertzian or electro 
magnetic waves is very small. Toggive an 
idea, I would say that the frequency should be 
smaller than twenty thousand per second, 
though shorter waves might be practicable.‘ 
The lowest frequency would appear to be six 
‘per second, in which case there will be but 
one node, at or near the ground-mate. and, par 
ad oxical as it may seem, the effect will increase 
with the distance and will be greatest in a 
region diametrically opposite the transmitter. 
With oscillations still slower the earth, strictly 
speaking, will not resonate, but simply act as 
a capacity, and the variation of potential will 
be more or less uniformovcr its entire surface. 

Third. The most essential requirement is, 
however, that irrespective of frequency the 
wave or wave-train should continue for acer 
tain interval of time, which I have estimated 
to be not less than one-twelfth or probably 
0.08484 of a second and \which is taken in 
passing to and returning from the region dia 
metrically opposite the pole over the earth’s 
surface with a mean velocity of about four 
hundred and seventy-one thousand two hun 
dred and forty kilometers per second. 

The presence of the stationary waves may 
be detected in many ways. For instance, a 
circuit may be connected directly or induct 
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ively to the ground and to an elevated termi 
nal and tuned to respond more effectively to 
the oscillations. Another way is to connect 
a tuned circuit to the ground at two points 
lying more or less in a meridian passing 
through the pole E’ or, generally stated, to 
any two points of a different potential. 

In Fig. 2 l have shown a device for detect 
ing the presence of the waves such as l have 
used in a novel method of magnifying feeble 
effects which I have described in my Patents 
Nos. 685,953 and 685,955. It consists of a 
cylinder 1), of‘insulating material, which is 

i moved at a uniform rate of speed by clock 
work or other suitable motive power and is 
provided ‘with two metal rings F F’, upon 

' which bear brushes u and 1/’, connected, re 
spectively, to the terminal plates l’ and l”. 
From the rings F F’ extend narrow metallic 
segments s and a’, which bythe rotation of 
the'cylinder l.) are brought alternately into 
contact with double brushes 6 and 1/’, carried 
by and in contact with conducting-holdersA. 
and 11,’, supported in metallic bearings (i and 
G’, as shown. The latter are connected to 
the terminals T and T’ of a condenser ll, and 
it should be understood that they are capable 
of angular displacement as ordinary brush 
supports. The object of using two brushes, 
as I; and 6’, in each of the holders /1 and l1’ is 
to vary at will the duration of the electric con~ 
tact of the plates P and P’ with the terminals 
T and T’, to which is connected a receiving 
circuit including a receiver R and a device 1/, 
performing the duty of closing the receiving 
circuit at predetermined intervals of time and 
discharging the stored energy through the re 
ceiver. 1n the presentcase this device con 
sists of a cylinder made partly of conducting 
and partly of insulating material 1' and (1’, re~ 
spectively, which is rotated at thedesired rate 
of speed by any suitable means. The con 
ducting part 1' is in good electrical connection 
with the shaft S and is provided with taper 
ing segments ff’, upon which slides a brush 
l‘, supported on a conducting-mid /, capable 
of longitudinal adjustment in a metallic sup 
port 1/1. Another brush, 1/, is arranged to bear 
upon the shaft S, and it will be seen that when 
ever one of the segmentsf' comes in contact 
with the brush Z‘ the circuit including the re 
ceiver R is completed and the condenser dis 
charged.through the same. By an adjustment. 

'of the speed or rotation of the cylinder (/ and 
a displacement of the brush Z‘ along the cyl 
inder the circuit may be made ,to open and 
close in as rapid succession and remain open 
or closed during such intervals of time as may 
be desired. The plates .1’ and I", through 
which the electrical energy is conveyed to the 
brushes u and 11-’, may be at a considerabledis 
tance from each other in the ground or one in 
the ground and the other in the air, prefer 
ably at some height. lf but one plate is con 
nected to earth and the other maintained at an 
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elevation, the local ion of the apparatus must 
be determined wiii. reference to the position . 
of the stationary waves established by the 
generator, the effect evidently being greatest ' 
in a maximum and zero in a nodal region. 
On the other hand, if both plates be connect- 5 
ed to earth the points of connection must be 
selected with reference to the difference of 
potential which it is desired to secure, the 
strongest effect being of course obtained when 
the plates are at a distance equal to half the 
wave length. 

In illustration of the operation of the sys~ 
tem let it be assumed that alternating elec 
trical impulses from the generator are caused 
to produce stationary waves in the earth, as 
above described, and that the receiving appa 
ratus is properlylocatcd with reference to the 
position of the nodal and ventral regions of 
the waves. The speed of rotation of the cyl 
inder D is varied until it is made to turn ‘in 
synchronism with the alternate impulses of 
the generator, and the position of the brushes 
7) and Z" is adjusted by angular displacement 
or otherwise, so that they are in contact with 
the segments S and S’ during the periods when 
the impulses are at or near the maximum of 
their intensity. These requirements being 
fulfilled, electrical charges of the same sign 
will be conveyed to each of the terminals of 
the condenser, and with each fresh impulse it 
will be charged to a higher potential. The 
speed of rotation of the cylinder 61 being ad 
justable at will, the energy of any number of 
separate impulses may thus be accumulated 
in potential form and discharged through the 
receiver R upon the brush 1: coming in con 
tact with one of the segments f’. It will be 
understood that the capacity of the condenser 
should be such as to allow the storing of a 
much greater amount of energy than is re 
quired for the ordinary operation of the re 
ceiver. Since by this method a relatively 
great amount of energy and in a suitable form 
may be made available for the operation of a 
receiver, the latter need not be very sensitive; 
but when the impulses are very weak or when 
it is desired to operate a receiver very rap 
idly any of the well-known sensitive devices 
capable of responding to very feeble in?uences 
may be used in the manner indicated or in 
other ways. Under the conditions described 
it is evident that during the continuance of 
the stationary waves the receiver will be acted 
upon by current impulses more or less intense, 
according to its location with reference to the 
maxima and minima of said waves; but upon 
interrupting on" reducing the ?ow of the cur 
rent the stationary waves will disappear or 
diminish in intensity. Hence a great variety 
of effects may be produced in a receiver, ac 
cording to the mode in which the waves are 
controlled. It is practicable, however, to 
shift the nodal and ventral regions of the 
waves at will from the sending-station, as by 
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l varying the length of the waves under observ 
j ance of the above requirements. ln thisman 
l nor the regions of maximum and minimum 

effect may be made to coincide with any re 
ceiving station or stations. 
upon the earth two or more- oscillations of 

' different wave length a resultant stationary 
wave may be made to travel slowly over the 
globe, and thus a great variety of useful ef 
fects may be produced. Evidently the course 
of a vessel may be easily determined without 
the use of a compass, as by a circuit coi'mect 
ed to the earth at two points, for the effect 
exerted upon the circuit will be greatest when 
the plates 1.’ l” are lying on a meridian pass 
ing through ground~plate E’ and will be 11// 
when the plates are located at a parallel cir— 

'cle. If the nodal and ventral regions are main 
tained in fixed positions, the speed of a vessel 
carrying a receiving apparatus may be exactly 
computed from observations of the maxima 
and minima regions successively traversed. 
This will be understood when it is stated that 
the projections of all the nodes and loops on the 
earth’s diameter passing through the pole or 
axis of symmetry of the wave movement are 
all equal. llence in any region at the surface 
the wave length can be ascertained ‘from sim 
ple rules of geometry. (.‘onversely, knowing 
the wave length, thcdistance from the source 
can be readily calculated. In like ways the 
distance of one point from another, the lati 
tude and longitude, the hour, &c., may be de-~ 
termincd from the observation of such sta 
tionary waves. if several such generators of 
stationary waves, preferably of different 
length, were installed in judiciously-selcctm| 
localities, the entire globe could be subdivided 
in definite zones of electric activity, and such 
and other important data could be at once ob 
tained by simple calculation or readings from 
suitably-grzuluated instruments. Many other 
useful applications of my discovery will sug 
gest themselves, and in this respect I do not 
wish to limit myself. Thus the spccilic plan 
herein described of producing the stationary 
waves might be departed from. For exam 
plc, the circuit which impresses the powerful 
oscillations upon the earth might be con nccted 
to the latter at two points. In this applica 
tion .I. have advanced various improvements 
in means and methods of producing and util 
izing electrical effects which either in connec 
tion with my present discovery or independ 

: cntly of the same maybe usefully applied. 
I desire it to be understood that such novel 

features as are not herein specifically claimed 
will form the subjects of subsequent applica 
tion‘s. 

What I now claim is 
1. The improvement in the art of transmit 

ting electrical energy to a distance which coir 
sists in establishing stationary electrical waves 
in the earth, as set forth. 

2. The improvement in the art of transmit 

l’>y impressing ' 
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ting electrical energy to a distance which con 
sists 1n lmpressmg upon the earth electrical 
oscillations of such character as to produce 
stationary electrical waves therein, as set‘ 
forth.\ 

3. The improvement in the art of transmit 
ting and utilizing electrical energy which con 
sists in establishing stationary electrical waves 
in the natural conducting media,_and operat 
ing thereby one or more receiving devices re 
mote from the source of energy, as set forth. 

4:. The improvement in the art of transmit 
ting and utilizing electrical energy which con 
sists in establishing in the natural conducting 
media, stationary electrical‘ waves of prede 
termined length and operating thereby one or 
more receiving devices remote from the source 
of energy and properly located with respect 

5 

to the. position of- such waves, as herein set 
forth. 

5. The improvement'in the art of transmit 
ting and utilizing electrical energy, which con 
sists in establishing in the‘ natural conducting 
media, stationary electricalwaves, and vary 
ing the length of such'waves, as herein‘set 
forth: 

6. The improvement‘in the art of transmit 
ting and utilizing electrical energy,which con 
sists in establishing in the natural conducting 

.25 

media stationary electrical waves and shifting 30 
the ‘nodal and ventral regions of these waves, 
as described. 

NIKOLA TESLA. 
Witnesses: 

M. LAwsoN DYER, 
BENJAMIN MILLER. 
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T0 aZZ whom, it may concern. 
Be it known that l, NIKOLA TESLA, a citi 

zen of the United States, residing in the bor 
ough of Manhattan, in the‘city, county, and 
State of New York, have invented certain new 
and useful Improvements in Methods of In 
sulating Electric Conductors, of which the 
following is a speci?cation, reference being 
had to the accompanying drawings. 

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

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

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

To conduce to a better understanding of the 
invention, reference is now made to the ac— 
companying drawings, in which-——' 

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

In Fig. 1, O is a hollow conductor, such as 
‘a steel tube, laid in a body of water and com 
municating with a reservoir T’, but electric 
ally insulated from the same atj. A pump 

_or compressor 19 of any suitable construction 

85 

9O 

95 

IO 



IO 

15 

25 

35 

45 

55 

65 

:5 655,838 

connects r’ with another similar tank r2, pro 
vided with an inlet~valve "v2. The air or other 
gas which is used as the cooling agent enter 
in g through the valve o2 is drawn through the 
tank 7*’ and pump 19 into the reservoir 1*’, es 
caping thence through the conductor 0 under 
any desired pressure, which may be regulated 
by a valve o’. Both the reservoirs r’ and r2 
are kept at a low temperature by suitable 
means, as by coils or tubes t’ t’ and W2, through 
which any kind of refrigerating ?uid may be 
circulated, some provision being preferably 
made for adjusting the ?ow of the same, as 
by valves l0’. The gas continuously passing 
through the tube or conductor 0 being very 
cold will freeze and maintain in this state the 
water in contact with or adjacent to the con 
ductorand soinsulate it. Flanged bushings 
t" t2 of non-conducting material may be used 
to prevent the leakage of the current which 
would otherwise occur, owing to the forma 
tion of a super?cial film of moisture over the 
ice projecting out of the water. The tube, 
being kept insulated by this means, may then 
be employed in the manner of an ordinary 
telegraphic or other cable by connecting 
either or both of the terminals 1)’ b2 in a cir 
cuit including the earth. 

In many cases it will be of advantage to 
cover the hollow conductor with a thick layer 
of some cheap material, as felt, this beingin 
dicated by C3 in Fig. 2. Such a covering, 
penetrable by water, would be ordinarily of 
little or no use; but when embedded in the 
ice it improves the insulating qualities of the 
same. In thisinstanceit furthermore serves 
to greatly reduce the quantity of ice required, 
its rate of melting, and the influx of heat 
from the outside, thus diminishing the ex 
penditure of energy necessary for the main 
tenance of normal working conditions. As 
regards this energy and other particulars of 
importance they will vary according to the 
special demands in each case. 

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

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

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

As to the temperature of the conductor it 
will be determined by the nature of its use 
and considerations of economy. For in 
stance, if it be employed for the transmis 
sion of telegraphic messages, when the loss 
in electrical friction may be of no conse 
quence, a very low temperature may not be 
required; but if it be used for transmitting 
large amounts of electrical energy, when the 
frictional waste may be a serious drawback, 
it will be desirable to keep it extremely cold. 
The attainment of this object will be facili 
tated by any provision for reducing as much 
as possible the ?owing in of the heat from 
the surrounding medium. Clearly the lower 
the temperature of the conductor the smaller 
will be the loss in electrical friction; but, on 
the other hand, the colder the conductor the 
greater will be the influx of heat from the 
outside and the cost of the cooling agent. 
From such and similar considerations the 
temperature securing the highest economy 
will be ascertained. 

Most- frequently in the distribution of elec— 
tricity for industrial purposes, as in my sys 
tem of power transmission by alternate cur 
rents, more than one conductor will be re 
quired, and in such cases it may be conven 
ient to circulate the cooling agent in a closed 
path formed by the conductors. A plan of 
this kind is illustrated in Fig. 2-3, in which 0’ 
and O2 represent two hollow conductors em 
bedded in a frozen mass underground and 
communicating, respectively, with the reser 
voirs R’ and R2, which are connected by a re 
ciprocating or other suitable pump P. Cool 
ing coils or tubes T’ T’ and T2 T2 with regu 
lating~valves o’ o" are employed, which are 
similar to and serve the same purpose as those 
shown in Fig. 1. Other features of similar 
ity, though unnecessary, are illustrated to fa< 
cilitate an understanding of the plan. A 
three-way valve V2 is provided, which when 
placed with its lever Z as indicated allows 
the cooling agent to enter through the tubes 
u.’ 162 and pump P, thus ?lling the reservoirs 
R’ R"? and hollow conductors G’ 0*; but when 
turned ninety degrees the valve shuts off the 
communication to the outside through the 
tube to’ and establishes a connection between 
the reservoir R2 and pump 1’ through the 
tubes at and u”, thus permitting the lluid to be 
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circulated in the closed path 0’ O2 R2 as a2 P 
R’ by the action of the pump. Another valve 
V’ of suitable construction may be used for 
regulating the ?ow of the cooling agent. The 
conductors C’ C2 are insulated from the res 
ervoirs R’ R2 and from each other at the joints 
J’ J 2 J3, and they are, furthermore, protected 
at the places where they enter and leave the 
ground by ?anged bushings I’ I’ 12 12, of in 
sulating material, which extend into the 
frozen mass in order to prevent the current 
from leaking, as above explained. Binding 
posts B’ B’ and B2 B2 are provided for con 
necting the conductors to the circuit at each 
station. 

In laying the conductors, as 0' O2, what 
ever be their number, a trench will generally 
be dug and a trough, round or square, as T, 
of smaller dimensions than the trench placed 
in the same, the intervening space being 
‘packed with some material (designated byM 
M M) more or less impervious to heat, as saw 
dust, ashes, or the like. Next, the conductors 
will be put in position and temporarily sup 
ported in any convenient manner, and ?nally 
the trough will be ?lled with water or other 
substance W, which will be gradually frozen 
by circulating the cooling agent in the closed 
path, as before described. Usually the trench 
will not be level, but will follow the undula 
tions of the ground, and this will make it nec 
essary to subdivide the trough in sections or 
to effect the freezing of the substance ?lling 
it successivelyin parts. This being done and 
the conductors thus insulated and ?xed, a 
layer of the same or similar material M M M 
will be placed on the top and the whole cov 
ered with earth or pavement. The trough 
may be of metal, as sheetiron, and in cases 
where the ground is used as return-circuitit 
may serve as a main or it may be of any kind 
of material more or less insulating. Figs. 4. 
and 5 illustrate in cross-section two such un 
derground troughs T’ and T”, of metal sheet, 
with their adiathermanous inclosures, (desig 
nated M’ and M”, respectively,) each trough 
containing a single central hollow conductor, 
as C’ and O". In the ?rst case the insulation 
W’ is supposed to be ice, obtained by freezing 
water preferably freed of air in order to ex 
clude the formation of dangerous bubbles or, 

‘cavities, while in the second case the frozen - 
mass W” is some aqueous or other substance 
or mixture highly insulating when in this 
condition. 

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

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

made, is shown in Fig. 6, which represents 
the cross-section of a trough, the same in 
other respects as those before shown, but con 
taining instead of a hollow conductor any 
kind of pipe or conduit L. The cooling agent 
may be driven in any convenient manner 
through the pipe for the purpose of freez 
ing the water or other substance ?lling the 
trough, thus insulating and ?xing a number 
of conductors c c 0. Such a plan may be par 
ticularly suitable in cities for insulating and 
?xing telegraph and telephone wires or the 
like. In such cases an exceedingly-low tem 
perature of the cooling agent may not be re 
quired, and the insulation will be obtained 
at the expense of little power. The conduit 
L may, however, be used simultaneously for 
conveying and distributing any kind of fluid 
for which there is a demand through the dis 
trict. Obviously two such conduits may be 
provided and used in a similar manner as the 
conductors C’ C2. 

It will often be desirable to place in the 
same trough a great number of wires or con 
ductors serving for a variety of purposes. In 
such a case a plan may be adopted which is 
illustrated in Fig. 7, showing a trough simi 
lar to that in Fig. 6, with the conductors in 
cross-section. The cooling agent may be in 
this instance circulated, as in Fig. 3 or other 
wise, through the two hollow conductors G3 
and G4, which, if found advantageous, may be 
covered with a layer of cheap material m m, 
such as will improve their insulation, but 
not prevent the freezing or solidi?cation of 
the surrounding substance W. The tubular 
conductors C’ 02, preferably of iron, may then 
serve to convey heavy currents for supplying 
light and power, while the small ones 0' c’ c’, 
embedded in the ice or frozen mass, may be 
used for any other purposes. 

While my invention contemplates, chie?y, 
the insulation of conductors employed in the 
transmission of electrical energy to a distance, 
it may be, obviously, otherwise usefully ap 
plied. In some instances, for example, it 
may be desirable to insulate and support a con 
ductor in places as ordinarilydone by means of 
glass or porcelain insulators. This may be 
effected in many ways by conveying a cool 
ing agent either through the conductor or 
through an independent channel and freez 
ing or solidifying any kind of substance, thus 
enabling it to serve the purpose. Such an 
arti?cial insulating-support is illustrated in 
Fig. 8, in which (1 represents a vessel ?lled 
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with water or other substance to, frozen by _ 
the agent circulating through the hollow con 
duct-or G”, which is thus insulated and sup 
ported. To improve the insulation on the 
top, where it is most liable to give way, a 
layer of some substance to’, as oil, may be 
used, and the conductor may be covered near 
the support with insulation t' i, as shown, the 
same extending into the oil for reasons Well 
understood. 

Another typical application of my inven 
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tion is shown in Fig. 9, in which P’ and S’ 
represent, respectively, the primary and sec 
ondary conductors, bare or insulated, of a 
transformer, which are wound on a core N 
and immersed in water or other substance W, 
containing a jar II and, as before stated, pref 
erably freed of air by boiling or otherwise. 
The cooling agent is circulated in any con 
venient manner, as through the hollow pri< 
mary P’, for the purpose of freezing the sub 
stance \V. Flanged bushings (Z (Z and oil 
cups c c, extending into the frozen mass, illus 
trate suitable means for insulating the ends 
of the two conductors and preventing the" 
leakage of the currents. A transformer, as 
described, is especially fitted for use with cur 
rents of high frequency, when a low tempera 
ture of the conductors is particularly desir 
able, and ice affords an exceptionally-effect 
ive insulation. 

It will be understood that my invention 
may be applied in many other ways, that the 
special means here described will be greatly 
varied according to the necessities, and that 
in each case many expedients will be adopted 
which are well known to engineers and elec 
tricians and on which it is unnecessary to 
dwell. However, it may be useful to state 
that in some instances a special provision will 
have to be made for effecting a uniform cool 
ing of the substance surrounding the conduc 
tor throughoutits length. Assuming in Fig. 
1 the cooling agent to escape at the distant 
end freely into the atmosphere or into a res~ 
ervoir maintained at low pressure, it will in 
passing through the hollow conductor G move 
with a velocity steadily increasing toward the 
end, expanding isothermally,or nearly so,and 
hence it will cause an approximately-uniform 
formation of ice along the conductor. In the 
plan illustrated in Fig. 3 a similar result will 
be in a measure attained, owing to the com 
pensating effect of the hollow conductors G’ 
and C2, which may be still further enhanced 
by reversing periodically the direction of the 
?ow in any convenient manner; but in many 
cases special arrangements will have to be 
employed to render the cooling more or less 
uniform. For instance, referring to Figs. 4, 
5, and 6, instead of a single channel two con 
centric channels L’ and L2 may be provided 
and the cooling agent passed through one and ‘ 
returned through the other, as indicated dia 
grammatically in Fig. 10. In this and any 
similar arrangement when the flow takes place 
in opposite directions the object aimed at will 
be more completely attained by reducing the 
temperature of the circulating cooling agent 
at the distant station, which may be done by 
simply expanding it into a large reservoir, as 
R3, or cooling it by means of a tube or coil 
T3, or otherwise. Evidently in the case illus 
trated the concentric tubes may be used as 
independent conductors, insulated from each 
other by the intervening ?uid and from the 
ground by the frozen or solidi?ed substance. 

Generally in the transmission of electrical 

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

From the above description it will be read 
ily seen that my invention forms a funda 
mental departure in principle from the es 
tablished methods of insulating conductors 
employed in the industrial and commercial 
application of electricity. It aims, broadly, 
at obtaining insulation by the continuous ex 
penditure of a moderate amount of energy 
instead of securing it only by virtue of an 
inherent physical property of the material 
used, as heretofore. More especially its ob 
ject is to provide, when and wherever re 
quired,insulation of high quality, of any de 
sired thickness and exceptionally cheap, and 
to enable the transmission of electrical en 
ergy under conditions of economy heretofore 
unattainable and at distances until 110w im 
practicable by dispensing-with the necessity 
of using costly conductors and insulators. 

‘Vhat I claim as my invention is— 
1. The method of insulating electric con 

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

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

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

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

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

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

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

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

NIKOLA TESLA. 
Witnesses: 

PARKER W. PAGE, 
M. LAWSON DYER. 

25 

35 



No. 725,605.‘ ' ’ ' *PATENTED APR. 14, 1903 

N.- TESLA. ‘ D 

, SYSTEM OF SIGNALING. 
APPLICATION FILED JULY 16-, 1900. 

.H0 MODEL. 

12% 
@M ‘by 



; v' UNITED STATES I PATENT’ ‘OFFICE; 
NIKoLA TESIJA, on NEW YORK, N, Y. 

‘ SYSTEM oF SlG‘NAvvL‘lNG'L . 

SPECIFICATION forming‘ part of Letters Patent No, 725,605, dated April 14, 1903. 
‘ ' Applicatitn ?led July 16,1900. ‘SerialvNo. 23,847. (No_model.) - l ’ 

' . To all whom it may concern: ' 

‘ Be it known. that I,_,NIKO_LA TESLA, a citi 
zen of the United ‘States,'r'esidinginvthebor 
ough of Manhattan, in the city, county, and 
State of New York, have invented certain new ‘ 
anduseful Improvements in Systemsiof Sig 
naling, of which the followingis a specifica 
tion,'reference being had to the drawings ac 
companying and forminga part of the same. ‘ 

In certain systems for transmitting intellis 
gible messages or governing the movements 
and operations of distant automataelectrlcal 
impulses or disturbances‘ produced by suit-‘ 
able apparatus are conveyed-.thro ugh the nat 
ural media to a?distant receiving-circuit ca 
pablev of responding to the impulses, ‘ and, 
therebyeffecting the control of other appli 
ances. Generally a special device highly 
sensitive is connected'to the'receiving-cir 
cult, which in order tolrenderi ‘it still more 
susceptible and to reduce the liability of vits 
being affected by extraneous disturbances is 

‘ carefully adjusted so} as to be ‘in tune with 

25 
the transmitter. By a scienti?c designof the 
sending and receivingr circuits and other ap 

. paratus and skilfu'l adjustment of the same 

30 

these objects maybe in a measure attained; 
but in long experience I have found that not! 
withstanding all constructive advantages and 
experimental-,resources'thisl method is in, 
many cases inadequate.’ Thus while Ih'ave 

_ succeeded in so operating selectively under 

35 

’ ‘ed by higher harmonics and still more so by 
When the oscillations are of a, 
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certain favorable conditions more‘thanv one 
hundred receivers in most-cases it is'practi 
cable to rworl; successfully but a few, the 
number rapidly diminishing as, either owing - 
to'great distance or other causes, the energy 
available ' in the tuned circuits becomes 
smallerand the receivers necessarily more deli 
cate. ,Evidently a circuit however well con 
structed~and adjusted to respond ‘exclusively 
to‘ vibrations of one period is apt to be affect‘ 

lower ones. I _ 

very high frequ_ency,_the number of the ef 
, fective harmonics‘may be large, and the re 

ceiver consequently easily disturbed by ex 
traneous-in?uences to such an extent that 
when very shortwaves, such as these pro 
duced byfHertzian ‘spark apparatus, are used 

11ittlc advantage in'this respect is derived 

from tuning the circuits. It'being an im* 
perative requirementin most practical ap 
plications of such ‘systemsof signaling or in 
telligence transmission 7 that the’ signals, or 
messages should be exclusive or private, it- is 

highly desirable to do away, with the above 
limitations, especially in view of the fact, 
which I have observed,,that the in?uence of 
powerful electrical“disturbances upon sensi 
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tive receivers extends, even on land, to dis- . 
tances of "many hundreds of miles,and con 
‘sequently in accordance withvytheory still 
farther on sea. To overcome these drawbacks 
and to enable a great'nu'mber of transmitting 
and receiving stations to be operated select 
ively and exclusively and without- any dan 
ger of the signals or messages being disturbed, 
intercepted, or interfered with, in any way is 
vthe object-of my presentinventionQ, 

‘ Broadly stated, this invention consists inv 
the combination ‘of. meansforgenerati'ng and 
transmitting two ormore ‘kinds orvclasses of 
disturbances or impulses of distinctive char 
acter with respect :to their e?ect upon‘a re 
ceiving-circuit ,and'a, distant receiver which 
‘comprises two or more circuits-of different 
electrical character, or severally tuned, so as 

to- be responsive to the ,di?erent kinds or 
classes of impulses'an'd which is dependent 

‘for operation upon the conjoint or resultant 
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action of ‘the two or more‘ circuits or thesev- ' 
eral instrumentalities controlled or operated 
thereby. By ‘employing, only two’ kinds of ‘ 

vdisturbances or seriesof impulses. instead of 
one, as has‘ heretofore been doneftooperate 
a receiver of this kind, I have found that 
safety‘ against the disturbing in?uences of 
other sources isincreased to such an extent 
that‘ I believe this number to be amply sul? 
vcientlin most cases for rendering the ex-, 

90 

change of. signals {or messages reliable and ' 
exclusive; but in exceptional instances a 
greater number may be usedand a degree of 

‘safety against mutual and extraneous inter 
ference ‘attained, such as is comparable to 
that afforded by a combination-lock, "The 
liability of a receiver being a?ected by dis 
turbances emanating from other sources, as 
well as that of the signals‘, or messages being 
received by instruments for which they are 
not intended, may, however, be'r‘educed not 
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only by an increased number of the codpera 
tive disturbances or series of impulses, but 
also by a judicious choice of the same and 
the order in which they are made to act upon 
the receiver. ‘ ‘ ' 

Evidently there are a great many ways of 
generating impulses or disturbances of any 
wave length, wave form, number or order of 
succession, or of any special character such 
as will be capable of ful?lling the require 
ments above stated, and there are also many 
ways in which such impulses or disturbances 
may be made to cooperate and to cause the 
receiver to be actuated, and inasmuch as the 
skill and practical knowledge in these novel 
?elds can only be acquired’ by long expe 
rience the degree of safety and perfection at 
tained will necessarily depend u pon the ability 
and resource of the expert who applies my 
invention; but in order to enable the same to 
be successfully practiced by any person pos 
sessed only of the more general knowledge and 
experiencein these branches I shall describe 
the simplest plan of carrying it out which is 
at present known to me. ' 

For a better understanding of the subject 
reference is now made to the accompanying 
drawings, in which— 

‘Figures 1 and 2 represent diagrammatically 
the apparatus and circuit connections em 
ployed at the sending and receiving stations, 
respectively; and Figs. 3, 4, and 5 modi?ed 
means which may be employed in the prac: 
tical application of the invention. 

In Fig. 1, S’ and S2 are two spirally-wound 
coils or conductors connected with their in 
ner ends to elevated terminals D’ and D2, re~ 
spectively, and with their outer ends to an 
earth-plate E. These two coils, conductors, 
or systems D’ S’ EJand D2 SZE have di?erent 
and suitably-chosen periods of'vibration, and, 
as pointed out in other patents relating to my 
system of energy and intelligence transmis 
sion, their lengths should be such that the 
points of maximum pressure developed there 
in coincide with the elevated‘ terminals D’ D2. 
The two systems may have electrical oscilla 
tions impressed upon them in any desired 
manner, conveniently by energizing them 
through primaries P’ and P2, placed in prox 
imity to them. Adjustable inductances L’ 
and L2 are preferably included in the pri 
mary circuits chie?y for the purpose of regu 
lating the rates of the primary oscillations. 
In the drawings these primaries P’ and P2 
surround the coils S’ S2 and are joined in se 
ries through the inductances L’ L", conductor 
F, condensers O’ and C2, brush-holders B’ 
and B2, and a toothed disk D, which is con 
nected to the conductor F and, if desired, 
also to the ground-plate E, as shown, two inde 
pendent primary circuits being thus formed. 

‘The condensers C’ and O2 are of such capac 
ity and the inductances L’ and L2 are so ad 
justed that each primary is in close resonance 
with its secondary system, as I have explained 
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Q in other patents granted to me. The brush, 
holders B’ and B2 are capable independently 
of angular and, if necessary, also of lateral 
adjustment, so that any desired order of suc 
cession or any diiference of time interval be-‘ 
tween ‘the discharges occurring in the two 
primary circuits may be obtained. The con 
densers being energized from a suitable source 
S, preferably of high potential, and the disk 
D being rotated, ‘its projections or teeth 12 13, 
coming at periodically-recurring intervals in 
very close proximity to or, as the case may 
be, in contact with conducting rods or brushes 
n n, cause the condensers to be discharged 
in rapid succession through their respective 
circuits. In this ‘matter the two secondary 
systems D’ S’ E and D2 S2 E are set in vibra 
tion and ‘oscillate freely, each at its proper 
rate, for a certain period of time at every dis 
charge. The two vibrations are impressed 
upon the ground through the plate E and 
spread to a distance reaching the receiving 
station, which has two similar circuits or sys~ 
tems e s’ d’ and e s2 (12 arranged and con 
nected in the same manner and tuned to the 
systems at the sending-station, so that each 
responds exclusively to one of the‘ two vibra 
tions produced by the transmitting apparatus. 
The same rules of "adjustment are observed 
with respect to the receiving-oircuits,care be 
ing, furthermore, taken that the tuningis ef 
fected when all the apparatus is connected 
to the circuits and placed in position, as any 
change may more or less modify the vibration._ 
Each of the receiving-coils s" and s2 is shunt 
ed .by a local circuit containing, respectively, 
sensitive devices a’ of’, batteries b’ 122, adj ust 
able resistances r' 7*, and sensitive relays R’ 
R2, all joined in series, as shown. The pre 
cise connectionsand arrangements of the va 
rious receiving instruments are largely im 
material and may be varied in many ways. 
The sensitive devices a’ a2 may be any of 
the well-known devices of this kind——as, for 
example, two conducting-term inals separated 
by a minute air-gap or a thin ?lm of dielec 
tric which is strained or weakened by abat 
tery or other means to the point of breaking 
down and gives Way to the slightest dis 
turbing influence. Its return to the normal 
sensitive state may be secured by momenta 
rily‘ interrupting the battery-circuit after 
each operation or otherwise. The relays R’ 
R‘f’have armatures Z’ l“, which are connected 
by a wire to and when attracted establish 
electrical contacts at c’ and 02, thus closing 
a circuit containing a battery b~°', an adjust 
able resistance rs, and a relay R3. 

From the above description it will be read 
ily seen that the relay R3 will be operated‘ 
only when both contacts 0’ and c2 are closed. 

‘ The apparatus at the sending-station may 
be controlled in any suitable manner-as, for 
instance, by momentarily closing the circuit 
of the source S, two different electric vibra 
tions being emitted simultaneously or in 
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. rapid succession, as may be-desired, at each 

15 
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closure of the circuit. rl‘he two'receiving-cir 
fcuits at the distant station, each tuned to re 
spond to the vibrations ‘produced by one of 
the elements of the transmitter, affect the 
sensitive'devices a’ and a2 and, cause the re 
lays R’ and R2 to be operated and contacts a’ 
and’ c2 to be closed, thus actuating the re 
ceiver or relay R3, which in turn establishes, 

_ a contact 03 and brings into action a device 
a3 by means of a battery 014, included in a lo 
cal circuit, as shown; but evidently if through 

7any'extraneousdisturbance only one of the 
circuits at the receiving-station is affected 
the relayR3 will fail to respond. in this way 
communication may be carried on with 
greatlylincreased‘safety against interference‘ 
and privacy of the messages may be securedi 
The receiving-station v(shown in: Fig. 2)' is 
supposed to be one requiring no return mes 

, sage; but it the use of the system‘is such that 
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in ‘ ' such discharges. 
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this is necessary then the two station's-will 
be'similarly equipped and any'well-known 
means, which it is not thought necessary to 
illustrate here, may be resorted to for en'a 
blin g the apparatus at each station to be used 
in turn as transmitter and receiver.‘ 111 like 
manner the operation-of a receiver, as R3, 
may be made‘ dependent, instead of upon‘two,‘ 
upon more than two such transmitting 'sys4 
tems or circuits, and thus any desired degree 
of exclusiveness or privacy and safety against 
extraneous disturbances-may be attained. 
The apparatus as illustrated in Figs. 1 and 
2 permits, however, special results to be 
secured by the adjustment of the'order of 
succession of the discharge of the primarycir 
cuits P’ and P201‘ of the time interval between 

To illustrate, the action of 
the relays R’ B.2 may be regulated either by 

' , adjusting the weights of the levers Z’ Z2, or 
the strength of the batteriesv 1)’ b2,‘ or the re, 

' si'stances 1" T2, or in other well-known ways, 
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so that when a certain‘order of'successi'on or 
time interval betweenthe discharges of the pri-‘ 
mary circuits P’ and P2 exists at the sending 
station the levers l’ and‘l2 will close the con 
tacts c’ and cz'at the same instant, and'thus 

- " operate the relay R3; but it will fail to pro‘ 
50 duce this result when the order of succession 

of or the time interval between the discharges 
in the primary circuits is ‘another one. f By 
these or similar means additional ‘safety 
against disturbances from other sources may 
be attained and, on the other hand, the pos 
sibility afforded of effecting the operation of 
signaling by varying the order of succession 
of the discharges‘ of the‘two circuits. In 

' stead of closing and opening the circuit of 
60 the source S, as before indicated,'for the pur 

pose of sending distinct signals it‘ may‘ be 
convenient to merely alter the period of either 
of the transmitting-circuits arbitrarily, as-by 

' varying the inductance of‘the primaries. 
Obviously thereis no necessity for using; 

transmitters with two or more distinct ele 
ments or circuits, as S’ and 8*, since a suc 

e 

cession of waves orimpulse's of different char 
acteristics maybe ‘produced by an'iinstru 
ment having but one suchcircuitu ,A few of 
the many ways which will *readily suggest 

- themselves to the expert who appliesmy in 
vention are illustrated‘ in Figs. 3, 4,‘ and 5. 

In‘ Fig. 3a transmitting system e s3 dgis partly 
shunted by a rotating wheel or disk D3,‘which 
may be similar to that illustrated in Fig.1 
and which cuts out periodicallyla ‘portion of 

‘the coil or conductor 83 or, if desired, bridges‘ 
it "by an adjustable condenser O37,‘ thusalter 
ing the vibration of'the system e’s3‘d3 at suit 
able intervals and causing two distinct- kinds 
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or classes of impulsesto be emitted in rapid, > 
succession by the sender. In Fig; 4a similar 
result is produced in‘ the system 6 s4 d‘ by 
periodically short-circuiting,"through an vin 
ducti'on-coil L8 and a rotating disk with 
insulating and conducting segments, a cir- - 

icu'i-t'p4 in'inductive relation to said system. 
Again, in vFig. 5'three distinct vibrations are 
caused to be emitted'bya system c s5 (is, this 

result being prod'ucedby inserting periodic 
ally a suitable number of turns of ‘an induc 

tion-coil L4 in series with theoscillating ‘sys 
tem by means of ‘a rotating’disk B5 with-two 
proj ections p5 p5 and three‘rod's or' brushes n5, 
placed atan angle of one hundred and twenty 
degrees relatively'to e'a‘chi'o'ther; The three 

9o. 
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transmitting systems'oncircuits thu's‘pro- ‘ 
‘duced may be energized'in the same'manner 
as those of Fig.1 or in any other convenient 
way. Corresponding toeach-of these'cascs 
the receiving-station may be'iprovided with 
two or three‘ circuits i ii an analogous manner 
to that illustrated in Fig. 2,“it‘ being ‘under 
stood, of course, that the diiferent vibrations 

, or disturbances‘emittedby the sender follow 
in'such rapid, succession upon each other-that 
they are practically simultaneous, so-far as 

the operation of’such relays as R’ and R2 is 
_ concerned. Evidently, however, it is not nec 
essary to employ two or more ‘receiving-cir 
cuits; but a single circuit may be'used also 
at the receivingrstation constructed and ar: 
ranged like the transmitting “circuits or sys 
tems illustrated in ‘Figs. 3, 4, and 5,:in which 
case the corresponding disks, asD3 D44D5,'”at§ 
the sending will be driven in 'synchronism 

vwith those at the receiving stationsas far as 
may be necessary to secure the desired result; 
but whatever the ' nature, of the speci?c ‘de 
vices employed it will be seen that the f unda 
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mental idea in myinvention'is'the operation . 
of a receiver by'the conjoint or ‘resultant ef 
fect of two or more circuits 'cach‘tuned to re 
spond ‘exclusively to waves, impulses, for vi 
brations of a “certain kind or " class"produ‘éed 

123 . 

either simultaneously or successivelyfby " .‘ 
suitable transmitter. .- » 

It‘will be-seen' from a consideration of the‘. 
nature of the method hevreinbefore described 
that the ‘invention is applicable not only win 

13: 

the special manner describedfin which the,‘ 
transmission of the impulses 'is 'eifect'ed 
through natural media, but for the transmis 
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sion of energy for any purpose and whatever 
the medium through which the impulses are 
conveyed. ' 

What I claim is— 
1. In a system for the transmission of elec 

trical energy, the combination with means for 
producing two or more distinctive kinds of 
disturbances or impulses, of receiving-cir 
cuits, each tuned to respond to the waves or 
impulses of one kind only, and a receiving de 
vice dependent for operation upon the con 
joint action of the several receiving-circuits, 
as set forth. 

2. In a system for the transmission of elec 
trical impulses and the operation or control, 
of signaling or other apparatus thereby, the 
combination with a transmitter adapted to 
produce two or more distinctive kinds or 
classes of disturbances or impulses, of sensi 
tive receiving-circuits, each tuned to respond 
to the impulses or disturbances of one kind 
or class only, and a receiving device depend 
ent for operation upon the conjoint action of 
the sensitive circuits, as set forth. 

3. In a system for the transmission of elec 
trical impulses, and the operation or control 
of signaling, or other apparatus thereby, the 
combination with a transmitter adapted to 
produce two or more distinctive kinds or 
classes of disturbances or impulses, of sensi 
tive circuits at the receiving point or station, 
each tuned to respond to the impulses or dis 
turbances of one kind or class only, a local 
circuit arranged to be completed by the con 
joint action of the sensitive circuits and a re 
ceiving device connected therewith, as set 
forth. 

4. In a system for the transmission of elec 
trical impulses, and the operation or control 
of signaling or other apparatus thereby, the 
combination with a transmitting apparatus 
adapted to produce two or more distinctive 
kinds of disturbances or impulses, of' means 
for varying the time intervals of the emission 
of the impulses of the several kinds, sensi 
tive circuits each tuned to respond to the im 
pulses or disturbances of one kind only, and 
a receiving apparatus dependent for opera 
tion upon the conjoint action of the sensitive 
circuits, as set forth. 

5. In a system, such as herein described, 
the combination with a transmitter adapted 
to produce a plurality of distinctive kinds of 
electrical disturbances or impulses, of a re 
ceiving apparatus comprising a plurality of 
circuits, a sensitive device and a relay in 
cluded in each circuit, and each said circuit 
being tuned to respond to the impulses or dis 
turbances of one kind only, and a receiving 
apparatus in a local circuit controlled by the 

’ relays and adapted to be completed by the 
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conjoint action of all of said relays, as set 
forth. 

6. In a system of the kind described, the 
combination with a transmitter adapted to 
produce two or more series of electrical oscil 
lations or impulses of different frequencies, 

‘725,605 

of a receiving apparatus comprising a plural 
ity of sensitive circuits each tuned to respond 
to the impulses of one of the series produced 
by the transmitter, and a signaling device de 
pendent for its operation upon the 'conjoint 
action of said circuits, as set forth. 

7. The combination with ‘a plurality of 
transmitter elements, each adapted to pro— 
duce a series of impulses or disturbances of 
a distinctive character, and means for con 
trolling and adjusting the same, of a receiver 
having a plurality of sensitive circuits each 
tuned so as to be affected by one of the series 
of impulses only, and dependent for opera 
tion upon the conjoint action of all of said 
circuits, as set forth. 

8. The combination with a transmitter 
adapted to produce series of electrical im 
pulses or disturbances of distinctive charac 
ter and in a given order of succession, of a 
receiving apparatus comprising tuned cir 
cuits responding to such impulses in a corre 
sponding order, and dependent for operation 
upon the conjoint action of said elements, as 
set forth. 

9. In a receiving apparatus, the combina 
tion with a plurality of sensitive circuits, sev 
erally turned to respond to Waves or impulses 
of adi?erent kind or class, a receiving-cir 
cuit controlled by the sensitive circuits and 
a device connected with the receiving-circuits 
adapted to be operated when said circuit is 
completed by the conjoint action of two or 
more of the sensitive circuits, as set forth. 

10. A system for the transmission of elec 
trical energy, having in combination means 

Dior producing and transmitting two or more 
“impulses of different periodicities to form a“ 
signal in a predetermined order of succession, 
as set forth. 

11. In a system for the transmission of elec 
trical energy, the combination with a trans 
mitting apparatus comprising one or more cir 
cuits, means for impressing therein oscilla 
tions or impulses of different character and 
a receiving apparatus comprising a plurality 
of circuits each tuned to respond to the im 
pulses of one kind produced by the transmit 
ter and a receiver dependent for operation 
upon the conjoint action of the receiving-cir 
cuits, as set forth. 

12. In a system for the transmission of elec~ 
trical energy, the combination with a trans 
mitting apparatus comprising a transformer 
and means forimpressing upon the secondary 
element of the same oscillations or impulses 
of dilferent character, of a receiving appara 
tus comprising a plurality of circuits each 
tuned to the impulses of one kind emitted by 
the secondary of the transmitting - trans 
former, and a receiver dependent for opera 
tion upon the conjoint action of the receiv 
ing-circuits, as set forth. 

13. In a system for the transmission of elec 
trical energy, the combination with a trans 
mitting apparatus comprising a transformer 
and means for impressing upon the secondary 
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elements of the same oscillations or impulses 
of di?erent periodicities and in a given order 
of succession, of a receiving, apparatus com-» 
prising a plurality of circuits each tuned to 

5 respond to the transmitted impulses of one 
period, and a receiver dependent for opera 
tion upon the conjoint action of the receiving 
circuits, as set forth. . ' 

14. In a signaling system, the combination 
to of means for generating a series of electrical 

impulses of di?erent periodicities, receiving 
circuits of differing electrical periods of vi 
bration, and an indicating mechanism oper 
ated to give an intelligible indication only 

I5 when currents are induced in the receiving 
circnits in a predetermined order, as set forth. 

15. In a system for the transmission of en 
ergy, the combination of two or more circuits 

5 

differing with respect of one of their elec 
trical constants,means for energizing said cir 
cuits, and an indicating mechanismroperative 
only by conjoint action, of two or more cur 
rents generated by waves from the sending 
station, as set forth. ‘ , 

16. In a system for the transmission of elec 
trical energy, the combination with a trans 
mitter adapted to produce electrical waves or 
oscillations varying in vcharacter in a prede 
termined order, of a receiving instrument re 
sponsive to said oscillations and dependent 
for operation upon the action thereof-in a cor 
responding order, as set-forth. 

, NIKOLA TESLA. 

Witnesses: 
J OHN’ 0. KERR, 
RICHARD S. DONOVAN. 
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‘l 

To @ZZ whom it may concern: 
Be it known that I, NIKOLA TESLA, a citizen 

of the United States, residing at the borough 
of Manhattan, in the city, county, and State 
of New York, have invented certainnew and 
useful Improvements in Methods of Utilizing 
Radiant Energy, of which the following is a 

, specification, reference being had to the draw 
ings accompanying and forming a part of the 
same. 

It is well known that certainradiations 
such as those of ultra-violet light, cathodic, 

- Roentgen rays, or the likes-possess the prop 
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erty of charging and discharging conductors 
of electricity, the discharge being particu 
larly noticeable when the conductor upon 
which the rays impinge is negatively electri 
tied. These radiations are generally consid 
ered to be ether vibrations of extremelysmall 
wavelengths, and in explanation of the phe 
nomena noted it has been assumed by some 
authorities that they ionize .or render con 
ducting the atmosphere through which they 
are propagated. My own experiments and 
observations, however, lead me to conclu 
sions more in accord with the theory hereto 
fore advanced by me that sources of, such 
radiant energy throw oiî with great velocity 
minute particles of matter which are strongly 
electrified, and therefore capable of charging 
an electrical conductor, or even if not so may 
at any rate discharge an electrified conduc 
tor either ~by carrying oiï bodilyits charge or 
otherwise. ~ 

’ My present application is based upon a dis 
covery which I have made that when rays or 
radiations of the above kind are permitted 
to fall upon an insulated conducting body 
connected to one of the terminals of a con 
denser, while the other terminal of the same 
is made by independent means to receive or 
to carry away electricity, a current iiows into 
the condenser so long as the -insulated body 
is' exposed to the rays, and under the condi 
tions hereinafter speciûed au indefinite ac 
cumulation of electrical energy in the con 
denser takes place. This energy after a suit 
able timeinterval, during which the rays are 
allowed to act, may manifest itself in a pow~ 
erful discharge, which may be utilized for 
the operation or control of mechanical or elec 

«i 

trical devices or rendered useful in many 
other ways. ~ - ' « 

In applying my discovery I provide a con 
denser, preferably ofconsiderable electro 
static capacity, and connect one of its ter 
minals to an insulated metal plate or other 
conducting body exposed to the rays ~or 
streams of radiant matter. It is veryimpor 
tant,particularly in view of the fact fhatelec 

5.5. 

trical energy is generally supplied at a very -' 
slow rate to the condenser, to construct .the 
same with the greatest care. I use by prefer 
ence the bestquality of mica as dielectric, tak 
ing every possible 'precaution in insulating 
the armatures, so that the instrument may 
withstand great electrical pressures without 
leaking and may leave no perceptible electri 
íication when discharging instantaneously. 
In practice I have found that the best results 
are obtained with condensers treated in the 
manner described in a patent granted to me 
February 23, 1897, No. 577,671. Obviously the 
above precautions should be the more rigor 
ously observed the slower the rate of charg 
ing and the smaller the time interval during 
which the energy is allowed to accumulate in 
the condenser. The insulated plate or con 
ducting body should present as large a sur« 
face as practicable to the rays or streams of 
matter, I having ascertained that the amount 
_of energy conveyed to it per unit of time is 
under otherwise identical conditions propor- ' 
tionate to the area exposed,or nearly so. Fur 
thermore, the surface should be clean and 
preferably highly polished or amalgamated. 
The second terminal or armature ot' the con 
denser may be connected to one of the poles 
of a battery or othes source of electricity or 
to any conducting body or object whatever of 

,such properties or so conditioned that by its 
means electricity of the required sign will be 
supplied to the terminal. A simple way of 
supplying positive or negative electricity toy 
the terminal is to connect the same either to4 
an insulated conductor, supported at some 
height in the atmosphere, or to a grounded 
conductor, the former, as is wellknown, fur 
nishing positive and the latter negative elec 
tricity. As the rays or supposed streams of ' 
matter generally convey a positive charge to 
the tirst condenser-terminal,which is connect 
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ed to the plate' or conductor above mentioned, 
I usually connect the second terminal of the 
condenser to the ground, this being the most 
convenient Way of obtainin g negative electric 
ity, dispensing with the necessity of provid 
ing au artificial source. In order to utilize 
for any useful purpose the energy accumu 
lated in the condenser, I furthermore connect 
to the terminals of the same a circuit includ 
ing an instrument or apparatus which it is de 
sired to operate and another instrument or 
device for alternately closing and opening the 
circuit. This latter maybe any form ofcir 
cuit-controller, with fixed or movable partsY 
or electrodes, which may be actuated either 
by the stored energy or byindependent means. 

The rays or radiations which are to be ntil 
ized for the operation of the apparatus above 
described in general terms may be derived 
from a natural source, as the sun, or may be 
artificially produced by such means, for ex 
ample, as an arc-lamp, a Roentgen tube, and 
the like, yand they may be employed for a 
great variety of useful purposes. 

My discovery will be more f ully- understood 
'from the following detailed description and 
annexed drawings, to which reference is now 
made',> and in which 

Figure 1 is adiagram showing typical forms 
of the devices or elements as arranged and 
connected in applying the method for the op 
eration of a-mechanical coutrivance or instru 
mentsolely by the'energy stored; and Fig. 2 
is a diagram matical representation of a modi 
ñed arrangement suitable for special pur 
poses, with a circuit-controller actuated by 
independent means. ' 

`Referring to Fig. l, O is the condenser, P 
the insulated plate or conducting bod y,which 
isexposed to the rays, and P’ another plate-or 
conductor, all being joined in series,as shown. 
The terminals T T’ of the condenser are also 
connected to a circuit including a receiver R, 
which is to be operated, and a circuit-control 
lingdevice d„which in this case is-composed 
of two very thin cond ucting-platest t', placed 
in close proximity and very mobile, either by 
reason of extreme flexibility or owing- to the 
charater of their support. To improve-their 
action, they should be inclosed in-a receptacle 
from which the air may be exhausted. The 
receiver R is shown as consisting of an elec 
tromagnet M, a movable armature a, a~ re 
tractile spring b, and a ratchet-wheel w, pro 
vided with a spring-pawl r, which is pivot/ed 
to armature a, as illustrated. The apparatus - 
being arranged as shown, it will be found that 
ywhen the radiations of the suu‘or-of any other 
source capable of producing the e?ects before 
described fall upon the plate P an- accumula 
tion)v of electrical energy in the condenser C 

.will result. This phenomenon, I believe, is 
best explained asfollows: Thesun as well as 
other sources of. radiant energy throw oif mi 
nnte particles of matter positively electrified, 
which, impinging upon the plate P, commu 
nicate an electrical charge to the same. The 
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opposite terminal of the condenser being con 
nected to the ground, which may be consid 
ered as a vast reservoir of negative electricity, 
a feeble current ñows continuously into the 
condenser, and inasmuch as these supposed 
particles are of an inconceivably small radius 
or curvature, and consequently charged to a _ 
relatively very high potential, this charging 
of the condenser may continue, as I have 
found in practice, almost indefinitely, even to 
the point of rupturing the dielectric. Obvi 
ously whatever circuit - controller be em 
ployed it should operate to close the circuit 
in which it is included when the potential in 

tnde. Thus in Fig. hen the electrical-pres 
sure at the termin s T T' rises to a- certain 
predetermined value the plates t t', attract 
ing each other, close the circuit connected to 
the terminals. This permits a’fiow of current 
which energizes the magnet M, causing’it t0 
draw down the armature a and impart a par 
tial rotation to the ratchet-wheel Íw. As the 
current ceases the armature is-retracted by 
the spring b without, however, moving the 
wheel w. With the stoppage of the current 

the condenser has iëched the desired magni- f 

>the plates t t" cease to be attracted and sepa 
rate, thus restoring the circuit toits original 
condition. 

Many useful applications of this method of 
utilizing the radiations emanating from the 
sun or other source and many ways of carry 
ing out the same will at once suggest them 
selves from the above description. By way 
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yof illustration a modified arrangement is4 
shown in.Fig. 2, in which the source S of ra 

' 

diant energy is a special form of Roentgen 
tube devised by me having but one terminal- 
k, generally of aluminium, inl the form of 
half a sphere with a plain polished surface 
on the front side, from which the streams are 

vthrown oí.- It may be excited by attaching 
it to one of the terminals of any generator of- 
sufficiently-high electromotive» force; but 
whatever apparatus be used it yis important 
that the tubebe exhausted to a high degree, 
asl otherwise it might prove entirely ineffect 
ive. The working or discharge circuit con 
nected to the terminals T T’ of the condenser 

-includes in this case the primary p of a trans' 
former and a circuit-controller comprising a 
íixed terminal or brush t and al movable ter 
minal t' in the'shape of a wheel withconduct 
:ing and insulating segments which may be 
rotated at an arbitrary speed by any suitable 
means. In inductive relation to the primary 

`wire or coil p is a secondary s, usually of a 
much` greater number of turns, tothe ends of 
which isconnected a receiver R. The» ter 
minals of the condenser being connected as 
indicated, one to an insulated plate P and 
the other to a grounded plate P', when the 
tube S is excited rays or streams of matter 
are'emitted from the same, which convey a 
positive charge to the plate P and condenser 
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terminal T, while terminal T' is continuously ' 
receiving negative electricity from the plate 
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«P'. This, as before explained, results inan 
accumulation of electrical energy in the con# 
denser, which goes on as long `as the circuit 

. including the primary p is interrupted. 
5 Whenever the circuit is closed, owing to the 

rotation of the terminal t', the stored energy 
is discharged through the primary p, this giv 
ing rise in the secondary s to induced curr 

Í rents which operate the receiver R. _ 
xo It is clear from what has been stated above 

that-if the terminal T’ is connected to a plate 
supplying positive instead of negative elec 
tricity the rays' should convey negative elec 
tricity to4 plate P. V»The source S may be any 

r 5 form of Roentgen or Lenard tube; but it is 
obvious from the theory of action that in or 
der to be very effective the electrical im 
pulses exciting it should be wholly or at least 
preponderatingly of one sign. It ordinary 

-‘ zo symmetrical alternating currents are em 
ployed, provision should be made for allow 
ing the «rays to fallupon the plate P- only 
during those periods when _they are produc 

‘ tive of the desired result. Evidently if the 
25 radiations of the source be stopped or_inter-. 

cepted or their intensityvaried in any man 
ner, as by periodically interrupting or ryth 

` mically varying the current exciting the 
. source, there will be corresponding changes 

3o in the action upon the receiver R, and thus 
- signals may be transmitted and many other 

` useful eüects produced. _' Furthermore,it will 
be understood that any form of circuit~closer 
which will respond to or be set in operation 

_ 35 when a predetermined amount of energy is 
stored in the condenser may be used in lieu 
ofthe device specitically described with ref 
erence to Fig. l, and- also that the special 

" details of construction and arrangement of 
'4o. the several parts ofthe apparatus maybe 

very greatly varied without departure? from 
the invention. ' ‘ _ 

Having described myl invention, what I 
claim is---V " 

" '_ 45 1. The method of utilizing radiant energy, 

which consists _in charging one oi'- the arma 
tures of a condenser by rays or radiations, and 
the other armature by independent-means, 
and discharging the condenser through a snit 
able receiver, as set forth. _ - 5o 

2. The method of utilizing radiant energy, 
which consists in simultaneously charging 
a condenser by means of rays or-radiations 

'and an independent source of electrical en 
ergy, and discharging the condenser through 55 
a suitable receiver, as set forth. « 

3. The method of utilizing radiant energy, 
which consists in charging one of the arma 
tures of a condenser by rays or radiations, and 
the other by independent means, controlling 6o 
the action or eiïect of said rays or radiations 
and discharging the condenser through a suit 
able receiver, as set forth. _ 

4. The method ofutilizing radiant energy, 
which consists in charging one of the arma- 65v 
tures of a condenser by rays or radiations and 
the other by independent means, varying the _ 
intensity of the said rays or radiations and pe 
riodically discharging the condenser through 
a suitable receiver, as set forth. 7o 

5. The method of utilizing radiant energy, 
`which consists in directing upon an elevated „ 
conductor, connected to one of the armatures ' 
of a condenser, rays or radiations capable of 
positively electrifying the same, carrying olf 75 
electricity from the other armature by con 
necting the same-With the ground, and dis 

.charging the accumulated energy through a 
suitable receiver, as set forth. 

6. The method of utilizing radiant energy, 8o 
which consists in charging one of the arma 
tures of a condenser by rays or radiations,and ` 
the other by independent means, and effect 
ing by the automatic discharge of the accumu 
lated energy the operation or control of a 85 
suitable receiver, as set forth. 

i ' NIKOLA TESLA. 

Witnesses: _ i _ 

M. LAWSON DYER, _ ’ 

RICHARD DONOVAN. ~ 



No.’685,957. _ Patented Nov. 5, I90]. 
~ N. TESLA. 

APPARATUS FOR THE UTILIZATION OF RADIANTQENERGY. 
(Application ?led Mn. 21, 1901.) 

(No Model.) 

‘ x lnbeizidr Wifnesses: 
‘g. 44% 

7”- byf/iw. /ZE¢L M14598‘ 
' // 

% 
uorcu’moq WASHiNOTéN. n. c. nmgzstins ca, v 



UNITED ‘STATES ‘ PATENT OFFICE. 

' ' NIKoLA TESLA, on NEW YoRK, N. Y. 

APPARATUS FOR THE ‘UTILIZATION OF RADIANT ENERGY. 

SPEGIFIGATION forming part of Letters Patent No. 685,957, dated November v5, 1901. 
' » Application ?led MarchZl, 1901. Serial No. 52,153. (No model.) ’ 

T0 at” whom it may concern.- \ 
Be it known that I, NIKOLA TEsLA, a citizen 

_ of the United States, residing at the borough 

IQ 

of Manhattan, in the city, county, and State 
of New York, have invented certain new and 
useful Improvements in Apparatus for the 
Utilization of Radiant Energy, of which the 
following is a speci?cation, reference being 
had to the drawings accompanying and form 
ing a part of the same. i 

It is well known that certain radiations— 
such as those of ultra-violet light, cathodic, 

, Roentgen rays, or the like-‘possess the prop 

I5 

'20 

erty of charging and discharging conductors 
of electricity, the discharge being particu 
larly noticeable when the conductor upon 
which the rays impinge is negatively electri 
?ed. These radiations are generally con 
sidered to be ether vibrations of extremely 
small wave lengths, and in explanation of the 
phenomena noted it has been assumed by 
some authorities that they ionize or render 

conducting the atmosphere through which 
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they are propagated.‘ , My own experiments 
and observations, however, lead me to con 
clusions more in accord with ‘the theory here 
tofore advanced by me that sources of such 
radiant energy throw off with great velocity 
minute particles of matter which are strongly 
electri?ed, and therefore capable of charging 
an electrical conductoigor, even if not so, 
may at any rate discharge an electri?ed con 
ductor either by carrying off bodily its charge‘ 
or otherwise. , , 

My present application is based upon a dis 
covery which I have made that when rays or. 
radiations of the above kind are permitted to 
fall upon an insulated conducting-body con 
nected to oneof the terminals of a condenser 
while the other terminal of the same is made 
by independent means to receive or .to carry 
away electricity a current flows into the con 
denser so long as theinsulated body is eX 
posed to the rays, and under the conditions 
hereinafter-speci?ed an inde?nite accumu 
lation'of electricalcnergy in the condenser 
takes place. This energy after a suitable 
time interval, during which the rays are al 
lowed to act, may manifest itself in a pow; 

' 5o erfuldischarge, which maybe utilized forthe 

with the greatest care. 

operation or control of mechanical or elec 
trical devices or rendered useful in many 
other ways. . ' ' 

In applying my discovery I provide a con~ 
denser, preferably of considerable electro 
static capacity, and connect one of its termi 
nals to an insulated metal plate or other con 

ducting-body exposed to the rays or streams 
‘of radiant matter. It is very important, par 
ticularly in view of the fact that electrical 
energy is generally supplied at a very slow 
rate to the condenser, to construct the same 

I use, by preference, 
the best quality of mica as dielectric, taking 
every possible precaution in insulating the 
armatures, so that the instrument may with 
stand great electrical pressures without leak 
ing and may leave no perceptible electri? 
cation when discharging instantaneously. In 
practice I have found that the best results 
are‘ obtained with condensers treated in the 
manner described in a patent granted to me 
February 23,1897, No. 577,671. Obviously the 
above precautions should be the more rigor 
ously observed the slower the rate of charg 
ing and the smaller the time interval during 
which the energy is allowed to accumulate in 
the condenser. The insulated plate or con 
ducting-body should present as large a sur 
face as practicable to the rays or streams of 
matter, I having ascertained that the amount 
of energy conveyed to it per unit of time is 
under otherwise identical conditions propor 
tionate to the ‘area exposed, or nearly so. 
Furthermore, the surface should be clean and 
preferably highly polished or amalgamated. 
The second terminal or armature of the con 
denser may be connected to one of the poles 

to any conducting body or object whatever of 
such properties or so conditioned that by its 
means electricity of the required sign will be 
supplied to the terminal. A simple way of 
supplying positive or negative electricity to 
the terminal is to connect the same either to 
an insulated conductor supported at some 
height in theatm osphere or to a grou nded con 
ductor, the former, as is well known, furnish 
ing positive and the latter negative electric 
ity. As the rays or supposed streams of mat 
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ter generally convey a positive charge to the 
?rst condenser-terminal, which is connected 
to the plate or conductor above mentioned, I 
usually connect the second terminal of the 
condenser to the ground, this being the most 
convenient Way of obtaining negative elec 
tricity, dispensing with the necessity of pro‘ 
viding an artificial source. In order to util 
ize for any useful purpose the energy accu 
m ulated in the condenser, I furthermore con 
nect to the terminals of the samea circuit in 
cluding an instrument or apparatus which it 
is desired to operate and another instrument 
or device for alternately closing and opening 
the circuit. This latter may be any form of 
circuit-controller, with ?xed or movable parts 
or electrodes, which may be actuated either 
by the stored energy or by independent means, 

My discovery will be more fully understood 
from the following description and annexed 
drawings, to which referenceis now made, and 
in which~— ' 

Figure 1 is a diagram showing the general 
arrangement of apparatus as usually em 
ployed. Fig. 2 is a similar diagram illustrat 
ing more in detail typical forms of the devices 
or elements used in practice, and Figs. 3 and 
dare diagram matical representations of modi 
?ed arrangements suitable for special pur 
poses. 

As illustrative of the manner in which the 
several parts or elements of the apparatus in 
one of its simplest forms are to be arranged 
and connected for useful operation, reference 
is made to Fig. 1, in which 0 is the condenser, 
P the insulated plate or conducting-body 

_ which is exposed to the rays, and P’ another 
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plate or conductor which is grounded, all be 
ing joined in series, as shown. The terminals 
T '1‘I ofthe condenser are also connected to a 
circuit which includes a device R to be oper 
ated and a circuit-controlling device d of the 
character above referred to. 

The apparatus being arranged as shown, it 
will be found that when the radiations of the 
sun or of any other source capable of pro 
ducing the effects before described fall upon 
the plate P an accumulation of electrical 
energy in the condenser C will result. This 
phenomenon, I believe, is best explained as 
follows: The sun, as well as other sources of 
radiant energy, throws off minute particles of 
matterpositively electri?ed,which,impinging 
upon the plate P, communicate continuously 
an electrical charge to the same. The op 
posite terminal of, the condenser being con 
nected to the ground, which may be consid 
ered as a vast reservoir of negative electricity, 
a feeble current ?ows continuously into the 
condenser, and inasmuch as these supposed 
particles are of an inconceivabl y small radius 
or curvature, and consequently charged to a 
relatively very high potential, this charging of 
the condenser may continue, as I have ac 
tuallyobserved, almost inde?nitely, even to 
the point of rupturing the dielectric. If the 

device d be of such character that it will op 
erate to‘ close the circuit in'which it is in 
cluded when the potential in the condenser 
has reached a certain magnitude, the accu mu 
lated charge will pass through the circuit, 
which also includes the receiver R, and oper 
ate the latter. ' 

In illustration of a particular form of ap 
paratus which may be used in carrying out 
my discovery I now refer to Fig. 2. In this 
?gure, which in the general arrangement of 
the elements‘ is identical to Fig. 1, the device 
at is shown as com posed of two very thin con 
ducting-plates 2ft’, placed in close proximity 
and very mobile, either by reason of extreine 
?exibility or owing to the character of their 
support. Toimprove theiraction,theyshould 
be inclosed in a receptacle, from which the 

‘air may be exhausted. The plates 25 t’ are 
connected in series with a working circuit, 
including a suitable receiver, which in this 
case is shown as consisting of an electromag 
net M, a movable armature a, a retractile 
spring I), and a ratchet-wheel 10, provided 
with a spring-pawl 11, which is pivoted to ar 
mature a, as illustrated. When the radia 
tions of the sun or other radiant source fall 
upon'plate P, a current flows into the con 
denser, as above explained, until the poten 
tial therein rises sufficiently to attract and 
bring into contact the two plates 25 t’, and 
thereby close the circuit connected to the two 
condenser-terminals. This permits a ?ow of 
currentv which energizes the magnet M, caus 
ing it to draw down the armature a and im 
part a- partial rotation to the ratchet-Wheel 
to. As the current ceases the armature is 
retracted by the spring Z), without, however, 
moving the wheel to. With the stoppage of 
the current the plates t t’ cease to be attracted 
and separate, thus restoring the circuit to its 
original condition. 

Fig. 3 shows a modi?ed form of apparatus 
used in connection with an arti?cial source 
of radiant energy, which in this instance may 
be an arc emitting copiously ultra-violet rays. 
A suitable re?ector may be provided for con 
centrating and directing the radiations. A 
magnet It and circuit-controller d are ar 
ranged as in‘the previous ?gures; but in the 
present case the former instead of performing 
itself the whole work only serves the purpose 
of alternately opening and closing a local 
circuit, containing a source of current B and 
a receiving or translating device D. The 
controller (I, if desired, may consist of two 
?xed electrodes separated by a minute air 
gap or weak dielectric ?lm, which breaks 
down more or less suddenly when a definite 
difference of potential is reached at the ter 
minals of the condenser and returns to its 
original state upon the passage of the dis 
charge. 

Still another modi?cation is shown in Fig. 
4:, in which the source S of radiant energy is 
a special form of Roentgen tube devised by 
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me, having but one terminal 70, generally of 
aluminium, in the form of half a sphere,with 
a plain polished surface on the front side, 
from which the streams are thrown olf. It 
may be excited by attaching itto one of the 
terminals ofany generator of sufficiently high, 
electromotive force; but whatever apparatus 
be used it is important that the tube be ex 
hausted to a high degree, as otherwise it might 
prove entirely ine?ective. The working or 
discharge circuit connected to the terminals 
T T’ of the condenser includes in this case 
the primary 19 of a transformer and a circuit~ 
controller comprising a hired terminal or 
brush t and a movable terminal 25’ in the shape 

'of a wheel, with conducting and insulating 
segments, which may be rotated at an arbi4 
trary speed by any suitable means. In in 
ductive relation to the primary wire or coil 19 
is a secondary s, usually of a much greater 
number of turns, to the ends of which is con 
nected a receiver R. The terminals of the 
condenser being connected, as indicated, one 
to an insulated plate P and the other to a 
grounded plate P’, when the tube S is excited 
rays or streams of matter are emitted from 
the same, which convey a positive charge to 
the plate P and condenser-terminal T, while 
terminal T’ is continuously receiving nega 
tiveelectricity from‘ the plate P’. This, as 
before explained, results in an accumulation 
of electrical energy in the condenser, which 
goes on as long as the circuit including the 

cult is closed owing to the rotation of the 
terminal t’, the stored energy is discharged 
through the primary 19, this giving rise in the I 

ergy, comprising in combination, a condenser, 
secondarys to induced currents, which oper— 
ate the receiver R. 

It is clear from what has been stated above 
that if the terminal T’ is connected to a plate 
supplying positive‘ instead of negative elec 
tricity the rays should convey negative elec 
tricity to plate P. The source S maybe any 
form of Roentgen or Lenard tube; but it is 

theory of action that in 
order to be very effective the electrical im 
pulses exciting it should be wholly or at least 
preponderatingly of one sign. If ordinary 
symmetrical alternating currents are em 
ployed, provision should be made for allow 
ing the rays to fall upon the plate P only 
during those periods when they are product-. 
ive of the desired result. Evidently if the 
radiations of the source be stopped or inter 
cepted or their intensity varied in any man 
ner,as by periodicallyinterrupting or rythmic 
ally varying the current exciting the source, 
there will be corresponding changes in the, 
action upon the receiver R, and thus signals 
may be transmitted and 

will respond to or be set in operation when a 
predeterminedamount of energy is stored in 
the condenser may be usedinheu ofthe device 

speci?callydescribed with reference to Fig. 2 
and also that thesp'ecialdetails of con struction . 
and arrangement of the several parts of the 
apparatus ‘may be very greatly varied with 
out departure from the invention. ‘ 

Having described my invention‘, what ‘I 
claim is; ‘ ' ‘ ’ 

1. An apparatus for utilizing radiant en 
ergy, comprising in combination a condenser, 
one armature of which is subjected to the ac~ 
tion of rays or radiations, independent means 
for charging the other armature, a circuit and 

2._ An apparatus for utilizing radiant en~ 
ergy, comprisingin combination, a condenser, 
one armature of which is subjected to the ac 
tion of rays or radiations, independent means 
for charging the other armature, a local cir 
cuit connected with the condenser-terminals, 
a circuit~controller therein and means adapted 
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to be operated or controlled by the discharge , 
of the condenser when 
closed, as set forth. _ 

An apparatus for utilizing radiant en 
ergy, comprising in combination, a condenser, 
oneterminal of which is subjected to the ac 
tion of rays or radiations, independent means 
for charging the other armature, a local cir 
cuit connected with the condenser-terminals, 

the local circuit is 

a circuit-controller therein dependent for op-‘ 
eration on a given rise of potential in the con 
denser, and devices operated by the discharge 
of the condenser when the local circuit is 
closed, as set forth. , 

An apparatus for utilizing radiant en 

one terminal of which is subjected to the ac 
tion of rays or radiations, and the other of 
which is connected with the ground, a circuit 

. and apparatus therein adapted to be operated 
by the discharge of the accumulated e 
in the condenser, as set forth. ' ' 

5. An apparatus for utilizing radiant en 
ergy, comprising in con1bination',a condenser, 
one terminal of which is subjected to the ac 
tion of rays or radiations and the other of 
which is connected with the ground, a local 
circuit connected with the condenser-termi 
nals, a circuit-controller therein and means 
adapted to be operated by the discharge of 

ergy 

the condenser when the local circuit is closed, 
as set forth. , 

6. An apparatus for utilizing radiant en 
ergy, comprising in combination,a condenser, 
one terminal of which is subjected to the ac~ 
tion of rays or radiations and the other of 
which is connected with the ground, a local 
circuit connected with the condenser-termi-v 
nals, a circuit-controller therein adapted to 
.be operated by a given rise of potential in the 
condenser, and devices operated by the dis 
charge of the condenser whenv the local circuit 
is closed, as set forth. ' 

7. An apparatus for. utilizing radiant en 
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ergy, comprising a condenser, havin 
minal connected to earth an 
elevated conducting-plate, which is adapted 

d the ot 
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g one ter- adapted to be operated by a given rise of po 
her to an tential in the condenser, as set forth. 

NIKOLA TESLA. 
to receive the rays from a distant source of 
radiant energy, a local circuit connected with 
the condenser-terminals, a receiver therein, 
and a circuit- controller therefor which is 

‘ Witnesses: 

M. LAWSON DYER, 
RICHARD DONOVAN. 
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To all whom it may concern; . 
Be it known that I, NIKOLA TESLA, a citi 

ough of Manhattan, in the‘ city, county, and 
State of New York, have invented certain 
new and useful Improvements in Methods of 
Signaling, of which the following is a speci 
?cation, reference being had to the drawings 
accompanying and forming a part of the 
same. 

In certain systems for transmitting intelli 
gible messages or governing the movements 
and operations of distant automata electrical 
impulses or disturbances produced by suit 
able apparatus are conveyed through the nat 
ural media to a receiving-circuit capable of 
responding to the impulses, and thereby ef 
fecting the control of other appliances. Gen 
erally a special device, highly sensitive, is 
connected to the receiving-circuit, which in 
order to render it still more susceptible and 
to reduce the liability of its being affected 
by extraneous disturbances is carefully ad 
justed so as to be in tune with the transmit 
ter. Bya scienti?c design of the sending 
and receiving circuits and other apparatus 
and skilful adjustment of the same these 
objects may be in a measure'attained; but 
in long experience I have found that not 
withstanding all constructive advantages and‘ 
experimental resources this method is in 
many cases inadequate. Thus while I have 
succeeded in so operating selectively under 
certain favorable conditions more than one 
hundred receivers in most cases it is prac 
ticable to work successfully but a few,-v the 
number rapidly diminishing as, either owing 
to great distance or other causes, the energy 
available in the tuned circuits becomes 
smaller and the receivers necessarily more 
delicate. Evidently a circuit however well 
constructed and adjusted to respond exclu 
sively to‘ vibrations of one period is apt to 
be affected by higher harmonics and still 
more so’ by lower ones. ‘When the oscilla 
tions are of a very high frequency, the num 

- ber of the effective harmonics may be large 
and the receiver consequently easily dis 
turbed by extraneous influences to such an 
extent that when very short waves, such as 
those produced by I'Iertzian spark apparatus, 

Divided and this application ?led June 14, 1901. Serial 
(No model.) ' 

are used little advantage in this respect is to 
be derived from tuning the circuits. It be 
ing an imperative requirement in most prac 
tical applications of such systems of signal 
ing or intelligence transmission that the sig 
nals or messages should be exclusive or pri 
vate, it is highly desirable to do away with 
the above limitations, especially in view of 
the fact which I have observed that the in 
fluence of powerful electrical disturbances 
upon sensitive receivers extends even on 
land to distances of nianyvhundreds of miles, 
and consequently, in accordance with theory, 
still farther on sea. To overcome these draw~ 
backs and to enable a great number of trans 
mitting and receiving stations to be operated 
selectively and exclusively and Without any 
danger of the signals or messages being dis 
turbed, intercepted, or interfered with in any 
way is the object of my present in vention. 

Broadly stated, this invention consists in 
generating ‘two or more kinds or classes of 
disturbances or impulses of distinctive char‘ 
acter with respect to their effect upon a re 
ceiving-circuit and operating thereby a dis 
tant receiver which comprises two or more 

circuits, each of which is tuned to respond 
exclusively to the disturbances or impulses 

.of one kind or class and so arranged that the 
operation of the receiver is dependent upon 
their conjoint or resultant action. 

By employing only two kinds of disturb 
ances or series of impulses instead of one, as 
has heretofore been done, to operate a re 
ceiver of this kind I have found that safety 
against the disturbing influences of other 
sources is increased to such an extent that I 
believe this number to be amply suf?cient in 
most cases for rendering the exchange of sig 
nals or messages reliable and exclusive; but 
in exceptional instances a greater number 
may be used and a degree of safety against 
mutual and extraneous interference attained, 
such as is comparable to that afforded by a 
combination-lock.‘ The liability of a receiver 
being a?ected by disturbances emanating 
from other sources, as well as that of the sig 
nals or messages being received by instru 
ments for which they are not intended, may, 
however, be reduced not only by an increased 
number of the cooperative disturbances or 
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series of impulses; but also by j udicious choice 
of the same and erder in which they are made 

' to act upon the receiver: 7 
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Evidently there are a great many ways of 
generating impulses or disturbances at any 
wave length, wave form, number or order of 
succession, or ofany special character, such 
as will be capable of ful?lling the require 
ments above stated, and there are also many 
ways in which such impulses or disturbances 
may be made to cooperate and to cause the 
receiver'to be actuated, and inasmuch as the 
skill and practical knowledge in these novel 
?elds can only be acquired by long experience 
the degree of safety and perfection attained 
will necessarily depend upon the ability and 
resource of the expert who applies myinven 
tion; but in order to enable the same to be 
successfully practiced by any person pos 
sessed only of the more general knowledge 
and experience in these branches I shall de 
scribe the simplest plan of carrying it out 
which is at present known to me. 

For a better understanding of the subject 
reference is now made to the accompanying 
drawings, in which—— 

Figures 1 and 2 represent diagrammatic 
ally an apparatus and circuit connections em 
ployed at the sending and receiving stations, 
respectively, for the practice of my invention; 
and Figs. 3, 4, and 5, modi?ed means which 
maybe employed in the practical application 
of the invention. _ 

In Fig. 1, S’ S2 are two spirally-Wound coils 
or conductors connected with their inner ends 
to preferably elevated terminals D’ and D2, 
respectively, and with their outer ends to an 
earth-plate E. These two coils, conductors, 
or systems D’ S‘ E and D2 S2 E have different 
and suitably-chosen periods of vibration,and, 
as pointed out in other patents relating to my 
system of energy and intelligence transmis 
sion, their lengths should be' such that the 
points of maxim um pressure developed there 
in coincide with the elevated terminals D’v 
D2. By suitably~chosen periods of vibration 
such periods are meant as will secure the 
greatest safety againstinterference, both mu 
tual and extraneous. The two systems may 
have electrical oscillations impressed upon 
them in any desired manner conveniently by 
energizing them through primaries P’ and P2, 
placed in proximity to them. Adjustable 
ind uctances L’ and L2 are preferably included 
in the primary circuits chie?y for the pur 
pose of regulating the rates of the primary 
oscillations. In the'drawings these primaries 
P’ and P2 surround the coils S’ S2 and are 
joined in series through the inductances L’ 
U, conductor F, condensers O’ and O2, brush 
holders B’ and B2, and a toothed disk D, 
which is connected to the conductor F and, if 
desired, also to the ground-plate E, as shown, 
two independent primary circuits being thus 
formed. The condensers C’ and C2 are of 
such capacity and the inductances L’ L2 are 
so adjusted that each primary is in close reso 

723,188 
nance with its secondary system, as I have 
explained in other patents granted to me; 
The brush-holders B’ and B2 are capable in-1 
dependently of angular and, if necessary}, 
also of lateral adjustment, so that any desired 
order of succession or any difference of time 
interval between the discharges occurring in 
the twe primary circuits may be obtained. 
The condensers being energized from a suit 
able source S, preferably of high potential, 
and the disk D being rotated, its projections 
or teeth 19 p coming at periodically-recurring 
intervals in very close proximity to or, as the 
case may be, in contact with conducting rods 
or brushes n 07. cause the condensers to be 
discharged in rapid succession through their 
respective circuits. In this manner the two 
secondary systems D’ S’ E and D2 S2 E are set 
in vibration and oscillate freely each at its 
proper rate for a certain period of time at 
every discharge. The two vibrations are im 
pressed upon the ground through the-plate 
E and spread to a distance reaching the re 
ceiving-station, which has two similar cir 
cuits or systems 6 s’ d’ and e 82 d2, arranged 
and connected in the same manner and tuned 
to the systems at the sending-station, so that. 
each responds exclusively to one of the two 
vibrations produced by the transmitting ap 
paratus. The same rules of adjustment are 
observed with respect to the receiving-cir 
cuits, care being furthermore taken that the 
tuning is effected when all the apparatus is 
connected to the circuits and placed in posi 
tion, as any change may more or less modify 
the vibration. Each of the receiving-coils s’ 
and szis shunted bya local circuit containing, 
respectively, sensitive devices a’ a2, batteries 
1)’ b2, adjustable resistances 1" 7'2, and sensi 
tive relays R’ R2, all joined in series, as 
shown. The precise connections and ar 
rangements of the various receiving instru 
ments are largely immaterial and may be 
varied in many ways. The sensitive de 
vices a’ a2 may be any of the well-known 
devices of this kind-—as, for example, two 
conducting-terminals separated by a minute 
air-gap or a thin ?lm of dielectric which is 
strained or weakened by a battery or other 
means to the point of breaking down and 
gives way to the slightest disturbing influ 
ence. Its return to the normal sensitive state 
may be secured by momentarily interrupting 
the battery-circuits after each operation or 
otherwise. The relays R’ R2 have armatures 
l’ P, which are connected by a wire 10 and 
when attracted establish electrical contacts 
at c’ and 02, thus closing a circuit containing 
a battery Z)3 and adjustable resistance r3 and 
a relay R3. From the above description it 
will be readily seen that the relay R3 will be 
operated only when both contacts 0’ and c2 are 
closed. 

The apparatus at the sending-station may 
be controlled in any suitable manner-as, for 
instance, by momentarily closing the circuit 
of the source S, two different electrical vi 
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brations being emitted simultaneously or in 
rapid succession, as may be desired, at each 
closure of the circuit. The two receiving 
circuits at the distant station, each tuned to 
respond to the vibrations produced by one of 
the elements of the transmitter, affect the 
sensitive devices a’ and a” and cause the re 
lays R’ and R2 to be operated and contacts 
0’ and o2 to be closed, thus actuating the re 
ceiver or relay R3, which in turn establishes 
a contact 03 and brings into action a device 
a3 by means of a battery d4, included in a 
local circuit, as shown. But evidently if 
through any extraneous disturbance only one 
of the circuits at the receiving-station is af 
fected the relay R3 will fail to respond. In 
this Way a communication may be carried on 
with greatly-increased safety against inter 
ference and privacy of the messages may be 
secured. The receiving-station shown in Fig. 
2 is supposed to be one requiringr no return 
message; but if the use of the system is such 
that this is necessary then the two-stations 
will be similarly equipped, and any well 
known means, which it is not thought neces 
sary to illustrate here, may be resorted to for 
enabling the apparatus at each station to 
be used in turn as transmitter and receiver. 
In like manner the operation of a receiver, 
as R3, may be made dependent instead of 
upon two upon more than two such trans 
mitting systems or circuits, and thus any de 
sired degree of exclusiveness or privacy and 
safety against extraneous disturbances may 
be attained. The apparatus as illustrated in 
Figs. 1 and 2 permits, however, special re 
sults to be secured by the adjustment of the 
order of succession of the discharges of the 
primary circuits P’ and P2 or of the time in 
tervals between such discharges. To illus 
irate: The action of the relays R’ R2 may be 
regulated either by adjusting the Weights 
of the levers Z’ P, or the strength of the bat 
teries U62, or the resistances 1" T2, or in other 
well-known ways, so that when a certain order 
of succession or time interval between the dis 
charges of the primary circuits P’ and P2 ex 
ists at- the sending-station the levers Z’ and Z2 
will close the contacts a’ and c2 at the same 
instant, and thus operate the relay R3, but 
will fail to produce this result when the order 
of succession of or the time interval between 
the discharges in the primary circuits is an 
other one. By these or similar means addi 
tional safety against disturbances from other 
sources may be attained and, on the other 
hand, the possibility aiforded of e?ecting the 
operation of signaling by varying the'order 
of succession of the discharges of the two cir 
cuits. Instead of closing and opening the cir 
cuit of the source S’, as before indicated, for 
the purpose of sending distinct signals it may 
be convenient to merely alter the period of 
either of the transmitting-circuits arbitrarily, 
as by varying the inductance of the primaries. 

Obviously there is no necessity for using 
transmitters with two or more distinct ele 
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ments or circuits, as S’ and S2, since a suc 
cession of waves or impulses of different char 
acteristics may be produced by an instrument 
having but one such circuit. A few of the 
many ways which will readily suggest them 
selves to the expert who applies my invention 
are illustrated in Figs. 3, 4, and 5. In Fig. 3 
a transmitting system e 83- d3 is partly shunt 
ed by a rotating Wheel or disk D3, which may 
be similar to that illustrated in Fig. 1 and 
which cuts out periodically a portion of the 
coil or conductor 53, or, if desired, bridges it by 
an adjustable condenser 03, thus altering the 
vibration of the system c s3 d3 at suitable in 
tervals and causing two distinct kinds or 
classes of impulses to be emitted in rapid suc 
cession by the sender. In Fig. 4 a similar re 
sult is produced in the system e s4 d4 by pe 
riodically short-circuiting, through an induc 
tion-coil L3 and a rotating disk D4 with insu 
lating and conducting segments, a circuit 194 
in inductive relation to said system. Again, 
in Fig. 5 three distinct vibrations are caused 
to be emitted by a system c 55 (is, this result 
being produced by inserting periodically a 

.number of turns of an induction-coil L4 in se 
ries with the oscillating system by means of 
a rotating disk B5 with two projections 195195 
and three rods or brushes n5, placed at an an 
gle of one hundred and twenty degrees rela 
tively to each other. The three transmitting 
systems or circuits thus produced may be en 
ergized in the same manner as those of Fig. 1 
or in an y other convenient way. Correspond 
ing to each of these cases the receiving-sta 
tion may be provided with two or three cir~ 
.cuits in an analogous manner to that illus 
trated in Fig. 2, i’t-being understood, of course, 
that the different vibrations or disturbances 
emitted by the sender follow in such rapid 
succession upon each other that they are prac 
tically simultaneous so far as the operation of 
such relays as R’ and R2 is concerned. Evi 
dently, however, it is not necessary to employ 
two or more receiving-circuits, but a single 
circuit may be used also at the receiving-sta 
tion constructed and arranged like the trans 
mitting-circuits or systems illustrated in Figs. 
3, 4., and 5, in which case the corresponding 
disks, as D3 D4 D5, at the sending will be 
driven in synchonism with those at the receiv 
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ing stations as far as may be necessary to se- , 
cure the desired result; but whatever the na 
ture of the speci?c devices employed it will 
be seen that the fundamental idea in my in 
vention is the operation of a receiver by the 
conjoint or resultant effect of two or more 
circuits each tuned to respond exclusively to 
waves, impulses, or vibrations of a certain 
kind or class produced either simultaneously 
or successively by a suitable transmitter. 

It will be seen from a consideration of the 
nature of the method hereinbefore described 
that the invention is applicable not only in 
the special manner described, in which the 
transmission of the impulses is eifected 
through natural media, but forthe transmis 
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sion of energy for any purpose and whatever 
the medium through which the impulses are 
conveyed. ' 

What I claim is 
l. The method of operating distant re 

ceivers which consistsin producing and trans 
mitting a plurality of kinds or classes of elec 
trical impulses or disturbances, actuating by 
the impulses or disturbances of each kind or 
class one of a plurality of circuits tuned to 
respond to impulses of such kind or class and 
operating or controlling the operation of a 
receiver by the conjoint action of two or more 
of said circuits, as set forth. 

2. The method of signaling, which consists 
in producing and transmitting a plurality of 
kinds or classes of electrical impulses ordis 
turbances, developing by theimpulses of each 
class a currentin one of aplurality of receiv 
ing-circuits tuned to respond exclusively 
thereto and controlling by means of the con 
joint action of such circuits a local circuit, 
as set forth. 

3. The method of signaling which consists 
in producing a plurality of series of impulses 
or disturbances di?ering from each other in 
character and order of succession, exciting 
by the impulses of each series one of a plu 
rality of receiving-circuits tuned to respond 
exclusively thereto and controlling by the 
conjoint action of such circuits a local cir 
cuit, as set forth. 

4. The method of signaling which consists 
in producing a plurality of series of electrical 
impulses of different character, varying the 
time interval between the emission of such 
impulses, exciting by the impulses of each se~ 
ries one of a plurality of receiving-circuits 
tuned to respond exclusively thereto and con 
trolling by the conjoint action of such cir 
cuits a local circuit, as set forth. 

5. The method of transmitting electrical en 
ergy for conveying intelligible signals which 
consists in producing a plurality of electrical 
impulses of different character, developing by 
the impulses of each kind a current in one 
of a plurality of receiving-circuits tuned to 
respond exclusively thereto, controlling the 
action or eifect of the transmitted impulses 
upon the receiving-circuits by varying the 
character of said impulses, and operating or 
controlling the operation of a receiver by the 
conjoint action of two or more of said receiv 
ing-circuits, as set forth. 
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6. The method of transmitting electrical en 
ergy which consists in producing a plurality 
of electrical waves orimpulses of diiferent 
periodicities, Varying the order of transmis 
sion of the waves or impulses forming ele 
ments of the signal sent, according as one or 
another receiving-station is to be communi 
cated with where (proper ci rcuit-closing mech 
anism being provided at each receiving-sta 
tion) the transmitted signal will be intelligi 
ble at and only at the intended receiving 
station. 

7. The method of transmitting intelligence, 
which consists in selecting and associating to 
gether in predetermined order of succession 
two or more electrically-generated impulses 
of different periodicity, forming elements of 
signals to be sent, and transmitting such se 
lected impulses with reference to the conjoint 
action of both or all in the production of a 
signal at a distant point, substantially as set 
forth. 

8. In asystem of telegraphy,wherein signals 
or messages are sent by the use of a plurality 
of electrical impulses of different periodicities 
and in a predetermined order of succession, 
the method of ascertaining at any particular 
station the particular signal sent to that sta 
tion, which consists in the selection, to form 
a signal, of certain transmitted impulses of 
different periodicities and of a predetermined 
order of succession to the exclusion of all oth 
ers, as set forth. _ 

9. The improvement in the art of transmit 
ting electrical energy which consists in oper 
ating or controlling a receiving mechanism 
by a series or group of electrical impulses of 
di?erent periodicities and of a predetermined 
order of sucession. 

10. In a system for the transmission of elec 
trical energy, for sending signals or messages 
to any one of two or more receiving-stations, 
the method of transmitting the message with 
reference to the intelligible receipt thereof 
at the desired station, which consists in the 
transmission of electrical waves or impulses 
of diiferent periodicities in varying order of 
transmittal by a separate order or grouping 
of transmittal ‘for each receiving-station. 

NIKOLA TESLA. 

Witnesses: 
M. LAWSON DYER, 
BENJAMIN MILLER. 
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To all whom it may concern .' , 
Be it known that I, NIKOLA TESLA, a ‘citi 

zen of the United States, residing in the 
borough of Manhattan, in the city, county, 
and State of New York, have invented cer 
tain new and useful Improvements in Appa 
ratus’ for Transmitting Electrical Energy, 
of which the following is a speci?cation, ref 
erence being bad to the drawing accom-' 
panying and forming a part of the same. 

In endeavoring to adapt currents or dis 
charges of very high tension to various valu 
able uses, as the distribution of energy 
through wires from central plants to distant 
places of consumption, or the transmission 
of powerful disturbances to great distances, 
through the natural or non-arti?cial media, 
I have encountered di?iculties in con?ning 
considerable amounts of electricity to- the 
conductors and preventing its leakage over 
their supports, or its escape into the ambient 
air, which always takes place when the elec 
tric surface density reaches a certain value. 

The intensity of the effect of a' transmit 
ting circuit with a free or elevated terminal 
is proportionate to the quantity of electric 
ity"v displaced, which is determined by the 
product of the capacity of the circuit, the 
pressure, and the frequency of the currents 
employed. To produce an electrical move 
ment of the required magnitude it is de 
sirable to charge the terminal as highly as 
possible, for while a great quantity of elec 
tricity may also be displaced by a large 
capacity charged to low pressure, there are 
disadvantages met with in many cases when 
the former is made too large. The chief of 

7 these are due to the fact that an increase of 
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I more vigorously. _ Therefore, in order to y 
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' ticable. 

the capacity entails a lowering of the fre 
quency of the impulses or discharges and a 
diminution of the energy of vibration. This 
will be understood when it is borne in mind, 
that a circuit with a large capacityv behaves 
as a slackspring, whereas one with a small 
capacity vacts like a stiff spring, vibrating 

attain the highest possible frequency, which 
for certain purposes is advantageous and, 
apart from that, to develop the greatest 
energy in such a transmitting circuit, I em‘ 
ploy a terminal of relatively small capacity, 
which I charge to as high a pressure asv prac 

found it imperativeto so construct the ele 
vated conductoiythat its outer surface, on 

To accomplish this result I have , 

which thelelectrical charge chie?y accumu 
lates, has ltself a large radius of curvature, 
or is composed of separate elements which, _ I 
irrespective of their own'radius of curva 
ture, are arranged in close proximity to each 
other and so, that the outside ideal surface 
enveloping them is of a large radius. Evi 
dently, the smaller the radius of curvature 
the greater, for a given electric displace 
ment, will be the surface-density and, con 
sequently, the lower the limiting pressure to - 
which the terminal may be charged without 
electricity escaping into the air. Such a 
terminal I secure to an insulating support 
entering more or less into its interior, and I 

. likewise connect the circuit to it inside or, 
» generally, at points where the electric denl 

sity is small. This plan of constructing and 
supporting a highly charged’ conductor I 
have found to be of great practical impor 
tance, and it may be usefully applied in many ‘ 
ways. 

Referring to the accompanying drawing, 
the‘?gure is a View in elevation and part 
section of an improved free terminal and 
circuit of large surface with supporting 
structure and generating apparatus. . v ' 

The terminal D 'consists of a suitably 
shaped metallic frame, in this case a ring of 
nearly circular cross section, which is cov 
ered with half spherical metal plates P P, 
thus constituting a very large conducting 
surface, smooth on all places where the elec 
tric charge principally accumulates. .The 
frame is carried by a strong platform ex 

pressly provided for safety ap liances, in‘ 
struments. of observation, etc., w ich in turn 
rests on insulating supports F F. These’ 
should penetrate far into the hollow space 
formed by the terminal, and" if the electricv 
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density at the points where they are bolted I 
to the frame, is still considerable, they may 
be specially protected by conducting hoods - 
as H. 

A' part of the improvements which form 
the subject ofthis speci?cation, the trans 
mitting circuit, in its general features, is 
identical with that described and claimed in 
my original Patents Nos. 645,57 6 and 649,621. 
The circuit comprises a coil A which is in 
close inductive relationvwith a primary C, 
and-.pn'e “end of which is connected to. a 
ground-plate E, while its other end is led 
through aseparaté‘self-induction coil B and 
a metallic cylinder B’; to‘the terminal 
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455, yond the othersv ,(in which 
I of larger radius of curvature) so that, should‘ 

the pressure rise to a value, beyond‘which 1t 

. The connection to the'lattershould always 
be made at, or near the center, in order to 

_ secure a symmetrical distribution of the our 

15 

rent, as otherwise, when the frequency is 
very high and the ?ow of large volume, the 
performance of the apparatus might be im 
paired. The primary C may be excited in 
any desired manner, from a suitable source 
of currents G, which may be an alternator 

'or condenser, the important \requirement 
‘ beingthat the resonant condition is estab 

lished, that is to say, that the terminal I) is 
charged to the maximum pressure developed 
in the circuit, as .1 have speci?ed in my 
original patents before referred to. The ad 
justments should be made with particular 
care when the transmitter is one of great 
power, not only on account of economy, but . 
also in order to avoid danger. I have/shown 
that it is practicable to produce in a resonat 

, ing circuit as E A B B’ D immense electri 
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cal activities, measured by tens and even 
hundreds of thousands of horse-power, and 
in such a case, if the points of maximum 
pressure should be shifted below the ter 

vminal D, along coil B, a ball of ?re might 
break out and destroy the support F or any 
thing else in the way. For the better ap 
preciation ofthe nature of this danger it 
should be stated, that the destructive action 
may take place with inconceivable violence. 
This will ‘cease to be surprising when it is 

' ‘borne in mind, that the entire energy accu~ 
mulated in the excited circuit, instead of re 
quiring, asunder normal working condi 

tions, one quarter of the period or more for 
its transformation ‘from static to kinetic 
form, may spend itself in an incomparably 

' smaller interval of time, at a rate of many 
40 millions of horse powens The accident is 

apt to occur when, the transmitting circuit 
_' being strongly excited, the impressed oscil 

45 

lations'upon it- are caused, in any manner 
more or less sudden, to be more rapid than 
the free oscillations. ‘It ‘is therefore,‘ ad 
visable'to begin the adjustments with feeble 

. and somewhat "slower impressed oscillations, 
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strengthening and quickening them grade 
ually, until the "apparatus has been brought 
under ‘perfect. control. To increase the‘ 
safety, I provide on a convenient place, pref 
erably on terminal D, one or more elements 
or plates either of somewhat smaller radius 
of curvature or protruding more or less be- ' 

case they maybe 

is not desired to go, the powerful discharge 
may dart out there and lose itself harmlessly 
in the air. Such a plate, performing‘. a func 
tion similar ,to- that of a safety valve on a 
high pressure. reservoir, is indicatpd at V. 

. Still “further extending thev principles 
underlying my invention, special ‘reference 
is made to coil B and conductor B’. ' The 

1 set vforth. ' “ 

latter is in the form of ,a cylinder with 
smooth or polished surface of a radius much 
larger than that of the half spherical ele 
ments P P, and widens out at the bottom 
into a hood H, which should be slotted to 
avoid loss by eddy currents and the pur 
pose of which will be clear from the fore-' 
going. The coil B is ‘wound on a frame or 
drum D1 vof insulating material, with its 
turns close together. I have discovered that 
when .so wound the effect of the small radius 
of curvature of the wire itself is overcome 
and the coil behaves as a conductor of large 
radius of curvature, corresponding to that 
of'the drum. This feature is of consider 
able practical' importance and is applicable 
not only in this special instance, 
erally. For example, such plates at F P 
of terminal I), though preferably of large 
radius of curvature, need not be necessarily 
so, for provided only that the individual 
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plates or elements of a. high potential con- - 
ductor or terminal are arranged in prox 
imity to each other and with their outer 
boundaries along an ideal symmetrical en 
veloping surface of a large radius of’ curva 
ture, the advantages of the invention will 
be more or less fully realized. The lower 
end of the coil B——which,vif desired, may 

‘be extended up to the terminal D—~sh°ould 
‘be-somewhat below the uppermost turn of 
coil A._ This, I ?nd, lessens the tendency of 
the charge to break out from the wire con 
necting both and to pass along the sup 
port F’. a “ 

Having described my invention, I claim: 
1. As a means for producinglgreat elec 

trical activities a resonant circuit having 
its outer conducting boundaries, which are 
charged to a high potential, arranged in 
surfaces of large radii of curvature so as 
to prevent leakage of the oscillating charge, ~ 
substantially as set forth. , 

2. In apparatus for the transmission of 
electrical energy a circuit connected to 

vground and- to an elevated terminal and 
having its outer conducting boundaries, 
which are subject to high tension, arranged 
in surfaces of large radii of curvature sub 
stantially as, and for the purpose described. 

.3. In a plant for the transmission'of elec 
trical energy without wires, in, combination‘, 
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with a primaryor exciting circuit a second- i 
ary connected to ground and to an elevated 
terminal and having its, outer conducting 
boundaries, - which are charged to a high 
potentiahjarranged- in surfaces of large radii 
of curvature'ffor thépurpose of"preventing 
leakage and‘ loss 

4.. As a means/ for transmitting ‘electrical 
energy toja distance through, the. natural 

.media" a grounded resonant circuit, vcom 
prising a part-upon which oscillations are 

impressed and another for raisingithe ten 

of, energy,‘ substantially as ' 

‘120 

125 
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sion, having its outer conducting boundaries 
on which a high tension charge accumulates 
arranged in surfaces of large radii of curva 
ture, substantially as described. _ 

‘5. The means for producing excessive 
electric potentials consisting of a primary 
exciting-circuit and a resonant’ secondary 
having its outer conducting elements which 
are subject to high tension arranged in prox 
imityvto each other and in surfaces of large 
radii of curvature so as to prevent leakage 
ofthe charge and attendant lowering of po 
tential, substantially as described. ' 

6. A circuit comprising a part upon which 
oscillations are impressed and another part 
for raising the tension by resonance, the v 
latter partbeing supported on places'of low 
electric density and having its outermost 

‘conducting boundaries arranged in surfaces 
20 

25 

of large radii of curvature, as set forth. 
7.>In apparatus-for the transmisslon of‘ 

'ele'ctrical'energy without wires a grounded 
circuit the outer‘ conducting elements of' 
which have a great aggregate area and are 
arranged in surfaces of large radii of curva 
ture soas toxpermit the storing offa high 
charge at a small electric density and pre» 
vent lossthrough leakage, substantially as ” 
described. . ' ' - f 

8. A_' wireless transmitter comprisingin 
combination a source of oscillations as‘ a 
condenser, a primary exciting circuit and a 
secondary grounded and elevated conductor 
the outer conducting boundaries of which 
are in-proximity to each other ‘and arranged 
in surfaces of large radii of curvature, ‘sub 
stantially as described. ‘ - 

' 9. In apparatus forthe transmission of 
electrical venergy withoutwires an elevated 
conductor or antenna having its outer high 
potential conducting or capacity elements 
arranged in proximity ‘to each other and in 
surfaces of large radil of curvature so‘ as to 
overcome the ‘effect of the small radius of 
curvature of the individual elements and 

‘leakage of the charge, as set forth. 
10. A _'grounded resonant transmitting 

circuit having its outer conducting bound 
aries arranged'in surfaces. of large radii , 
of curvature in combination with an ele 
vated terminal of great surface supported 

‘at points-of low electric density, substan 
tially as ‘described. 

' ' ' NIKOLA TESLA. 

Witnessesz, y ' v 

' M. LAMSON DYER,- . 
RICHARD DONOVAN. " 
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To all whom. it may concern: 
Be it known that I, NI‘KoLA TEsLA, a citi 

zen of the Uni'hd States, residing at New 
York, in t-he county 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 Ivelocity and direction Vof 
. movement of the fluid should be as gradual 

15 as possible. In the present forms of such 
. apparatus more or less sudden changes, 

20 

' 2,5 

.30 

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, necessarily in 
troduces numerous defects andY limitations 
and adds to the complication,l cost of'pro 
duction and maintenance‘of the machine. 

The object of my present invention is to 
overcome these deficiencies in> a paratus de 
si?gned for the propulsion of ùids and to 
e ect thereby the transmission and .trans 
formation of mechanical energy through the 
agency of íiuids in a more perfect manner, 
andby means sim ler'and more economical 

'than those hereto ore employed. I accom 
l' plishthis by causing the .propelled Íiuid to 
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’ .versely, if the body be place 

Vmolecular separation. 

move in natural pathsV or stream linesî of 
.least resistance, free from constraint and dis- j 
turbance such as occasionedl by vanes orl 
kindred devices, and to change its velocity 
and direction of movement by imperceptible 
degrees, thus avoiding the losses dueto-sud 
den variations while the fluid isv receiving 

` energy. 

It is wel]> known that a fluid possesses, 
among others, two salient properties: ad 
hesion and viscosity. Owing to these a 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 o osing 

As an inevita e con 
sequence, a certain amount of the íiuid i's 
dragged along by the movin body. Conl 

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 1t from a Huid. 

The subject of this application is an" in 
vention pertaining to the art of imparting 
energy to fiuids, andI shallnow 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 andk eílicient embodiment _of the 
same. ~ - 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 y 
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 

v threaded nut 3, a shoulder ¿t and washers 5, 
of the requisite thickness. Each disk has a 
number of central openings 6„the solid por 

'tions between which form vspokes 7, prefer 
ably curved,-«as shown, for the purpose of 
reducing the loss of energy due to the impact 
of the fluid. The runner is mounted 1n a 
two part Yvolute casing 8, having stuñin 
boxes 9, and inlets 10 leading to its centra 
portion. In addition a graduall Widening 
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and rounding outlet 11 is provi ed, formed . 
with a ñange for connection to a pipe as 
usual. The casing 8 rests upon a base 12, 

, shown only in part, and supporting t-he bear 
ings for the shaft'2,-wl1ich, bein of ordinary 
construction, are omitted from 

An understanding of the principle em 
bodied- in this device will be gained from 
the followin description of its mode, of 
operation. ~ ower being applied to the 
shaft- and therunner set in rotation in the 

ldirection 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 l 
is taken hold of by the >same andlsubjeëzted 
‘to'two forces, one acting tangent-ially in the 
direction of rotation, and the other radially 
outward. The combined effect of these tan 
gential and centrifugal forces 1s to propel 
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the fluid with continuously 'increasing ve- f» 
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 roperties of 
the fluid,- permitting it to adjust itself to 
natural paths or stream lines and to change 
its velocity and direction by lnsensible «le 
grees, is characteristic of this method of 
propulsion and advantageous in its applica 
tion. lVhile 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 calculated and graphi 
cally represented, but fairly accurate esti 
mate of turns can be obtained simplyfby de 
termining the number of revolutions re 
quired to renew the fluid passing through 
the chamber and multiplying it by the ratiol 
between the mean spee 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 
thisreason, the performance of such ma 
chines augmente 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 

lmachine will be determined _by the condi 
tions and requirements of special cases. It 
may be stated that the intervening distance 
should be the reater, the larger the diam 
eter of the dis s, the longer the spiral- path 
of the fluid and the greater its viscosity. In 
general, the spacing should be such that the 
lentire mass of the fluid, before leaving the 
runner, is accelerated to a nearl uniform 
velocity, not much below that of the 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-4 
centric circles. It 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 vund 
the like, when the water 1s charged with 
foreign bodies and spokes or vanœ espe 
cially objectionable. ' 

Another application of this principle 
which I have discovered to be not -onl 
feasible, but thoroughly practicable and elli,L 
cient, is the utilization .of machines auch as 
above described for the compression or rare 
faction ofair, or gases in general. In> such 
cases it will be found that most of the gen 
eral considerations obtaining in the case of _ 
liquids, properly interpreted, hold true. 
When, irres 
fluid, consi erable' ressures _ .are desired, 
staging or compoun ma be resorted to 
inthe usual way the in 'vi ual runners be 

. ward the center. 

tive of the character of the» 
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ing, preferably, mounted on the same shaft. 
It should be added that the same end may 
be attained with one single runner by suit 
able deflect-ion of the fluid 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 directly7 oíp osìte 
to those met with in the propulsion o guids, 
the fundamental laws applicable in the two 
cases are the same. In other words, the 
o eration above described is reversible, for 
if Water or air under pressure be admitted 
to the opening 11 the runner is set in rota 
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tion in the direction of the dotted arrow by ' 
reason of the peculiar propertiesof 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 
ing the effective head and assisting in the ex- I 
P sion of the fluid. In the motor, on the 
contrav , the first named pressure, be' 
oppose to that of supply, reduces the e - 
fective head and velocity of radial flow _to 
` Again, inv the propelled 
machine a great torque is always eslrabl 
this calling for an increased number or 
disks and smaller distance of separation, 
while in the propelling machine, for numer 
ous economic reasons, the rotary eíort 
should be the smallest and the speed greatest practicable. Man other consid 
erations, which will natura y :l - - them 
selves,- may affect the design an 
tion, but the preceding is though 
tain all necessary information 1n - 

hyispëopen selection of ' 
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of construction and operation above set forth, 
are capable c? embodiment in machines of 
the most widely diiferent 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: 
. l. A inachinefor propelling or imparting 

energy to fluids comprising in combination 
a plurality of spaced disks rotatably mounted 
:uid having plane surfaces, an inclosing cas 
ing, ports of inlet at the central portion of 
said casing and through which the Huid 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 Huid, when the machine is driven 

B 

by power, is adaptedto be expelled, as set 
forth. . 

2. A machine for propelling or imparting 
energy to fi‘uids, comprising in combination 
a volute casing provided with ports of ín 
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 Àcombi 
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nation a plurality of' spacedl disks Witln 
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 containsthe shaft 
and an outlet extending tangenti-ally from' 
the peripheral portion of said casing. . 

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

IFESILA... 
lVitnesses : 

M. LAWSON DYER, 
DRURY W. COOPER. 
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> UNITED STATES PATENT oEEioE. ' 
NIKOIÀA TESLA, 0F NEW YORK, N. Y. 

' TUBBINE‘ 

Specification of Letters Patent. 

1909, Serial No. 523,882. Divided and this application med January 
“17, 1911. Serial No. 603,049, 

Patented May 6, 1913. 

To all whom it may concern.' 
Be it known that I, NrkoLA TEsLA, -a citi 

zen of the United States, residing at Ñew 
York, in the ‘county and State of New York, 
have-invented certain‘new and useful Im'~ 
provements in Rotary Engines and '_l‘ur 
bines, of which the following is a full, clear, 
and exact description.` 

In the practical application of mechani 
fcal power. based on the use of fluid as the 
vehicle of energy, it has been demonstrated 
that, in order to attain the highest economy, 
the changes inthe 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 unavoidable. Besides, the employ 
ment of the usual devices for imparting to, 
or deriving energy from a fluid, such as pis 
tons, paddles, varies 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 

lclianical energy through the agency of 
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fluids in a more perfect manner. and by 
means simpler and 4more 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 

lance such as occasioned by vanes or kindred 
devices, and to change its velocity and di 

-rectioii of movement by imperceptible de 
grees, 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 kno‘wn as 
“lateral” or “ skin resistance,” which is two 
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 al certain amount of the 
fluid is dragged along by the moving body. 

y Conversely, if the body be placed in a fii‘iid 
in motion, yfor the same reasons, it' is im~W 

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 
21st, 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 t-he 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-4 
sion of fiuids, and the means employed 
may differ in some features, the 'fundamen 
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. i - 

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 y 
of fluids as motive agents, as distinguished 
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. _ „ _ ï v 

i Figure 1 is a. partial end View, and Fig. 
2 a vert-ical 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 Hat 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 illus 
trated. . ` ‘ 

prising two end castings 19, which contain 
the bearings for the shaft 16, 4indicated but 
not shown in detail; stufling 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 that 
of the disks, and has flanged extensions 23, 

10 

and inlets 24, into which finished ports or 
nozzles 25 are inserted. Circular grooves 21”» 
and labyrinth packing 27 are provided on 
the sides of the runner. Supp y pipes 28, 
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 cons1der first the actions 

' that take place when the device is used for 
" the propulsion of fluids for which purpose 
25 let it be assumed that power is applied to 

15 

in a clockwise direction. Neglecting, for the 
moment, those features of construction that 
make for or against the efliciency of the de 
vice as a pump, as distinguished from a mo 
tor, a fluid, by reason of its properties of 
ladheren'ce 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 oon 
tinuously increasing velocity in a spiral path 
until i't reaches a suitable peripheral youtlet 
from which it is ejected. This spiral move 

ìment, free and undisturbed and essentially 
,dependent on Ithe properties> of the fluid, per 
mitting it to adjust ltself 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 
' l of operation. _ _ ' ' , 

While traversing the chamber inclosing 
particles of the' fluid may 
more turns, or but a part 
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. the runner, the 
complete one or 
of one turn, the 
of close calculatlon and graphic representa 
tion, but fairly accurate estimates of'turns 
can be obtained simply*l by determining the 
number of revolutions required to renew the 
fluid passing) through the chamber and mul 
tiplying'i-t y the ratio between the mean 

6o Vspeed of the 'fluid and that of the disks. , l 
have found that the quantity of fluid pro 

_ elled in this manner, is, other conditions be 
- ing equal, ap roXimately proportionate to 

the active sur ace of the runner and to its 

55 

- e5 effective speed. For this reason, the per; 

-The runner is mounted in a casing com-Y 

the shaft and the runner set in rotation say- 

path followed being capable4 

menace 

formance of such machines augments at an 
exceedingly highA 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 70 
machine will be determined by the conditions - 
and requirements of special cases. 'It may 
be stated that the intervening distance should . 
should be the greater, the largerthe 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 .uniform 
velobity, not much below that of the periph- 80 
ery of the disks under normal working con- . 
ditions, and alm‘ost equal to it when the out- ‘ 
let is closed and the particles move in con 
centric circles. - 

.Considering now the converse of the above 55 
'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 90 
and with continuously diminishing velocity 
'until it reaches the orifices 14 and 20, through 
which it is discharged. lf the runner be al 
lowed to turn freely, in nearly frictionless 
bearings, its rim will attain a speed closely 95 
approximating the maximum of that of the 
adjacent fluid and the spiral path of the 
lparticles will be comparatively long, consist. 
lng 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 they same, 
the torque is directly proportionate to the » 
square of the velocity of the Huid relatively ` 
to the runner‘and to the effective areav of the 110 
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y‘disks and, inversely, to thedistance 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 increasingthe act-ive area of 
and reducing the space between the disks. 

l When apparatus of the kind described is 
employed for the transmission of power cer 
tain departures' from similarity bet-Ween 
transmitter andl 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 b a proper selection of the diame- - 
ters of tliiedisks, or by suitably staging the 130 
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transmitter, the receiver or both.V But it 
may be pointed out that in one res ect, at 
least, the two machines are essentia 1y dif 
ferent.~In the pump, the radial or static 
pressure, due to centrifugal force, is added 
to the tan ential or dynamic, thus increas 
ing rthe e ective head and assisting in the 
expulsion of the fiuid. In the motor, on the 
contrary, the first named pressure, being op 
posed to that of su ply, 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 increasednumber 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 suggest themselves, may affect the de 
sign and construction, but the preceding is 
thought to contain all necessary informa 
tion in this regard. ‘ 

In order to bring out a distinctive feature. 
assume, in the first place, that- the motive 
medium is admitted to the disk chamber 
through a port, that is a channel which it 
traverses with nearly uniform velocity. In 
this case, they 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 Huid 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 fiuid. 
The path of least resistance, necessarily 
taken in >obedience to a universalv 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 con 
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-- 
seryation, and 1s advanced merely for the 
purpose of explanation. The undeniable 
fact is that the machine does operate, both 
expansively and impulsively. When ̀the ex 
pansion in the nozzles is complete, or nearly 
so, 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 
lmpulslve to expansive action may not be 
continuous throughout, on account of criti- - 
-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 ñuctuating or intermittent, as 
that due to explosions occurring in more or 
less rapidsucpession. . . i 

À very desirable feature, characteristic of 
machines constructed and operated in ac 
cordance with this invention, is their capa 
bility of reversal of rotation. Fig. 1, while 
illustrative of a special case, may be re 
garded as typical in this respect. If the 
right hand valve be shut ofi' and the íiuid 
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 obtained 

_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 dees not fit best 

It will be understood that 
a number of suitable inlets may be provided 
around the periphery `of 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. By proper construc 
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 ot 4sup 
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ply When the machine is running idle. If a 
the inlet section be large, small changes in 
the speed of revolutlon 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 fluid through the same is 
prevented by virture of rotation. Since the 
centrifu ral head increases as the square o't` 
the revo ations, or even more rapidly, and 
with modern high grade steel rreat peri h 
eral velocities are practicable, ‘1t is possible 
tol attain Athat 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 zun-y 
-derstoodfbythose skilled in the art; v'Irre 
sp'ective of its vbearing on economy, this. tend 
ency `which is, yto a degree, common .to 
motors of the above description, is of-special 
advantage in the operationl _of large units, as 
it affords a safeguard against running :nyay 
and destruction. Besides these, such a prime 
mover possesses many other advantages', both 
constructive and operative. i 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't'o good performance. 
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 eíiiciency and suitable for 
high as Well as for low `fluid velocities-and 
speeds of revolution. . 

It willl be understood that the principles 
. of construction and operation above gener 
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ally set forth, are capable of embodiment in 
machines of the most Widely different forms, 
and ladapted 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 tfhe first to realize and 
turn to useful account., - » 

What I claim is: ' - 
1. A machine adapted to be propelled by 

a Huid consisting in the combination-With a 
casing having inlet 'and outlet ports at the 
ieripheral and central portions, respectively, 

of a rotor having plane spaced surfaces be 
tween which theliiuid mayy íioW in natural 
spirals and* by adhesive and `viscous action 
impart its enerQ'v of movement to the rotor, 
asy 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 

50 

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 central portion, as described. 

~~ 3. A rotary engine adapted to be propelled 
by adhesive and viscous action of a continu 
ously expanding fluid comprising in combi 

'nation a casing forming a chamber, 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 

'E15-eee - 

4disks mounted on a shaff, Qpenrgatworïö‘â; 
Vnear the same, as described.- .y s . .i 

’ 4. A- machine adapted- to be propelledïby i 
_ fluid, consistingin the combination of a pluéè. 

y ralityv of disks mounted on a shaft and open; 
Í. 60 

.withports or passages o_f- inlet and out-le@ 
at or near the same, and an 'inclosing `casing 

at the peripheral and -centralportions, reí" 
specti’vely», the disks being _spaced to4 form 
passages through Which'the Huid may How, 
under the combined influence of-radiall'and 
tangential forces, in a natural spiral-path. 
from the periphery toward the .axis of,the'._ 
disks, and im art its energy of movement to -‘ 

~the same by its adhesive and viscous action 
thereon, as set forth. i ' 

5. A machine adapted' to be propelled by 
'a Huid comprising in combination a plural 
ity of spaced disks rotatably mounted yand 
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 oe propelled by a 
fluid comprising in combination a, runner 
composed of a plurality of >disks having 
plane surfaces and mounted at intervals on 
a centralshaft, and formed Withopenings 
near their centers, and means for admitting 

70 

75 

the propelling Huid int-o the spaces between i 
the disks at the periphery and discharging it 
at the center of the same, as set forth. 

7. A thermo-dynamic converter, compris» y 
ing in combination -a series of rotatably> 
mounted spaced disks ‘with plane surfaces, 
an inclosing casing, inlet- ports ‘at the e 
ripheral portion and outletyports leading 
from the central portion of the same, as set 
forth. - ~ „ _ . ' - 

8. A thermo-dynamic converter, compris 
ing _in combination a series of >rotatably 
mounted spaced diskswith 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 aiiix my signature 
in the presence of two subscribing Witnesses. 

NiKoLa TEsLA. 

Witnesses: M. LAWSON DYER, 
WM. BOHLEBER. 
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‘ FOUNTAIN. ‘ 

T 0 all iw/z 01/2 it may concern : > 

Be it known that I, NIKOLA TEsLA, a citi~ 
zen of the United States, residing at New 
York, borough ‘of Manhattan, county. and 
State of New, York, have invented certain 
new and useful Improvements in Fountains, 
of which the followingv a full, clear, and 
exact description. ' _ 

It has been customary heretofore I 
.tains and aquarian displays, to project 
spouts. jets. or sprays of water from suitable 
?xtures, chielly for decorative and beautify 
lug purposes. lnvariably, the (piantitv of 
the ing ?uid was ‘small and the pleasing 
impr ssion on the eye was solely the result 
of the more or less artisti: arrangement of 
the streainlets .and ornaments employed. 
The present invention a departure from 
such practice in that it relies principally 
on the fascinating" spectacle of a large mass 
of lluidin motion and the display of seein 
in'gly great power. Incidentally. it permits 
the realization of beautiful and striking 
views through‘ illumination and the dispo 
sition of voluminous cascades which, more 

to useful, purposes in 
ways not practicable with the ‘old and fa 
miliar devices. These objects are accom 
plished by the displacement of a great vol 
ume of fluid with a relatively small expendi 
ture of energy in the production and mainte 
nance of a veritable waterfall as distin 
guished from a mere spout, jet or spray. 

The underlying idea of the invention can 
be carried out by apparatus of widely ‘varied 
‘design, but in the present instance the sim 
plest forms, of which I am aware, are shown 
as embodiments of the principle involved. ' 

ln'the accompanying drawing, Figure 1 is 
a top plan and'llig. 2 a Vertical central sec 

devised for the purpose. 
illustrate trntresponthng 
device of much simpler 

Fig‘. 3 and Fig. 4 
views of a similar 
construction. 

re~ 
suitable material, as metal, 

glass, porcelain, marble, cement or. other 
compound. with a central hub 2 and a coni 
cal conduit 3, flared out atthe top and pro 
vided with openings 4. at the bottom. ln 
the hub 2 is inserted a shaft 5 rotatably sup 

on ball bearings 6 and carrying‘ at 
its lower end a friction pulley or gear wheel 
7. To the upper end oi.E the shaft is fastened 
a :asting 8, preferably of some non-corrosive 
alloy, with blades 9 constituting a screw 

ceptacle of any 

Speci?cation of Letters ‘Patent. 
Application ?led October 28, 1913. 

in foun 

arnnr euro; 

Pei-tented @ct. l3, Mild. 
SerialNo.79T,718. - I ‘ ‘ 

as the best 
will ‘be un 

othcr means maybe er'nployed. 

which is shown in thisinstance 
known propelling device; but it 
derstood that 

transmit through wheel 11, by friction or 
otherwise, power to the pulley or Wheel Openings 4 may be covered with removable 
strainers and receptacles 1 may be provided 
with convenient connections, respectively, 
for cleaningr and renewing the liquid. it is 
thought unnecessary to show these attach 
ments in the drawing. ‘ 

The operation will be readily 
Receptacle i being‘ ?lled to the proper level 
with water or other fluid, and the power 
turned on, the propeller blades are setv in 
rotation and the ?uid. drawn through the 
openings 4-, is lifted. to the horizontal flared 
out top ot‘condu'it 3 until it overflows in the 
form of a ‘circular cascade. 

In order to preyent the wetting of the 
bearings of shaft 5, the central hub 2 of re 
ceptacle l is made to project above conduit 

The latter ’ 

of economy, and also fouthe purpose of re 
ducing the speed and securing:r a smooth and 
even over?ow. As the lift is inconsiderable, 
little power is needed to keep in motion a 
great volume-(of Water and the impression 
produced on the observer is very striking. 
‘With the view of still further economizing 
energy. the bottom of receptacle 1 may be 
shaped as indicated by the dotted lines l2, 
in 2 so as to increase 
intake 01” the propeller. 

To convey an idea of the results obtain 
able withya small apparatus, properly de 
signed, it may be stated that by applying 
only 1/2’) of a horse-power to the shaft and 

understood. 

assuming a lift of eighteen inches, more 
than one hundred gallons per minute may 
be propelled, the depth of the fluid passing 
over the ?ared top of conduit 3, one foot in‘ 
diameter. being nearly one-hall’ inch. As 
the circulation is extremely rapidthe total 
quantity of liquid required is comparatively 
sn'iall. About one tenth oi’ that delivered per 
minute will be, generally, sutlicient. Such a 
cascade presents a singularly attractive ap- ' 
pearance and this feature may be still fur 
ther enhanced by artistic grouping of plants 

l or other objects around it, in which case 
I the whole contrivance may be hidden from 
l view. Particularly beautiful displays, how 

ever, are obtainable by illumination which 
I may be carried out in many ways. To 

A motor 10 suitably mounted so "as to . 

is funnel shaped for ‘reasons 1. 

the velocity at the 
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heighten the effect, a colored, opalescent or 
phosphorescent ?uid may be employed. 
sterilizing, aromatic or radio-active liquids 
may also be used, when so desired. The 
usual fountains are objectionable. in many 
places on account of the facility they afford 
for the breeding of insects. The apparatus 
described not only makes thisv impossible 
but is a very ,e?icicnt trap. Unlike the old 
devices in which only a very smalLvolume 

I of water is set in motion, such a Waterfall is 
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is highly effective in cooling the surround-_ 
ing atmosphere. To still improve this ac 
tion the free end 13 of the rotating shaft 
may‘ be utilized to carrylany kind of fan. 
The water may, of course, be arti?cially‘ 
cooled. 

The device described may be modified in 
many ways and also considerably simpli?ed. 
For example, the propeller may be ?xed di 
rectly‘ to the shaft of the motor and the 
latter supported conveniently from above 
when many of the parts illustrated in Fig. 1 

*and Fig. 2 may‘ be dispensed with. In fact, 
receptacle 1 itself may be replaced by an 
independent tank or basin so that the entire 
apparatus will only consist of a funnel 
shaped conduit, motor and propeller as a 
unit. . Such a construction is shown in Fig. 
3 and Fig. 4 in which 3 is a conical vessel 
provided with intake openings 4 and rest 
ing on a substantial base. A motor 14., car 
rying on a strong shaft 5 a propeller‘ 9, is 
?xed to supports 15 which extend from the 
inner side of conduit 3 and may be integral 
with the‘ same. Obviously, to insure 'per 
feet working the weight of the moving parts 
and axial reaction of the propeller should 
be taken up or balanced as by a thrust bear 
ing 16, or other means. ' 

Apparatus of this description is especially 
intended for use in open basins! or reservoirs 
in which it may be placed and put in action 
at short notice. WVhen it is desired to pro 
duce large and. permanent waterfalls the 
conduit 3 may be formed by masonryof 
appropriate archit :tural. design. 

The invention has. an unlimited ?eld of 
use in private dwellings, hotels, theaters, 
concert halls, hospitals, aquaria and, par~~ 
ticularly, 1n squares, gardens and parks in‘ 
which it may be carriedout on a large scale 
so as tov afford a magni?cent spectacle far 

_ more captivating and stimulating to the 
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public than the insigni?cant displays now 
in use.‘ ' 

I am well aware that arti?cial water falls, 
have heretofore been exhibited ‘and that foun 
tains in which the same water is circulated 
are old and well known. But in all such 
cases independent pumps of small volumet 

1,11a,71-e \ \ 

ric capacity were used to raise the water to 
‘an appreciable height which involved the 
expenditure of considerable energy, while 
the spectacle oiferedto the eye was uninter 
esting. In- no instance, to my‘ knowledge, 
has a great mass of ?uid been propelled by 
theuse of only such power as is required to 
lift- it from its normal level through a'. 
relatively short space to that from which 
it over?ows and descends as a cascade, nor 
have devices especially adapted for the pur 
pose been employed. 

What I claim is: 
1. An arti?cial fountain consisting of an 

unobstructed conduit having an elevated 
over?ow and adapted to be set in a body of 
water, and a propelling device for main 
taining a rapid circulation of the water 
through the conduit. 

2. An arti?cial fountain comprising ‘in 
combination an unobstructed conduit having 
an elevated over?ow and adapted to be set 
in a body of ?uid. a propeller within‘the 

conduit for maintaining a rapid circulation 
of the ?uid through the same, and a motor 
‘for driving the propeller. 

3. The arti?cial fountain herein de 
scribed, comprising in combination a re 
ceptacle, a central hollowv conduit with an 
elevated over?ow placed therein, a propeller 
within the conduit, and a motor for driving 
the-propeller. so as to maintain a rapid cir 
culation of ?uid through the conduit. 

4.’ The arti?cial fountain herein de 
scribed, comprising in combination, a re 
ceptacle, 
set‘ therein, a central hub extending u 
through the conduit, a rotary shaft exten - 
ing. tlu-rcthrough, and a propeller carried 
by the shaft for maintaining a rapid circu 
lation of ?uid through the conduit. 

5. An arti?cial fountain comprising in 
_'combination with an unobstructed passage 
from the normal to the elevated ?uid levels, 
of a propeller for maintaining a rapid cir 
culation of the ?uid through such passage 
and producing thereby a cascade with the 
expenditure 'of-‘little energy. 

6. An arti?cial “fountain comprising a 
funnel shaped conduit adapted to be set in 
a body of?uid, and having openings near 
the lower end, and a propeller supported 
within the conduit and adapted when in 
operation to maintaina rapid circulation 
of ‘water through the same. ‘ 

In testimony whereof I a?ix my signature. 
in the presence of two, subscribing witnesses. 

- NIKOLA TESLA. 

Witnesses: ' ' 

" M. Lawson DYAR, 
- v , WM. Bonnnnnn. 
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To all whom it may concern: 
Be it known that I, NixoLA TnsLA, 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, lnexpensive and du 
rable, and that its indications be correct 
throughout a wide range of speed. >Likewise 
it is very desirable that its operationshall " 
be subject to little or no appreciable devia 
tion from accuracy under normal or ex 
pected extraneous changes, such as those of 
atmospheric density, temperature, or mag 
netic influence, in order that the structure 
may be free from any complications inci 
dent to the employment of specific means 
com ensating for such varying conditions. 

y present invention supplies a speed 
measurln appliance amply satisfying com 
mercial emands 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, 
cooperating through an intervening fluid 
medium to produce, inherently, without the- 
use 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, whichwill be presently elucidated. » 

In investigating the eifects of Afluids in 
~motion upon rotative systems I havel ob 
served that under certain conditions to be 
hereafter defined, the drag or ‘ turning 
effort exerted by the fluid is exactly pro 

-portiona-te to its velocity relative to the 
system. This-I have found to be true of 
gaseous and liquid lmedia, with the distinc 
tion however, that the limits within which 
the law holds good are narrower for the 

lpeomcation o! Letters Yatent. 

Application ñled lay 89, 1914. 
Patented Dec. 19, 1916. 

serial 1V o. 841,786. 

latter, especially so when the specific~ gravity 
or the viscosity of the liquid 1s great. 

Having determined the conditions under 
which the law of proportionality of torque 
to speed (rather thanl 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 drivin and 
driven members with -confronting, yc osely 
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 designin and co 

-ordinating the essential elements o 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. y , i 

The conditions more or less indi nsable 
for this most perfect embodiment o my in 
vention-that is to say, embodiment in a 
speed indicator y approximating rigorous 
linear proportionality of deflection to speed 
are: 

-1. The arrangement’should be such that 
the exchange o fluid acting on the stem 
is effectively prevented or minimize . 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 lfunction' of the same. 
Broadly speaking, such provision as is com 
monlv made in hydraulic brakes for free cir 
culation of fluid with respect to the rotative 
system, with the attendant acceleration and 
retardation of theA 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 vchange ac 
cording to still higher powers. For this 
reason confinement of the fluid intervening 
between the prima ` and secondary elements 
of the system so at 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 
proportionality. _ . i 

2. The spaces or channels mcloslng the ac 
tive medium should be as narrow as prac 
ticable, although within limits this is rela 
tive, the range of effective separation 1n 
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 fromœigorous 
proportionality of torque to speed occur. 
Therefore in small instruments w1th prl 
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.A 

3. The velocity of the fiuid relativel 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. i 

4. The bodies exposed to the action of the 
iluid 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 Aof 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. v 

6. In general the {iow 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 íiuid in 
motion; for measuring the quantity of ñow 
in steam, air, gas, water or oil supply; for 
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ascertaining the frequency of ` hanical 
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 
tlon 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.> 3 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 yfreely-rotatable pri 
mary element. It is fastened to a drive 
shaft 2 which is turned to fit a hole in the 
central hub 3 of the casting 4. A ball bear 
1ng 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 Abefore remarked 
the spaclng 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 spacingl is, 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 1S, 
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 iilms 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 Ahighest 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 
agent, the slight effects of ordinary changes 
o temperature and\de_nsity of the external 

- atmosphere can be ignored, as thiey'are in 
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a measure neutralized by the concommitant 
variations in the resilience of the torsional j 

'spring and as they do not seriously affect 
the proportionality of> deflections observed. 
However, when great precision is essential,v 
a Seal 19 of suitable packing, paste or amal. 
gam may be employed. Obviously the work 
mg parts may be contained in a separate, 
perfectly tight reservoir filled with fiuid 
of any desired character, the rotating mem 
ber or disk 1 being driven by a magnet out 
side. This expedlent has been adopted in> 
numerous instances and is quite familiar. 
The casting 4 has a window or opening Y20, 
closed by a iece of transparent substance, 
such as cellu oid, for enabling the readings 
to be made on the scale which is engraved 
upon or glued to the rim ofthe indication 
controlling element or shell T The shaft 2 
is armed with a steel or rubber tip 21, and a 
handle 22 of fiber. or other material is >fas 
tened to the central hub of vcasting 13, com 

, pleting the hand tachometer. 
, Fig. 2in which like numbers designate 

corresponding parts is self-explanatory. 
Attention may be called to the pointed in 

dex 23 placed „in 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 an le. 

As described t e device is adapted forv 
use in the manner of an ordinary hand 
tachometer. In takingv the> revolutions of a 
shaft, the tip 21 is placed firmly into the 
central cavity of theformer, 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 forceof 
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 eñect, as otherwlse 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 fiuid 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, ancl- either by making 
both the- primary and secondary elements 

-efi'ectively-imperforate to prevent, central 
admission> of air, or otherwise so con 
structed ~and conditioned that air may not 
freely passv from center to periphery be 
tween the elements ofthe movin system 
unchanging residence of a definlte body 
of, the active mediumv within the sys' 
tem is insured. Where umping action, 
that` is to say, acceleration or retardation 
of fluid movement other than circularly 
with the primary element,--take's 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 p'ower 
of the diameter so Vthat a slight compression 
and attendant vincrease of density ofthe 
medium in theV peripheral portion `would 
cause a noticeable departure from rigorous 
proportionality.l 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 Íiuid, 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 fiuid 
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 l and 7, thus modifying the torque 
and consequently the deñection, (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 balanceof the 
scale accordingly.v 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 manufact?re 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 inertia 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 iiuid 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. 3 and 4 in which the rotating 
and pivoted elements are composed of yinter 
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. 

For 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 disassembling 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 rigidl or flexibly geared to thedriving 
axle or ot er 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 fields 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, coöperating 
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 rigidly 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 drive-n 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 pleces 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:. Inl combination, `disconnected alined 
‘driving and drivenshafts, 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 drivin shaft coaxially, spaced 
rigid relatively thln plates secured tov ‘said 
body in parallel relatlon 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 
íillin the spaces between said .pieces‘fric 
tiona y 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 tor ue from the driving shaft to the 
driven sf ft comprising opposed material 
pieces respectively connected with the driv 
mg shaft and the driven shaft and arranged 
to present toward each other relatively-ex 
tensive, non-contacting, closely-adj acent sur 
faces, and a gaseous medium in which said 
pieces work, said gaseous medium serving 
frictìonally 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 c_ach 
other relatively-extensive, non-contactlng, 

-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 gaseousv medium in 
tervening between said annuli.> 

7. In combination, driving and driven ele 
ments having in opposed, closely adjacent, 

the torque-transmitting friction"` 
non-contacting relation, relatively extensive 
friction surfaces, and an interposed gaseous 
body, throu vh which the driving member 
frictionally rags the driven element.. 
'_ 8._ In a speedometer, the combination with 
supporting means, separately-rotatable driv 
ing and driven shafts mounted therein, bias 

70 

in means for the driven shaft, and means - 
to indicate rotary displacement of the biased 
shaft in terms of speed, of pieces rotati-vely 
carried by said respective Shafts, having 
relatively-extensive, non-Contactin , closely 
adjacent surfaces arranged to con ront each 
other, and a gaseous medium intervening be 
tween said confronting surfaces to cdact 
therewith frictionally to transmit torque 
flrlolfq the driving shaft to the biased driven 
s a . 

9.> In a speedometer, the combination of 
a primary_ element rotatable at varying 
speeds, having a plurality of spaced annuh, 
a biased secondary element, arranged- for 
separate rotary movement and adapted and` 
arranged to indicate speed variations by the 
extent o_f 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 Secondar element 
through a gaseous medium that mtervenes 
between said friction surfaces. 

11. An air drag speedometer, whereinv a> 
primary, variable-s ed element and a 

vbiased 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 air 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 closelycontiguous but non 
Contactin relation for frictional communi 
cation o power to one from the other 
through the intervening air, means resili 
ently» to resist displacement of the second- , 

75 

80 

85 

90 

95 

100 

105 

110> 

115 

125 ' 

130 



10 

15 

ary element, and means to indicate displace 
ment of the secondary element in terms of 
speed. 

13. Inv combination, in a speedometer, 
disconnected shafts respectively carrying 
driving and driven elements that have an 
nuli affording continuous extensive fric 

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 eli'ective means of torque trans 

25 

35 

45 

50 

55 

60 

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 eíective means of torque 
transmission between the driving and 
driven elements. 

l5. 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 theI 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 
linear 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 extensive surfaces confining between 

' 65_ them a practically constant body of torque 
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transmitting Huid medium, said surfaces be 
1ng so closely proximate that the _torque 

' transmitted fromvthe driving to the driven 
member is substantially proportional to the 
rate of rotation of the former. 

19. A speed indicator comprising in 
t U _ _ combination', a rotatable body, a secon an 

tion surfaces 1n always confronting non 
l contacting 

gularly movable body, means to resist die 
placement of the latter proportionately to 
the torque applied thereto, and a ñuid me 
dium interposed between them, said bodies 
having opposed annular surfaces in such 
close proximity that pumping "of theme 
dium therebetween is revented and the de 
flections of the ,secon body are made pro 
portionate to the speed of the other. 

20. A speed indicator, comprisin , in 
combination, a rotatable, variable spee 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 
elfort upon the secondary element, substan 
tially,in linear proportion to the speed of 
the primary. c 

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 conñning therebe 
tween a resident fluid body and arranged ín 
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. . 

22. 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 liuid 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. 

23. A rate indicator comprising a Struc 
ture confining a substantially unchanging 
body of fluid and including an extensive 
annular surface of a freel 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 lluid, said surfaces be 
ing so closely proximate that the torque 
transmitted through the Huid 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 
andV 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 otherjfor 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 throu h the fluid is 
linearly proportionate to tie speed of the 
primar element. 

28. he 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 
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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 
is 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 surfaces in 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 
bodles having their annular surfaces 1n 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 
a fluid-containing casing closel investing 
part of said rotative system, t e opposed 

.surfaces of the elements being 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 lthe presence of two subscribing witnesses. 

' NIKOLA TESLA. 

-Witnesses: 
M. LAwsoN Dran, 
THOMAS J. BYRNE. 
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To zill'whomz't'may concern: 7 . ‘ 

Be it known that I, NIKOLA TnsLA, 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 Valvular Conduits, of which 
the following is a full, clear, and exact de 
scription. ' ‘ , 

In mgst of the machinery universally em~ 
ploiyed for the development, transmission 
an transformation of mechanical energy, . 
?uid im ulses are made to pass, more or 
less free y, through suitable channels or con 

duits in one direction while their return is 
effectively checked or entirely prevented. 
This function is generally performed by de 
vices designated as valves, comprising care 
fully ?tted members the precise relative 
movements of vwhich are essential to the e?i 
cientj- and reliable operation of the appa 
ratus. The necessity of, and absolute def 

' pen'dence on these, limits the machine in 

25 

many respects,‘ detracting from its practical 
value and adding greatly to its cost of man 
ufacture and maintenance. As a rule the 
valve is a delicate contrivance, very liable 

' to wear and get out of order and thereby 
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impel-i1‘ ponderous, complex and costly 
mechanism and, moreover, lt‘falls to-meet 
the requirements when the impulses are. ex- 
tremely sudden or rapid in'su'pccession and 
the ?uid is highly heated or corrosive. , 

Though these‘ and-other correlated facts 
were known to the very earliest~ pioneers in 
the science and art, of mechanics, no remedy 

- has as yet been found or pro osed to date 
lieve that I - so far as I am aware,‘and I 

- ‘am the ?rst to discover or mvent any means, 
- which permit the ‘performance of the above 
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function without the use of movin' I parts, 
and which it is the object of this app 'cation 

describe, ' . - v _ ' 

.' expressed, the advance - I have .Brie? . 

achieved,- consists in- the employment of a 
peculiar channel or conduit charactized by 
valvular action. ' ' 

The invention can be embodied in man ' 
constructions greatly variedin ‘detail, but‘ 
for the explanation of the underlying prin 
cipleit may be broadly stated that the in 
terior of the conduit is provided with en 
largements, recesses, projectionsz ba?les or 
buckets )which, while offer-innF virtually no 
resistance tothe- passage of til 

- pieces may be joined in series, 

. that is to say, 

direction, other than surface friction, vcon 
stitute an almost 
flow in the opposite sense by reason of the 
more or less'sudden expansions, contractions, 
de?ections, reversals of direction, stops and 
starts and attendant< rapidly succeeding 
transformations'of the pressure and velocity 
energies. I 

For the full and complete disclosure of 
.the device and of its mode of action refer 
ence is made to the accompanying drawings 
in which 

Figure l is a horizontal projection of such 
a va vular conduit with the top plate re 
moved. 7 - ' 

Fig. 2 is side view of the same in eleva 
tion. , 

, Fig. 3 is a diagramillustrative of the ap 
plication of‘ the device to a ?uid propelling, 
machine such as, 
compressorpand 

_ ‘ Fig. 4. is a plan showing the manner“ in 
which the invention is?or may be used, to 
operate a ?uid propelled rotary engine‘ or 
turbine. _ ' . , \ ‘ 

Referring to Fig. 1, 1 is a casih of .metal 
or, other suitable material whic may be 
cast, milled or pressed from sheet in the 
desired form. From its side-walls extend al 

a reciprocating’ pump or 

' ternatively projections terminating in buck 
ets 2 which, to facilitate manufacture‘ are 
congruent and spaced at equal distances, but 
need not be. In addition tothese there are 
inde endent partitions 3 which are deemed 
of, a vantage and the purpose of which will 
‘be made clear. Nipples 4 and 5, one at each 
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impassable barrier to its. 

so 
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end, are provided for pipe connection. ‘The ' 
bottom is solid and the upper‘ or open side 
is closed, by a ?tting plate 6 as‘ shown’ in 
Fig. 2., When desired any number of such 

thus making 
up a valvular-conduit of such length as the 
circumstances may require. a K 

In elucidation of the mode of operation 
let it be amumed that the, medium under 
pressure be admitted at 5.v Evidently, its 
approximate path will be as indicated by 

‘the dotted line .7, which is nearly straight, 
if the» channel be‘ of adequate 

cross-section, the ?uid will encounter a very 
small resistance and pass through freely 
and undisturbed, at least to a degree. Not 
so if the entrance be at the opposite end 4. 
In this case the ‘?ow: will not be smooth‘ 
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' . for the same velocity, the ratio of the two 
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' even if it be under constant pressure, but 
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and continuous,but intermittent, the_ ?uid 
being quickly de?ected and reversed 1n di 
rection, set in whirling motion, brought to 
rest and again accelerated, these processes 
following one another in rapid succession. 
The partitions3 serve to‘ direct the stream‘. 
upon tjie buckets and to intensify the ac 
tions “causing violent surges and eddies, 
which interfere very materially with the 
flow throu h'the conduit. It will be readily 
observed t at the resistance- offered to~the 
passage of the medium will be considerable 

the impediments will be of full effect only 
when it- is supplied in pulses and, more es 
pecially when the same are extremely sud 
den' an 
bring the ?uid asses to rest and to high 
velocity in- short intervals of time energy 
must be furnished at a'rate which is unat 
tainable, the result being that the impulse 

'cannot penetrate very far before it sub 
sides and gives rise to movement in the 
opposite direction. vThe device not . only 
acts as a hi-n’derment to the bodily returnv 
of particles but also, in a‘ measure, as a 
check to the propagation of a disturbance 
through the medium. ‘Its e?icacy is chie?y 
determined; ?rst, by the magnitude of the 
ratio of the two resistances offered to dis 
turbed and to undisturbed flow, respectively, 
in the directions from 4 to 5 and from 5 to 
4,‘ in each individual element of the con 
duit; second, by‘ the number of complete 
cycles of action taking place in a given 
length of the valvular channel and, third, 
by the character of the impulses themselves. ' 
A fair idea may be gained from simple 

~ theoretical‘ considerations. 
' ~ Examining more closely the mode of op 
eration it will be seen that, in passing from 
One toxthe next bucket in the direction of 
disturbed ?ow, the ?uid undergoes two 
‘complete reversals or de?ections through 180 
degrees while it suffers only two small de-. 

. .viations from about 10 to 20 degrees when ' 
‘ moving in the opposite sense. In each case 

the loss of head will be proportionate to a 
hydraulic 'coe?icient dependent on the angle 
of" de?ection from which it follows that, 

resistances will be‘as that offthe two coe?i 
cients. The theoretical value of this ratio 
maybe 200 or more, but ‘must be taken as 
appreciably less although the surface fric 

‘ I 'tion too is- greater in the direction of. dis 
turbed ?ow. In order to keep it as large 

\ as possible, sharp bonds should be avoided, 

to 
for these will add to both resistances and re 
duce the e?iciency. Whenever practicable, 
the piece should be straight; the next best 
is the circular \Cform. . 

_ That thepeculiar‘function of such a con 
~ duit is enhanced by increasing the number 
of buckets or elements and, consequently, 
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of high frequency. " In order to ' 

. piston 17 accurately ground to and sliding 

( 

cyclic processes in a given length is an 
obvious conclusion, but there is no direct’ 
proportionality because the successive 
tions diminish in intensity. De?nitelimits, 
however, are set constructively and other 
wise to'the number of elements per unit 
length of the channel, and the most economi 
cal design can only be evolved through long _ 
experience. . 

Quite apart from any mechanical features 
of the device the character of the impulses 
has a decided in?uence on its porformance 
and the best results“ will be secured, when 
there are produced at 4, sudden variations 
of pressure in relatively long intervals, 
while a constant pressure is maintained at 
5. Such is the case in one of its most valu 
able industrial applications which will .be 
speci?cally described. I 

In order to conduce to a better under 
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.. standing, reference may ?rst be made to Fig. 
3 which illustrates another special use and 
in which 8 is a piston ?xed to a shaft 9 and 
?tting freely in a cylinder 10. The latter is 
closed at both ends by ?anged heads 11 and 
12 having sleeves or stu?ing boxes 13 and 14 
for the shaft. Connection between the two 
compartments, 15 and 16, of the cylinder is 
established through a valvular conduit and 
each of the‘ heads is similarly equipped. 
For the sake of simplicity these devices are 
diagrammatically shown, the solid arrows 
indicating the direction of undisturbed ?ow. 
An-extension of the shaft 9 carries a second 
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easily inva cylinder 18 closed at the ends by 
plates and sleeves as usual. Both piston 
and cylinder are provided with inlet and 
outlet'portsm'arked, respectively, 19 and '20. 
This arrangement is familiar, being repre 
sentative of a prime mover of my invention. 
termed “mechanical oscillator”, with which 
it is practicable to vibrate a system of con 
sider-able weight many thousand times per 
minute. ' . ' ' v . 

Suppose now that such rapid oscillations‘ 
are imparted by this or other means to the 
piston 8. Bearing in mind the proceeding, 
the operation of the apparatus will be un 
derstood at a glance. While/‘moving in the 115 
direction of the solid arrow, from 12 to 11, 
the piston 8 will compress the air or other 1 
medium in the compartment 16 and expel it 
from the same, the devices in the piston ‘and ‘ 
head 11 acting, respectively, as closed and 120 
open valves. 'During the movement of the 
piston in the opposite direction, from '11 to 
12, the medium which has meanwhile ?lled 
the chamber 15 will be transferred to com 
partment 16, egress being prevented by the 125 
device in head 12 ‘and that in the piston al 
lowing free passage. These processes will 
be repeated in very quick succession. - If the 
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nipples 4 and 5 are put in communication 
with independent reservoirs, the oscilla- 130 
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tions of the piston 8 will result in a com res 
sion of the air at 4 and rarefaction 0' the 
sameat 5. Obviously, the valvular chan 
nels being turned the other way, as indi 
cated by dotted lines in the lower part of 
the ?gure, the opposite will take place. The 
devices in the piston have been shown merely 
by way ofsuggesti-on and can be dispensed 
with. Each of the chambers 15 and 16 be 
ing connected to two condults as illustrated, 
the vibrations of a solid )iston as 8 will 
have the same effect and tie machine will 
then be a double acting pump or compressor. 
It is likewise unessential that the medium 
should be admitted to the cylinder vthrough 
such devices for in certain instances ports, 
alternately‘ closed and opened by the'piston, 
may serve the purpose.- As a matter of 

‘course, this novel method of propelling ?uids y 
can be extended to‘ multistage working 1n 
which case a number of pistons will beem 
ployed, preferably on the same shaft and of 
different diameters in conformity with well 
established principles of mechanical, design. 
In this way any desired ratio of compres 
sion or degree of-rarefaction may be at 
tained. ' . - _ 

Fig.‘ 4 exemplifies a particularly valuable 
application of the, invention to which refer-, 
once has beenmade above.' .The' drawing 
shows in "VGI'iZlCttl cross section a, turbine 

' - whichmay be of any type but is in this in 

_35 

stance one invented and» described by me and 
supposed to be familiar to'engineers. _Sufiice 
it to state that the rotor 21 of the same is com 
posed of ?at plates which are set in motion ‘ 
through the adhesive and 'yiscous action of 

. the working?uid, entering the‘sy'stem tan 
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gentially at the periphery and. leavingit at 
the center. Such a' machine is a- thermo 
dynamic transformer of an activity (surpass 
ing by far ‘that ‘of any other ‘prime mover, 
it being demonstrated in practice that each 
single disk of the rotor is capable of per 
forming as much- work“ as .a whole bncket-' 
wheel. Besides, a number‘ of other advan 
tages, equally important, make it especially 
adapted for operation as any internal combus 
tion motor. ‘This may be done in _many 
ways, but the simplest andmost direct plan 
of 'which I am aware is the one illustrated 
here. Referring again to the drawing, the 
upper part of the turbine casing 22 has bolt; 
ed to it a. separate casting 23, the. central 
cavity 24 of which forms the combustion 
chamber. To prevent injury through exces 
sive heating a jacket 25 may be used, or else 
water injected, and when these means are 
objectionable recourse may ‘be had to air 
cooling, this all the‘ more readily as very 
high temperatures are practicable. The top 
of casting 23 is closed by a plate 26 with a 
sparking orv hot wire plug 27 and in its sides 
are screwed two valvular conduits eommuni» 
eating with the central chamber 24. One of 

' , 1,329,559, 
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these is, normally, open.to the atmos here ’ 
While the other connects to a source 0 fuel 
supply‘ as a gas main 28. The bottom of 
the combustion chamber terminates in a suit 
able nozzle 29 which‘ consists of separate 

the influx of the explosion constituents and 
secure the proper mixture the air and gas 
conduits are equipped, respectively, with 
valves 30 and 31. The exhaust openings 
32 of the rotor should be in communication 
with a ventilator, preferably carried on the 

. same shaft and of any suitable constrllction. 
Its use, however, while advantageous, is not 
indispensable the suction produced by the 
turbine rotor itself being, 1n some casesat 
least, suiiicient to insure proper working. 
This detail is ‘omitted from the ‘drawing as‘ 

unessential to the understanding. But a- few Words will be needed to’make 
clear the mode. of operation. The air valve 30 

70 
piece of heatresisting material. To regulate _ 
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being open and. sparking established across - 
terminals 27, the gas is turned on slowly un 
til the mixture in the chamber 24 reaches the 
critical state and is ignited. Both the con 
duits behaving,1 with respect to e?iux, as 
closed‘ valves, the products of combustion 
rush out through the nozzle 29 acquiring still 
greater. velocity. by expansion and, impart 
mg their momentum to the rotor 21, start it 
from rest. Upon the subsidence of the ex 
plosion the pressure in the chamber sinks 
below the atmospheric owing to the pump 

-_ in g action of the rotor or ventilator and new 
an‘ and‘ gas is permittedvto enter, cleaning 

‘the cavityand channelslf and making up a 
( fresh mixture. which is etonated asbefo-re, 
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and so on, the successive impulses of the \ 
working ?uid producing an almost con 

, tinuous rotary e?‘o-rt. After a short lapse of 
time the chamber becomes heated to such a 
degree that the ignition device may be shut 
off without disturbing the vestablished regime 
This manner of starting the turbine involves 
the employment ofan unduly large combus 
tion chamber which is not commendable from 
the economic point of view, for not, only does 

'it entail increased heat losses but the ex 
plosions‘ cannot be made to follow one an 
other with such rapidity as would vbe desir 
able to insure the best valvular action. 
When the chamber is small an auxiliary 
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means forstarting, as compressed air, may . 
he resorted to .and a very quick succession 
of explosions can then be obtained. The 
frequency will. be the greater the stronger 
the suction, and may, under certain condi 
tions, reach hundreds and even thousands 
per second. It scarcely need be stated that 
instead of one several explosion chambers 
may be used for cooling purposes and also 
to increase thenumber of active‘ pulses and 

.the output of the machine. 
Apparatus as lllustrated in Fig. 4 pre 

sents the advantages of extreme simplicity, 
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cheapness and reliability, there being no 
‘compressor, buckets or troublesome valve 
mechanism. ,It also permits, with the addi 
tion of certain well-known accessories, the 
use of any kind of fuel and thus meets the 
pressing necessity of a self-contained, pow 
erful, light and compact internal combus 
tion motor for general work. When the at 
tainment of the highest el'liciency is the chief 
object, as in machines of large size, the ex 
plosive constituents will he supplied under 
high pressure and provision made for main 
taining a vacuum at the exhaust. Such ar 
rangements are quite familiar and lend 
themselves so easily to this improvement that 
an enlargement on this subject is deemed 
unnecessary. 

The foregoing description will readily 
suggest to experts modi?cations both as 
regards construction and application of the 
device and I do not wish to limit myself in 
these respects. The broad underlying idea 
of the invention is to permit the free pas 

' sage of a. fluid through a channel in ‘the di 
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rection of the How and to prevent its return 
through friction and mass resistance, thus 
enabling the performance of valve functions 

‘without any moving parts and thereby ex 
tending the scope ‘and usefulness of an im 
mense variety of mechanical appliances. ‘ 

I do not claim the methods of and appara 
tus for the propulsionof ?uids and thermo 
dynamic transformation of energy herein 
disclosed, as these will be made'subjects of 
separate applications. ' _ 

I am aware that asymmetrical conduits 
have been constructed and their use pro 
posed in connection with engines, but these 
have no similarity either in their construcf 
tion or manner of employment with my 
valvular conduit. They were incapable of 
acting as valves roper, for the fluid was 
merely arrested in pockets and deflected 
through 90°, this result having at best only 
25% of the efliciency attained in the con 
struction herein described. .In the conduit 
I have designed the ?uid, as stated above, 
is de?ected in each cycle through 360°, and 
a co-e?icient approximating 200 can be ob 
ained so that the device acts as a slightly 

leaking valve, and for that reason the term 
“valvular” has been given to it in contrast 
to asymmetrical conduits, as heretofore pro 

ioosed, which were not valvular in action, 
but merely asymmetrical as to resistance. 

Furthermore, the conduits heretofore con 
structed were intended to be used in connec 
tion with slowly reciprocating machines, in 
which case enormous conduit-length would 
‘be necessary, all this rendering them devoid 
of practical value. By the use of an effective 
valvular conduit, as herein described, and 
the employment of pulses of very high fre 
quency, I am able to condense my appa 
ratus and secure such perfect action as to 
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dispense successfully with valves in numer 
ous forms'of reciprmzating and rotary en 
gines. 

The high elliciency of the device, irre 
spective of the‘ character of the pulses, is 
due to two causes: ?rst, rapid reversal of 
direction of ?ow and second‘, great relative. 
velocity of the colliding ?uid columns. As 
will be readily seen each bucket causes a 
deviation through an angle of 180°, and an 
other change of 180° occurs incach of the 
spaces between two adj accnt ‘buckets. That 
is to say, from the time the fluid enters or 
leaves one of the recesses to its passage into, 
or exit from, the one following a complete 
cycle, or de?ection through 360°, is effected. 
()bserve now that the velocity is but slightly 
reduced in the reversal so that the incom 
ing and de?ected ?uid columns meet with a 
re ative speed, twice that of the ?ow, and 
the energy of their impact is four times 
greater than with a deflection of only 90°, 
as might be obtained with pockets such as 
have been employed in asymmetrical con 
duits forv various purposes. The fact is, 
however, that in these such de?ection is not 
secured, the pockets remaining ?lled with 
comparatively quiescent ?uid and the latter 
following a winding path of least resist 
ance between theob-stacles inter osed. In 
such conduits the action cannot )e charac 
terized as “valvular” because some of the 
fluid can pass almost unimpeded in a direc 
tion opposite to the normal ?ow. In my 
construction, as above indicated, the resist 
ance in the reverse may be 200 times that in 
the normal direction. Owing to this a com 
paratively very small number of buckets or 
elements is required for checking the fluid. 
To give a concrete idea, suppose that the 
leak from the first element is represented 

by the fraction ~21?’ then after the-nth bucket 

is traversed, only a-quantity will es 
cape and it is evident that X need not be a 
large number to secure a nearly perfect 
valvular action. ' 

What I claim is: 
1. A valvular conduit' having interior 

walls of such conformation as to permit the 
free passage of ?uid through it in the direc 
tion of ?ow but to subject it to rapid re 
versals of direction when impelled in the 
opposite sense and thereby to prevent its 
return by friction and mass resistance. 

2. A valvular conduit composed of a 
closed passageway having recesses in its 

walls so formed as to permit a ?uid to pass 
freely through it- in the direction of llow. 
but to subject it to rapid reversals of direc 
tion when impelled in an opposite sense and 
thereby interpose friction and mass resist 
ance to the return passage of the same. 

3. A valvular conduit composed of a tube 
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or passageway with rigid interior walls 
formed with a series of recesses or pockets 
with surfaces that reverse a ?uid tending 
to ?ow in one direction therein and thereby 
check or prevent ?ow of the ?uid in that 
direction. 

'l“. A valvular conduit with ri 'd interior 
walls of such character as to 0 er substan 
tially'no obstacle to-the passage through it 
of ?uid impulses in onev direction, but to 
subject the ?uid to rapid reversals of direc 
tion and thereby oppose and check impulses 
in the opposite sense. ' I 

5. A valvular conduit with rigid interior 
walls formed to permit ?uid impulses under 
pressure to pass freely through it in one 
direction, but to 

‘a plurality ‘of 
4 impulses when lmpelled in the opposite di 

sulcject them to rapid re- ' 

versals of direction through 360° and there 
by check theirjprogress when impelled in 
the opposite sense. _ __ ‘ 

1 . A valvular- conduit with rigid interior 
walls which ‘permit ?uid im ulses to ?ow 
through it freely in one direction, formed at 

points to reverse such ?uid 

rection andcheck' their ?ow. 
7. A valvular conduit with rigid interior 

walls having pockets or recesses, and trans-_ j 'versely inclined intermediate ba?les to per 
mit the free passage of ?uid im ulses in one 
direction 'but to de?ect and chec them when 
im lled in the opposite direction. ' 

l); testimony whereof I a?ix my signature. 
-. ] NIKOLA TE'SLA. -' 
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UNITED sTATEs PATENT OEE-ICE. 
NIKOLA TESLA, 0F NEW YORK, N. Y'. _ 

LIGHTNIN (1f-PROTECTOR. 

1,266,175. 

To all Íwhom, ¿t may concern.' 
Be it known that I, NIKOLAA TESLA, a citi 

at New 
York, in the county and State of ew York, 
have invented certain new and useful Im 

Aprovements in Lightning-Protectors, of 
which the following is a full, clear, and eX 
act description. _ 

The Iobject of the present invention is 
vprovide lightning protectors of-a novel and 
improved design ,strictly in conformity With 
the true character of the phenomena,'more 
efficient inaction, and far more dependable 
in safe-guarding life and property, than 
those heretofore employed. 

_ To an understanding of the nature of my- 
invention and its basic distinction from the 
lightning rods of common use, it is nec 
essary briefly to explain the principles upon 
which my protector is designed as contrast~l 
ed with >those underlying the now-prevail 
ing type of lightning rod. 

Since the introduction of the lightning 
rod by Benjamin Franklin in the latter 
part of the eighteenth century, its adoption 
as a means of _protection against destructive 
atmospheric discharges has been practically 
universal. Its eíiicacy, to a certain degree, _ 
has been unquestionably establishe'd throu h ' 
statistical records but there is genera 
prevalent, nevertheless, a singular theoreti 
cal fallacy as to its operation, and. _its con 
struction is radically defective in one 4fea-v 
ture, namely its typical pointed terminal. 
In my lightning protector I avoid points, 
and vuse an entirely different type of ter 
minal. . ' ~ 

^ According to the prevailing o inion, the 
lvirtue of the Franklin type of lig tning rod 

' is largely based on the property of points or 
sharp edges to give off electrlcity into the 
air. As shown by Coulomb, _the quantityíof 
electricity per unit area, deslgnated by 1m 

“electrical density” increases as the radius 
of curvature of the surface is reduced. Sub 
sequently it was proved, by mathematical 
analysis, that the accumulated charge cre 
ated an outward normal-force equal yto 21: 
limes thc square-of the density, and experi' 
nieut has demonstrated that when the latter 
exceeds approximately 20 C. G. S. units, a 
streamer or corona 'is formed.A From these 
observations and deductions it is obvious 
that such may happen at a comparatively 
low pressure if the conductor is of extremely 

Speciiication of Letters liatent. ______‘___]?a,tentçd May 14, 1918. 
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small radius,lor pointed, and- it is pursuant ‘ 
to a misapplication of these, and other, 
.truths that the commercial lightning rod of 
today is _made very slender and pointed._ My 
invention, on the contrary, While taking 
cognizance of these truths, correctly applies 
them in the provision of a lightning pro 
tector that distinctively affords an elevated 
terminal having its outer conducting boun 

daries arranged on surfaces of large radii 
of curvature on two dimensions.A The prin 
ciples which underlie my invention and cor 
rect application of which dictate the form 
and manner of installation of my protector, 
I Will now explain in contrast Withthe con 
ventional pointed lightning rod. ' _ , 

In permitting leakage into the air, the 
needle-shaped lightning-rod is popularly 
believed to perform two functions: one to 
drain the ground of its negative electricity, 
the other to neutralize the positive of the 
clouds. To some degree, it does both. But 
a systematic study of electrical disturbances 
in the earth has made it palpably _evident 
that the action of Franklin’s conductor, as 
commonly interpreted, is chiefly illusionary. 
Actual measurement proves the quantity of 
electricity escaping even from many points., 
to be entirely insignificant when compared 
with that induced within a considerable ter 
restrial area, and of no moment whatever in 
thel process of dissipation. But it is true 
that the negatively_'charged air in the vi 
cinity of the ro , rendered conductive. 
through the infiuence of the same, facilitates 
the >passage of the bolt. Therefore it in 
creases the probability of a lighting. dis 
chargel in its vicinity. The fundamental 
facts underlying this type of lightning-rod 
are: First, it. attracts li htning, so that it 
will be struck oftener t an would be the 
building if it~were not present; second, it 
renders harmless most, but not all, of the 
discharges lwhich it receives; third, by ren 
dering the _air conductive, - and for other 
reasons. it is sometimes the cause of damage 
toneighboring objects; and fourth, on t e 
whole, its power of preventin injury re 
d'ominates, more or less, over t e hazar s it 
invites. ' ' 

My protector, by contrast, is founded on 
principles diametrically opposite. Its ter 
minal has a large surface. It secures a very 
low density and ¿preserves the insulating 
qualities of the ambient medium, thereby 

60~ 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 



10 

15 

20 

25 

30 

35 

45 

minimizing leakage, and in thus acting as a 
quasi-repellant t0 increase enormously the 
safety factor.- l '. 

For the bestand most economical installa 
tion, of protective devices according to 'my 

' invention, those factors and phenomena that 
dictate size, number of protectors and`phys 
ical qualities of the apparatusV must be 
grasped by the installing engineer, and pre 
liminarily, for full ' understanding of the 
principles of my invention, these shoilld be 
briefly explained. - ' 

- Economical installation, of course, de 
mands that the protective capability of any 
given equipment be not needlessly greater 
than is required'` to meet the ymaximum ex 
pectancies under the conditions surroundin 
the-particular building to be protected,- andl 

" these depend,- partially, as I shall show, 
upon the character of the landscape proxi 
mate'to the building site. l' 

. In _the drawings,y Figures 1 to 4: inclusive, 
are diagrams requisite to illustration of the 
facts and conditionsy relevant to the deterf 
mination of s eciíic installations of my iii 
vention, and igs. 5 to. 8v illustrate construc 

v tion and application of the protectors.‘ Spe 
cifically: v _ 

Fig. 1 is_a’_landscape suited for purpose 
of explanation; Figs. 2, 3 andiare theoreti 
cal diagrams; Figs. 5 and 6 illustrate forms . 
of improved protectors; and Figs. 7 and 8 
show buildings equipped with the same. 

In Fig. 1, 1 representsLord Kelvin’s “re 
duced” areay of the region, which is virtually _ 
part of the extended un‘ruíiled ocean-surface. 
(See “Papers on Electrostaties and M aguet 
ism” by Sir William Thomson). Under 0r 
dinary weather conditions, when the sky is 
clear, the total amount of ,electricity dis 
tributed over the land is nearly the same as 
that which would be containedl within its 
horizontal. projection. But in times of 
storm, owing to the inductive action of the 
clouds, an immensev char e may be accu 

' mulated in the locality, _t e density being 
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vnegative sense, is m2. 
l( 7’ ' ' 

mveau are exposed to ever so much more - 

greatest at the' most elevated“ ort'ions of 
the' ground. _ Assumingthis, un er the'con 
ditions existing at any moment, -let another 
spherical surface 2, ,coimentric with the 
earth, be >drawn--whic‘h maybe calleduelec-` 
tricalV niveau”-such .that thev quantities 
,stored over and under it are equal. In othery 
words,_ their algebraic sum, taken relatively 
to the imaginary surface,'in~the positive and 

Obíects above the 

risk than'those belowJ?Thus, a building atvy 
_3,'on a site_of excessive density, is apt tabel 

hit sooner or later, while one in a depression 
' 4, where the charge per unit area is very 

small,> is almost entirely safe. It "follows 
lthat ̀ the one' building 3 >requires more ex» 
tensive equipment than does the other. In 

instances,> however, the probabilitygof. 
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being struck is decreased by the presence of 
my protector, whereas it would be increased 
by the presence of the Franklin rod, for rea 
sons .that I will nowexplain. . 

An understanding of but part of the 
truths relative vto electrical discharges, and 

70 

their niisapplication due to the want of - 
lfuller appreciation has doubtless been re 
sponsible for the Frankliniightning rod . 
taking its conventional pointed form, but 75 

theoretical considerations, and the imp_ortant - 
discoveries that have been made in the.> 
course of investigations with a _wireless 
transmitter of great activity by which arcs 

~ of a volume and tension comparable _to those 
occurring in nature were obtained (“Prob-` 
lems of Increasing Human Energy” Century 
M agasz'ne June 1900 and Patents 645,576, 

'649,621, 787 ,.412 and 1,119,732) at once estab 
lish the fallacy of the hitherto prevailing 
notion on which the Franklin type‘of _rofl 
is based, show the distinctive novelty of my 
lightning protector, and guide the c’onstruc 
tor in the use of my invention. ' 

In Fig. 2, 5 is a small sphere in contact 
with a large one, 6, partly shown. Itcan 
be proved by the theory of lelectric images 
that when the two bodies are charged the 
mean density on the small one will be only 

Maxwell); In Fig. 3, the two spheres 7 and 
8 are placed some distance apart and con 
nected through a thin wire 9. This system 
having been excited asbefore, the density onv 
the'small sphere is likely to be many times 
that on the large~one. Since both are at 
the same potential it follows directly .that 
the densities on them will be inversely as 
their radii___of curvature. If the density of 
7 b_e designated as d and the radius 1', then 
the charge g=41w2d, the potential prima 
and the outward force, normal to the sur 
face, )hi-2MP. As before stated, when (l 
surpasses 20 C. G. S. units, the force f be 
comes su'íiiciently intense to break down the 

dielectric an‘da streamer'or corona appears. 
In this case ¿0:80am Hence, with a sphere 

A of one -centimeter radius disruption would’ 
.take place at a potentialnp=801cl=251~328 

E. S. units, or 75,398.4 volts. In reality,`the~ 
dischargeV occurs at a lower pressure .as a 
consequence of uneven distribution on’> the 
small sphere, the density being greatest on 
the side turned away from the large one. 
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_times greater than that on the other, (See 
“Electricity ami M agnetísnt” by Clerk Y 
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In this respect the behavior of 'a pointed ' 
conductor is just the reverse. Theoretically. 
it mèäht erroneously be inferred from- the 
prec ing, that sharp projections would per 
mitl _electricity lto escape- at the lowest po~ 
tentials, butthis does not follow. The rea 
son willbeclea-r from an inspectionfof Fig. 
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4, in which such a needle-shapedconductor 
l10, is illustrated, a minute portion of its 
tapering end being 'marked 11;* Were this ’ 
portion removed from the large part 10 and 
electrically connected with the same through 
an infinitely thin wire, the charge would be 
given off readily. vBut the resence of 10 
has the eifect of reducingt e capacity of 
11, so that a much lhigher pressure 4is re 
quired to raise Vthe density to-.the critical 
value._ The larger the body, th_e morepro 
nounced is this influence, which is also de-Í 
pendent on configuration, andis maximum 
for a sphere. When the same is of con 
siderable size it'takes a much greater elec 
tromotive force than under ordinary circum~ 
stances to produce streamers from the point. 
To explain this apparent anomaly attention 
is called to Fig. 3. 'If the radii of the two- 

spheres, 7 and 8, be designated r and _Bre 
spectively, their charges g and 'Q `and the 
distance between their centers D, the po 

' tential at_7, due to Q is `But-77 owing to 
_25 

30 

the metallic' connection 9, is at the pot'el'itial-y 
2 

Q q 

When D is comparable to R, the medium 
' surrounding the small sphere will ordinarily 
AVbe at a potential not much different from „ 
that of the latter and millions of volts may 
have to be applied before streamers' issue, 
even from sharpprotruding edges. yIt is 
important to bear this in mind, for the 
earth is but a vast conducting globe. It 

i follows that a pointed lightning-rod must 

, posed emissive effect, is in part neutralized__ 
by the increasing size below the eXtreme end, 
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be run far above ground in order to operate 
at all, and from the foregoing it will be ap 
parent that the pointing of the end, for ¢sup 

and the larger the rod, for reduction of elec 
trode resistance, the more pronounced is this 
counter-iníiuence. ’ For these reasons it is 
important to .bear in mind that su?licient 
thickness of the'rodfor very low electrode 
resi’stance is rather incompatible with the 
high emissive capability sought in the nee 
dle-like Franklin-rod, but, as hereinafter 
set forth, it is wholly desirable in the use 
of‘my invention, wherein the terminal con-' 
struction is intended for ' suppression of> 
charge-emission rather than to foster it. 

The notion that Franklin’s device would 
' be effective in dissipating terrestrial charges 
'may be traced to early 

6.0 
' insulated electriíied body. But the inappli- _ 

experiments with 
static frictional machines, when a__needle 
was found capable of q-uickly draining an 

cability of this fact to th'e conditions of 
lightning protection will be evident from 
examination of the simple theoretical prin 
ciples involved, which at the same time sub-. 

8 

stantiate >the desirability of establishing 
protection by avoiding such drainage. 'The 
density at t e pointe end f should be in 
:versely as -the radiusof curvature of the 
surface, fbut such -acondition is unrealizable. 70 
Suppose Fig. 4 to represent a conductor of _ 
radiusV 100.times lthat of the needle; then, 
although its' surface per unit length is 
greater 1in the. same radio, the capacity isv 
onlydoubl'e. Thus, while twice the quan 
tity of electricity is stored, the density on/- 
‘the rod is but one-fiftieth of that on the nee 
d'1e,_from >whichit follows that the' latter 

75. 

is far more eßicient.“ But the emissive power - 
of any v_such conductor is v circumscribed. 
Imagine that the “pointed” (in reality blunt 
or rounded) end- be continuously reduced in 
size so yas to approximate the ideal more and 
more. Duringthe process of reduction, the 

-den/sity willbe increasing as the radius of 
curvature gets smaller, but in a proportion 
distinctly ess than linear;` on «the other 

hand, the area ofthe extreme end,l that is, 
v the section through which the(- charge passes 
'out into the air, will be diminishing as the 
square _of the radius. This relation alone 
imposes a definite limit to the performance 
of a pointed conductor, and i‘t should be 
notice that the electrode-resistance would 
be augmented at 'the same time. Further 

~m0re, the eiîicacy of the rod is much vim 
paired through potential due to the charge 
of the ground, as has been indicated with 
reference» to Fig. 3. Practical estimates of 
the electrical uantities concerned in natural“ 
disturbances s ow, moreover, how absolutely 
impossible are the functions attributed to' 
the ointed lightning conductor. A single 
clou' ma contain 2><1012 C. G. S. units, or 
more, in ucing in the earth an equivalent 
amount, which a number of lightning rods' 
could vnot neutralize in many years. Par 
ticularly to instance conditions that may 

Ihave to be met, reference is madeto the 
Electrical World of March 5, 1904, >wherein 
it ap ears that upon one .occasion approxi 
mate y 12,000 ,strokes occurred within two 
hours within a radius oflvless than 50 kilo- » 
meters from the pla/ce of observation. _ 

But although the pointed lightning-rod 
is' quite ineíl’eëtive’in the one respect noted, 
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it has the property of attracting lightning 
to a high degree, firstly on account of its 
shape and'secondly because it ionizes _and 
renders 'conductive the' surroundin air. 
This has been unquestionably’establis ed in 
long continued testswith the wireless trans 
mitter above-mentioned, and in this feature 
_lies the chief disadvantageA of the Franklin 
type of apparatus. ,_ f ` 

All ,of> the foregoing serves to show that 
since it is utterly impracticable to effect an 
equalization of charges emissively through 
pointed lightning-rods underithe conditions 
presented 'by the vast :forces of naturev great 
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improvement lies in the attainment of---a 
minimized probability 'of lightning stroke 
to the area' to be rotectedcoupled with 
adequate conductivlty to render harmless 
those strokes that may, notwithstanding, 
occur. . 

Furthermore, la correct’itpplication ofthe 
truths that have thus been explained with l 
reference to the familiar pointed type of 
lightning-rod not only substantiates the 
theoretical propriety of the form 'in which I 
develo my improvedlightning protector, 
but wiil lead the` installing engineer properly 
to take cognizance of those conditions due 
to location of the building, with respect to 
surrounding earth `formati/ons and other 

` buildings, probabilities of maximum poten 

20 

tial-differences and charge-densities to be ex 
pected under the prevailing atmospheric 
conditions of the site, and deslrable electrode 
resistance and capacities of the- protectors 
installed. ` 

The improved protector, as above stated, 
' behaves in ama-nner just opposite to the 

25 Franklin type and is incomparably safer for 
this reason. The result is secured by the use4 
of a‘terminal or conducting surface of large 

' radius of curvature and suflicient area to 
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make the density very small and thereby A 
prevent the leakage of the charge and the 
ionization of the air. The device may be 
greatly varied in size and shape but it is es 
sential that all its outer conducting elements 
should be disposed along an ideal enveloping 
surface o’f large radius and that they should 
have a considerable total area. . 

In Fig. 5, Fig. 6, Fig. 7 and Fig. 8, differ-À 
ent vkinds of such terminals and arrange 
ments offsarne are illustrated. In Fig. 5, 12 
is a cast or spun metal shell of ellipsoidal 
outlines, having on its underV side a sleeve 
with a bushing 13 of orcelain or other in 
sulating material, a apted to be -~sl1ppe_d 
tightly on a rod 14, which may be an orda 
nary lightning conductor. Fig. 6 shows a 
terminal 15 made up. »of rounded or fiat 
metal bars radiatin from a central hub, 

and in electrical contact with the same. The 
special object of this type is to reduce the 
wind resistance, but it is essential that the 
bars have a sufficient area to insure small 
density, and also> that they are( close enough 
to make the aggregate capacity nearly equal 
to that of a continuous shell of the same out 
side dimensions. In Fig. 7 a cupola-shaped 
and earthed roof is carried by a chimney, 
serving in this way the twofold practical 
purpose of Íhood and protector. Anykind 
of metal may be used in its construction but 
it is indispensable that its outer surface 
should be free of sharp edges and projec 
tions i’rom which streamers might emanate. 
In like manner lnuiiiers, funnels and vents 
may be transformed into effective lightning 
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protectors if equipped with suitable devices 
or designed in conformity with this inven 
tion.' Still another modification is illustrated ' 
in Fig. 8 in which,~-instead of one, four 
vgrounded barsare provided with as many 70 

s un, shells or attachments 18, with the ob 
vious obj ect of reducin the risk. 

From the foregoing 1t will be clear that in I 
all cases the terminal prevents leakage of 
electricity and attendant ionization of the 
air. It is immaterial to this end whether it 
is insulated'or not. S ‘ould it be struck the 
current will pass readily to the ground either 
directly or, as in Fig. 5, through a small air 
gap between 12 and 14. But such an acci 

75. 

80 

dent is rendered extremely improbable ow- v 
ing to the fa‘ct that there are everywhere 

"` polnts and projections on which the terres 
trial charge attains a high density and where 
the air is ionized.y Thus the action of the im-V 
proved protector is equivalent to a repellant 
force. This being so, it is not necessary to 
support‘it at a great height, bu the ground 
connection should be made wit the usual 
care and the conductor leading> to it must be 
of as small a self-induction and resistance as 
practicable. l \ ' ' 

I claim as my invention: 
1. A lightning protector consisting of an 

elevated terminal, having its outer conduct- 
in boundaries arranged on surfaces of large 
raäii of curvature in both dimensions, and a 
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grounded conductor of small self-induction, ' 
as set forth. 

2. A lightnin . protector composed of a 
metallic shell o large radius of curvature, 
and a grounded fconductor of small self-in 
duction, as described.f ` 

3. Apparatus for protection against at 
mospherlc discharges comprising an earth 
connection of small resistance, a >conductor 
of small self-induction and a terminal car 
ried by the same and having a large radius 
of curvature _in two dimensions as. and for _ 

' ` -110 

the purpose set forth. > 4. -In apparatus for prgtection against at 
mospherie discharges an insulated metallic 

_which is supported lrectly on a similar rod shell of large radius of curvature supported 
b a grounded conductor and separated from 
t e same through a small air-gap as, and for 
the purpose described. y ' A 

5.’A` lightning protector comprising, in. 
combination, an elevated terminal of large 
area and radius of curvature in two dimen 
sions, and a grounded conductor of small 
self~induction, as set forth. ' j 

6. In ap aratus for protection against 
lightning discharges, the combination of an 
elevated metallic _roof of large area and 
radius of curvature in two dimensions, and 
a grounded conductory of small .self-induc 
tion and resistance, as described. 

7 . As an article of manufacture a me 
tallic shell of large radius of curvature pro 
vided with apsleeve adapted for attachment 
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to a lightning rod as, and for the purpose 
set forth. 

8. A lightning protector comprising an 
ellipsoidal metallic shell and a grounded 

5 conductor of small self-induction, as set 
forth. . y ‘ 

9. In apparatus for protection against at# 

mospheríc discharges a cupola-shaped me 
tallic terminal of smooth outer surface, in y 
combination with a grounded conductor of 10 
small self-induction and resistance, as de 
scribed. 

In testimony whereof I aiiix my signature. 
NIKOLA TESLA. 
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SHIPS LOG'. 

Specification of Letters Patent. Patented sept. 2, 1919. 
yAppiiaanm mea December 1s, 191e. seria; No. 137,690. l 

' To all 'whom z't may concern: 
Be it known that I, NIKOLA TEsLA,` a citi 

zen of the United States, residin at New 
York, in the county and State of ew York, 
have invented certain new and useful Im 

' provementsy in Ships’ Logs, of which _' the 
" following is a full,‘_olear, and exact descrip 

10 

tion. , 

My invention provides a ship’s log of 
novel and- advantageous construction p andv 
operation, deslgned to give instantaneous _ 
rate-readings, as in knots, or miles per hour. 
The> customary log is trailed "astern, twisting 

. the Hexible connector that drives ayrevolu 
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tion-counter on the vessel, and many dis 
advantages of such arrangement are obvlous. 

In my_lnstrument I comblne very advan 
tageously a propeller rotatable proportion 
lately 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. l ' 

In the drawings, Figure 1 diagrams Íthe 
log in use; ' , . 

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 asection on line 5-5 of Fig. 2. 
Fig.' 6‘ shows in section a turbine form 'of 

propeller, and 'A . 
Fig. 7 is a section on line _7 -7 of Fig. 6. 
To the vessel 10, preferably near its bow, 

lis 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 13 is mounted, its casing 14, 
that carries all of the moving parts being 
detachably secured, as by screws 15, to the 
top-flange- 1,6 ofthe barrel. «A boss 17 on 
the underside of casing 14 supports the ball 
bearing 18 for the primary element 0f the 
indicator and a seal 19 for its fiexible drive- 'i 
shaft 20 that connects'pre'ferably throu h a 
slip-'joint squared union, 21, to a prope ler 
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 
housmg 26 that fits neatly in lthe barrel and 
is'held in register with' ports 27 “ and 28 ‘by 
guide-ribs 29. Such a propeller drives the 
shaft v20 through bevel gears 30. 

More advantageously in some respects, 
however, a .turbine propeller of simple con 
struction inay be employed, as shown in 
Figs. 6 and 7. The rotorin this instance 

i has a vertical shaft 23’ and the wheel 22’ 
is formed of thin, parallel, closely-spaced 
disks each having a centrall opening.y The 

_wheel is arranged in af 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 een 
tral oriìices of the disks. This type of 
construction has many advantages due to its 
reliability and eñiciency, but preferably it 
should be constructedto permit the disks 
and casin to be readily cleaned, Vcasing 26’ 
being ma ein two horizontal sections bolted 
together as at 33, each section having a de 
tachablel head~ 34. ' . 

A fiexible and ' longitudinally elastic 
sleeve, 35, of coiled strip metal is fastened 

À 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 ropeller 

` mechanism is supported from the indicator 
casing for removal therewith. 

> By suitably constructing the submerged 
parts of bronze, enameling them, or other 
wise making them substantially -immune to 
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corrosion, adequatev durability is attained, ' 
and the facility of removal for cleaning, 
oiling, repairs, etc., .makes the under-water 
parts easy to maintain in ood order. The 
pliant shaft7 slip-connecte at one end and ' 
its stout protective sleeve, strong yet fiexible 
and extensible frees the bearings from strain 
and makes the connection uniformly etli 
cient under changes of ‘conditions asI to 
temperature, etc. 

The speed indicator 13 preferably pro 
vides as its primary element 41 a multiple 
walled cup,y 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 
contactìng relation for transmission of turn 
ing effort from the on'e to the other through 
intervening films of the casing-contained 
?luid medium, as air, in approximately linear 
Isiroportion to the speed of the primary. 

pecifically the` secondary cups arey de 
pendent from an arm 43 projecting from 
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spindle 44,- having jewel 'bearings in yoke 
,45 carried by bridge-piece, 46, that spans 
the casing 14, and the dial y47., calibrated 
according to a suitable constant to read in 
knots, or miles per hour or other units of 
rate, is 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 
catìon~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 
peratu're changes and other extraneous in 
?uences,A gives adequately accurate readings 
in the desired terms, showing instantaneously 
changes of the vessel’s speed. 

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 tothe 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.> - » 

42. In a ship’s log,_a’barrel, a speed in 
dicator having a casing secured detachably 
to the upper or'observ'ation end ofthe barrel, 

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 indicatoncasing. 

3. In a ship’s log, the combination of a 
barrel having Wateriiow 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 housinfr for the propeller, 
said housing being smal er 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 en_d -of the barrel, a propeller h av 
ing a housing and adapted to pass through 
the barrel, there being registering open 

,ings nearïthe 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 vflexible 

and axially expansible sleeve connecting the 
)ropeller housin and the indicator casing 

lor extraction o the propeller parts when 
the speed indicator is removed from the 
barrel. ` 

In'testimony whereof I affix my signature. 
NIKOLA TES'LA.. 
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NIKOLA TESLA, OF NEW YORK, N. Y., lA_SSIGNOIR. T0 WÀLTHAM WATCH COMPANY, OF 
'WALTHAIIL MASSACHUSETTS, A CORPORATION OFTMASSACHUSETTS'. l 

1,274,816. Spammers raient. Patenten- Aug; c, asia.v 
A_ppiication' med December 1a, 191e. semina. 137,691. 

ments respectively adapted to measure rela 
tively high and' .low speeds, but nevertheless 
1t >1s ltrue that although such instruments,- 

To’aZZ whoml ¿t may concern.' _ _ 
Be it known that I, NIKOLA TEsLA, a citi 

zen of the United States, residing at New l 
55 York, in the county and State of New York, whenebuilt for high-speed indication, may 

5 have invented certain new and useful Im- be of sturdy construction, fthey must, when 
provements in Speed-Indicators, of which l'designed for low-_speed ._measurement, be 
the following is a full, clear, and exact de- built with ,great wprecision and delicacy. 
scription. _ _ ’_ ` This because -the inertia of. the secondary » ~ 

Among the desiderata of speedometer con- element must be kept extremely small for 6o 
10 struction are these: that the torque exerted desirable> promptness ,of response to very 

upon thel secondary, or indication-giving, slow starting speeds and consequent feeble 
element shall be linearly proportional to the` ness of the turning effort. In some in 
speed of the primary member rather than stances, therefore, it is highly desirable to 
to the squarevof the speed (as instanced in employ a . transmitting medium Agiving ‘ a 65 

15 'centrifugal speedometers) ; , that the tor- much greater torque than air with concomi 
sional effect at low speeds shall be strong' tantextension of the low-’range of accurate 
and steady so that particular delicacy' of _speed reading, quickness of response, prac' 
construction may ‘not be necessary and that ticable decrease of size of parts and lessen- . 
minute causes of theoretical errors (such as ing of sensitiveness 'to disturbances such as 7o 

20 bearing-friction, spring-inequalities andthe vibration ofthe instrument as a whole. . 
- like) may be negligible-in effect; 'that the. All of the stated objects _I accomplish by 

torque ymay be substantially unaffected by employing as' the torque-transmitting rne-Y 
'changes of extraneous conditions, as of tem- ' dium between the driving and drive‘n' ele 
perature, atmospheric density and magnetic ments a body of suitable'liquid, (e. g., mer- 75 

25 influence; that theinstnumentbe inherently cury) under conditions (as set forth in my 
` dead-beat and relatively insensible to 'rîîe- prior application referred to) proper _ to 

chanical vibration;v and that ruggedness, secure linear proportionality of- deflections, 
simplicity and economy, for attendant dura- l. and, further, by makingprovision automati 
bility, manufacturing facility 'and low cost, cally to compensate for the changes in the 80 

' . 30 be attained. My present speedometer real- Viscosity of the liquid thataccompany varia- ‘ 
izes these advantages and provides, also, an tions of temperature’. ,The latter equipment 
appliance that vis suitable for great, as w_ell’_` is unnecessaryl in my airldrag speedometer, 
as very small, velocities, exact in its read- \but mercury and other liquids of relatively 

_ ings, uniformly >graduated as to scale, and great,4 density that might be employed for 85 
35 unaffected by changes of temperaturek or. -my present purposes have not the quality - 

pressure within as well as without. _ lof approximate self-compensation _for tem 
f. „5., In my .PatentlNa 1,209,359„'dated Decem- perature changes'that iii-heres in air, owing c 

vi 1_ `_- f’lber .519, 1916, I have _ described a new'ïtype to thefact that the viscosity of such a liquid 
' fof speed'measuring’instrumentl wherein the decreases rapidly as its temperature' rises, 90 
4Q" adhesionand viscosity-of a gaseous medium, :and so to a successful “mercury-drag? in# 

' - preferably air, is utilized "for torque-trans- strument temperature compensationis req 
-_missionfrom _a'primary driving to a second-` uisite. y j Y. w , ' _ 

_ _ary pivoted'and torsionally restrained memY-> ,` -The underlying Yideas of this invention 
' '- -ber~undeì- conditions such'tlâiafl the rotary , canv be carried out in_various ways and. are. 95 

_* ' 4b effort exerted upon the' latter is linearly pro- >capableof many fvaluable uses, but for? pur- _ 
` portionalÍto the rate of 'rotation ofythe for- poses of .disclosurewspecific reference- to a , 

- mer. The principles of that _inyention find form of speed indicatordesigned for use on 
v lplace in mypresent construction. Such _“air an- automobile is "adequate._ _. ' ' ` ' ' 

. ~ drag”’speedometers have been found capable As inthe structure described 1n _my stated 10_0 
. application, y, yI provide driving and' pr' _ 

membei'sf'witli' confronting, closely- ' driv n 
50 of.meetlngsatisfactorily the commercial re 

ql irements for both large -and small instru-_’ 



adjacent, non-contacting, smooth, annular 
' friction surfaces, o_o-acting for transmission 

of torque throughd the viscosity and adhesion 
of interposed thin ñlms of a suitable me 
dium~in this case mercury-under condi 

` A tions to prevent. free exchange of fluid acting 

l15 

' zo 

- tain this compensatory 
25 

~30' 

-lon the system, to prevent its local circula 
tion and eddying, to maintain its fiow calm 

' and non-turbu`lent,"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~ the secondary to 
the speed oflrotation ofthe primary element 
under given temperature conditions. Addi 
tionally, by suitable construction 1 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 ll believe likely to occur in 
the practical use of the instrument. 1 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 proportion to 
changes of VViscosity of the medium, and as 
a preferred >specific means to this end, 1 
dispose a body of the liquid beyond, but 
communicating with, the active portion of 

» the liquid medium and of 'such quantity 

35 

.4@ 
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that, in effectively thesame measure as vis- ‘ 
cosity and, consequently, thev torque is di 
ininished ’or increased with) temperature- 
changes, theactive liquid-contacting area of 
the secondary member' is enlarged or reduced 
owing to the expansion or contraction of the 
Huid. » > ` r. . - ~ 1 

_ lin the drawing Figure 1 isa top View of 
_a speedometer; -' f ` ~' j ‘ '. 

Fig. -2 is a central vertical section there 
through; ` 

Fig. 3 shows .a’springA adjusting arrange- , 
_ , ment; and 

>te 

60 

Y 16, connected at ‘it-sf 

that by 

Fig. 4C and'Fig. 5 arekdiagrams explana 
toryof the compensatingprinciple. ‘ 

’ In 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 me ber 12 is mounted on 
a spindle 13, journale in jewels 14 and 15 
of negligible friction, for -pivotal ldisplace 
mentfagainst the restraint of a spiral spring 

ends respectively to 
fixed support 17 and spindle-collarj '18, so 

pivotal displacement of the second 
ary cylinder aggainst the resisting spring 
tension, the torsional 'effort exerted on the 
secondary member` maybe measured. The 
spring iis ~such that its> displacements are 
inearly proportionate to the force ap lied. 

Thelower :portion 19, of the cup-chamberA is 
f . 

temperature-e?‘ccted ' 

, change of temperature, 

- have ascertained, can 

' tionless). 1t will ~ 

conditions .the activearea -Will increase as i' 
[the volume ofthe fluid.4 Perfect compensa 

y Lamela 

a reservoir ñlled with the liquid, 20, as mer- ce 
cury, and the liquid normally extendsl part 
way up> the very narrow interspace21vb’e 

contact with less tween the'two elements to 
' than the whole of their confronting friction 
surfaces. With mercury as the medium, in 
an instrument with a sec ndary cup _of one 
inch diameter I find an interspace-wldth of 

.0.05 inch to be satisfactory. 
1t will now be seen that when shaft '11 is 

rotated the mercury in the' cup is entrained 
and in turn produces v a drag upon the 
pivoted member 12, the torsional eH'ort 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 betweenthe rotated and 
pivoted surfaces. 1f ’v be coefficient -of vis 
cosity, A the active area, sI the speed and d i 
the distance between the Juxtaposed lrotating 
and pivoted surfaces, all of thequantities 

twisting force ` 

F = gdm dynee.y 

Whemthrough changes in the external con 
ditionsor work performed `on the Huid, the 
tbmpcratureof the same is raised, two ef 
fects, separate and distinct, are produced.' 
In the first place, the viscosity is diminished 
according to acertain law, reducing‘corre 
spondingly the torque, on the other hand, 
-the fluid expands thereby enlarging the 
areas of the active, or liquid- contracting, 
surfaces of the elements with an attendant 
increase of rotary eii‘ort. Obviously, then, if 
it is possible so `to relate these actions that 
they mutually annul each other upon any . 

sation- Vmayv` be obtained.4 _ This result, l( 
be almost perfectlyv 

realized with a liquid, as mercury, by prop 
erly proportioning'the volume of the cham 
ber-contained, or compensating, component 
20c ó'f the liquid and the cömponent 2O”l of 
the -liquid in the interspace 21. With a view ‘ 

-to simplifying this explanation, be it _sup 
posed that _the force F is wholly -due tothe 
liquid component 20al (the drag exerted on 
the bottom face of cylinder 12 being assumed 
to be negligible and the bearings to be,V fric- f 

evident that 'under these 

tion would require that upon a rise of tem 
-`perature, the active area, and therefore the 

torsional effort, lie-augmented in_the same 
ratio as viscosit 'is diminished. In other ” 
words, the percentage of decrease of vis- „_ 
cosity divided by that 
should be the same for alli temperatures. 
Attention is called to the table _below show 
ing that, with nierçur as the medium, ,the 

85 >being expressed> in proper units, then the 

it@ 

@a 

ic@ a complete vcompen 

tot 

l1@ 

'ne , ¿ 

120 

ofi-increase of area 125 



1,274,010 

value of this fraction atordinary tempera 
tures is about, or not far from, 20. 

Percentage Percentage 
Tempera Volume Viscosity » Value of 

‘5 me o. 010010. 0101110. “iäcäf‘se "fî‘ìcïfase ratio. 

i T V v a b ä 

10 _20 0.990304 0.010400 _0.3030 _0.2713 22.75 
_15 0.997273 0.010038 _0.2727 _0.1029 22.383. 
_10 0.990102 0017001 _0.1310 _4.0074 Á22.04 

“3 3333333 3333333 “039m "3m- 3333 
5 1I000909 0010003 0.0909 1.9107 .21102 1 

i3 333433? 3333333 33333 37633 i333 . . .55 . 

15 20 1.003030 0 015702 0.3030 7.2700 20.00 

33 3333333 3333333 33333 83333 3333 
35 1Í000305 0014937 0Í0305 1211410 i 19107 
40 1.007275 0014000 0.7275 13.0470 13.75 
45 1.000135 0 014433 0.8105 15.1031 18.45 
50 1.009095 0014194 0.9095 10.5073 10.15 

20 
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 
other reducing, the torque, will approxi 

vmatel balance. `This fact is borne out by 
' practlcal tests and measurements, which 

25 

have demonstrated that by constructing for- 
‘ this volumetric ratio defiections very closelyl 

30 proportionate to the speed are obtained 
through a range of temperature variations 
far greater than ordinarily occurring. For 
commercial purposes it is quite suiiicient to 
employ a ratio of approximately the stated 

35 value as the _error involved in al 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 
' torque; first, changes in lthe volume of the 

‘ reservoir; second, in the distance between 
_ the opposed surfaces; third._in >active area 

and, fourth, `in `.velocity._ Increase in the 
45 formertwo tend to diminish, the latter to 

augment, the viscous drag. A satisfactory 
ratio in a'c'ylindrical type of instrument 
has been found to be about 24. . 

Fig. 5 illustrates a_ different arrangement, 
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. l In 
this case a spindle-'carried disk 12’ serves as 
a secondary element, ',while the primary 
member consists of a hollow shell 10’ with 

1 annular surfaces 23 4confronting the disk 
Asurfaces and encompassed by an annular 

50 

chamber 20', so that under rotation the mei'-. 
60 __cury body fills the chamber and occupies 

peripheral Vportions of the interspaces 21 
between the ñat confronting surfaces.. It 
is lhardly ynecessary to remark that since 
there are two such interspaces 21, the cal- ' 

__ moving parts. 

tion _of the walls, which slightly modify the- 

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. 

' vIn Figs. 1 to 3a 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 

The driving. shaft 28 carries 
a cylindrical cupl 29 in the bottom of which 
is screwed aplug 30, turned down as 31 for 
the purpose of providing thereservoir 32. 
rl‘he cup 29 is closed, at its upper end by a 
tightfitting cover 33, having an upwardly' 

66 
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75 

extending shank 34, carrying a pinion 35 to 80 
'\ drive suitable'wheelwork 36 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 tov 
slender spindle 41 mounted in jeweled bear 
ings 42 and 43, respectively `carried in» a' 
cavity_ of plug 30 and by a frame arm 434. 

00. 

A running bearing 42 can' usually be em- l 
ployed’ without detriment,-but a fixed bear 
ing may be used if desired. v'll‘he’weight of 
the secondary member with its 'movable at-- 
tachments should -'be so determined 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 ofa frame plate45, hav-’ 100 _ 

lfast on the spigldle 41 and the other to. ay A 
vsplit 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 vfreed suíiiciently for adjustment to 
bring vthe spindle-carried indicator y49 to 
point to zero of- the graduated scale 50 that, 

-105 

if all of the principles of my invention are f 
best embodied, may be made uniformly 
graduated. AThe scale is carriedv on plate 

110 
45 and, together with the support 43', is ' 
held lin place by a rim 53 that suitably Acar 
ries the glass cover 52. The odometer may`~ 
have any suitable number of indicating ele 
ments of diHerent orders suitably geared, 
the two hands ‘54 and 55 swee ing over 

graduated dials 56 and 57, typi ying any 
suitable construction. " -- - . 

It will be apparent _thatthehigh -torque 
at low speed developed through the mer 
curial transmitting medium makes the in 
strument very eíective as one for use on 
automobiles, and while it is'true that with 
a heavy fluid, as> mercury, the range of ve~v 
locity of the mediumv throughout which pro’ 
portionality of torque to speed, under the 

115 

120 _' 

1:25 

described conditions, is> rigorously linear - 



il@ 

falls below-the range available where air is 
~the medium, a-construction presentingthe 
friction surfaces of the elements in a cylin 
der-form as suggested in Figs. 2 and 4 per 
mits of the use of a suitably constructed de 
vicel with a small-diameter secondary to 

-measure very high speeds Without imparting 
to the medium a linear velocity beyond its 
stated range. 
mercury in Ithe present’described instrument 
(or other rotary devices) itis important 

’ that the mercury be pure, the surfaces con 

it 

25 

30 

35 

tacting therewith smooth, clean and non 
granular (preferably nickel-plated'or made 
of non-corrosive, high grade steel) to mini 
mize abrasion Aand keep the mercury clean, 

l.and that the linear velocity of themercury 
be kept low, preferably below six feet per 
second, in order that it may not break up into 
minute droplets or apparently-powdered 
form. ' . , ` ` 

What l claim is: l j 
l. In combination, driving and driven ele 

ments, having - opposed, closely-adjacent, 
non-contacting frictionpsurfaces’; a liquid, 
body interposed between active areas thereof 
through which the driving element fric-- ~ i 

' driving andv movement-resisted driven ele 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-eñected va 
riations in viscosity of Ithe liquid. l A 

2. ln a temperature-compensating speed 
indicator, the combination of variable speed 
primary and movement-restrained secondary 
elements that arel suitably supported for 
separate movement and have opposedfric 
tion surfaces in close but non-contacting 

Í juxtaposition; an interposed liquid body 
40 

45 

5@ 

'contacting normally Awith 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 
eñ’ected variations o’f liquid viscosity. 

3. ln a temperature-compensating speed 
_ indicator, the combination of variable Speed 
primary and movement-restrained secondary 
elements that are suitably supportedV for 
separate movement and have opposed closely 
adjacent non-contacting friction surfaces; 
an interposed liquid body and thermo-re 

For the successful use ofl 

invasie 

sponsive means for varying the active areas 
of said surfaces inv predetermined 'propor 
tion to thermally-eñ'ectedychanges ofgliquid 
viscosity. dit' 

4.- lfn' a temperature-compensating" speed' ’ 
indicator, thecom'bin'ationj of variable speed 
primary and movement-restrained secondary ' 
elements -that are suitably supported for 
>separate movement and have opposed 
closely-adj acent non-contacting friction vsur-_ 
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 Vthermo-effected 
changes of liquid viscosity. i -_ . " 

5. The combination with driving and 
driven elements 'having opposed, closely 
adjacent, non-contacting friction surfaces 
and an interposed liquid body contacting 

60 

65 

with active portions thereof, of a compen- l 
sating liquid body communication with thev 
saidv interposed or. active one, and propor 
tioned to vary the effective contact area of 
the acti-ve liquid 'approximately inversely 
to its temperature-eñ'ected viscosity changes. 

6. The combination with freely mova’ble-` 
d@ 

ments, having friction surfaces in opposed, _ 
closely-adjacent non-contacting relation, of n ~ v 
means providing a reservoir, communicat 
ing with the interspace between said ele 
ments, and a liquid body having a reservoir 
filling component and an Aactive-torque 
transmitting component that normally, 
partly occupies said interspace, these com 
ponents proportioned? volumetrically for 
temperature-edected change ofthe contact 
area of the.active component in approxi 
mately 

. linv a temperature-compensating Spee 
indicator, the combination of a freely rota 
table cylindrical cup; a> cylinder-formed 

inverse ratio to the attendant- 
changesof liquid viscosity. - - 

@El 

ou> 
member in- the upper -_ portion thereof,A 

the cup below the pivoted'member and eX 

vpivoted and springïrestralned; and a body ; 
of mercury ñlling the reservoir-portion of ‘ y ` 

En@ _ 

tending partial-ly in the narrow interspace ' 
between-the cup and cylinder.' 

llntestimony whereof lf a?x my si ature. j ` 
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METHOD OF AERIAL TRANSPORTATION. 
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The utility of the aeroplane as'a means of 
transport is materially lessened and its com 
mercial introduction greatly hampered ow-. 
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 landing is a considerable fraction of that‘ 
in full ?ight,‘ and the principles of‘ design 
do not admit of a vvery great advance in 
this respect without sacri?ce "of some de 
sirable ‘feature. For this reason planes of 

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

30 

CO vl 

?ectors of'the slip-stream of thepropeller, 
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 equipv the‘ machine with .special 
appliances and provide suitable facilities at 
the terminals of the route, all ofwhich en' 

_tail numerous drawbacks and difficulties of . 
a serious nature. 80 imperative has it be 
comev to devise?some. plan of doing away 
with .these limitations of the aeroplane that 
the consensus of expert opinion, charac 
tcrizes the problem as one of the most press 

‘ mg and important and its practical solution 
is eagerly awaited by those engaged in the 
development of the art, as well as the gen 
eral'public.v ' ' 

-Many attempts have been made to this 
' end, mostly based on the. use of‘ independ 

’ ~ tlie ‘aerial 
4 0 

out devices;f0r the express purpose of facili 
tating and insuring the start and?nish of 

journey, but the operativeness of 
the arrangements roposed is not conclu 
sively demonstrate and, besides, they are 

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, 

yet. been‘achieved. Evi 

nnderStanding of the subject. , 
The prospects of a ?ying machine of this 

kind appear at ?rst attractive, primarily be 

to the inadequacy ‘of the' 

_ _ an elucidation of. 
I WhlCh is deemed necessary for the clear. 

60 

cause it makes possible the'carrylng of greats 
loads with a relatively small expenditure of 

\ energy.- This follows directly from the 
fundamental; laws of ?uid propulsion, laid 
down by W. "T. M. Rankine more than ?fty 
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, I ' 

’ T=Z(mv)'. 

air set in motion is 

E=zGim= a 
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 aggregate mass of the particles 
and reducing their velocities. Taking a 
special case for illustration, if 

.under given conditions be ten pounds per 
horse-power, then a hundredfold increase of 
the mass of air, accompanied by a reduction 
of its e?’ective velocity to one~tenth, would 

‘produce a force of one hundred pounds per 
khorsepower. But the seemingly great gain 
thus secured is of little signi?cance in avia 
tion, for the reason that a high speed of 

the thrust -' 

70' 

75' 

I On‘ the other hand, the kinetic energy of the. ' 

80 

objectionable, constructively or otherwise, to 
s’uchan extent that builders of commercial 
apparatus-have so far not considered them 
of. sufficient value to den I'I‘t- from present 

- practice. ' - \ .~ 

@ More recently,_professional attention 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 througlyythe instrumentality of the 
propeller‘: v‘alone. However, although this 
idea is quite oldand-not a‘few-e erts have 

" endeavored to carry it out in various ways, 

: travelis generally an essential requirement. 
which can not be ful?lled _. except by 
propelling the air at high velocity, and 

' that obviously implies a “relatively small 100 
thrust. . ~ , ‘ 

, Another quality commonly attributed to 
the helicopter isgreat stability, this being, 

4 

a ~pare'ntly, a logical inference judging from 
tliie location of the centers of gravity and 105 - 

- pressure. It will be found, though, that con 
trary to this prevailing opinion the device, 
whilemoving. in any direction other than up 
or down,- is ‘in an equilibrium easily dis 
turbed and‘ has, moreover, .a pronounced 110 
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tendencyto oscillate.’ It is true,-ef_ course, 
that when the axis of the propeller 1s verti 
cal' and the'ambient air quiescent the ma- -. 

‘ <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 thehelicoptér poised“ in still 
air at a certain height, the axial thrust T 

10 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 

15 

i 

a 

3 

‘us 

"a d, the Corresponding _ 
26700 teet the height of the‘g‘ uniform atmos-_ 
phone,” then as a~consequence 

‘ and at the same time 
I horizontal ‘thrust 

,5. 

‘position will have. a twofold effect: The ver 
‘_tl08_.l thrust-will be diminished to ' 

ITV.=T Sillgoz, ‘ I F ‘I 

there will be‘ produced a 

'iUnéder the action of the unbalanced force of 
gravity the machine ‘will new fall along ‘a Y 
curve toa level below and if the inclination 
of the propeller" as well as its speed of rota— 
ti'on, remain unaltered 'during‘the descent, 
the forces 7T, T,. and Th 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 

be governed the inclinatio'npf the 
propeller axis and fora givenangle it will 

'be, theoretically, the same no matter at what 
altitude the events ‘take place.‘ To getan 
idea of. its magnitude suppose the elevations -_ 
of the .upper‘and lower strata measured ‘from 7‘. 
sealevel- be it, and‘jn, respectively, (Z, and, 

air-densities and H= 

of Boyle’s law 

said’ 
the ‘relation will exist, 

in orderft'hat the verticallcolnponent hf the 
axial thrust in the ._lower stratum_ should 

support the weight. .Hence 

' ~ .M-h',='26700><l0g, iii-54"";= 3346mm” 
' In reality the drop will be much greater‘ 

L pl . 

a a‘ __7l1_ halllaggsinar" - ‘ 

Taking, in a ‘special casegjthe angle _a=60"_, 

then a. V > '7 v ‘1-1547 

and 

for the machine, upon reaching the lower 
layer vwith a high velocity relative t9 the 

' described become rectilinear. 

. over, -t 

’ . ‘as-15°, 

. more, the vertical sustaining effort of the re 
'_' peller will correspondingly diminish an the 

1,855,113 ' 

inedium, will .be urged further downalong ' 
the curvedpath 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 thelupward thrust will ‘be far in 
excess-0t the opposed pull of the weight and 
the apparatus will rise with ?rst increasing 
and then diminishing speed to a height which _ 
may approximate the original.v From there 

to v 

75 

‘it will againifall and so on, these'opera-tions ' 
being repeated during the forward ?ight, 
the up ‘and down excursions from the main 
horizontal line gradually‘ diminishing in 

" magnitude, After a lapse of time, deter 
mined by‘numerous in?uences, the .‘ excur- . 
sions should’ cease valtogether-and the path 

But ‘this is 
next to impossible as-canbe readily shown ' 
by pointing out another curious feature ‘of 
‘the helicopter. ‘l ._ ‘ - I - i 

In the foregoing the axis of the propeller 
was: supposed to‘ move‘ always parallel to 

itself, which result might. be accomplished 
gbythe use of, an adjustable aileron. In this 
ronnection it may .be' pointed out, however, 
that such a device will not‘ act ‘in the manner 
of a rudder, coming into full playat inter-_ 
vals only'and per-forming its/functions eco 
nomically, but will steadily absorb energy, 

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

Let now the machine‘ be‘ possessed'of a ’ 
certain degree of freedom, as will be the case 
normally," and observe-in .the ?rst place that 

35 

90 

.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‘thatv exerted on the higher 10118 

7 owing to‘ the compression of‘ the .air by the' 
‘ ‘4 body 0f.__the machme and increasedv density 

in that region. This thrust, tending to 

106 

diminish the angleu, will obviously very - 
during one revolution,~being.maxim1nn in a 
position when the line of symmetr of the 

110 

two propeller blades andthat of ' ight are ' - 
in a‘ vertical plane and right 
angles‘ to it; Nevertheless, when-the hori- I 

ézontal- speed is great it may be considerable 
-'and'su?icient to quickly overcome the inertia- ' 

and-gyrQscopic resistances all the more read- - 
_ ily as the upper blade, which is situated in a‘ 1 
region" where the‘ conditions are moren'early ' ’ 
normal operates to the ‘same e?ect. .Moreg 

his disturbing e?ect ‘par-takes of the 
- regenerative; quality, the torce increasing-as 

129 

the angle diminishes upto a maximum for ’ - 
As‘ the ;axis is tilted more and 

‘machine will-fall. with a rapidly increasing ' 
velocity,‘ f?nally ‘exceeding? the‘ horizontal 
when the reaction ofv the ~ blades be ' ' 

upward so as to increase-the angle 
130 



10’ 

> the same,, 
15 
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a and thereby .cause the machine'tdsoar 
higher. Thus periodic oscillations, accom 
panied by ascents and descents, will be set up 
which may well be magni?ed to an extent 
such as to bring about a complete overturn 
and plunge to earth. - 

It held by someexperts 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 

a greater mass of‘ airmust be 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-thesame 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 a.‘ 
To be ‘explicit, imagine that the air cur 
rent ?owing with the velocity along the 
propeller axis inclined to form‘an angle on 
with the horizontal, be .replaccd by two 

‘ streams one vertical and the ‘other hori— 

30 
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zontal of velocitiesrespectively equal 'to V~ 
sin 0: and V cos a, it will be evident that a; 

helicopter in its forward ‘?ight could only. 
- approximate and never equal the speed V_ 

cos oz 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 atthat velo 
city. The highest ‘e?iciency should be‘ ob 
tained with the machine proceeding at the 

‘rate 1/3 V cos a but the‘ most economical 
utilization of power would be effected when 
oi=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 mid'ht 
be secured in ‘propelling the ‘helicopter libr 
ward. with .a speed more or less approxi_-. 

but the resultslattained in 
.' practice will be necessarily much inferior. 

mating 0.35 V 

because rvwithout special L _ 
as are herein set forth the device, as pointed 
out; above, would plunge down and shoot 
up in succession, at the same time executing 

. provisions - such 

smaller oscillations,_ which motions will 

- motor, 

retard its ?ight and ‘consume a considerable 
portion ofthemotive energy all themore 
so as‘the losses incident to the'controlling 
means will be correspondinglyv increased. . 

‘Another very serious defect of. this kind 
of ?ying machine, from the practical point 
of view, is found in its inability of support 
ing itself in the air inoase of. failure‘ofthe 

the projected area of the propeller 
blades being inadequate for reducing the 
speed of the fall su?iciently to avoid disasé 

and this, is an almost fatal impediment 
to its commercial use. 

_ 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_- di?erent 

direction; ‘ . , . ' . 

_ My invention meets .the' present necessity 
in a simple manner without radical ‘depar 
ture in construction‘ and sacri?ce of. valu 
able features'fincidentally securing advan 
tages' which should prove very beneficial 
in the further development of‘ the art. 
Broadly expressed, it. consists in a .novel 
method of transportingbodies through the 
air according to which the machine is raised 
and lowered solely by the propeller and 
sustained in lateral ?ight by’ planes. To 
accomplish this a light andpowerful prime 
mover is necessary and as particularlysuitcd 
for the purpose I employ, preferably, a 
turbine of the kind described _ ' 
Patent No. 1,061,206,- of May 6, 1913, which 
not only ful?lls these requirements, but is 
especially adapted to operation at high tem 
perature, A I also make arrangements 
whereby the ?ying machine. _ 
inatically or at will of'the operator, caused 

in my U. S... 

may be, auto» 

facts,‘ which ~are ‘ 

70 

80 

to'~~function either as a, helicopter or an 
aeroplane. . 

Full knowledge offthese 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- ' 
mg position‘ and Fig. 2, in horizontal ?ight. 
Fig. 3 is a plan view of the-same with the 
upper. plane partly lroken away. 

‘. The structure is composed of two planes or 
foils 1, 1 rigidly joined. 'l‘heir length and 

' anc'e apart may be such as to form a near 
square for the sake of smallness and com 
pactness. With the’ same object the tail is» 

100 

105 
omitted or, if used,it is retractable. The mo- ' 
tors 2, 2-in this case turbinesqof, the kind de 
scribed in‘ my patent before referred to, and 
other 3 parts of the motive apparatus are 
placed with due regard to the centers of grav 
ity and pressureand the usual controlling 

no 
means are provided. In ‘addition to these i 
: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 0011 
,struct'ed iof a strength, size and pitch that 

115 

will enable it to raise the”entir_e weight with ' 
the motors runnin at an even greater rate 
than when prope ing the --m'achi_ne hori 

from the turbines through suitable gears. 
The seats 4, 4, ll .for ' 
and passengers are-suspended on‘ trunnions 
5, 5 on which they can turn through 
an angle of about 90°, springs and cush 
ions (not shown) being employed to in 
sure 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 

120 

' zontally. ' Pow‘er is transmitted-to the shaft ' 

the operator" ' I 

125 
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. ’ vided with mechanical ‘connections enabling 
theioperator to actuate the devices by hand 
or foot from‘his seat inanyposition. -At the 
start,i'su?icientjpower' being. turned on by. 
suitable means, also within-his reach, the 

.machine rises ~vertically ‘in the air to the 

in 

desired height when it 'is gradually tilted 
by manipulating the elevator devices .and 
proceeds ‘like ,an’ aeroplane, the ‘load being 
transferred from. the propellerpto the foils 

- as the‘ angle ofinclina'tion ‘diminishes ‘and 
v'thevspeed in horizontal direction increases. 

' ‘ 'From' the foregoing it will beunderstood 
. that, simultaneouslywith the tilting of the 

. 15' machine,‘ the operator will‘ increase‘ the 

i ‘ for the reduction of sustaining force which 

20 
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~f0llows inevitably'from the diminution of‘ 
angle on and beiore. the reaction of the 
planes. can comev into full e?ect. 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 gi‘adual 
cutting down‘ of the power developed by 

_ the prime mover, as forward velocity is gained 
and the" planes take up the load,vhe may 

' cause the- machine 'to advance horizontally 
along a sensibly straight .line, 'aaconditi'on 
e'sentialv to the attainment of the prac- ' 
tical results. descending, the .forward 

_ speed‘ is reduced and the vmachinerighted 
.agam, acting as'a helicopter with the pro 

- asthe '(levme’is _ ,slowed down‘ and righted 
causing the planes to lose part'or all of their 

-. sustaining 'e?orts, the- operator will apply: 
I more power to the *ipropeller' increasmg 

‘ thereby the thrust to the required magnitude 
4,0 and in'all such operations of starting and 

I loading 3,3 Well as ‘for ‘pegulnting-the 
height, meeting the air conditions or‘for other 

: liprposessit his-object to‘ modify 
t e 

, propelled at a greatly increased: 

- 'specialimeansiof control may? 

propeller‘ thrust: in about the'same measl. 
'ill'e 88 the Varyingreaction ofthe planes 
mayzdemand in‘order that the lifting force 
be ~sensibly ~'constant. Evidently-also, when--4 
ever necessary - or- desirable,“ power a in 

‘excess of that normally may 'applied during the ?ight andv the lmachrli‘hne 
speed.- 7 e 

_, f ‘turbine 'usedVis-a motor-of “great 
‘lightness and activity and lends itself excep 
tionally to this kind of work jor which’ or_-_ 

aviation meters are‘ It-is 
capable of e‘ ' a. great (overload; and 

' running without at'excessivespeed 
sothat the starting andllanding oper 
ations the necessary powercanbe developed 
‘by the 'motors even though lessfe?ciently» 

' thah’under their normal wor " conditions. provided, 
- ' if 11' ms: _ -, for the power supply 

' extreme ginthese'operations. Owmgtqits 
simplicity theinotiye apparatus is very reli 

.speedy and yet yery safe machine; for com- 
thrust of the'propeller inorder to compense' mercial use. Especially “good practical re- -' 

1 peller supporting "all the load. 1 Obviously,‘ 

angle of the propeller axis to the horizontal,‘ 

planes have been proposed 
. .1 
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I able in operation, but should the power give 
out accidentall , landing can, still be, easily 
eifect'ed by v0 planing. 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 lowerlplan'e 
and,so that when the machine rests on level ' 7' ‘ 
ground the propeller shaft will have the 
desired inclination which is deemed best 
for rising in the mannerof an’v 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 

sults are obtainable by the use 70f my turbine 
which can be depended upon to develop the 
necessary energy for lifting, even if it should - 
be considerably greater-than that consumed 35 ' 

iin ?ight under normalcofditions, This end”, _ - 
can be conveniently attained by'tempora-rily 
supplying more of the working ?uid to the , 
‘rotor and driving it faster, or running vit at ’ 
about the same 'speedand increasing the ef— . 
fort by adjustment of the pitch of the pro 
peller, or other means known'in' the art.- ' ' 
The latter should-be designed towvo'rkmost 
economically .dnring'the ?ight, as its e?i 
'ciency in the starting and landing ‘operations 

‘is of 'relati'velysinall importance. Instead 
of a single large screw as described a number ' 
of smaller ones-may be‘ used, in which case 
gearingican be dispensed with. The biplane 
seemsto suited for the chief purpose 

and other. 

machine, especially with large inclination 

to operate, at» which it is generally expected 
is ,quiteunsuitable for speedy aerial trans-‘ 
port; it is incapable'of proceeding horizon;v 
tally along a‘ straight line‘ under the prevail- - 
in'g air'jcon'ditions; it; subject to. dangerous 
plunges and oscillations and, what is most ' 
important from the commercial and practi- Y’ 
cal point of‘ view, it ‘is almost ‘certainly 
doomed. to destruction in case the motive 
power gives‘out; drawbacks and de 
fects areloverconie by the methods and ap~ 
paratus I have described through which a' 
noveltype of ?ying machine may berealized 

1 all the advantages of the helico - 
ter being at vthe same time safe‘ and capab 
of a_ speed equalto'or even greatly exceeding 
that-of.__the present aeroplane. - I v ; - ,_ _' 

‘ -1To .my knowledge various forms of - aero 
' 'with the ,object 

of attaining‘ 1' results but a careful] 
study shows that -_none_ of_ them ‘is capable -, 

the astthosehere contemplated for " , 
of Operation as well.‘ ' 

the ems ”' 

of 
want of_ methods 
iS-suitab apparatus. _ 

T I’ 

90 
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contemplated ‘but the invention-isjapplicable ‘ ' 'v 
.to monoplanes -. 

7 To sum up,tth‘e' helicopter type of ?ying 

11o 
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means of which this method is or may be 
carried out either in the special form illus 
trated or in modi?cations of the same, as 
this is the subject of a separate application. 
. What I desire to secure by Letters Patent 
1s: ~ 

1. The hereinbefore described method of 
aeroplane transportation which consistsin 
developing by the propelling deviceayerti 
cal thrust in excess of the normal, .causing 
thereby the machine to rise in an approxi 
mately 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‘takle 
up the load, thus maintaining the lifting 
force sensibly constant during ?ight, 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. _ I. 

2. The method of operating a helicopter 
which consists in varying thepower of the 

a motor and thereby the thrust of the prope1-_ 

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

3. The above described method of trans 
porting from place to place a heavier than 
air ?ying 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 
e?ect 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 ?ight. - 

In testimony whereof I hereto a?ix my 
signature. - 

‘ NIKOLA TESLA. 
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UNITED I STATES PATENT {OFFICE-.1, 
NIKOLA TESLA, OFNEW YORK, N. Y;, I'ASSIGNOR T0 TESLA ELECTRIC" 

- COMPANY, or SAME PLACE. - ' ' . 

ELE'c’IrRo-MDA‘GNE‘HQ MOTOR. 

srncxricnnon 13m of Letten PstentNo. 418,248, dated December 31, was, 
swims“ ?led my to. 1m. ' Bcriel resume. (Ho ton.) 

Y ‘To all-whom it my cancer-12,?‘ _ - 
Be it known that I_, HIKOLA 

ject of't-he Emperor. of _Aus_tria-Hun’gary,-for 
' -. merly of Smiljnn,Lika,bordercoun-t1-y of Aus~ 

5 

' inyented certain-mew ~a'ndrnsefnl Improve. 

tria-Hungary, but now residing at New‘ York, 
in- the county and State-jot New‘ _Yo'rk,'have 

ments in-Methods of Operating ElectroyMag 
. mm ‘Mo/tors, of which the following is especi 

IO .?cationyreterence being had to‘ the drawing 
- . accompanyingand forming a partof, the'sam e. 

In a 
No.-401,520,I havefshownrand described a‘ 

patent; grantedto me April 16, 18891 

methodcf- operating alternstingcnrrentmo 
tors by ?rst shitting or rotating theirlm'ag. 
netic poles ii'ntil they had ‘reached or passed 

' . a synchronous speedand then'hlternatin‘g the 
. poles, or, in other :wo'rdshby transforming the 

‘v motor by a. change of circnitrconnections from 

.25 

35, 
i by a'change of the 
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‘one operated by the action‘of‘two or more in; 
dependent energizing-currents to‘ a motor op 
erated' by ‘a single‘ current or ‘several acting 
as one. ‘ ‘ a - 

_ ~ The present invention-is a speci?c way of 
carrying outthe same invention; and it con-. 
sists in the following method:' 'On- the start-I 
progressively'shift the magnetic poles of one‘ 
element or ?eld oflthe motor by alternating 
currentsdifferihgjriphese as passed through ‘ 
independent energising-circuits and short 
circuit the coils ot-the other element». When 
the motor thus started reaches-‘or passes the 
limit oi speed synchrononslwith the genera‘ 
tor, I . connect up the coils previously short 
circuited with asource of direct current and 

circuit-connections pro- 
rrhe. 

to run in synchronisrnf 
duce a simple alternation of the poles. 
motor then‘ continues 
with the generator. There are many speci?c: 
ally-di?erent ways in which this may be car- ‘ 
ried out; but I have selected one for illustrat 
ing the principle. - This is illustrated in the 
annexed drawing, which is a side view, of a 
motor with a diagram 
vices used in-the system'._ _ . I . 

The motor? shown is one of the ordinary 
terms, with ?eldwes 'either laminated or 
solid and- with a'cylindrical' laminated arma 
ture wound, for, example, with the coils A B 
at right‘angles. The shaft of the armature 
carries three 

‘trolling. switch 

‘brush H. The lever f 
' which mayspan the contacts a b. When in 

‘phase is obtained 

of the circuits and de- ' 

‘p'snous speed and 
‘and 

llectimz orcont'act rings 0 D - 

ferent diameters.) 
, One, end of'coil A. connects‘tb one ring,as.§ 
C, and one end of coil B connects with ring D. 
The remainingends are connected t'o‘ringE. 
Collecting springs or 

(shown; foinéner, illustration, as or dip, 

55 

brushes -F- G H bear ' 
npon-‘the'rings‘ and lead to the contacts of a . 
switch, tobe hereinafter described. The ?eld 
coils have their terminals in binding-posts K 

‘,K, and may be either closed upon themselves 
or connected with _ p _ a source of directcurrent 

L by means'of a switch M. The main or con 

two levers _ f g, pivoted and connected ‘by an 
insnlatingcros's-bar h,'so as to move in paral 
leli'sm. ' These'levers are ,connected to the 
lineywires from ‘a source of alternating cur 

frents N; .Contact'a isconnectedto brushG 
and coil B throufrh a dead-resistance Rand 
wire F. i'Contacth is connect‘edwith brush F, 

60 

has?ve'contacts a b c d e and ' 
65 ' 

70 

and coil A through a selt-inductioncoils and ' . 
'wire 0; --Contacts 0 and e are connectedito 

- brushes G F, respectively," through the wire 
P O, and contact‘ dis directly connected wit 

has a widened end’; 

such position‘ and with lever g on contact ‘(1, 
the alternating currents divide between the 
two motor-coils, and -_by reason of their difs 
ferent self-induction ‘a difEe-rence of current 

that starts the motor in ro 
tation. In starting, as I have above stated, 

'the ?eld-coilsare ‘short-circuited. 
‘ ' When the motor has attained-the desired 

‘speed, the switch is shiftedto the position 
shown in dotted li’nesj——t~hat is to say, with the 
levers f g resting on points 0 e. ~ This connects 
up the two armaturercoils in series, and the 

‘motor will then lr-inns asynchronous motor. 
“l‘he'?eld-coils-jlare thrown into circuit with 
the'di-rect-current "source when the main 
switch is shifted. 

\Vhat I 'claimff h'erein'as my invention i's_— 
1. The__method of operating electro-mag— 

netic motors, which consists in ?rst progress 
ively shifting orfrotating'vthe magnetic poles 
of ‘one element until it ‘has reached a synch 

tlien alternating said poles 
passing a‘. direct current through the coils 

of the other elemenqas herein set iorth. 
‘2. The method of operating electro - mag? 
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netic motors, which consists in Qshdrb-circuit- rent and through the armature-coils alternatr' 
ing the coils of one element, as the ?eld-mag: ing currents coinciding in phase. 
net and passing through the enervizinw-coils Y of ihe other element, as the armaizurefalter- - _ . NIBOLA TESLA' 

'irffen we iinp'toi‘ 'lias atniined a given ‘speed, R. J. STONEY, J12, ' 
‘ } fmssingthrough the ?eld-coils a direct cur- E.-P. COFFIN. n 

‘ 
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UNITED STATES PATENT OFFICE, 

NIKOLA TESLA, OF NEW YORK, N. Y. 

INCANDESCENT ELECTRIC LIGHT. 

. SPECIFICATION’ forming part of Letters Patent No. 514,170, dated February 6, 1894. 

Application ?led January 2, 1892. Renewed December 15, 1893. Serial No. ‘£93,776. (N0 model.) 

To all whom it may concern: 
Be it known that I, NIKOLA TEsLA, a citizen 

of the United States, residing at New York, 
in the countyand State of New York, have in 
vented a certain new and useful Improvement 
in Incandescent Electric .Lamps, of which 
the following is a speci?cation, reference be 
ing had to the drawings accompanying and 
forming a part of the same. 

This invention is an improvement in the 
particular class of electric lamps or lighting 
devices invented by me and for which I have 
heretofore obtained Letters Patent, notably 
No. 454,622, dated June 23, 1891. _ ‘ 

The invention applies more particularly to 
that form of lamp in which a, small body or 
button of refractory material is supported by 
a conductor entering a very highly exhausted 
globe or receiver, but is also applicable gen 
erally to other forms of lamp adapted for use 
with similar systems in which currents of 
very high potential and great frequency are 
employed. I have found in the practical ap 
plications of this system that a considerable 
dissipation of energy takes place from the 

> conductors conveying the currents of great 
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potential and frequency, even when such con 
doctors are thoroughly insulated both within 
and without the lamp globes, and the sub 
ject of my present invention is a means for 

v preventing such dissipation within the lamp, 
or rather for con?ning it to the particular 
parts or part of the conductor which is de 
signed to give light. This object I ?nd I may 
readily accomplish by surrounding the lead 
ing-in and supporting conductors with a con 
ductor which acts as a static screen. By this 
means the light-giving body or button which 
lies beyond the in?uence of the screen is 
quickly and efficiently brought to and main 
tained at higher incandescence by a suitable 
electrical current or effect, by reason of the 
fact that the electrical action to which the 
incandescence is due is con?ned mainly to the 
button. ' 

A description of the ordinary form of lamp 
which I employ will serve to illustrate the 
principle and nature of this improvement, 
and for such description I now refer to the 

drawings which‘ show such lamp in central 
vertical section. 

A is a glass globe of the usual form, in the 
base of which is sealed a very thin conduct 
ing wire B, passing up through a stem of 
glass or other refractory insulator C. To the 
upper or inner end of this wire is united, as by 
means of a mass of carbon paste D, a carbon or 
other refractory stem E, that supports or car 
ries a small button of carbon or other suitable 
substance F. Over the stem 0 is passed, at 
any convenient stage in the manufacture of 
the lamp and in any well understood way, a 
metallic tube G. I prefer to use for this-‘pur 
pose a very thin cylinder or tube of alumi 
num and it should entirely surroundall parts 
of the conductor within the globe except the 
button itself, extending to or nearly up to the 
point of union of the stem E with the button 
F. Such a device by reason of its electro 
static action reduces the loss of energy sup 
plied to the bulb, preventing its radiation or 
dissipation into space except through the ex 
posed or unprotected button. The tube or 
screen G is entirely insulated from the con 
ductors within the globe and from all exter 
nal conductors or bodies. The globe, by 
means of a suitable air pump, is exhausted 
to as high a degree as practicable, or until a 
non-striking vacuum is attained. It is con 
nected with the pump by the usual tube which 
is sealed o? at K. ‘ 

The lamp maybe made in different forms I 
and in different ways, and the invention, as 
may be readily understood from its above 
described nature and purpose, is not con?ned 
to the speci?c form of lamp herein shown. 

What'I claim is— '» V 

1. In an incandescent electric lamp, the 
combination of an exhausted globe, a refrac_ 
tory light-giving body therein, a conductor 
leading into the globe and connected to or 
supporting the said body, and a conducting 
screen surrounding the said conductor, as set 
forth. ' 

2. In an incandescent electric lamp, the 
combination of an exhausted globe, a refrac 
tory light~giving body or button therein, a 
conducting support for said button within the 
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globe, and a metallic tube surrounding or in 
closing the said conductor up to the point of 
union with the button, as set forth. 

3. In an incandescent electric lamp, the 
combination of an exhausted globe, a wire 
sealed therein, and coated with or embedded 
in a glass stem, a carbon stem united with 
the wire, a refractory conductor mounted on 

514,170 

said stem, and a conducting tube or cylinder 
surrounding the wire and carbon stem, as and 10 
for the purpose set forth. 

NIKOLA TESLA. 

Witnesses: 
ERNEST HoPKINsoN, 
PARKER W. PAGE. 
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To all whom, it may concern. 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria, from Smiljan, 
Lika, bord ercountry of AnstriaHungarymow 

5 residing in New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Regulators for Alter 
uating~0urrentMotors, of which the following 
is a speci?cation, reference being bad to the 

10 drawings accompanying and forming part of 
the same. 

My invention is an improvement in systems 
for the electric transmission of power; and it 
consists in a means of regulating the speed and 

:5 power of the motor or motors. The system for 
' use with which the invention is more particu 

larly designed is one in which the motors, or 
what may be in certain cases their equiva~ 
lents——the electrical transformcrs——have two or 

20 more independent energizing‘circuits, which, 
receiving current from corresponding source's, 
act to set up a progressive movement orshit't 
ing of the magnetic poles of the motors; but 
the invention is also applicable to other pur 

25 poses, as will hereinafter appear. I employ 
the regulator for the purpose of varying the 
speed of these motors. 

The regulator proper consists ol‘a form of 
converter or transformer with one element ca 

30 pable of movement with respect to the other, 
whereby the inductive relations may be altered, 
either manually or automatically,ibr the pur 
pose of varying the strength of the induced 
current. I prefer to construct this device in 

35 such manner that the induced or secondary 
element may be movable with respect to the 
other; and the improvement, so far as relates 
merely to the construction of the device itself, 
consists, essentially, in the combination, with 

40 two opposite magnetic poles, of an armature 
wound with an insulated coil and mounted on 
a shaft, whereby it may be turned to the de 
sired extent within the ?eld produced by the 
poles. The normal position of the core of the 

45 secondary element is that in which it most 
completely closes the magnetic circuit between 
the poles of the primary element, and in this 
position its coil is in its most effective position 
for the inductive action upon it of the primary 

‘5o coils; but by turning the movable core to 
either side the induced currents delivered by 

Serial No. 271,082. (X 0 model.) 

its coil become weaker until, by a movement 
of the said core and coil through ninety de 
grees, there will be no current delivered. 

The construction of this device, broadly, I 55 
do not claim as of my invention; but this, to 
gether with the manner of applying and using 
the same, which forms the subject of my in 
vention, I will now explain by reference to 
the accompanying drawings. 60 

Figure l is a view in side elevation of the 
regulator. Fig. 2 is a broken section on line 
{0 00 of Fig. 1. Fig. is a diagram illustrating 
the preferred manner of applying the regu 
lator to ordinary forms of motors, and Fig. 4: 65 
is a similar diagram illustrating the applica 
tion of the device to my improved alternating 
current motors. 

The regulator may be constructed in many 
ways to secure the desired result; but in the 
best form of which I am now aware it is shown 
in Figs. 1 and 2. 

A represents a frame of iron, and I would 
here state that the-plan which is now invari~ 
ably followed of dividing up all iron cores 7 
which are subjected to the influence of alter 
nating currents should be adopted in the con 
struction of this device. 

13 B are the cores of the inducing or pri 
mary coils O C, said cores being integral with So 
or bolted to the frame A in any well-known 
way. 

Dis a shaft mounted in the side bars, I)’, 
and on which is secured a sectional iron core, 
Ewound with an induced or secondary coil, 8— 
F,the convolutions of which are parallel with 
the axis of the shaft. The ends of the core 
are rounded elf, so as to lit closely in the space 
between the two poles and permit the core E 
to be turned. A handle, G, secured to the 90 
projecting end of the shaft D, is provided for 
this purpose. 

Any means may be employed for maintain 
ing the core and secondary coil in any given 
position to which it is turned by the handle. 95 

The operation or effect of the device will be 
understood by reference to the diagrams illus 
trating the manner of its application. 

In Fig. 3, let II represent an ordinary alter 
netting-current generator, the field-magnets of 100 
which are excited by a suitable source of cur 
rent, I. Let J designate an ordinary form of 
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electro - magnetic motor provided with an 
armature, K, commutator L, and ?eld-mag 
nets M. It is well known that such a motor, 
if its ?eld-magnets’ cores be divided up into 

5 insulated sections, may be practically oper 
ated by an alternating current; but in using 
my regulator with such a motor I include one 
element of the motor only-say the armature 
coils-in the main circuit of the generator, 
making the connections through the brushes 
and the commutator in the usual way. Ialso 
include one of the elements of the regulator— 
say the stationary coils—in the same circuit, 
and in the circuit with the secondary or mov 
able coil of the regulator I connect up the 
?eld-coils of the motor. I prefer to use ?exi 
ble conductors to make the connections from 
the secondary coil of the regulator, asI there 
by avoid the use of sliding contacts or rings 
without interfering with the requisite move 
ment of the core E. 

If the regulator be in its normal position,or 
“1. that in which its magnetic circuit is most 

nearly closed, it delivers its maximum induced 
current, the phases of which so correspond 
with those of the primary current that the 
motor will run as though both ?eld and arma 
ture were excited by the main current. 

To vary the speed of the motor to any rate 
between the minimum and maximum rates, 
the core E and coils F are turned in either di 
rection to an extent which produces the de 
sired result, for in its normal position the con 
volutions of coil F embrace the maximum 
number of lines of force, all of which act with 
the same effect upon said coil; hence it will 
deliver its maximum current; but by turning 
the coil F out of its position of maximum ef 
feet the number of lines of force embraced by 
it is diminished. The inductive effect is there 
fore impaired, and the current delivered by 
coil F will continue to diminish in proportion 
to the angle at which the coil 13‘ is turned un 
til, after passing through an angle of ninety 
degrees, the convolutions of the coil will be at 
right angles to those of coils G O, and the in 
ductive effect reduced to a minimum. 

Incidentally to certain constructions, other 
causes may in?uence the variation in the 
strength of the induced currents. For exam~ 
ple, in the present case it will be observed 
that by the ?rst movement of coil F a certain 
portion of its convolutions are carried beyond 
the line of the direct in?uence of the lines of 
force, and that the magnetic path or circuit 
for said lines is impaired; hence theinductive 
effect would be reduced. Next, that after 
moving through a certain angle, which is ob 
viousl y determined by the relative dimensions 
of the bobbin or coil F, diagonally-opposite 
portions of the coil will be simultaneously in 
cluded in the ?eld, but in such positions that 
the lines which produce a current~impulse in 
one portion of the coil in a certain direction 

65 will produce in the diagonally-opposite por 
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tion a corresponding impulse in the opposite 
direction; hence portions of the current will 
neutralize one another. 

As before stated, the mechanical construc 
tion of the device may be greatly varied; but 
the essential conditions of the invention will 
be ful?lled in any apparatus in which the 
movement of the elements with respect to one 
another effects the same results by varying the 
inductive relations of the two elements in a 
manner similar to that described. . 

It may also be stated that the core E is notv 
indispensable to the operation of the regula 
tor; but its presence is obviously bene?cial. 
This regulator, however, has another valuable 
property in its capability of reversing the mo 
tor, for if the coil F be turned through a half 
revolution the position of its convolutions 
relatively to the two coils O O and the lines 
of force is reversed, and consequently the 
phases of the current will be reversed. This 
will produce a rotation of the motor in an op 
posite direction. This form of regulator is 
also applied with great advantage to my sys 
tem of utilizing alternating currents,in which 
the magnetic poles of the ?eld of a motor are 
progressively shifted by means of the com 
bined effects upon the ?eld of magnetizing 
coils included in independent circuits,through 
which pass alternating currents in proper or 
der and relations to each other. 

In illustration, let 1? represent one of my 
generators having two independent coils, P’ 
and P”, on the armature, and T a diagram of 
a motor having two independent energizing 
coils or sets of coils, R B’. One of the cir 
cuits from the generator, as S’ S’, includes one 
set, R’B’, of the energizing-coils of the motor, 
while the other circuit, as S S, includes the 
primary coils of the regulator. The second 
ary coil of the regulator includes the other 
coils, R R, of the motor. 

\Vhile the secondary coil of the regulator is 
in its normal position it produces its maxi 
mum current, and the maximum rotary effect ‘ 
is imparted to the motor; but this effect will 
be diminished in proportion to the angle at 
which the coil F of the regulator is turned. 
The motor will also be reversed by reversing 
the position of the coil with reference to the 
coils O C, and thereby reversing the phases of 
the current produced by the generator. This 
changes the direction of the movement of the 
shifting poles which the armature follows. 

One of the main advantages of this plan of 
regulation is its economy of power. \Vhen 
the induced coil is generating its maximum 
current, the maximum amount of energy in the 
primary coils is absorbed; but as the induced I 
coil is turned from its normal position the 
self~induction of the primary coils reduces the 
expenditure of energy and saves power. 

It is obvious that in practice either coils O 
O or coil F may be used as primary or second 
ary, and it is well understood that their rela 
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tive proportions may be varied to produce 
any desired difference or similarity in the in— 
dncing and induced currents. 

‘I am aware that it is not new to vary the 
secondary current of an inductiorrcoil by mov 
ing one coil with respect to the other, and 
thereby varying the inductive relations nor 
mally existing between the two. This I do 
not claim. 

‘Vhat I claim is 
l. The combination, with a motor having in 

dependent energizing-circuits, of an alternat~ 
ing-current regulator, consisting, essentially, 
o‘finducing and induced coils movable with 
respect to one another, whereby the strength 
of the induced currents may be varied, the in 
duced coils being included in and adapted to 

32G 3 

supply the current for one of the motor-cir~ 
cuits, as set forth. 

2. The combination, with a motor adapted 
to be run or operated by alternating currents 
and provided with independent energizing 
coils, ofa regulator consisting of stationary 
inducing-coils and an induced coil capable of 
being rotated, whereby it may be turned to a 
greater or less angle to the primary coils, or its 
position with respect thereto reversed, the in~ 
dnced coil or coils being included in and 
adapted to supply the current for one of the 
motor-circuits, as set forth. 

NIKOLA TESLA. 
\Vitnesses: 

Roar. F. GAYLORD, 
FRANK B. MURPHY. 
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T0 at” whom, it may concern. 
' Be it known that I, NIKOLA TESLA, from 
Smiljan Lilia, border country of AustriaeHun 
gary,now residing in New York,in the county 

5 and State of New York,have invented certain 
new and useful Improvements in Electro-Mag 
netic Motors,of which the following is a speci 
?cation, reference being had to the drawings 
accompanying and forming apart of the same. 

ro In an application ?led by me October 12, 
1887, No.252, 132, I have shown and described 
a novel form of electromagnetic motor and a 
mode of operating the same, which may be 
generally described as follows: The motor is 

I5 wound with coils forming independent ener 
gizing-circuits on either the armature or ?eld 
magnet, or both, (itxis sufficient forpresentpur 
poses to consider the case in which the coils 
are on the armature alone,) and these coils are 

20 connected up with corresponding circuits on 
an alternating-current generator. As the re 
sult of this, currents of alternately-opposite 
direction are sent through the energizingcoils 
of the motor in such manner as to produce a 

25 progressive shifting or rotation of the mag 
netic poles of the armature. This movement 
of the poles of the armature obviously tends 
to rotate the armature in the opposite direc 
tion to that in which the movement of the poles 

30 takes place, owing to the attractive force be 
tween said poles and the ?eld-magnets,and the 
speed of rotation increases from the start un 
til it equals that of the generator, supposing 
both motor and generator to be alike. 

As the poles of the armature are shifted in 
a direction opposite to that in which the arma 
ture rotates,it will be apparent that when the 
normal speed is attained the poles of the 
armature will assume a ?xed position relative 

4.0 to the ?eld~magnet-, and that in consequence 
the ?eld~magnets will be energized by mag 
netic induction, exhibiting two distinct poles, 
one in each of the pole~pieces.‘ In starting 
the motor, however, the speed of'the arma» 

45 tare, being comparatively slow, the pole~pieces 
are subjected to rapid reversals of magnetic 
polarity; but as the speed increases these re 
versals become less and less frequent, and 
?nally cease when the movement of the arma 
ture become synchronous with that of the gen 50 

erator. This being the case,the ?eld-cores and 
the pole-pieces of the motor become a mag 
net, but by induction only. ' 

I have found that advantageous results are 
secured by wiriding the ?eld-magnets with a 55 
coil or coils and passing a continuous current 
through them, thus maintaining a permanent _ 
?eld, and in this feature my present invention 
consists. > 

I shall now describe the apparatus which I 60 
have devised for carrying out this invention 
and explain the mode of using or operating 
the same. > 

Figure l is an end view'in elevation of my 
improved motor. Fig. 2 is a part horizontal 65 
central section, and Fig. ‘3 is a diagrammatic 

representation of the motor and generator 
combined and connected for operation. 

Let A A in Fig. 1 represent the legs or pole 
pieces of a ?eld-magnet, around which are 70 
coils B B, included in the circuit of a contin 
nous-current generator, 0, which is adapted 
to impart magnetism to the said poles in the 
ordinary manner. 

D D’ are two independent coils wound upon 75 
a suitable cylindrical or equivalent armature 
core, which, like all others used in a similar 
manner, should be split or divided up into al 
ternate magnetic and insulating parts in the 
usual way. This armature is mountedin non- 8o 
magnetic cross-bars E E, secured to the poles 
of the ?eld-magnet. The terminals of the ar 
mature-coils D D’ are connected to insulated 
sliding contact-rings a a b I), carried by the ar= 
mature shaft, and brushes 0 c’ bear upon these 85 
rings to convey to the coils the currents which 
operate the motor. 

The generator for operating this motor is'or 
may be of precisely identical construction; 
and for convenience of referencelhave marked 90 
in Fig. 3 its parts, as follows: F F, the ?eld 
magnets, energized by a continuous current 
passing in its ?eld-coils G G; H H’, the coils 
carried by the cylindrical armature; d d e e, 
the friction or collecting rings, carried by the 95 
armature-shaft and forming the terminals of 
the armatnrecoils; and f f’, the collecting 
brushes which deliver the currents developed 
in the armaturecoils to the two circuits 9 g’, 
which connect the generators with the motor. 100 
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1. armature are shifted. 

The operation of this system will be under 
stood from the foregoing. The action of the 
generator,by causing a progressive shifting of 
the poles in the 1notor-armature,sets up in the 
latter a rotation opposite in direction to that 
in which the poles move. If, now, the continu 
ous current be directed through the ?eld-coils, 
so as to strongly energize the magnet A A,the 
speed of the motor, which depends upon that 
of the generator, will not beincreased, but the 
power which produces its rotation will be in 
creased in proportion to the energy supplied 
through the coils B B. 

It is characteristic of this motor that its di 
rection of rotation is not reversed by revers 
ing the direction of the current through its 
?eld-coils, for the direction of rotation de 
pends not upon the polarity of the ?eld, but 
upon the direction in which the poles of the 

To reverse the motor, 
the connections of either of the circuits g g’ 
must be reversed. 

I have found that if the ?eld-magnet of the 
motor be strongly energized by its coils B B 
and the circuits through the armature-coils 
closed, assuming the generator to be running 
at a certain speed, the motor will not start; 
but if the ?eld be but slightly energized or in 
general in such condition that the magnetic 
influence of the armature preponderates in 
determining its magnetic condition the motor 
will start and, with sufficient current, will 
reach its maximum or normal speed. For this 
reason it is desirable to keep at the start and 
until the motor has attained its normal speed, 
or nearly so, the ?eld-circuit open or to per 
mit but little current to pass through it. I 
have found, however, if the ?elds of both the 
generator and motor be strongly energized 
that starting the generator starts the motor, 
and that the speed of the motor is increased 
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in synchronism with the generator. Motors 
constructed and operated on this principle 
maintain almost absolutely the same speed for 
all loads within their normal working-limits; 
and in practice I have observed that if the 
motor be overloaded to such an extent as to 
check its speed the speed of the generator, if 
its motive power he not too great, is dimin 
ished synchronously with that of the motor. 

I have in other applications shown how the 
construction of these or similar motors may 
be varied in certain well-known ways-as, for 
instance, by rotating the ?eld about a station 
ary armature or rotating conductors within 
the ?eld; but I do not illustrate these features 
further herein, as with the illustration which 
I have given I regard the rest as within the 
power of a person skilled in the art to con 
struct. 

The present form of motor is cheap, simple, 
reliable, and easy to maintain. It requires 
the simplest type of generator for its opera 
tion, and when properly constructed shows a 
high efficiency. ' 

I do not claim herein the method of trans 
mitting power which this system involves, 
having made it the subject of another appli 
cation for patent. 

What I claim is—— _ 
The combination, with a motor having in 

dependent energizing or armature circuits, of 
an alternatingcurrcnt generator with corre 
sponding induced circuits connected with the 
motor for effecting a progressive shifting of 
the poles of the motor-armature, and a source 
of continuous current for energizing the ?eld 
of said motor, as set forth. 

NIKOLA TESLA. 
Witnesses: 

FRANK B. MURPHY, 
FRANKIE. HARTLEY. 
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To all whom it may concern: ‘ .v ‘ 
; Be it known ‘that I, Nnto'LA TFSLA, a sub 
ject of theEmperor'offAustria, from?miljan, 
Like, border country ofAnstria-Hungary, new 

' residing at NewjYork, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electric-Generators, of 
which the following‘is a speci?cation, reference 
being had‘ to the‘drawing accompanying and 
forming-a; part‘ of the same; ' ' ‘ - ' 

My present ‘invention relates, chie?y, to the 
alternating-current system invented ‘by - me' 
and’ described in prior patents, notably Nos." 
381,968 and 382,280, of >May.1,_1888, in which 

15 the mot'crs'ortransformers', or generally the 
" converters, are operated by a progressive shift: 

ing or movement of their magnetic poles pro-1 
d'nced by the co-operative action of independ 
ent magnetizing-coils through which pass al 
ternatiug currents in proper order and direc 
tion. In my saidsystem, as I have heretofore 
shown, I'eiuployed a'generator of alternating 
currents in‘ which there were independent in 
duced or generating coils corresponding to the 

25 energizing-coilsof the converter, and the re 
lations. of the generator and- converters were 

' geuerally'snch that - the speed of rotation of 
the ‘magnetic poles of the converter equaled 
that of the armature ot the generator. ‘ 

To secure the greatestle?iciency, it is neccs~ 
sary to run the "machines at a high speed, and 

Y this is true not‘only of those generators and 
motors which are particularly adapted for use 
in my/systein, but of others. The practica~ 
bility of running at ,very high speeds, how 
ever, particularly ‘in the ‘case of large genera 

' tors, is limited by mechanical conditions, in.~ 
, seeking to avoid which I have devised various 

plans for operating the system under efficient 
eondition's, although running the generatornt 
a comparatively low rate of speed. ' 

‘ My present invention consists of another 
way of accomplishing this result, which in 
certain respects presents many advantages. 
According to the invention, in lieu of drivin 
the armature of the generator at a high rate 
of speed, _I, produce a rotation of the magnetic 
polcsof one element of the generatorand drive 
the other at. a different speed, by which simi 

5o lar results are obtained to those secured by a‘ 
rapid rotation of oueof the elements. 

30 

with independent-coils or sets otcoils .T J’, in 
cluded, respectively, in the circuits M M’. I 
.These ‘energizing-coils are wound on a ring or 

, annular ?eld or on pole-pieces thereon, and 

sauna. 2121,53. momma.) 

- I shall describe this invention by reference . 
to the diagram drawing hereto annexed. 

The generator which supplies. the current 
for operating the motors or transformers cou- 55' 

sists in this instance of ‘a subdivided ring or _. ' 
annular core wound with four diametrically 

oppositecoils, EE'. Within the ringis mounted 
a cylindrical armature-core wound longitudi- ‘. 
nally with. two independent ‘coils, F F’, the 60; 
ends of which lead, respectively, to two pairsot‘ ‘ - 
insulated contact or collecting rings, D D' G G’, 
on the ‘armature-shaft.- Collecting-brushes d_ 
d’ g‘ g’ bear. upon these rings, respectively, and 
convey the currents through the two independ 
ent line-circuits M M’. In the mainline there 
may be included one or more motors or trans 
formers, or both. If motors he used, they are ' 
constructed in accordance with my invention 

65 

produce by the action of i the alternating cur 
rents passing through them a- ‘progressive 
shifting of the magnetism from pole to pole. 
The cylindrical armature H of the motor is 
wound with two coils. at right angles, which 
form independent closed circuits. , ‘ . ' 

1f transformers be employed, .1 connect one 80 
set of the-primary coils, as N N, wound on a ' 
ring or annular core, to one circuit, as M’, and - 
the other-primary-coils, N’ N’, to the circuit 
M. The secondary coils K K’ may then be 
utilized 'for running groups of incandescent 85 
lamps P P’. ' 7 

With the generator I employ an exciter. 
This consists of _ two'poles, A A, of steel per 
manently magnetized, or of iron excited by a 
battery or- other generator of continuous eur 
‘rents,andacylindrical‘armatnre-core mounted a 
on ashaft, B, and'wonud with two lougitndi-‘p 
nal coils,C C’. One end of each of three coils 

75 

is connected to the collecting-rings b c, respect 
ively,while the other ends are both connected 
to aring, a.‘ Collecting-brushes‘ b’ c’ bear on 
the rings b 0; respectively, and conductors L 
L‘ convey the currents therefrom through the 
coils E andv E’ of the generator. L’ is a com 
mon return-wire to brush a’. Two independ. 
ent circuits are thus formed, one iuclndin 
coils Got‘ the exciter and E E of the generator, 

W I 
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' vthe otherv coils C’ of the exciter and E’ E’ of 
the generator. It results from this that the 
operntionof the exciter producesa progressive 
movementio'f the magnetic-poles of the annu 
lar ?eld-core of the generator, the shifting or 

rotary movement of’. said poles being synch 
ronous ‘with, the'rotation of the'exciter-arma-~ 
ture. Considering the operative conditionsof 

. a system thus established, it will be'fou'nd that 
m when-the exciter is driven sons to energize 

"- the ‘?eld of the generator the armature‘ of the 
latte'ryifleft free to turn, would rotate at a 
speed practically the same as that of they ex; 
citer. If under suchvvconditions thecoils F 

}5 F’o'f the generator-armature be closed upon 
themse‘ites or short-circuited, no currents-at 

_ least theoretically, will be generated in. the 
said armature-coils. ‘ In practice I have ob 
served the presence of slight currents, the ‘ex’ 
istence of which is attributableto'more or less 

~ pronounced ?uctuations in the intensity of the 
magnetic poles of the generator-ring. ‘so, it‘. 
the armature-coils FF’ ‘be plosed'through' the 
motor, the latter will nht‘be turned as lon'gas 
the movement of- the generator-armature is 

magnetic poles of itsi?eldi, If, on; the con’ 
tra_1'y,_the speed of the generator-armature‘ be 
in any way chccked,so thattheshil'ting ‘erro 
tat-ion ol' the poles of the field becomes rela 
tively more rapid, currents will be inducediin 
the armature-colls.v This obviously. _follows 
from the pass-ingot the lines of i'orce across 
the nrmature-conductor_s.- The greater;__the 

tively tothat of the armature the morerap 
idly the currents developed. in the'coils of the 
latter will' follow one another, and the more 
rapidly the motor will revolve. in response 
thereto, and this‘ continues until the armature 

‘ generator is ‘stopped entirely, 
when the motor, if properly constructed, runs 
at the same'speed with which the ‘magnetic 
poles‘ of the generator rotatei, - ' ' 

' The effective strength of the currents devel 
oped iu-the armature-coilso?', the generator is 
dependent upon the strength of the currents 

energizing-the generator and vupon the num-v 

45. 

ber‘of rotations, per unit of‘ time of ,the mag-J 
netic poles of_ the generator; hence the speed ' 
of the motor-armature will depend in all'cases 
upon the relative speeds of thearmatni'e of_ 
the ' generator and of its'maguetic poles. .7 For 
example, if the poles are turned twb thousand 

55 times‘ per uuitof time and the armature is‘ 
turned eight ‘hundred-,thé motor will" turn 
twelve hundred times, or nearly so. Very 
slight di?'ercnccs of speed may be indicated by 
a. delicately~balanced motor.~ ‘ . , _ _ 

Let it now be assumed that power is applied 
to. the generator-armature to turn it in a di 
rection opposite to that in which its magnetic 
poles rotate. In such case the result would» 
be similar to that produced by a generator the 

65 armature and ?eld-magnets of_ which are ro 
toted in opposite directions, and by reasonof 
these conditions the motor-armature will turn 

60 

‘by checking the speed-of _ 

synchronous with that of the'exclter'or of- the 
- magnetic poles or conversely. " . -- - 

, .:>It will-be understood from the above de 

specd 0f=rotation of the magnetic poles rela-' 

as by a bmke,~ 

,operatively associatedi'in the following man 

'ata rate :of ‘speed equal tothe sum or the 
speeds of_ the armature and magnetic poles of 
the generator, so that a , comparatively low 
speed of the generator-armature will produce 
a high ‘speed in the motor.‘ 7 

It will-be observed'in connection with this 
system that on- diminishing ‘the resistance of 
the'external-circnit of the nerator-armatu re 

e motor or by add 
multiple arc' in the 

75 

iug translating devices in 
l, sewndarycircuit orcircnits of the transformer , I 
'thestren'gth of ‘the current in the armature 
circuit is greatly increased. Thisis due to the 
causes: ?rst,to the great differences in the 
speeds of the‘motor andgenerator, and, sec 
ondly, to the fact‘ that the apparatus follows 
the. analogy of'a transformer, for, inpropor 
tion as the resistance of the armature or‘sec 
on'dary mane is reduced; the strength oi‘ the’ 
currents in the ?eld-or primary ‘circuits-of the 
generator is increased and the-currents in the ' 
armature augmented correspondingly. For‘, . - 
similar reasonsfthe'currents in the armature- 9o 
coils of the-generator increase very rapidly = a 

80. 

.when the speed of the armaturejisreduoed; 
when ‘running in the same 'directicnasthe 1* 

. . . . 93. 
scriptlon that the generator-armature may be ~ 
‘run in the direction‘ ofthe shifting of the mag 
neticpoles, but more rapidly, and thatin such 
case the‘speed of the 'motor'willbe equal to 
the di?‘erence between'the two rates. -' ~ _ ' . 

In manyapplications'to'electricalconversion 4 
and distribution this system possesses great 
advantages both in ‘economy, efficiency, and,» 
practice 'ility. - ‘ v - ~ . _ ,‘ 

v1 What lclaim is- ' 'v I " , 

1. The combination, withan alternating-cub . 
rent generator having independent energizing 
or ?eld and independent indn ’ For arma 
ture coils, of an alternating-current exciton‘ 
having generatihgFor inducedcoi s corre- ?c- it 
spending to and connected with the en gizingi 
coils of the generator, as set forth.‘ ‘ ‘ _ 

A 2. Jinan alternating-current generator, the. 
combination of vthe elements named and eo- ' 

ner:_;a ?eld-magnet wound with independent 

ing currents, whereby the‘ magnetic poles pro 
duced by said coils 'willwbe "progressively 
shifted~ or .moved through the _ ‘?eld, and an 
armature-core; wound with independent coils,'__ I 
each "having.v terminals from i which currents ' 
aretgeliver'ed to the independent external cir- 
cu: . " . r ‘ ' 

'3, The system of_electrical distribution con 
sisting of_ the vcombination,_~with an alternat 

'ing .- cnrrent ‘generatnnnhaying independent 
energizing-coils’andgrgrmature won lid with independentinduced c "ispaqnalternating 
current ex'cite'r having induced ' corre 
sponding to and connected with the sum ' ing_ 
coils of the generator, and one or more e1 ri 
cal converters having independent inducing’ " 
or energizing coils connected withthe corre-~ 

I30 
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log’, t 

r r 5 ' 

cells each connected withr'a source of alternat- J'" 
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spending armature coils of the generator, as- havingiuduoedorgeneratingcoils correspond 
heroin set forth. _ ing to and connected with the energizing-coils 

' 4. Thecombination,wiih an alternating-cm- of the generator, asset, forth. 
'rent generator having a ?eld-magnet wound - ' NIKOLA TESLA. 

5 with independent; energizing~coils and an Witnesses: 
armature adapted to be rotated within the R031‘. F. GAYLOBD, 
?eld produced by said magnet, of an exciton PARKER. W. PAGE. 
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To all whom it may concern: , . . 

Be it known that I, NIKOLA TESLA, a sub 
j ect of the Emperor of Austria~Hungary, from 
Smiljan, Lika, border country of Austria-Hun 

5 gary, residing at New York, in the county and 
State of New York, haveinvented certain new 
and useful Im provemcuts in Electrical Genera 
tors, of which the following is a speci?cation.‘ 

This application is a division of an applica~ 
10 tion ?led by me May 26, 1887,Serial No. 239,481. 

This invention is an improved form of' 
electrical generator based upon the following 
well-known laws: 
electrical energy is developed in any conduct 

is ing-‘body by subjecting such body to a. vary 
ing magnetic in?uence, and, second, that they 
magnetic properties of iron or other magnetic 
substance ‘may be partially or entirely de 

stroyed or caused to disappear by raising it - 
20 to .a certain temperature, but restored and 

caused to reappear by again lowering its tem 
. perature to acertain degree. These laws may 

be applied in- the production of electrical cur 
rents in many ways, the principle of whichis. 

2 5 in all cases the same-via, to subJect a con-I 
ductor to a‘ varying magnetic in?uence, pro-1 
ducing such variations by the application of 
heat, or, more, strictly speaking, bylthe appli 

cation or action of a varying temperature 
30 upon the source of the magnetism. ‘ This prin 

ciple of operation may be illustrated by a siln-? 
ple experiment: Place end to. end, and pref 
erably in actual contact, a permanently~mag~ 
netized steel bar and a strip or bar of. soft 

3 5 iron. ' ,Around the end of. the ironkbar or plate 
Y ' wind'a'ooilo'f insulated wire?" Then apply to’ 

the iron between the coiland- the steel bar a 
?ame or-other source of ‘heat, which will be 
capablepof ‘raising that'portion of the iron to 

40 an orange-red, ora temperature of about 600° 
centigrade. When this condition is reached, 
the ironsomewhat suddenlyloses its magnetic 
properties, if it‘ be very thin, and the same 
elfects produced as though the iron had‘ been 

45' moved away from the magnet or the heated 
I -~ section had been removed. This change-of 

condition, however, is accompanied by a shift ' 
in g of the magnetic lines, or, inother wordsaby 
a variation in the magnetic in?uence to whiph 

First, that electricity or 

an.) ‘ - 

the ‘coil is exposed, and a current in the'coil 5c 
is the result.- --Then remove the ?ame or in 
any other way reduce. the temperature of the 
iron. The lowering of its temperature is ac 
companied' by a return of its magnetic prop‘! 
erties, and another change of magnetic con- 5 5 
ditions occurs, accompanied by a‘ current in 
an‘ opposite direction in the coil. , The same 
operation may be repeated inde?nitely, the 
effect upon the ,coil being similar to that 
which would follow from moving the magnet-- 60 
i,zed bar to and from the end of the iron vbar 

. The device forming the subject of my pres 
ent invention. is, an improved means of ob- » 
tainingvthis result, the features of‘ novelty in 65. 
which theinvention resides being, ?rst, theem 
ployment of an arti?cial cooling device, and,‘ 

second, inclosing the source of heat and that 
portion of themagnetic circuit exposed to the 

‘heat ‘and arti?cially'cooling the/said heated 70 
part. These improvements are applicable 
generally to the generators constructed on the 
plan above described-that is to say, I. may 
use an arti?cial cooling device in conjunction 
with .a'variable or varied or‘ uniform source 75 
of heat. I prefer, however, to employ a uni-v 

'f0rm_ heat. > ' - ' ' ‘ 

_~ In the drawingsI have illustrated a device 
constructed in accordance with my invention. 

Figure. 1 is'a central vertical longitudinal 80 
section of the complete apparatus. Fig. 2 is _ 
a cross-section of the magnetic armature-core ' 
of the generator. ‘ ‘ I . - 

’ a Let ‘A represent ,a'__rnagnetized 

by an armature-core composed of a casing or 
vshell'B inclosing a number of-hollcw iron 
'tubes 0. ‘Around this core are wound the 
‘conductors E’ E’, to form the coils in which 
‘the currents are developed.‘ In the circuits on 
of these'coils are-translating‘ devices, as FF’. ' 

Dis a furnace or. closed ?re-box, through 
which the central portion of the core B ex~ 
tends. ‘Above the lire-is a‘boiler K, contaim 
ing water. The ?ue L fromthe ?re-box may 95. 
extend up through the boiler._ -' p '1 

G isa water-supply pipe, and H is thesteam 
exhaust pipe, which communicates with all 

. . ..~ . . core or per .. ., 

maneii't ina'gnet the poles of which are bridged 85‘ 
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the tubes 0 in the armature B, so that steam 
‘~ escaping from the boiler will pass through 

said tubes. ~ , - 

In the steam-exhaust pipe H is a valve V, 
5 to which is connected the lever I, by the move 

ment oftwhich vthe said valve is opened or 
closed. In such aease as this the heat of the. 
?re may be utilized for other purposes after 

to‘ plied to heating the core 13.1v There are spe 
cial advantages in ‘them _ 
ing device, in that the metal of the core B is 
not so quickly oxidized. Moreover, the dif 
ference between the temperature of the-ap 

IS . gas or ?uid be applied as the'cooling medium, 
may be increased or decreasedat will, where 

_ by the rapidity of the magnetioichanges or 
?uctuations may be regulated. 

20 
is concerned,,the speci?cconstrnction ot the‘. 
apparatus is largely immaterial; 
however, claim in this. application, broadly, 

- theapplieation of a variableheat to vary the 
25 magnetic conditions of a ‘field of ~foree in‘ 

which" 'an- induced conductor :isconta'in'ed. 

P10351116»; 0i avcoole . 

plied heat and of the steam, air, or whatever ‘ 

In so far as my present invention, broadly, ~ 

II do-not, _ 

,What lclaim is—— 
_ 1. In an electrical generator, the combina 

tion, with a magnetized core or body and a 
conductor within the ?eld of force produced 30 
thereby, of an inclosed source of heat applied 
to a portion of saidcore, and an arti?cial 
cooling device for reducing the temperature 

iof the heated portionthereof, asset forth. 
as mnchof it as may be needed has been ap- - 

2. The combination, with a magnetized core 3 5 
ul‘ body ands conductor under the influence 
thereof, of an inelosed source of heat applied‘ 
to a portion of said core, means for bringing 
a cooling gas or ?uid in contact with the 
heated portion of the core, and means for con- 46 
trolling. the admission of the same. 

3. Thecombinatiomwitha magnetizedcore 
containing passages or channels, and coils 
wonn'd thereon, of means for applying heat to 
aportion of the core, and; a connection with 45 
a boiler for admitting steam into the chan 
nelegas set fortln ' ' ‘ 

- ' NIKOLA TESLA. 

Witnesses: ~ . 

R. J. STONEY,Jr., ‘ 
E.-P.-COFFIN. 
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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 county and State of New York, have in 
vented certain new and usefullmprovements 
in Coils for Electro-Magnets and other Appa 
ratus, of which the following is a specification, 
reference being had to the drawings accompa 
nying and forming a part of the same. 

In electric apparatus or systems in which 
alternating currents are employed the self 
induction of the coils or conductors may, and, 
in fact, in many cases does operate disadvan 
tageously by giving rise to false currents 
which often reduce what is known as the com~ 
mercial eñìciency of the apparatus'composing 
the system or operate detrimentally in other 
respects. The effects of self-induction, above 
referred to, are known to be neutralized by 
proportioning to a proper degree the capacity 
of the circuit with relation to the self-induc 

v tion and frequency of the currents. This has 

25 
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been accomplished heretofore bythe use of ' 
condensers constructed and applied as sepa 
rate instruments. 

»M present invention has for its object to 
avoi the employment of condensers which 
are expensive, cumbersome and dithcult to 
maintain in perfect condition, and to so con 
struct the coils themselves as to accomplish 
the same ultimate object. . . 

I would here state that by the terni coils I 
desire to include generally helices, solenoids, 
or, in fact, any conductor the diiîerent parts 
of which by the requirements of its applica~ 
tion or use are brought into such relations 
with each other- as to materially increase the 
self-induction. 

l have found that in every coil there exists 
a certain relation between its self-induction 
and capacity that permits a current of given 
frequency and potential to pass through it 
with no other opposition than that of ohmic 
resistance, or, in other words, as though it- pos 
sessed no self-induction. This is due to the 
mutual relations existing between the special 
character of the current and the self-induc 
tion and capacity of the coil, the latter quan 
tity being just capable of neutralizing the 
self-induction for that frequency. It is well 
known that the higher the frequency or po~ 
tential diiîerence of the current the smaller 

the capacity required to counteract the self 
induction; hence, in any coil, however small 
the capacity', it may be sufficient for the pur 
pose stated if the proper conditions in other 
respects be secured. In the ordinary coils the 
difference of potential between adjacent turns 

ror spires is ,very small, so that while they are 
in a sense condensers, they possess but very 
small capacity and the relations between the 
two quantities, self-induction and capacity, 
are not such as under any ordinary condi 
tions satisfy the requirements herein contem 
plated, because the capacity relatively to the 
self-induction is very small. 

In order to attain my object and ,to properly 
increase the capacity of any given coil, I wind 
it in such way as to secure a greater differ 
ence of potential between its adjacent turns 
or convoiutions, and since the energy stored 
in the coil-considering the' latter as a con 
denser, is proportionate to the square of the 
potential difference between its adjacent con 
volutions, it is evident that I mayin this way , 
secure by a proper disposition of these con 
volutions a greatly increased capacity for a 
given increase in potential dilïerence'between 
the turns. V 

I have illustrated diagrammatically in the 
accompanying drawings the general nature 
of the plan which I adopt for carrying out 
this invention. - ' 

`Figure l is a diagram of a coil wound in 
the ordinary manner. Fig. 2 is a diagram of 
a winding designed to secure the objects of 
my invention. 

Let A, Fig. 1, designate any given coil the 
spires or convolutions of which arewound 
upon and insulated from each other. Let it 
be assumed that the terminals of this coil 
show a potential difference of one hundred 
volts, and that there are one thousand con 
volutions; their considering any two contigu 
ous points on adjacent convolutions let it be 
assumed that there will exist between them 'a 
p_ptential difference of one-tenth of a volt. If 
now, as shown in Fig. 2, a conductor B be 

-wound parallel with the conductor A and in 
sulated from it, and the end of A be connected 
with the starting point of B, the aggregate 
length of the two conductors being such that 
the assumed number of convolutions or turns 
is the same, viz., one thousand, then the po 
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tential ditîerencebetween any two adjacent 
lpoints in Aand B will be fifty volts, and as 
the capacity effect is proportionate to the 
square of this difference, the energy stored 

5 in the coil asja whole-will now be two hun 
?red and fifty thousand as' 'greatl' Follow 

> ing out this principle, I may wind any'given 
coil either in Whole or in part, not only in 
the speciûc manner herein` illustrated, but 

1o in a great variety of ways,well-_known `in the 
art, so as to secure between adjacent convo 
lutions such potential diñî‘crence as .will give 
the proper capacity to neutralize the self-in 
duction for any given current that may be 

r 5, employed. Capacity secured in _this particu 
lar way possesses an additional advantage in 
that it is evenly distributed, a consideration 
of the greatest importance in many cases, and 
the results, both as to-eiiiciency and economy, 

zo are the more readily and easily obtained as 
the size of the coils, the potential difference, 
6r frequency of t'ne currents are increased. 

Coils composed of independent strands or l 
conductors wound side byside and connected 

25l in series' are not in themselves new, and I do 
_ not regard a more detailed description ofthe 

same as necessary. l3nt heretofore, so far as 
I am aware, the objects in view have been es 
sentially ditîerent from mine, and the results 

-which I obtain even if an incident to such 3o_ 
forms of‘ winding have not been appreciated 
or- taken advantage of. ' _ 

In- carrying outmy invention it is to be ob 
served that certain__ facts are well under- 
stood by those skilled in the art, viz: the re» 
lations ot' capacity, self-induction, and the 
frequency and potential diñïerence of the cur 
rent.- What capacity, therefore, in any given 
case it is desirable to obtain and what special ’ 
winding will secure it, are readily determin 
able from the other factors which are known. 

What I claim as my invention isn . - 
l. A coil for electric apparatus the adja 

ent convolutions o'f which form parts of the 
circuit between which there exists a potential 
difference sufficient to secure in the coil a ca 
pacity capable ot neutralizing its self-induc 
tion, as hereinbefore described. 

2. A coil composed'of contiguous or adja 
cent insulated conductors electrically ' con; 
nected in series’and having a potential dit 
ference of such value as to give to the coil as 
a whole, a capacity sufficient to neutralize its 
self-induction, as set forth. 

NIKOLA TESLA. 
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` Witnesses: v 

_ ROBT. F. GAYLORD, 
PARKER W. PAGE. 
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UNITED STATES. PATENT OFFICE. ‘ 

NIKOLA,'I‘ESLA, OF NEW YORK, N. Y. 

METHOD OF INSULATING ELECTRIC CONDUCTYORS. 

SPECIFICATION forming part of Reissued Letters Patent No. 11,865 dated October 23, 1900. 

Original No. 665,838, dated August 14, 1900. Application for reissue ?led September 21, 1900- Berill No. 30|722. 

To all whom it may concern. 
Beit known that I, NIKOLA TESLA, acitizen 

of the United States, residing in the borough 
of Manhattan, in the city,,connty, and State 

, of New York, have'invented certain new and 
useful Improvements in Methods of Insulat 
ing Electric Conductors, of which the follow 
ing is a speci?cation, reference being bad ‘to 
the accompanying drawings. '\ 

It has long been known that'*;many sub— 
stances which are more or less conducting 
when in the ?uid condition becomejnsula 
tors when solidi?ed. Thus water, which is 
in a'measure conducting, acquires insulating 
properties when converted into ice. The ex 
isting information on this subject, however, 
has been heretofore of a. general nature only 
and chie?y derived from the original observai 
t-ions of Faraday, wh'o estimated that the sub 
stances upon which he experimented, such 
as water and aqueous solutions, insulate an 
electrically-charged conductor about one hun 
dred times better when rendered solid by 
freezing, and no attempt has been made to 
improve the quality of the insulation obtained 
by this means or to practically utilize it for 
such purposes as are contemplated in my pres 
ent invention. In theconrse of my own in 
vestigations, moreespeciall y those of the elec 
tric properties of ice, I have discovered some 
novel and important facts, of which the more 
prominent are the following: ?rst, that under 
certain conditions, when the’ leakage of the 
electric charge ordinarily taking place‘i'is. rig 
orously prevented, ice proves itself to be a 
much better insulator than has heretofore ap 
peared; second, that its insulating properties 

_may be still further improved‘by the addi 
tion cf other bodies to the water; third,‘that 
the dielectric strength of ice or other frozen. 

_ aqueous substance increases with the reduc 
t-ion'of temperature and corresponding in 
crease of hardness, and, fourth, that these 
bodies afford a still more effective insulation 
for conductors carryingintermittent or alter 
nating currents, particularly of'high rates,‘ 
surprisingly-thin layers of ice being capable 
of‘ withstanding__electromoti've forces of many 
hu ndrcds and even thousands of volts. These 
and other observations have led me to their: 
vention of a novel method of insulating con 

7 above facts and advantageous in the utiliza 
tion of electrical energy for industrial and 
commercial purposes. ' 

This method consists in insulating an elec 
tric conductor by freezing Orsolidifyiugand ' 
maintaining inv such state the material sur~ 
rounding or contiguous to the conductor, 
using for the purpose a gaseous cooling agent 
circulating through one or more suitable chan 
nels extending through or in proximity to the 
said material. , 

Iii the practical carrying out of my method 
I may employ a hollow conductor and pass 
the cooling agent through the same, thus 
freezing the water or other medium in con 
tact with or close to such conductor, or [ may ' 
use expressly for the circulation of the cool 
ing agent an independent chan'neland freeze 
or solidify the adjacent substance in which 
any number of conductors may be embedded. 
The conductors may be'bare or covered with 
some material which is capablelof keeping 

‘them insulated when it is frozen or solidi?ed. 
The frozen mass may be in direct touch with 
the surrounding medium, or it may be'in a de 
gree protected from contact with the same by I 
an inclosure more or less impervious to heat. 
The cooling agent may be any kind of gas, as 
atmospheric air’,'oxygen, carbonic acid, am 
monia, illuminating-gas, or hydrogen. _ It may 
be forced through the channel by pressure or 
suction produced mechanically or otherwise. “ 
It may be continually renewed or inde?nitely 
used, being driven back and forthor steadily - 
circulated in closed paths nnderany suitable 
conditions as regards pressure, density,-tem 

perature, and velocity. _ To conduce to a better understanding of 

the invention, reference is now made to th 
accompanying drawings, in which- - 

Figures 1, 3, 6, 7, 8, and 9 illustrate in lon 
gitudinal section typical ways of carrying out 
my invention; and Figs. 2, 4, I‘, and 10, in 
section, or partlysmconstructive details to be 
described. _ 

InjFi'g. I, C is a hollow conductor, such'as 
a steel tube, laid infu.‘ body of water and com-‘ 
municating with a'reser'voir 1'', but- elect ric- ' 
ally insulated from the same atj.‘ ‘A pump 
or compressor p, of any suitable construction, 
connects r’ with another similar tank r‘, pro 

, ductors, rendered practicable by reason oftlie l vided ‘with an inlet-valve '0' The air or other 
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gas which is, used as the cooling'agent- enter 
ing through the valve-1:’ is drawn through the 
tank 'r'and pu m p 1) into the reservoirr', escap 

., ing thence through the-conductor , C- under 
' 5 any desired pressure which may be regulated 

by a valve ‘1;’. Both the reservoirs r’ and r" 
are kept at a low temperature by suitable 

vmeans, as by coils or tubes t’ t’ and t‘ 5’, 
through which any kind of refrigerating ?uid 
may be circulated, some provision being pref 
erably made‘for adj listing. ‘the ?ow of the 
same, as by valves-v‘. I The gas continuously 
passing through the tube or conductor 0 be 

’ingvery cold will freeze and maintain in this 
15 state the water in contact with or adjacent to 

the conductor and so insulate it. Flanged 
_ bushin gs ‘i’ 1?. of non-cond noting materialnnay 

be ‘used'to prevent the leakage ofthe current 
which would otherwise occur, owing to the 
‘formation of a super?cial ?lm of moisture 
overthe ice projecting‘out of the water. The 
tube being kept insulated bythis means may 
then be employed in'zthemanner of an ordi 
nary telegraphic or- herjcable by connect 

‘=5 ing either or bothvofi'ftb'ie-“terminals b’ b‘ in a 
eir'cuijtjincluding theearth. _ 

. Infina'ny cases icw beef advantage to 
cover‘, the hollowcondnctofr with a thick’ layer 
of some cheap material, as felt, this beingin 

gqdicated by (J8 in Fig.2. »Such-. a covering, 
"@‘pene‘trable' by water, would be ordinarily. of 
,; littleorno use; but when‘embedded. in the 

.‘ ice, i't-iinprovesthe insulating qualities of the 
i'j-isame. In this instance it furthermore serves 

5 :itog'restlyireduce the quantity of ice required, 
,_ rate-of melting, and thefinllux of heat 

~ waffrom the outside,'t-h'us diminishing the ex 
,_ _-;f-penditurefo'f energy necessary for the main 

, gtenauce of normal working conditions. As 
.?-,o regards this energy and other; particulars of 

I [importance they will varyaccording to the 
special demands in each case. 

_ ; Generally considered,the'cooling agent will 
-__have to carry away heat at a rate su?icient 
‘to keep the conductor at the desired tetn pera 

~ ture and to maintain a layerfof the required 
~ thickness of the substancesurrounding it in 

‘a frozen state, compensatingcontinually for’ 
' theheat ?owing in through the layer and wall 

so vof the conductor and that generated? by me 
‘chanical and electrical friction. To meet 

'' these conditions, its cooling‘ capacity, which 
is dependent on the temperature, ‘density, 

“ -.velocity,and speci?c heat,will be calculated 
5'5 the help of data and formulae familiar to 

H. engineers. 
:1J_fo'_,r-_.'the use contemplated; but in exceptional 
instances some other gas, as hydrogen, may 
be resorted to, which will permit a much 

6ogreater rate of cooling and a lower tempera 
' tnre to be reached. Obviously whichever 

be employed it should before entering the 
l?hollow conductor or channel be thoroughly 

dried and separated vfrom-all which bycon 
., .55 _'densa_tion and deposition-or otherwise might 

‘ 1 cause an obstruction to its passage. For‘ 
. these purposesuapparatus may employed 

tricity for ind nstrial 

Air will be, as a'rule, suitable: "plan. 

which is well known and which it is unnecs 
essary to show in detail. _ ' I ' 

Instead of being wasted at the distant sta- 10 
tion the cooling agent maybe turned to some 
pro?table use.‘ Evidently in the industrial 
and commercial exploitation of my invention 
any kind of cooling agent capable of meeting 
the requirements maybe conveyed from one 75 
to another station ,and there utilized for re 
frigeration, power, boating, lighting, sanita 
tion, chemical processes, or any other pur 

-'_pose to which it maylenditself, and thus the 
revenue of the plant may be increased. 
H As to the temperatnreof the conductor, it 
will be determined by the nature of its use 
and considerations of economy. Forinstance, 
if it be employed for the transmission of tele 
graphic messages, when the loss in electrical 85 
friction may be of no consequence, a very low ‘ 
temperature may not be required; but if it 
be used for transmitting large amounts of ' 
electrical energy, when the frictional waste ' 
may be a serious drawback, it will be desir- 9o 
able to keep it extremely cold. The attain- - 
mentof this object will be facilitated by any 
provision for reducing as much as possible 
the ?owing in of the heat from the surround 
ing medium. Clearly the lower the tempera- 95 
tnre of the conductor the smaller will be the 
loss in electrical friction; but, on the other 
hand, the colder "the conductor the greater 

will be the influx of heat from the outside 
‘and the cost of cooling agent. From such I00 
and similar considerations the temperature 
sec‘nring'the highest economy will be ascer 
tained. ‘ ' - ‘ 

Most frequently in the distribution of elec 
nrposes, as in my sys- :05 

tom of power transmission by alternate cur 
rents, more than one conductor will be re 
quired, and in such cases it may be conven 

. ient to circulate the cooling agent- in a closed 
path ‘formed by the conductors A plan of ‘I to 
this kind‘is illustrated in Fig. 3, in which 0' 
and‘ 0’ represent two‘ hollow conductors em 
bedded in a frozen mass underground and 
communicating, respectively; with the‘reser 
voirs R’ and R", which'are connected bya re- 1'15 
ciprocating or other suitable pu'm'p P. Cool 
ing coils or tubes T' T’ and 'l‘2 T‘, with regu 
lating-valves 'v"v" are employed, which are' ' 
similar to and 'serve the same purpose as 
those shown in Fig. 1. Other features of m 
similarity, ‘though unnecessary, are.il|ns.- 4:. 
trat-ed to facilitate an understanding of the 

A three-way valve‘ V,2 is provided, 
which when placed with its _lever_1 ‘as indi~ cated‘ allows the cooling agent‘ to enter 1:; 

through the tubes u’ _u"' and pump P, thus 
?lling the ‘reservoirs ‘R’ R.2 and hollow con, _ 
ductors .C‘ C’; but when turned ninety de-v 
grees the valve-shuts off the communication 

.to the outside through the tube to’ and estab- 13c 
‘ lishee a connection between the reservoir R.2 
and pump P through the ‘tubes 11.2 and u‘, thus 
permitting the cooling agent to be circulated 
in the closed path 0' C‘ R‘ u-‘n' I’ R‘ by the 
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action of the pump. ~ Another valve V’, of 
suitable construction, may be used for regu 
lating the' flow of the ‘cooling agent. The 
conductors O’ C’ are insulated from the res 
ervoirs R’ R’. and from each other at the 
joints J’ J‘ J“, and they are furthermore pro 
tecled .at the- places where they,v enter and 
leave the ground by ?anged bushings I' ‘I’ I” 
I”, of__i-nsnlat-ing material, which extend into 
the frozen mass in order to prevent the cur 
rent from leaking, as above explained. Bind 
ing-posts B’ B’ and B’ B’are provided for con 
necting the conductors to the circuit at each ._ 
station. _ 

In laying the conductors, as 0' 02, what 
ever be their number,.a~trench will gener 
ally be dug and a trough, round or square, 
as ‘T, ‘0! smaller dimensionsthan the trench, 
placed in the same, the‘ intervening vspace 
beingppacked with some material (designated 
by M M M) more or‘ less impervious to heat, 
as sawdust, ashes,vor the like, ‘Next the con-' 
doctors will‘ be put in position and tempo 
rarily supported in any convenient manner, 
and, ?nally, the trough will be ?lled with 

first-er, or other substance W, which will be‘ 
‘gradually frozen by circulating the cooling 
‘agent in the closed path, as before described. 
.Usually the trench will not be-level, but will’ 
follow the undulations of the ground, and 
this will make it necessary to subdivide\the 
trough in sections or to effect the freezing of 
the substance ?lling it successivelyin parts. 
This being done and "the conductors ‘thus 
insulated and-?xed, a layer of the same or 

. similar material M M M will .be placed‘- on 
the top and the whole covered with earth or. 
pavement. The trough may be of metal, as 

> sheet-iron, and in cases‘where the ground 
40 is used as the return-circuit it may serve 

as a main, or it may be of any kind of ma 
terial more or less insulating. :Figs; 4 and 
5 illustrate in cross‘section two such under- 

_ ground troughs '1" and T", of sheet metal, 
45 with their adiathermanousinclosures, (desig-_ 

nated M’ and M", respectively,) each trough 
containing a single central hollow conductor, 
as O’ O”. In the ?rst case the insulation W’ 
is supposed to'be ice obtained by freezing 
water preferably freed of air in order to ex 

' clude the formation ot'dangerous bubbles or 
_ cavities while in the second ‘case the frozen 
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mass ‘W is some aqueous or other substance 
or mixture highly insulating when‘ in this 
condition. - 

It should be stated that in many instances 
it may be practicable to dispense with a 
trough by resorting to simple expedients in 
the placing and insulating of the conductors. 
In fact, for some purposes it may be su?icien t 
to simply cover the latte} with a moist mass, 
as cement or other'plastic material, which so 
long as it is kept at a very low temperature 
and frozen hard will' afford adequate insula‘ 
tion. . 

Another typical way of carrying out my in 
vention, to which reference‘ has already been 

made, ‘is shown in ‘Fig. 6, which represents 
the cross-section of a trough, the same in 
other respects as those before shown, but 
containing instead of a hollow conductor any 
kind of pipe or conduit.‘ L. The cooling agent 
may be ‘driven. in any convenient manner 
through the pipe ,for ‘the purpose of freez 
ing the wateror other substance ?lling the 
trough, thus insulating and ?xing a number 
of conductors cc 0. Such a plan may be par 
ticularly suitable in cities for insulating and‘ 

‘?xing telegraph and telephone wires or the 
like. In such cases an exceedingly-low tem~ 
peratu-re of the cooling agent may not be-re 
quired, and the insulation will-be obtained 
at, the expense of little power. The conduit 
L may, however, be used simultaneously for 
conveying and distributing any kind of gase~ 
ous cooling agent for which th'eré'isa demand 
through the district. Obviously'two'such con? 

similar . du'its may be‘ provided and used in a 
mannerv as the conductors C’ 0‘. , . g 

It will often-be desirable to place in the 
saine trough a great number of wires or con- ' 
duct-ore serving for a variety of‘ purposes. 
In such acase a plan may be adopted which is 

.-illustrated in Fig. 7, showing a trough simi 
lar-- to that in Fig. 6 'with the conductors in 
cross-section. The cooling agent maybe in 

> this instance circulated, as in Fig. 3 or oth 
erwis'e, through the two hollow conductors (3‘ 
and C‘, which if found-advantageous may be 
covered with a layer of cheap material 01pm, 
such as will improve theirinsulation, but not. 
preventthe freezing or solidi?cation of thev 
surroundingsubstance W. The tubular-con 
ductors C’ 0’, preferably of iron, may then 
serve to con vey heavy currents for supplying 
light and power,while the smallones c’ c' o , 
embedded in the ice or frozen mass, may be 
usedtor any oth'erpurposes. I. ~ 

.While my invention contemplates, chie?y, 
the insulation of conductors employed in the 
transmission of electrical. energy to a dis 
tance, it may he, obviously, otherwise use 
fully applied. ‘In some'instances, for exam 
ple, it may be desirable to insulate and sup 
port va conductor in places as is ordinarily 
done by means of glass or porcelain insula 
tors. This may be e?fected in many ways by 
conveying a cooling agent either through the 
conductor-or through an independent chan 
nel and'freez'ing or solidifying any kind of 
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substance, thus enabling it to serve the pur- ' 
pose. Such an arti?cial insulating-support. 
is illustrated in Fig. 8, in which a represents 
a- vessel filled with water» or other substance 
to, frozen by the agent circulating through 

_ the hollow contiuctor C", which is thus insu 
To improve the insu- . lated and supported. 

lation on the top, where it is most liable to 
‘give way, a layer of some substance w’, as oil, 
may be used, and the conductor may be cov 
ered near the support with insulation 11 i, as 
shown, the same extending into ‘the oil, for 
reasons well understood. ' 
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Another typical application of my inven- - 
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tion is shown in Ifig. 9, in which I" and S’ 
represent, respectively, the primary and sec 

‘ ondary conductors, bare or insulated, of ‘a 

10 

is 

transformer, which are wound on a core N 
and immersed in water or other substance W, 
contained in a jar‘; II, and, as before stated,‘ 
preferably freed of air by boiliugor other 
wise. The cooling agent is circulated in any 
convenient manner, as ‘through the hollow‘ 
primary I", for the purpose of freezing the 
substance W. Flanged bushings'rl d and oil 
cupsee, extending into the frozen mass, illus 
trate suitable means for insulating the ends 
of- the two conductors and preventing the 
leakage of the currents, A transformer as 
described is especially ?tted for use with cur 
rents of high frequency when a low tempera 
ture of the conductors is particularly desir 
able, and ice affords an exceptionally-effect. 
ive insulation. . 

It will be understood that my in vcntion may 
be applied in many other‘ways, that the spe 
clal means here described will be greatly va 
ried according to the necessities, and that in 
each case many expedients will be adopted 
which are well known to engineers and elec 

, tricians and on "which it is unnecessary to 
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dwell. However, it may be useful to state 
that in someginstances a special provision 
will haveto be made for effect-ing a uniform 
cooling of the substance surrounding the con 
ductor-throughout its length. Assuming in 
Fig. 1 the cooling agent to escape at the dis 
tant end freely into the atmosphere or into a 

‘ reservoirmaintained at low pressure, it wil in 
passing through the hollow conductor 0 move 
with a velocity steadilyincreasing toward the 
end, expanding isothermally,or nearly so, and 

‘,hence it will cause ‘an approximately-uniform 
formation of ice along the conductor. In the 
plan illustrated in Fig. 3 a similar result will 
be in a measure attained, owing to the com 
pensating effect of the hollow conductor C’ 
and O“, which may be still further enhanced 
by reversing periodically the direction of the 
flow in any convenient manner; but in many 
cases special arrangements will have to be 
employed ‘to render the cooling more or less 
uniform. 
5, and 6, instead of a single channel two con 
centric channels L’ and L2 may be provided 
and the cooling agen t passed through one and 
returned through the other, as indicated, dia- ‘ 
grammatically, inv Fig. 10. In this and any 
similar arrangement when the flow takes place 
in opposite directions the object aimed atwill 
be more completely attained by reducing ‘the 
temperature of the circulating cooling agent 

' _ at the distant station, which may be done by 
simply expanding it into a large reservoir, 
as R", or cooling it by means of a tube or coil 
'1‘8 or otherwise. Evidently in'the case illus 
trated the concentric tubes may be used as 
independent conductors if insulated from 
each other and from the ground by the frozen 
or solidified substance. 

Generally in the transmission of electrical 

For instance, referring to Figs. 4, > 

energy in large amounts, when the quantity 
of heat to be carried off may be considerable, 
ref rigerating apparatus tho-roughly protected 
against the in?ow of heat from the outside, 
as usual, will be employed at both the sta~ 
tions and when the distance between them is 
very great» also atv intermediate points, the 
machinerybeingadvantageously operated by 
the currents transmitted or cooling agent 
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conveyed. 'In such cases a fairly-uniform . 
freezing of the insulating substance will be 
attained without difficulty by the_c0mpen 
sating cfIe-et of the oppositely-circulating 
cooling agents. ' In large plants of this kind 
‘when the saving of electrical energy in the 

80 

transmission is the most important consider- v 
,ation or when the chief object is to reduce 
the cost of, the mains by the employment of 
cheap metal, as iron or otherwise, every ef 
fort will be made to maintain the conductors 
at the lowest- possible temperature, and well 
'known refrigerating processes, as those based 
on the regenerative principle, may be resorted 
‘to, and in this and any other case the- hollow 
conductors orchannelsinstead of merely serv- ‘ 
ing the purpose of conveying the cooling agent. 
may themselves form active parts of the re 
frigerating apparatus. 

From the above description it will be readily ' 
seen that my invention forms a fundamen 
tal departure in the principle from'the estab 
lished methods of insulating conductors em~ 
ployed'in the industrial and commercial ap 
plication of electricity. It aims, broadly, at 
obtaining insulation by the continuous ex-, 
penditure of a moderate ‘amount of‘ energy 
instead of securing it only by virtue of an in 
.herent physical property of the material used 

More especially, its object is , as heretofore. 
to provide, whenand wherever required, in 
sulation of high ,quality, of any desired thick 
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ness, and exceptionally cheap,'and to enable - 
the transmission of electrical energy under 
conditions of economy heretofore unattain-' 
able andgat distances until now impracticable 
by‘ dispensing with the necessity of using 
costly conductors and insulators. 

What I'claim as my invention is— 
1. The method of insulating electric con 

ductorsherein described which consists in im 
parting insulatingproperties to material sur 
rounding or contiguous to the said conductor 
by the continued action thereon of a gaseous 
cooling agent, as set-forth. 
Q2. The method of insulating electric con-v 

doctors herein described which consists in re 
ducing to‘ and maintaining in a frozen or 'so 
lidl?ed condition the material surrounding or 
contiguous to the said conductor by the ac-‘ 
tion thereon of a gaseous coolingagent main- ' 
tained in circulation through o'ne or more 
channels as set forth,‘ - . 

3. The method of insulating electric con 
ductors herein described which consists in 
surrounding or supporting the conductor by r 
material which acquires insulating properties 
when in a frozen or solidi?ed state, and main 
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~mining 'the material in such a state by the 
circulation through one or more channels ex 
tending through it of a gaseous cooling agent, 
as set forth. - ' ' 

4. The method of insulating an electric con 
d uctor which consists in surrounding or sup‘ 
porting ~said conductor by a materialwhich 
acquires insulating properties when frozen or 
solidi?ed, and maintaining the material in 
such state by passing a gaseous cooling agent 
continuously through ‘a channel in said con 
ductor, as set forth. ' 

5. The method of insulating electric con 
ductors, which consists in surronnding'or su p 
porting the said conductors ‘by _a material 
which acq uires insulating properties when in 
a frozen or solidi?ed state, and maintaining 
the material in such state by the continued 
application thereto of a gaseous cooling agent, 
asset forth. , .' ' 

6. The'method of‘ insulating conductors 
herein set forth which consists in surround 
ing or‘ supporting the conductors by a mate 

frial which acquires insulating properties ' 
when in a frozen orsolidi?ed state, and main 
taining the material in such state by the cir 
culation of a gaseous cooling agent through 
a circuit of pipes or tubes extending through 
vthe said material as set forth. .‘ 

7. The method of insulating electric con 
ductors which consists in laying or support- r . 
ing the conductors inst-rough or conduit ?ll 

ing the trough with a nialerial which acquires 
insulating properties when frozen or solidi- 
?ed, and then causing a gaseous coolingagent 
to circulate through one or morechannels ex 
tending through the material in the trough so 

as ‘to freeze or solidify the material, as set 
forth. ' ‘ " 

a 8. The method ~of insulating electric con 
d uctors which consists in embedding the same 
in a moist or plastic compound which acquires 
insulating properties when in a frozen or so 
lidi?ed state, and maintaining the compound 
in such state by circulatinga gaseous cooling 
agent through one or more channels extend-v 
ing through the compoundfas set forth. ' 

9. The method of insulating electric con 
ductors which consists in laying or support_-_ 
mg the conductors in a trough or conduit, ?ll 
ing the trough with a material which acquires 
insulating properties when frozen or solidi 
fled, protecting the trough from the surround-. 
ing medium in which it is laid by an adia 
thermanonsinclosure, and then freezing or 
solidifying the-material surrounding the con. 
ductors and maintaining the same in such. 
state by circulating a gaseous cooling agent. 
through one or more channels‘. extending 
through the same, as set forth. , - ‘ 

v ’ NIKOLA TESLA. 

Witnesses: 
DRURY W, COOPER, 
J 01m 0. KERR. 
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To all whom it may concern. 
Be it known that I, N I'KOLA TESLA, of Smil 

jan Lika, border country of Austria-Hungary, 
have invented certain new and useful Im 

5 provements in Electric-Arc Lamps, of which 
the following is a ‘speci?cation. , 

My invention relates more particularly to 
those are lamps in which the separation and 
feed of the carbon electrodes or their equiva 

IO 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 common to the greater 
part of the lamps heretofore made. 

The objects of my invention are to prevent 
the frequent vibrations of the movable elec 
trode and ?ickering of the light arising there 
from, to prevent the falling into contact of the 
electrodes, to dispense with the dash-pot, 

2o 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 arc is effected by forces acting in oppo 
sition on a free movable rod or lever directly 
connected with the electrode, all or some of 
the forces being dependent on the strength 

30 of the current, any change in the electrical con 
dition of the circuit causes a vibration and a 
corresponding ?icker in the light, This dif 
?culty is most apparent when there are only 
a few lamps in circuit. To lessen this diffi 

35 culty, lamps have been constructed in which 
the lever or armature, after the establishing 
of the arc, is kept in a ?xed position and can 
not vibrate during the feed operation, the feed 
mechanism actingindependently; butin these 

40 lamps, when a clamp is employed, it frequently 
occurs that the carbons come into contact and 
the light is momentarily extinguished, and, 
frequently,parts of the circuit are injured. In 
both these classes of lamps it has been custom 

4 5 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 
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sired objects and to remedy the before-men- 5o 
tioned defects. I combine two electromag 
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 arc, and hold the car 
bons until the arc lengthens and the arma< 
ture-lever returns to the normal position. 6 5 
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 
lamp. Fig. 2 is a plan view of the same be 
low the line 09 x. 3 is an elevation of the 
balancing lever and spring, and Fig. 4 is a de 
tached plan view of the pole-pieces and arma~ 
tures upon the friction-clamp, and Fig. 5 is a 
section of the clamping-tube, 

M is a helix of coarse wire in a circuit from 
the lower-carbon holder to the negative bind~ 
ing-serew m. 

N is a helix of ?ne wire in a shunt between 
the positive bindingscrew + and the negative 
binding-screw a». The upper-carbon holder 
S is a parallel rod sliding through the plates 
S’ S‘2 of the frame of the lamp, and hence the 
electric current passes from the positive bind 
ing-post + through the plate S2, carbon~ 
holder S, and upper carbon to the lower car 
bon, and thence by the holder anda metallic 
connection to the helix M. 

The carbon-holders are of any desired char 
acter, and to insure electric connections the 
springs l are made use of to grasp the upper~ 
carbon holding rod S, but to allow the rod to 
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slide freely through the same. These springs 
I may be adjusted in their pressure by the 
screw m, and the spring Z 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 S’ S“, there is atube, R, which forms 
a clamp. This tube is counterbored, as seen 
in the section Fig. 5, so that it bears upon the 
rod S atits upper end and near the middle, and 
at the lower end of this tubular clamp B there 
are armature-segmentsrof soft iron. A frame 
or arm, n, extending, preferably, from the core 
N2, supports the lever A by a fulcrum-pin, o. 
This lever A has a hole, through which the 

, upper end of the tubular clamp R passes freely, 
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and from the lever A is a link, q, to the lever 
t, which lever is pivoted at y to a ring upon 
one of the columns S3. This lever thas an 
opening or bow surrounding the tubular clamp 
R, and there are pins or pivotal connections 
10 between the lever t and this clamp R, and 
a spring, 1'”, serves to su port or suspend the 
Weight of the parts and alance the same, or 
nearly so. This spring is preferably adj ust 
able. 

At one end of the lever A is a soft-iron arma-i 
ture block, a, over the core M’ of the helix 
M, and there is preferably a limiting-screw, a, 
passing through this armature-block a, and at 
the other end of the leverAis 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 e on the core 
N 2. ‘ The lower ends of the cores M’ N2 are 
made with lateral projecting pole-pieces M3 
Na, respectively, and these pole-pieces are con 
cave at their outer ends, and are at opposite 
sides of the armature-segments 1" at the lower 
end of the tubular clamp R. - 

The operation of these devices is as follows: 
In the condition of inaction the upper carbon 
restsupon the lower one, and when the cur 
rent is turned on the electricity passes freely, 
by the frame and spring 1, through the rod S 
and carbons to the coarse wire and helix M, 
and to the negative binding-post V, and the 
core M’ thereby is energized. The pole-piece 
M3 attracts the armature r, and by the lateral 
pressure causes the clamp R to grasp the rod 
S’, 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 in so doing the link 'qand lever tare raised, 
lifting the clamp R and rod S, separating the 
carbons and forming the arc. The magnetism 
of the pole-piece 0 tends to hold the lever A 
level,or nearly so, the core N2 being energized 
by the current in the shunt which contains 

In this position the lever A is 
not moved by ordinary variation in the elec 
tric current because the armature b is strongly 
attracted by the magnetism of e, and these parts 
are close to each other, and the magnetism of 

‘ 6 acts at right angles to the magnetism of 

long, the current through the helix M is less 
sened, and the magnetism of the core N3 is in 
creased by the greater current passing through 
the shunt, and this core N3 attracting the seg 
mental armature 1' lessens the hold of the 
clamp R upon the rod S, allowing the latter to 
slide and lessen the length of the are, which 
instantly restores the magnetic ‘equilibrium 
and causes the clamp R to hold the rod S. If 
it happens that the carbons fall into contact, 
then the magnetism of N2 is lessened so much 
that the attraction of the magnet M will be 
sufficient to move the armature a and lever A 
so that the armature 11 passes above the nor 
mal position, so as to separate the carbons in 
stantly; but when the carbons burn away a 
greater amount of current will pass through 
the shunt until the attraction of the core N 2 
will overcome the attraction of the core M’ and 
bring the armature-lever Aagain into the nor 
mal horizontal position,and this occurs before 
the feed can take place. The segmental arma 
ture pieces 1" are shown as nearly semicircular. 
They may be square or of any other desired 
shape, the ends of the pole-pieces M3 N3 being 
made to correspond in shape. 

I claim as my invention— 
1. The combination, in an electric-arc lamp, 

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 as set 
forth, so that the two magnets act in conjunc 
tion on the armature-lever in moving the car 
bon to form the arc and in opposition to each 
other beyond the normal position of the arma 
ture-lever, substantially as speci?ed. 

2. The combination, with the carbon-hold 
ers, of two magnets, one in the main circuit 
and the other in a shunt-circuit, and an arma 
ture-lever to draw the arc, and a feeding 
mechanism and pole-pieces upon the electro 
magnets to act upon the feeding mechanism, 
substantially as speci?ed. 

3. The combination, with the carbon-hold 
ers, of two magnets, one in the main circuit 
and the other in a shunt-circuit, and an arma 
ture-lever between two poles of such electro 
magnets to draw the arc, and a feeding mech 
anism and pole-pieces upon the other two 

,the core M’. If, now, the arc becomes too - 
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poles of the electro-magnets' to act upon the - 
feeding mechanism, substantially as speci?ed. 

4. The combination, with the carbon-hold 
ing rod in an electric-arc lamp, of the clamp 
R, lever t, spring 1"’, armature~lever A, and 
electro-magnets M N in the main and shunt 
circuits, respectively, the pole-pieces M3 N“, 
and armature-segments r, ‘substantially as set 
forth. 

5. ,The combination,with the carbon~holder, 
of a tubular clamp surrounding the same, an 
armature - lever connected to said tubular 
clamp, and electro-magnets in the main and 
shunt circuits, respectively, and armature-seg 
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ments upon the tubular clamp adjacent to the 
lateral poles of the electro-magnets, substan 
tially as set forth. ~ 

6. In an electric-arc 1anip,t-he combination, 
with the carbon-holding rod, of a clamp, two 
armatures upon the clamp, and electromag 
nets in the main and shunt circuits, re 
spectively, the poles of which act upon the 
armatures of the clamp for bringing the same 

into action or releasing it, substantially asset IO 
forth. 

Signed by me this 25th day of March, A. 
D. 1885. 

NIKOLA TESLA. 

‘Witnesses: 
GEO. T. PINOKNEY, 
CHAs. H. SMITH. 
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NIKOLA TESLA, OF NEIV YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES 
F. PEOK, OF ENGLEWOOD, NEW JERSEY. 

SYSTEM OF ELECTRICAL DISTRIBUTION. 
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Application ?led December 23, 1887. Serial No. 258,787. (No model.) 

To all whom, it may concern. 
Be it known that I, NIKOLA TEsLA, from 

Smiljan Lika, border country of Austria-Hun 
gary,now residing at New York,in the county 
and State of New York, have invented certain 
new and useful Improvements in Systems of 
Electrical Distribution, of which the following 
is a speci?cation, reference being had to the 
drawings accompanying and forming a part of 
the same. 

This invention relates to those systems of 
electrical distribution in which a current from 
a single source of supply in a main or trans 
niitting circuit is caused to induce by means 
of suitable induction apparatus a current or 
currents in an independent working circuit or 
circuits. - 

The main objects of the invention are the 
same as have been heretofore obtained by the 
use of these systems—-viz., to divide the'cur 
rent from a single source,whereby a number 
of lamps, motors, or other translating devices 
may be independently controlled and operated 
by the same source of current, and in some 
cases to-reduce a current of‘ high potential in 
the main circuit to one of greater quantity and 
lower potential in the independent consump 
tion or working circuit or circuits. 

The general character of the devices em 
ployed in these systems is now well under 
stood. An alternating-current magneto-ma 
chineis used as the source of supply. The cur 
rent developed thereby is conducted through 
a transmission-circuit to one _or more distant 
points at which the transformers are located. 
These consist of induction-machines of various 
kinds. In some cases ordinary forms of induc~ 
tion-coil have been used with one coil in the 
transmitting-circuit and the other in a local 
or consumption circuit, the coils being differ‘ 
ently proportioned according to the work to 
be done in the consumption-circuit§that is 
to say, if the work requires a current of higher 
potential than that in the transmission circuit 
the secondary or induced coil is of greater 
length and resistance than the primary,while, 
on the other hand, if a quantity current of 
lower potential is wanted the longer coil is 
made the primary. In lieu of these devices 

various forms of electro-dynamic induction- 5o 
machines, including the combined motors and I 
generators, have been devised. For instance, 
a motor is constructed in accordance with well 
understood principles, and on the same arma 
ture are wound induced coils which constitute ,3 
a generator. The motor-coils are generally of 
?ne wire and the generator-coils of coarser 
wire, so as to produce a current ‘of greater 
quantity and lower potential than the line-cur 
rent, which is of relatively highvpotential, to 6c 
avoid loss in long transmission. A. similar ar 
rangement is to wind coils corresponding to 
those described in a ring or similar core, and 
by means of a commutator of suitable kind to 
direct the ‘current through the inducing-coils 65 
successively, so as to maintain a movement of 
the poles of the core and of the lines of force 
which set up the currents in the induced coils. 

WVithout enumeratingthe objections to these 
systems in detail, it will suffice to say that the 70 
theory or the principle of the action or opera 
tion of these devices has apparently been so 
little understood that their proper construc 
tion and use have up to the present time been 
attended with various difficulties and great 75 
expense. The transformers are very liable to 
be injured and burned out, and the means re 
sorted to for curing this and other defects 
have almost invariably been at the expense of 
efficiency. 

The form of converter or transformer which 
I have devised appears to be largely free from 
the defects and objections to which I have al 
luded. While I do not herein advance any 
theory as to its mode of operation, I would 85 
state that, in so far as the principal of con 
struction is concerned, it is analogous to those 
transformers which I have above described as 
electro - dynamic induction - machines, except 
that it involves no moving parts whatever,and 9c 
is hence not liable to wear or other derange; 
ment, and requires no more attention than the 
other and more common induction-machines. 

In carrying out my invention I provide a 
series of inducing-coils and corresponding in- 95 
duced coils,which, by preference, I wind upon 
a core closed upon itself-such as an annulus or 
ring subdivided in the usual manner. The 
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two sets of coils are wound side by side orsu 
perposed or otherwise placed in well-known 
ways to bring them into the most effective re 

’ lations to one another and to the core. The 
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inducing or primary coils wound on the core 
are divided into pairs or sets by the proper 
electrical connections, so that while the coils of 
one pair or set to co-operate in fixing the mag 
nctic poles of the core at two given diametric 
ally-opposite points, the coils of the other pair 
or set—assuming, for sake of illustration, that 
there are but t\vo——tend to ?x the poles ninety 
degrees from such points. \Vith this induc 
tion device I use an alternating-eurrent gen~ 
erator with coils or sets of coils to correspond 
with those of the converter, and by means of 
suitable conductors I connect up in independ 
ent circuits the corresponding coils of the gen 
erator and converter. It results from this 
that the different electrical phases in the gen 
erator are attended by corresponding mag 
netic changes in the converter; or, in other 
words, that as the generatorcoils revolve the 
points of greatest magnetic intensity in the 
converter will be progressively shifted or 
whirled around. This principle I have ap 
plied under variously~moditied conditions to 
the operation of electromagnetic motors, and 
in previous applications, notably in those hav 
ing Serial Nos. 252,182 and 256,561,I have de 
scribed in detail the manner of constructing 
and using such motors. In the present appli 
cation my object is to describe the best and 
most convenient manner of which I am at pres 
ent aware of carrying out the invention as ap 
plied to a system of electrical distribution; 
but one skilled in the art will readily under 
stand from the description by the modi?ca 
tions proposed in said applications, wherein 
the form of both the generator and converter 
in the present case may be modified. 

In illustration therefore of the details of 
construction which my present invention in 
volves, I now refer to the accompanying draw 
lugs. 

Figure 1 is a diagrammatic illustration of 
the converter and the electrical connections of 
the same. Fig. 2 is a horizontal central cross 
scction of Fig. 1. Fig. 3 is a diagram of the cir 
cuits of the entire system, the generator being 
shown in section. ' 

[use a core, A, which is closed upon itself 
that is to say, of an annular cylindrical or 
equivalent form~~and as the eflicicncy of the 
apparatus is largely increased by the subdi‘ 
vision of this core I make it of thin strips, 
plates, or wires of soft iron electrically insu 
lated as far as practicable. Upon this core, 
by any well?known method, I wind, say, four 
coils, B B B’ B’, which I use as primary coils, 
and‘ for which I use long lengths of compara 
tively fine wire. Over these coils I then wind 
shorter coils of coarser wire, 0 C O’ O’, to con‘ 
stitute the induced or secondary coils. The 
construction of this‘ or any equivalent form of 
converter may be carried further, as above 

pointed out, by inclosing these coils with iron 
as, for example, by winding over the coils a 
layer or layers of insulated iron wire. 

The device is provided with suitable bind 
ing~posts, to which the ends of the coils are 
led. The diametrically-opposite coils B B and 
B’ B’ are connected, respectively, in series, and 
the four terminals are connected to the hind 
ing-posts 1 2 3 4-. The induced coils are con 
nected together in any desired manner. For 
example, as shown in Fig. 3, G C may be con 
nected in multiple are when a quantity cur 
rent is desired-as for running a group of in 
candescent lamps, D—~whilc G’ 0’ may be in 
dependently connected in series in a circuit 
including arc lamps or the like. The gener 
ator in this system will be adapted to the con 
verter in the manner illustrated. For exam 
ple, in the present case I employ a pair of or~ 
dinary permanent or clectro magnets, E E, 
between which is mounted a cylindrical arma< 
ture on a shaft, F, and wound with two coils, 
G G’. The terminals of these coils are con 
nected, respectively. to four insulated contact 
or collecting rings, H H H’ II’, and the four 
line circuit-wires L connect the brushes K, 
bearing on these rings, to the converter in the 
order shown. Noting the results of this com 
bination, it will ‘be observed that at a given 
point of time the coil G is in its neutral posi 
tionandisgeneratinglittle or no current,while 
the other coil, G’, is in a position where it ex 
erts its maximum effect. Assuming coil G to 
be connected in circuit with coils B B of the 
converter, and coil G’ with cells B’ B’, it is 
evident that the poles of the ring A will be 
determined by coils B’ B’ alone; but as the 
armature of the generator revolves, coil G de 
delops more current and coil G’ less, until G 
reaches its maximum and G’ its neutral posi 
tion. The obvious result will be to shift the 
poles of the ring A through one-quarter of 
its periphery. The movement of the coils 
through the next quarter of a turn, during 
which coil G’Ycnters a ?eld of opposite p0‘ 
larity and generates a current of opposite 
direction and increasing strength, while coil 
G, in passing from its maximum to its neu 
tral position generates a current of decreas 
ing strength and same direction as before, 
causes a further shifting of the poles through 
the second quarter of the ring. The sec~ 
ond half-revolution will obviously be a repe 
tition of the same action. By the shifting of 
the poles of the ring A a powerful dynamic 
inductive effect on the coils G G’ is produced. 
Besides the currents generated in the second 
ary coils by dynamo'inagneticinduction other 
currents will be set up in the same coils in con 
sequence of any variations in the intensity of 
the poles in the ring A. This should be avoided 
by maintaining the intensity of the poles con— 
stant, to accomplish which care should be 
taken in designing and proportioning the gen 
erator and in distributing the coils in the ring 
A and balancing their effect. iVhen this is 
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done, the currents are produced by dynamo 
magnetic induction only, the same result be 
ing obtained as though the poles were shifted 
by a commutator with an in?nite number of 
segments. . _ 

The modi?cations which are applicable to 
other forms of converter are in many respects 
applicable to this. I refer more particularly 
to the form of the core, the relative lengths 
and resistances of the primary and secondary 
coils, and the arrangements for running or 0p 

jerating‘the same. 
The new method of electrical conversion 

which this system involves I have made the 
subject of another application, and I do not 
claim it therefore herein. 

Without limiting myself therefore to any 
speci?c form, what I claim is 

1. The combination, with a core closed upon 
itself, inducing or primary coils wound thereon 
and connected up in independent pairs or sets, 
and induced or secondary coils wound upon 
or near the primary coils, of a generator of 
alternating currents and independent connec 
tions to the primary coils, whereby by the op 
eration of the generator a progressive shifting 
of the poles of the core is effected, as set forth» 

2. Thecombination,withan annularorsimi 
lar magnetic core and primary and secondary 
coils wound thereon, of'an alternating-cur 
rent generator having induced or‘ armature 
coils corresponding to the primary coils, and 
independent circuits connecting the primary 
coils with the corresponding coils of the gen 
erator, as herein set forth. 

3. The combination, with independent elec 
tric transmission-circuits, of transformers con 
sisting of annular or similar cores wound with 
primary and secondary coils, the opposite pri 
mary coils of each transformer being connected 
to one of the transmission-circuits, an alter 
nating-current generator with independent in 

. duced or armature coils connected with the 
transmission-circuits, whereby alternating cur 
rents may be directed through the primary 
coils of the transformers in the order and man 
ner herein described. 

NIKOLA TESLA. 

Witnesses: 
ROBT. H. DUNCAN, 

' RoB'r. F. GAYLORD. 
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To all whom it may concern. 
Be it known that I, NIKOLA TESLA, from 

'SmiljanLika, border country of Austria-Hun 
gary, residing at New York, N. Y., have'in 

5 vented certain new and useful Improvements 
in Eleetro-Magnetic Motors, of which the fol 
lowing is a speci?cation, ‘reference 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 me 
chanical energy involves certain requirements 
which the apparatus and systems heretofore 
employed have not been capable of ful?lling. 

[5 Such a solution, primarily, demands a uni 
formity of speed in thevmotor 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 
ment, 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 invent-ion is directed to thepro 
duction and improvement of apparatus capa 
ble of more nearly meeting these requirements 
than those heretofore available, and though I 
have described various means for the purpose, 
they involve the same main principles of con 

> struction and. mode of operation,which may be 
described as follows: A motor is employed in 
which there are two or more independent cir 

25 

cuits through which alternate currents are 
passed at properintervals,inthe manner here 
inafter described, for the purpose of effecting 
a progressive shift-ing of the magnetism or of 
the “lines of force 1’ 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 ?eld-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 

40 

’ 5o avoid all the usual commutating appliances in 

' 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- 55 
tion will be‘descrihed more in detail by ref 
erence to the accompanying diagrams and. 
drawings. . 

Figures 1 to 8 and 1a to 8‘, inclusive, are dia 
grams illustrating the principle of the action 60 
of my invention. The remaining ?gures are 
views of the apparatus in various forms by 
means of which the invention may be carried 
into e?'ect, and which will be described in 
their order. . * 

Referring ?rst to Fig. 9, which is a diagram 
matic representation of a motor, a generator, 
and connecting-circuits in accordance with my 
invention, Mis 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 susceptible as possible to variations 
in its magnetic condition. This ring is sur 
rounded by four coils of insulated wire sym 
metrically placed, and designated by O O C’ O’. 
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 leit are con- 80 
nected to terminals T T T’ '1", as indicated. 
Near the ring, and preferably inside of it, there 
is mounted on an axis or shaft, a, a magnetic 
disk, D, generally circular in shape, but hav 
ing two segments cutaway, as shown. This 
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 ?eld-magnets N S and a cylindrical arma 
ture-core, A, wound with the two coils B B’. 
The free ends of each coil are carried through 
the shaft a’ and connected, respectively, to in 
sulated contact-rings b b b’ b’. Any conven 
ient form of collector or brush bears on each 
ringv and forms a terminal by which the cur- 95 
rent to and from a. ring is conveyed. lThese _ 
terminals are connected to the terminals-of 
the motor by the wires L and L’ in the‘man 
ner indicated, whereby two complete circuits 
are formed-done including, say, the coils B of :00 
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the generator 0’ G’ of the motor, and the other 
the remaining coils B’ and O C ofthe 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 8“, 

.v for an illustration of the various phases through 
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whieh‘the coils 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 ?eld-magnets N S obviously 
produces in the coils B B’ alternating currents, 
theintensity and direction of which depend 
upon well-known laws. In the 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 vthe de 

, scription of Fig. 9 the circuit including this 
coil B’ may also include, say, the coils G C of 
the motor, Fig. l“- The result, with the proper 
connections, would be the magnetization of 
the ring R’, the poles being 011 the line N S. 
The same order of connections being observed 
between the coil B and the coils G’, the latter, 
when traversed by a current, tend to ?x the 
poles at right angles to the line N S of Fig. 1“. 
it results, therefore, that when the generator 
coils have made one eighth of a revolution, 
reachin the position shown in Fig. 2, both 
pairs of coils C and C’ 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 forces of the coils—that 
is to say, it will advance along the ring to a 
position corresponding to one-eighth of the 
revolution of thearmature of the generator. 
In Fig. 3 the armature of the generator. has 
progressed to 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 It 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 ?gures. A short reference to these 
?gures will su?ice foran understanding oftheir 
signi?cance. 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 coils are generating current; 
but the coil B’, having now entered the oppo 
site ?eld, is generating a current in the oppo 
site direction, having the opposite magnetiz 
ing e?‘ect; hence 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 thering is shown in Fig. 
5‘. In this phase coil B isin the neutral posi 
tion while coil 1%’ is generating its maximum 
current, which'is in the same direction as in 

- Fig. 4. The poles will consequently be shifted 

through one halfof the ring. In Fig. 6 the ar 
mature has completed ?ve-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 ?eld of opposite polarity, generates 
a current of opposite direction. The resultant 
poles will therefore be in theline NS, Fig. 6', ' 

the poles of the ring will _ or, in other words, 
be shifted along ?ve-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 seveneighths of a revolution of 
the generator-armature. These ?gures will 
be readily understood from the foregoing. 
When a complete revolution 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 Fig. 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, Ihave found, is not 
essential to e?‘eeting its rotation, as a circular 
disk, as indicated 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 force 
through the same, which results in a continu 
ous tangential pull upon the disk, causing its 
rotation. This seems to be con?rmed by the 
fact that a circular disk of steel is more effect 
ively rotated than one of soft iron, for therea 
son that the former is assumed to possess a 
greater resistance to the shifting of the mag 
netic lines. 

In illustration of other forms of my inven 
tion, I shall now describe the rcmaining?gures 
of the drawings. 

Fig. 10 is a view in elevation 
tieal section of a motor. 
of the same with the ?eld in section and a dia 
gram of connections. Fig. 11 is an end or 
side view of a generator with the ?elds in sec 
tion. This form of motor may be used in place 
of that shown above. _D is a cylindrical or 
drum-armature core, which, for obvious 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, E and E’, the ends of which 
are respectively connected to insulated con 
tact-rings d 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’, 

and part ver 
Fig. 12 is a top view 
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which constitutes the ?eld-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 this event 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 motorl may use the device shown in Fig. 
11. , This represents an annular or ring arma 
ture, A, surrounded by four coils, F F F’ 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 b’ b’. The ring is suitably mounted 
on a shaft, a’, 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 L and L’ L’, as in 
dicated diagrammatically in Fig. 12. Now it 
is obvious from a. consideration of the preced 
ing ?gures 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 ?eld-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 ?gures. 

Fig. 13 is a diagrammatic illustration of a 
motor and a generator constructed and con-v 
nected in accordance with myinvention. Fig. 
14 is an end view of the generator with its 
?eld-magnets in section. The ?eld of the mo 
tor M is produced by six magnetic poles, G’ G’, 
secured to or projecting from a ring'or frame, 
H.‘ These magnets or poles are wound with 
insulated coils, those diametrically opposite 
to each other being connected in pairs so 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 between the poles, 
is a cylinder or disk, D, of wrought-iron, 
mounted on the shaft a. Two segments of 

The gen 
crator for this motor has in this instance 
an armature, A, wound with three coils, K 
K’ K”, at sixty degrees apart. The ends of 
these coils are connected, respectively, to in 

These 
rings are connected to those of the motor in 
proper order by means of collecting-brushes 
and six wires, forming three independent cir 
cuits. 

these circuits and traversing the coils of the 
motor produce a steadily~progress1ve shifting 

The variations in the strength and di- _ 
rection of the currents transmitted through 

of the resultant attractive force exerted by 
the poles G’ upon the armature D, and conse 
quent-ly keep the armature rapidly rotating. 
The peculiar advantage of this disposition is 
in obtaining a more concentrated and power 
ful ?eld. The application of this principle to 
systems involving multiple circuits generally 
will be understood from this apparatus. 

Referring, now, to Figs. 15 and 16, Fig. 15 
is a diagrammatic representation of a modi? 
?ed disposition of my invention. Fig. 16 is a 
horizontal crosssection of the motor. In this 
case a disk, D, of magnetic metal, preferably 
cut away at opposite edges, as shown in dot 
ted lines in Fig. 15, is mounted so as to turn 
freely inside two stationary coils, N’ N”, placed 
at right angles to one another. The coils are 
preferably wound ona frame, 0, of insulating 
material, and their ends are connected to the 
?xed terminals TT T’ T’. The generator G is 
a representative of that class ‘of alternating 
cnrrent machines in which astationaryinduced 
element is employed. That shown consists of 
a revolving permanent or electro magnet, A, 
and four independent stationary magnets, P 
P’, wound with coils, those diametrically op 
posite to each other being connected in series 
and having their ends secured to the termi 
nalst t t’ t’. From these terminals the cur 
rents are led to the terminals of the motor, as 
shown in the drawings. The mode of opera 
tion is substantially the same as in the previ 
ous cases, the currents traversing the coils of 
the motor having'the effect to turn the disk 
D. This mode of carrying out the inventionv 
has the advantage of dispensing with the slid 
ing contacts inlthe system. _ 

In the forms of motor above described only 
one of the elements, the armature or the ?eld 
magnet, is provided with-energizing-coils. It 
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remains, then, to show how both elements may I 
be. wound with coils. Reference is therefore 
had to Figs. 17, 18, and 19. Fig. 17 is an end 
view of such a motor. Fig. 18 is a similar 
view of the generator with the ?eld-magnets 
in section, and Fig. 19 is a diagram of the cir 
cuit-connections. In Fig. 17 the ?eld-magnet 
of the motor consists of a ring, R, preferably of 
thin insuiated iron sheets or hands with eight 
pole pieces, G’, and corresponding recesses, in 
which four pairs of coils, V, are wound. The 
diametrically-opposite pairs of coils are con 
nected .in series and the free ends connected to 
four terminals, 10, the rule to be followed in 
connecting being the same as hereinbefore ex 
plained. An armature, D, with two coils, EE’, 
at right angles to each other, is mounted to ro 
tate in side of the ?eld-magnet B. The ends of 
the armature'coils are connected to two pairs 
of contact-rings, d d d’ d’, Fig. 19. The gener 
ator for this motor may be of'auy suitable kind 
to produce currents of the desired character. 
In the present instance it consists of a ?eld 
magnet, N S, and an armature, A, with two 
coils at right angles, the ends of. which are con 
uected to four contact-rings, b b b’ b’, carried 
by its shaft. The circuit-connections are es 
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tablished between the rings on the generator 
shaft and those on the motor-shaft by collect 
ing brushes and wires, as previously explained. 
In order to properly energize the ?eld-magnet 
of the motor, however, the connections are so 
made with the armature coils or wires leading 
thereto that while the points of greatest at 
traction or greatest density of magnetic lines 
of force upon the armature are shifted in one 
direction those upon the ?eld-magnet are made 
to progress in an opposite direction. In other 

respects the operation is identically the same 
as in the other cases cited. This arrangement 
results in an increased speed of rotation. In 
Figs. 17 and 19, for example, the‘terminals of 
each set of ?eld-coils are connected with the 
wires to the two armature-coils in such way 
that the ?eld-coils will maintain opposite poles 
in advance of the poles of-the armature. 

In the drawings the ?eld-coils are in shunts 
to the armature, but they may be in series or 
in independent circuits. 

It is obvious that the same principle may be 
applied to the various typical ‘forms of motor 
hereinbefore described. 

Having now described the nature of my in 
vention and some of the various ways in which 
it is or may be carried into effect, I would call 
attention to certain characteristics which the 
applications of the invention possess and the 
advantages which the invention secures. 

In my motor, considering for convenience 
that represented in Fig. 9, it will be observed 
that since the disk D has a tendency to follow 
continuously the points of greatest attraction, 
and since these points are shifted around the 
ring once for each revolution of the armature 

- of the generator, itfollows that the movement 
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of the disk D will be synchronous with that of 
the armature A. This feature by practical 
demonstrations I have found to exist in all 
other forms in which one revolution of the 
armature of the generator produces a shifting 
of the poles of the motor through three hun 
dred andsixty degrees. ' ' 

In the particular construction shown in Fig. 
15,0r in others constructed on a similar plan, 
the number of alternating impulses resulting 
from onerevolution of the generator arma 
ture is double as compared with the preced 
ing cases, and the polarities in the motor are 
shifted around twice by one revolution of the 
generator-armature. The speed of the motor 
will, therefore, be twice that of the generator. ’ 
The same resultis evidently obtained by such 
a disposition as that shown in Fig. 17, where‘ 
the poles of both elements are shifted in op 

' posite directions. 

60 
Again, considering the apparatus illustrated 

by Fig. 9 as typit. 1 of the invention, it is ob 
vious that since the attractive effect upon the 
disk D is greatest when the disk is in its 
proper relative position to the poles devel 
oped in the ring-Rfthat is to say, when its 
ends or poles immediately follow those of the 
ring-the speed of the motor for all the loads 
within'the normal workingilimits of the mo 

tor will be practically constant. It is clearly 
apparent that the speed can never exceed the 
arbitrary limit as determined by the gener 
ator, and also that within certain limits at 
least the speed of the motor will be independ 
ent of the strength of the current. ' 

It will now be more readily‘ seen from the 
above description how far the requirements of 
a practical system of electrical transmission 
of power are realized in my invention. I se 
cure, ?rst, a uniform speed under all loads 
within the normal-working limits of the mo 
tor without the use of any auxiliary regulator; 
second, synchronism between the motor and 
generator; third, greater efficiency by the 
more direct application of the current, no 
commutating devices being required on either 
the motor or generator; fourth, cheapness and 
simplicity of mechanical construction and 
economy in maintenance; ?fth, the capability 
of being very easily managed or controlled; 
and, sixth, diminution of danger from injury to 
persons and apparatus. ' 

These motors may be run in series, multiple 
are or multiple series, under conditions well 
understood by those skilled in the art. 

The means or devices for carrying out the 
principle may be varied to a far greater ex 
tent than I have been able to indicate; but I 
regard as within my invention, and I desire to 
secure by Letters Patent in general, motors 
containing two or more independent circuits 
through which the operating-currents are led 
in the manner described. By “independent” 
I do not mean to imply that the circuits are 
necessarily isolated from one another, for in 
some instances there might be electrical con 
nections between them to regulate or modify 
the action of the motor without necessarily 
producing a new or different action. 

I am aware that the rotation of the arma 
ture of a motor wound with two energizing 
coils at right angles to each other has been 
e?'ected by an intermittent- shifting of the en 
ergizing eifect of both coils through which a 
direct current by means of mechanical de 
vices has been transmitted in alternately-op‘ 
posite directions; but this method or plan I re 
gard as absolutely impracticable for the pur 
poses for which my invention is designed—at 
least on any extended scale—-for the reasons, 
mainly, that a great waste of energy is neces 
sarily involved unless the number of energiz 
ing-circuits is very great, and-that the inter 
ruption and reversal of a current of any con 
siderable strength by means of any known 
mechanical devices is a matter of the greatest 
di?iculty and expense. 

In this application I do not claim the method 
of operating motors which is herein involved, 

having made separate application for such 
method. 

I therefore claim‘ the following: 
1. The combination, with a motor contain 
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ing separate or independent circuits on the ' 
armature or ?eld-magnet, or both, of an alter 
nating-current generator containing induced 
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circuits connected independently to corre 
sponding circuits in the motor, whereby a ro 
tation of the generator produces a progressive 
shifting of the poles of the motor, as herein 
described. 

2. In a system for the electrical transmis 
sion of power, the combination of a motor pro 
vided with two or more independent magnet 
izing~coils and an alternating-current‘gener 
ator containing induced coils corresponding to 
the motor-coils, and circuits connecting di 
rcctly the motor and generator coils in such 
order that the currents developed by the gen 
erator will be passed through the correspond 
ing motor~coils, and thereby produce a pro 
gressive shifting of the poles of the motor, as 
herein set forth. \ 

3. The combination, with a motor having 
an annular or ring-shaped ?eldmagnet and a 
cylindrical or equivalent armature, and inde 
pendent coils on the ?eld-magnet or armature, 
or both, of an altcrnatingcurreut generator 
having correspondingly independent coils, 
and circuits including the generator-coils and 
corresponding motor-coilsin such manuerthat 

the rotation of the generator causes a pro 
gressive shifting of the poles of the motor in 
the manner set forth. 

4. In a system for the electrical transmis 
sion of power, the combination of the follow- , 
ing instrumentalities, to wit: a motor eom~ 
posed of a disk or its equivalent mounted 
within a. ring or annular ?eld-magnet, which 
is provided with maguctizingcoils connected 
in diametrically-opposite pairs or groups to 
independent terminals, a generator having in 
duced coils or groups of coils equal in number 
to the pairs or groups of motor-coils, and cir~ 
cuits connecting the terminals of said‘coils to 
the terminals of the motor, respectively, and 40 
in such order that the rotation of the gener 
ator and the consequent production of alter 
nating currents in the respective circuits pro 
duces a progressive shifting of the poles of the 
motor, as hereinbefore described. 

NIKOLA TESLA. 

Witnesses: _ 

FRANK E. HARTLEY, 
FRA_NK B. MURPHY. 


