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gence. Any one desirous of understanding the
trend and scope of modem electrical advance
will find many clues in the work of this inven-
tor. The present article discloses a few of the
more important results which he has attained,
some of the methods and apparatus which he
employs, and one or two of the theories to
which he resorts for an explanation of what is
accomplished.

By a brief preliminary survey, we may de-
termine our historical longitude and latitude,
and thus ascertain a little more precisely where
we are. It is necessary to recapitulate facts
known and accepted. Letit, then, be remarked
that aside from the theories and interpretations
that have beset the science, electricity as an
art has for threeshundred years. been. directed
chigfly: s osecunngian: abundaty clissj) ey
slent anc eoonomical sunply Gl:the. protedn
wprireyy et wrho TRy P ITCTTOAT Ber 1] i,
Leyden jar, coil, battery, magnet, Jdynamo, os-
cillator,— these are but the steps in a process
asregular and well-defined as those which take
us from the aboriginal cradling of gold out of
river sands up to the refining of ore with all the
appliances of modern mechanism and chem-
istry. Each stage in electrical evolution has

seen the cofiguest of some hitherto unknown
art — electrotherapy, ‘telepraphy, telephony,
clectric lighting, electric heating, power trans-
mission ; yet each has had limitations set on
it by the conditions prevailing. With a mere
battery much can be done ; with a magnet, still
more ; with a dyname, we touch possibilitics of
all kinds, for we compel the streams, the coal-
ficlds, and the winds to do us service: but with
Mr. Tesla’s new oscillator we may enlist even
the ether-waves, and turn our wayward re-
cruits into resistless trained forces, sweeping
across continents of unimagined opportunity.

The dynamo, slowly perfected these fifty
years, has rendered enormous benefits, and 1=
destinest to much further vsefulness. bt all
thas we learm nave ot A of wey TsRas
value is to build it bigger, or to specialize it;
and the moment a device reaches that condi-
tion of development, the human intellect casts
about for something else in which the elemonts
are to be subtler and less gross. Based upon
currents furnished by modern dyname-electre
machines, the are-light and the trolley-car seck
ta monopolize street illumination and transpor-
tation, while the incandescent lamp has pre-
empted for exclusive occupancy the interiors
ofour halls and homes. Yet the abandonment
of gas, horses, and sails is slow, because the
dynamo and its auxiliaries have narrow houn-
daries, trespassing which, they cease to offer
any advantage. We can all remember the high
hopes with which, for example, incandescent
lighting was introduced some fiftcen years ago.
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Even the most cynical detractor of it will ad-
mit that its adeption has been quick and wide-
spread; but as a simple matter of fact, to-day,
all the lamps and all the lighting dynamosin the
country would barely meet the needs of New
York and Chicago if the two cities were to use
no other illuminant than electricity. Inall Eng-
land there are only r,750,000 incandescent
lamps contesting for supremacy with probably
7 5,000,000 gas-burners, and the rate of increase
is small, if indeed it exceeds that of gas. Ewvi-
dently, some factor is wanting, and a new
puint of departure, even in mere commercial
work, isto besought, so that with longer circuits,
better current-gencerating apparatus,and lamps
that will not burn out, the popular demand for
a pure-and perfect light can bemet. In power
transmissionyalso)disidshed problems ol eq il
magmtddecrapeus.. 455 thetanviioad that
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be, try steam; or if not that, try electricity. Is
there any exhausting of these means?" None,
provided that our mechanics be nght.

It must not be supposed that the new clec-
tricity is iconoclastic. In the minds of a great
many people of colture the idea prevails that
invention 15 as largely a process of pulling down
as of building up ; and electricity, in spreading
from one branch of industry to another, en-
counters the prejudice that always rebufis the
inmovator. The assumption is false. It may
be true that in the gladiatoral arena where
the principles of science contend, one party or
the other always succumbs and draps out its
dead; hut in the arts long survival is the law
for all the appliances that have been found of
any notable utility, It simply becomes a ques-
tionn of the contracting sphere within which
the old apparatus is hedged by the advent of
the new; and that relation once established
by processes complex and long continued, ca-
pable even of mathematical determination, the
two go or tagether, complementary i their
wiipsiment 1o sneciie s veeds,. o ing
latest outgrowths, electrical application exem-
plifies this. After many years' use of dynamo-
electric machinery giving what is known as a
% continuous current,” the art has reached the
conclusion that only with the * alternating cur-
rent ™ can it fulfil the later duties laid upon it,
and accomplish the earlier tasks that remain
untouched,  With the continuous current we
have leamned the rudiments of lighting and
power distribution.  With the alternating cur-
rent, manipulated and coaxed to yield its
highest efficiency, we may solve the problems
ol agérial and manne navigation by electricity,
operate large rallway systems, transmit the en-
ergy of Niagara hundreds of miles, and, in Mr.
Tesla's own phrase, “ hook our machinery di-
rectly to that of Nature,™
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THE GENERATION OF CURRENT.

LET us see wherein lies the difference be-
tween these two kinds of currents. In all
dynamos the generation of what we call elec-
tric current is effected by the whirling of coils
of wire in front of magnets, or conversely.
The wires that lead away from the machine
and back to it to complete the necessary cir-
cuit, may be compared to a circle of troughs
or to a pipe-line; the coils and magnets are
comparable to pump mechanism; and the
lamps or motors driven by the current, to
fountains or fatcets spaced out on the trough
circle. This comparison 1s crudity itself, but
it gives a fairly exact idea. The current travels
along the surface of the wire rather than in-
side, its magnetic or ether whorls resembling
rubber bands sliding along a lead-pencil. A
machine that produces continuous current,
dipping its wire coils or buckets into the mag-
netic field of force, has all its jets, as they come
around to discharge themselves, headed one
way, and complicated devices called * commu-
tators "™ have been unavoidable for the purpose
of “rectifying ™ them. A machine that pro-
duces altefnating currents, on the contrary,
has its jets thrown first into one end of the
trough system, and then into the other, and
therefore dispenses with the rectifving or com-
mutating valves. On the other hand, it re-
quires peculiar adjustment of its fountains and
faucets to the streams rushing in either way.
It is an inherent disadvantage of the continu-
ous-current system that it cannot deliver energy
successfully at any great distance at high pres-
sure, and that therefore the pipe-line must be
relatively as bulky as were the hollow wooden
logs which were once employed for water-con-
duits in New York, The advantage of the alier-
nating current is that it can be delivered at ex-
ceedingly high pressures oververyslenderwires,
and used either at that pressure or at lower or
higher ones, obtained by means of a * trans-
former,” which, according to its use, answers
both to the idea of a magnetic reducing valve,
and to that of a spring-hoard aceelerating the
rapidity af motion of any object alighting on it.
Cbviously o transformer cannot return more
than is put into it, so that i gives out the cur-
rent received with less pressure but in greater
volumne, or raised in pressure but diminished 1n
the volume of the stream.  In some like manner
a regiment of soldiers may be brought by ex-
press to any wharf, and transferred, Indian file,
w0 a salling barge or an ocean liner indiffer-
¢ntly ; but throughout the trip the soldiers will
constilute the same regiment, and when picked
up by another train across the ferry, the body,
though there be loss by desertion and sickness,
will retain its identity, even if the ranks are
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broken in Alling the cars, and are reflormed
four abreast at the end of the journey,

ALTERNATING CURRENTS.

LEr us, still recapitulating familiar facts,
make the next step in our review of what is in-
volved in the resort to alternating currents, It
was stated above that the current-consuming
devices such as motors, likened to fountains,
needed peculiar adjustments to the inflow first
from one side and then from the other. Nat to
put it at ali too strongly, they would not work,
and have largely remained inoperative to the
present time. Lamps would burn, but mo-
tors would not run, and this fact hmted sen-
ously the adoption and range of the otherwise
flexible and useful alternating current until Mr.
Tesla discovered a beautiful and unsuspected
solution of the problem, and thus embarked on
one part of the work now revealing grander
possibilities every day. The transmission of
the powerof Niagara has become possible since
the discovery of the method,  In his so-called
Y rotating magnetic field,” a pulley mounted
upon a shaft is perpetually running alter a mag-
netic * pole ™ without ever being able to catch
it. The fundamental idea is to produce mag-
netism shifting circalarly, in contrast with the
old and known phenomenon of magnetism in
a fixed position,  Those who have seen the pa-
tient animal inside the treadmill wheel of the
well at Carisbrooke Castle can form an idea of
the ingenuity of Mr. Tesla’s plan.

Ordinarily, alternating-current generators,
such as are pow in common wse, have a great
number of projecting poles to cause the al-
ternations of current, and hence their ©fre-
quency ™ 1s high—that 1s, the current makes a
great many to-and-fro motions per second,
and each ebb-and-flow in the circuit is termed
the “period” or “ frequency,” one zlterna-
tion being the dse from zero to maximom
value and down to nothing again, and the
other the same thing backward.  If we ruled
a horizontal straight line, and then drew a
round-bellied Hogarth curve of beauty across
it, the half of the corve above the hne would
be ilustrative of the positive flow, the lower
half of the negative flow; the top of one oval
and the bottem of the other oval would be the
positive and negative maxima respectively ;
and the point where the curve crossed the
straight line would mark the instant when the
current changes s direction. A swinging
pendulum is an analogy favored by scientists
n their endeavors to illustrate papularly the
process of the generation of the alternating
current.  Each time the copper wire in the
colls on the dynamo armature 15 rotated past
the poleafthe dynamo field, the currentsin each
coil follow this rise and fall; so thatthe number
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believed, the vibrations of the current are ab-
solutely steady and uniform, so that one could
keep the time of day with the machine about as
well as with a clock. It was this superlative
steadiness of the vibration or frequency that
Mr. Tesla aimed at, for one thing. The varia-
tions caused by the older apparatus might be
slight, but minute errors multiplied by high
rates of occurrence soon become perceptible,
and militate against desirable uniformity and
recision of action. Back of the tendencies to
trregularity in the old-fashioned electrical ap-
paratus were the equal or greater tendencies
in the steam-engine; and over and above all
were the frightful losses due to the inefficient
conversion in both of the power released from
the fuel under the boiler generating the steam,
Gain in one direction with a radical innova-
tion usually means gain inmany others, through
a growing series. I confess I do not know
which of the advantages of the oscillator to
place first; and I doubt whether its inventor
has yet been able to sit down and sum up all
the realities and possibilities to which it is a
key. One thing he does: he presses forward.
Our illustration, Fig, 2, shows one of his latest
forms of oscillator in perspective, while the dia-
gram, Fig. 1, exhibits the internal mechanism
of one of the early forms,  Fig. 2 will serve as a
text for the subsequent heads of discourse. The
steam-chestis situated on the bed-plate between
the two electromagnetic systems, each of which
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shafl A, which rtuns throwgh the pisica P, and ibey,
with the shaft, have additional  be nn%} in 15w
ks B M oak each end of the mechansm,  The pistes
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in turn s inclosed by o jacket J !.Ic Tsiter serTving
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i-!|| apmznd ks insale surface. 1 Is e inlet
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the plston.  Meankime ke communicazion o the led-
hamil chamber 1 cstoff, and the now eepaniled aie thees,
baving inslanily done mis work, ceeapes thsough the
chamnelpom outlek 0. As the piston Dow travel: ook
from the mght ve the felarn siroke, o preceely sisilie
pﬁ:;rali:m takes place on the fghthand side of i due to
the expanding of the compressed air thers and ik sub.
saglent quick ewcape as exhaust In this manner, &0
bong as comprissed air 5 supphied, escilla
?n:iuun P Iz i &

nex ol Che
ntaned at & very high rate, amid with
igheet aocuracy, The coils af fne wire mausted oo shaft
A, bnwhich the pEaion P s Armly attached, see thies sapidly
thrust Lo ant Hm by the shafi across tke faces of, amid n
the space inclosed by, the Jaws of the clecimomapnels
ar H M. Im this manier they cut the soeealied » lines'
of the intznse * fehl of furce ™ ab those o peinks, snd Clerents are
this engemdenml in them, which are Jud off 15 the exterior civcuit For
use, s Gurceils are * alternating in theie character, andd ane of high
regulasity. The maintenancy of cosslancy of sscllbsion o the pastof the
piston 1 £ alag dhae ta the reaction and stesdyizy effect of this elegimoe
nluu'llctll;l]\.u! uf the combination, The * Bting.boces ™ at the ends ol the
eylimier © incles the pisien peafect @ carzfully determine:d dizance
phta the cylindar, thus settng Jimbis o the length of the sizoie, [t will b
chwclous ta thuse Fusmiliar with snch sasters it sbeam could alsa L usecd
i shis bype of ascillatar, with slipht adjustments,
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I SRCTION.

consists of field coils between which is to move
the armature or coil of wire, There are two
pistons to receive the impetus of the incoming
steam in the chest, and in the present instance
steam is supplied at a pressure of 350 pounds,
although as low as 8o is also used in like oscil-
lators, where steam of the higher pressure is not
abtainable, We note immediately the absence
of all the governing appliances of the ordinary
engine. They are non-existent, The steam.
chest #5 the engine, bared totheskinlikea prize-
fighter, with every ounce counting. Besides
easily utilizing steam at a remarkably high pres-
sure, the oscillator holds it under no less re-
markable control, and, strangest of all, needs
no packing to prevent leak. It is a fair infer-
ence, too, that, denuded in this way of super-
fluous weight and driven at high pressure, the
engine must have an cconomy far beyond the
commaon,  With an absence of friction due to
the automatic cushioning of the light working
parts,it is also practically indestructible. More-
over, for the same pressure and the same pis-
ton speed the engine has about one thirtieth
or one forticth of the usual weight, and occu-
piesa proportenatcly smaller space. This dim-
inution of bulk and area is equally true of the
¢lectrical part. The engine-pistons carry at
their ends the armature coils, and these they
thrust reciprocatively in and out of the mag-
netic field of the field coils, thus generating cur-
rent by their action.



FlZ. 2.

LATEST FORM OF TRSLA OSCILLATOR, <o

If ome watches any dynama, it will be seen
that the coils L.L‘|l1.4titllting the “ armature " are
swung around in front of magnets, very much
as a turnstile revolves inside the barrcading
posts; and the current that goes out to do work
on the line circuit is generated inductively in
the coils, because they eut lines of influence
emanating from the ends of the magnets, and
forming what has been known since Faraday's
time as the “field of force.” Tn the Tesla os-
cillator, the rotary motion of the coils is en.

Vor. XLIX.—116.

H OHE MBCHANISM DBYHAMT AND STRAM-ENGINE.

tirely abandoned, and they are simply darted
to and fro at a high speed in front of the mag-
nets, thus cutting the hnes of the “field of
force™ by shooting in and out of them very
rapidly, shuttle-fashion, The great object of
cutting as many lines of an intense field of force
as swiltly,smoothly,regularly, andeconomically
as possible is thus accomplished in a new and,
Mr. Tesla believes, altogether better way., The
following description of remarkable new phe-
nomena in clectricity will justify him in regard-

et
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ing the escillatoras an extremely valuableinstru-
ment of research, while time will demonstrate
its varicus commercial and industrial henefits,

Incidentally it may be remarked that the
cride idea of obtaining currents by means of
a coil or a magnetic core attached to the piston
of a reciprocating steam-engine, 1s not in itseff
an entire novelty, 1t may also be noted that
steam-turbines of extremely high rotative ve-
locity are sometimes used instead of slow-moy-
ing engines to drive dynamos. But in the first
class of long-abandoned experiments no prac-
tical result of any kind was ever reached before
by any sort of device ; and in the second class
there s the objection that the turbine is driven
by means ofizolated shocksthatcannot be over-
come by any design of the blades, and which
frustrate any attempts to perform work of the
kind now wnder survey, What we are dealing
with here is a dual, interacting machine, halt
mechamieal, halfelectrical, of smallest bulk, ex-
tremely simple, utilizing steam under conditions
unquestionably of the highest efliciency, its vi-
brations independent of load and pressure, de-
]E'\'E‘riﬂ.\l—_" Currients f_IF “'IL'L “]’I_"I”{_‘Ht |'{!g'|||.'1rif:.' ayver
known for practical work or research. That
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such a combination should produce electricity
for half the consumption of steam previously
necessary with familiar apparatus in equivalent
results, need not surprise us; vet think how
much a saving of that kind would mean in well-
nigh every iniluﬁlr}' consuming power !

THE OSCILLATOR AND THE

LIGHT,

PROLUCTION OF

Having obtained with the oscillator currents
of high potential, high frequency, and high reg-
ularity, what shall be done with them? Mr.
Tesla having already grappled successfully
with the greatdificulties of long distance power
transmission, as narrated above, has first an-
swered that question by boldly assailing the
problem of the production of light in a man-
ner nearer, perhaps, to that which gives us sun-
shing than was ever attempted before. DBe-
tween us and the sun stretches the tenuous,
sensitive ether, and every sensation of hight that
the eye experiences is caused by the elfect of
five hundred trillions of waves every second
impressed on the ether by the medecular engrpy
of the sun traveling along it rhythmically. If
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the waves have a lower frequency than this
soo0,000,000,000,0z0,they will chiefly engender
heat. Imoour artificial methods of getting light
we imitatively agitate the ether so poorly that
the waves our bonfires set up rarely get above
the rate at which they become sensible to us
in heat, and only o few waves attain the right
pitch or rapidity to cause the sensation of light.
At the upper end of the keyboard of vibration
of the ether is a high, shrill, and yet inaudible

923
out energy-waves on the ether, which will be
conveved to us through the glass of the bull
by the ether ns light rather than as heat. The
glass 15 as unconfining to the ether as a coarse
sieve s to water.

Now Mr. Tesla takes his currents of high
frequency and high potential, subjects the in-
candescent lamp to them, and, skipping some
of those intermediate wasteful heat stages of
lower wave vibration experienced in the old
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note,—*light,"—whichwe want tostrike and to
keep on striking ; but we fumble at the lower,
bass end of the instrument all the time, and
never touch that topmost note without wasting
the largest part of our energy on the interme-
dizte ones, whichwe donot at all wish to touch.
Light (the high note) without heat (the lower
notes) is the desideratum.  The inefficiency of
the gas flame has been mentioned, In the or-
dinary incandescent lamp the waste is not so
great; but even there the net efficiency of any
one hundred units of energy put into it as elec.
tric current is at the most five or six of light,
the waste occurring in the process of setting the
maolecules of the filament and the linle air left
in the bulb into the state of vibration under
which they must work before they can throw

methods, gets the ether-charged molecules
maore quickly into the intensely agitated con-
dition necessary to yield light. Using his cur-
rents, produced electroma gnetically, aswe have
geen, to load each fugitive molecule with its
charge, which it receives and exercises electro-
statically, he gets the ether medium into a state
of excitement m which it seems to become
capable of almost anything. In one of his first
lectures, Mr, Tesla said :

Llectrostatic effects are in many wavs available
for the production of light. Forinstance, we may
place a body of some refractory material in a
closed, and preferably in a more or less aie-
exhavsted, globe, connect it to a source of high,
rapidly alternating potential, causing the mole-
cules of the gas to strike it many timesz a second
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at encrmaus speeds, and in this way, with tril-
licns of invisibie hammers, pound it until it gets
incandescent, Or we mav place a body in a very
highly exhausted globe, and by employing very
high frequencies and potentials maintain it at
any degree of incandescence.  Or we may dis-
turl the ether carried by the molecules of a gas,
or their static charges, causing them to vibrate
or emit light.

These anticipatory statements are confirmed
to-day by what Mr, Tesla has actually done in
one old way revolutionized, and in three new
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PHOTGLGEAFEED By THRIR OWHN LIGHT.

ways: (i) the incandescence of a solid; (z)
phosphorescence ; (3) incandescence or phos-
phorescence ofararvefied gas; and (4} luminosity
produced in a gas at ordinary pressure.

LAMPS WITH NUTTONS OFR DARS IN
OF FILAMENTE.

PLACE

Taking lamps in the first category, it may
be stated that it had been commonly supposed
that the light-giving conductor in the lamp, to
be efficient and practical, should be fine; hence

THREE FHISPHOREECENT BULDE UKDER TEST FOR ACTINIC VALUVE,
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thick, for it will rapidly reach and steadily
maintain proper incandescence by the passage
of a small current of the right high frequency
and potential,  An action is set up as the result
of which the filament 1s hit millions of times a
second by the bombardment of the maolecules
around it in a merciless ring of tormentors,
The vibrations of the current in similar man-
ner will cause the infinite jostling of the mole-
cules of solid and gas against a small polished
carbon or metallic button or bar in a lamp, and
brilliant light is also obtainable in this way,

LIGHT AND PHOTOGRAPHS WITH
TESLA PHOSPHORESCENT BEULES.

Ix the field of lighting by phos
phorescence we reach hitherto un-
trodden ground, Phosphorescent
light has been associated with the
idea of “cold light," or the prop-
erty of becoming luminous with
the omission of the intermediate
step of combustion, as commonly
understood. As a physical action,
we know it in the light of the firefly,
which Professor 5. P, Langley rates
at an efficiency of 100 per cent.,
all its radintions lying within the
limits of the visible spectrum. By
means of the Teslaic currents phos-
phorescent light strong  enough
even to photograph by has been
obtained ; and Fig. 3, reprosenting
the inventor himself, is the first
portrait or photograph of any kind
ever taken by phosphorescent
light. A bulb whose light-giving
member 15 coated with sulphide of
eine treated in o special way was
rendered phosphorescent by means
of current obtained from a high-
frequency transformer coil. The
current used was alternated or os-
cillated about 10,000 times per second., The
exposure was abaut eight minutes,

Fig. 4, of Mr. Clemens (Mark Twain), was
taken a few weeks later — early in 18g4 — with
the aid of the same bully, and with an EXPHISUTE
of about ten minutes. In order to test more
closely theactinic valueofphosphorescentlight,
some bulbs subject to high-frequeney currents
were photographed, or, if we may coin a new
word, “phosphographed,” with a somewhat
longer exposure, They areshownin Fig. g, The
right-hand, bright pairutilize sulphide of zincie

the name “ filament " given to the sarbon loop  some-form- for luminpsity,  The third bulb,
i Butawith the Feslaferwnrretsaperfiintptothe el of them, hasa.coating
SR kR e et hanpia S ol wlsanlons Ll to RN T IR T
flow of current does not count for anything: the eye, it glowed with o brightness fully equal
the filament may just as well be short and  to that of the other two, the actinic value was

iTaernm <
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FIGS. 6, 7,
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evidently much less. Tt is, perhaps, needless
to say that these demonstrations invite to an
endless variety of experiments, in which inves-
tigators will find a host of novel phenomena
awaiting them as to phosphorescence and fluo-
rescence produced with electrical currents.

LIGHT FROM

EMPTY RULBS IN FREE SFACE.

THE third and fourth classes of lighting enu-
merated above as obtained by Teslaic currents
are those caused by the incandescence or phos-
phorvescence of a rarefied gas and the luminos-
ity of a gas at ordinary pressure. We get pure,
beantiful light without any filament or any
combustion, In Figs, 6, 7, and 8 we have tubes
or bulbs by means of which some of these in-
teresting phenomena are obtained and illus-
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trated. The bulbs shown are more or less ex-
hausted of air. In the case of Figs. 6 and ¥ the
glass of the tubes is the ordinary German glass.
In Fig. 8, uranium glass— preen— was em-
ployed. This last was held in the hand while
a photograph was taken of it by its ownlight ;
whencethe unsteadinessof the negative, Toob-
tain the beautiful ilumination seen in all three,
the bulbs were simply approached within a few
inches of the terminal of a high-frequency coil
or transformer. Just here it may be pointed out
that the lamps are spoken of as unattached,
in free space. Ordinary incandescent lighting
is done, as evervhody knows, with the lamps'
bases firmly attached to the two current-bear-
ing wires. Evenwherethe lamps have beennsed
on the ordinary alternating cireuits in which the
transformer is employed to “step down,” or re-
duce, for safe use, the higher-tension current
brought to it by the wire from the dynamo, the
lamps have to be attached to the * secondary *
wires of the coil soas to make aclosed circuit for
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them. But as we rise in the frequency of the
current, as we leave behind the electrodynamic
conditions for the electrostatic ones, so we free
curselves ftom the restrictions and limitations of
solid wires for the conveyance of the effects
sought, until at last we reach a point where all
theold ideas of the necessity of a tangible circuit
vanish. Tt is all circuit it we can properly direct
the right kind of impulses through it. As Mr.
Tesla long ago pointed out, most of the experi-
menis usually performed with a static mochine
of glass plates can also be performed with an in-
duction-coil of wire i the currents are alter
nated rapidly enough; and it is in reality here
that Mr. Tesla parts company with other dis-
tinguished workers who have fixed their at

tention merely on the results attainable with
electrodynamic apparatus, HBefore passing on,
let us quote the inventor himself:

Powerful electrostatic effects are a sie gird son
of light produetion on thelines indicated by theory.
Electromagnetic effects are primarily unavailable,
for the reason that to produce the required effects
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surface toward it: so great is its capacity for
transmitting ener Mr. Tesla with his #elec-
trostatic thrusts ™ has simply leamed the knack
of ]'I'.l.'ll'l-lng' clc:::n'[::aﬂy on the goo:l-mlturc(l
ether o little of the protean energy of which
no amount has yet sufficed to break it down
or put it out of temper. We may assume either
an enormous speed in what may be called the
transmitting wheelwork of the ether, since the
weight is inconceivably small ; or else that the
ether is a mere transmitter of energy by its
well-nigh absolute incompressibility.

CURIOUS “IMPEDANCE " PHENOMENON,

I Fig, 12 we have another remarkable ex-
periment illustrated. Standing over the coil in

FIG. 10, ®
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the centerof the room, the observer holds a hoop
of stout wire in his hand. One or more lamps
are connected with two paints on the wire, so
that the lamps are “short-circuited " by the
short bar of wire. The vibrations are, how-

BIMENT ILLUSTRATING THE LIGHTIHG OF AN INCANOESUENT LAMEP
[N FREE SFACE BY [MDUCTION FROM COIL BELOW, ENERGIZED DY CIETANT CIE-

EVIMG THE
IGHT FHOTGGRAFH.)

FTESLAS OSCILEATOR AND OQTHER INVENTIONS

ever, 5o extremely rapid that in spite of the
opposite terminals being united in this way,
the current does not flow past them neglect-
fully,in the apparently easier path, as 1t should,
but brings them to a Tright incandescence,
We have here an example of what is known as
“impedance " phenomena, in which the current
is wddly choked back at certain points and not
at others. Under the conditions of “impe-
dance," the best elecircal conductor loses its
properly of conducting, and behaves like a
highly resisting substance, Elaborating further
these experimental results, Mr. Tesla shows
that a gas — a perfect non-conductor under or-
dinary circumstances —may be more conduc-
tive than the best copper wire, provided the cur-
rentsvibrate rapidly enough. Thefantasticside
of this phenomenon he touched
on playfully once by suggesting
that perchance m such wise we
might some day utilize gas to
convey clectricity, and the old
gas-pipe to insulate it

LAMPS LIGHTED BY CURREMNTS
FASSED THREOUGH THE
HUMAN BODMY.

In Fig. 13 2 most curious and
wetrd phenomenon isillustrated,
A few years ago electricians
would have considered it quite
remarkable, if indeed they do
not now. The ohserver holds
a loop of bare wire in his hands,
The currents induoced in the
loop by means of the “ resonat-
ing ™ coil over which it i3 held,
traverse the body of the ob-
server, and at the same time,
as they pass between his bare
hands, they bring two or three
lamps held there to Tright in-
candescence. Strange asitmay
seem, these currents, of a volt-
age one or two hundred times
as high as that employed in
electrocution, do not inconve-
nience the experimenter in the
slightest,  The extremely high
tension of the currents which
Mr, Clemens is seen receiving
prevents them from doing any
harm 1o him.

LAMF [5

TRAMNSMISSION OF INTELLIGEMCE
TUNED OR * RESONATING'

LY AT
CUERENTS,

REFERENCE has been made to the “resonal-
mg" quality ef the circoits and enils, Ttwould be
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wearisome, and indeed is not necessary, here to
dwell on the difficulty often experienced in cs-
tablishing the relation of * resonance,” and the
instantaneity with which it can be disturbed,
It may be stated, in order to give some idea of
the conditions to be observed in these experi-
ments, that when an electric circuit is traversed
v a rapidly oscillating current which sets up
waves in the ether around the wire, the effect
of these waves upon another circuit situated at
some distance [rom the first can be largely
varied by proper adjustments, The effect is
muost pronounced when the second eircuit is so
adjusted that its period of vibration is the same
a5 that of the first, This harmonizing is deftly
accomplished by varying either of the two ele-
ments which chiefly govern the rapidity of the
vibration, viz., the so-called *capacity " and the
“sell-induction.” Whatever the exact process
may be, it is clear that these two quantities in
their effect answer almost directly to what are
known in mechanics as pliability and as weight
or inertiz. Attach to a spring a weight, and it
will vibrate at a cerlain rate, Dy changing the
weight, or modifying the plialality of the sprning,
any period of vibration is obtainable, In very
exact adjustments, minute changes will com-
pletely upsetthe balance, and the very last straw
VoL, XLIN —rry.

THE PHESGSENON OF 1MPETAMCE,-
'l JEFFERSON.

THE LGP OF WIRE, CARRYIMG Twok
[FEOM FLASH-LIGHT PHOTOGRATH.)

of fine wire, for example, in the induction-coil
which gives the selfinduction will break the
spell. As Mr, Tesla has said, it is really a lucky
thing that pure resonance is not obtainable ; for
if it were, all kinds of dangers might lic in store
for us by the increasing oscillations of every
kind that would be set up. It will, however,
have heen gathered that if one electrical cir-
cuit can be tuned to another effectively, we
shall need no return wire, as heretofore, for
motars or for lights, the one wire being, if
anything, better than two, provided we have
vibration of the right value; and if we have
that, we might get along without any wires
or any “currents.” Here again we must quote

Mr. Tesla;

In conpection with resonance effects and the
problem of transmission of energy over a single
conductor, I would say a few words on a subject
whichconstantly fills my thoughts, and which con-
cerns the welfare of all. [ mean the transmission
of intelligihle signals, or perhaps even power, 1o
any distance without the use of wires. T am be-
coming daily more convinced of the practicability
af the scheme ; and though [ know full well that
the majorily of scientific men will not believe that
such resulis can be practically and immediately
realized, vet 1 think that all consider the develop-
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1 sivniy 1 new practizal
wew implement of scientific re-
‘he oscillator, if he has not as
termined the earth's electrical
acity,” he has obtained striking
anclusively demonstrate that he
1 disturbing it. He connects to
e ofits ends, a coil {sce g, 13)
Iy vibrating currents are pro-
rend being free in space, With
actually what one would be do-
sforcing air iste an elastic foot-
exnate stroke the ball woulc ex-
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Treedieaf el yeans Ty sl af wearkens e - EL‘,I'“H st s
have been such as to e ulur&;,e thought and ex-  deviee, but a t
periment in this direction. My conviction has gearch. With 1
rrown 5o strong that T no longer ook upon this
plan of energy or intelligence transmission as a charee or ¥ ea
mere theoretical possibility, but as a serious prob- ‘ﬂ: = Ticl 4
lem in electrical engineering which must be car- chects w m' Lo
ried sut some day. Theidea of transmitting intel- has succeeded i
ligence without wire is the natural cutcome of the earth, by or
the most recent resuits of clectrical investigations.  in which rapic
Some enthusiasts have expressed their belief that  duced, the othe
telepheny toanydistance by inductionthroughthe  this coil hedoes
airis possible, Iecannot stretch my imagination s ingwith a pum;
far; bul [ dofirmly believe that it is practicable to bali \_Lml hal
disturl by means of powerful machines the elec- 'l'- ¢
teostatic: muduun of-the eaeti, and t'*:ustr*mr-rmt- pant f‘“.-” s
Is-and- p{.rti'éi"['iﬁ""]'i'lb €r. I fact,
LmHt ahe-cancying el {"f sl
d. !-.. ]

yet actually de
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!|||||||||| h
1. 14, whire the
apering upward in a4 Peak
mes with thf‘ wutburst.of a solar
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Infthst ANCE, Tn -*hc‘ WLATY W anderer oountingthe
mif‘ poats th RPRAT Ry

dt t'l P hl,'w £ng, ,m:lhv{]u it 1 imlard }mJLLH
Fh cma ide of aur glnhr it appears very smiall,
Andan I hinder must seer e the elestiioan: for

whe n hc: rm'.s.m]rls the spec :] '.\]rh which an clec-
tric disturbance is propagated through the earth,
all his ideas of distance must cnmpl{'tc!y 1'ani5]1.
A point of great importance would be firstto know
what 15 the eapacity of the earth, and what charge
does it contain of electricity.

DISTURBANCE AND DEMONSTRATION OF THE
EARTH'S ELECTRICAL CHARGE,

Panrt of hMr. Tesla’s more recent work has
Leetr in the direction here indicated ; for in his

photosphere.

The currents which are made to pass in and
out of the earth by means of this coil can also he
directed upon the human body. An obscrver
mounted on a chair, and touching the coil with
a metal rod, can, by careful adjustments, divert
encugh of it upon himsell 10 cause its manifes-
tation from and around him in splinters of light.
This hale effect, obtained by sending the elec-
tricity of theearth through a human being —the
highest charge positively ever givenin satety,—
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