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vo wlternation. This, when producod under proper conds
tons,ix probably fhe most beantiful dischurge, and when an wr
bl s direeted againe t, it prosents o singolar appesrance
The spray of sparks, when received throngh the body, cuses

e, whoross, when the _discharge siply
ircasns, nothing at all s ikely {0 bo folt if largo conducting
objects are held in the lands fo protect them from receiving
ol burns,

11 the frequeny s stll more. increasd, then the el rofuses
to give any spark unlow ut conpanively small distances,aod the
fifh typical form of dishargo may b obsorved (Fig. 103). The
tendeney to stremm ot aud disspate s then s great that when
o brash s producod at one torminal vo sparking occurs, von
if, s T e ropeatedly tried, the hand, or any condueting objoct,
i held within the streamn: and, what i more singular the limi.

mous streua is ot at il oasly defected by the approuch of
conducting body

At this stage tho strams scomingly pass with the greatest
frocdom through eonsiderable thicknesees of insulators, and it i
porticulaly intereting to study their belasior. For this pur
oo it s convenent to canncet to. the terminals of tho el iwo
mtalli sphercs which may be placed 1t wny dosired distance,
Fig, 104, Spheres are preferable to plates, as the dischargo can
e better olwerved. By imerting dickctric bodics hetween the
eplercs, bewutitul discharge phenomens may e obeerved.  If
o spheres bo quite close and & spark be playing Votween themn, by
interposing a thin plate of ebanite between the spliros the spark
instantly cesses und the discharge spreads into an intenscly luni-
s cirel soveral inches in. dismeter, provided the spheres are
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sutiientl large. The passage of he streams heats, and, after
 while softeny the rabber 20 much that two plates may bo
Tnade to ek together in this manner. “Tf the spiers are so far
apart that o spark oceurs, oven if they are fur beond the strik-
g divtance, by inserting & Yhick plato of ghas the discharge i
instantly induced to puse from the spheres to tho glase in the
form of luninous streams. 1t appears almost s though these
streams puse throvgh the dieletrie, In-realty this s o th
casey e the streams are duo o the moloculos of the alr whicls
are volently ugitatd in thespuco between the oppasitely churged
Surfuces of the spheres. When no dielctfi other than
present, the bombardment goce on, but s too ek {0 be v
iy nerting a dileetric the uductive offet is much inereased,
and besides,the projeeted it moleeule find an obstacle wid the
hombardieat becornes 20 intense that tho stroans bocome I
o, 1 by any mochanical meas we eould effet suel u vio-
lent agitaton of the moleeules wo <o
nomenon. A jot of uir sicaping through  small lole wnder
enormons proscure and striking sgainst an insulating substunee,
such s glas, iy e Taminons n tho dark, and it might bo poe
ible toprodice  phosphorescence of fhe glassor othor insulaiors

this manner.

“The greater the specitic inductive espcty of the inerpoed
dicletrie, the more poverful the effect produced. Owing to

i, the streauns show themsclves with excessivly ligh poten-
il even if the gl be 48 much s one and onelalf to tw
inches dhick.  But besides the heating duo to. hombardment,
some eating goes on wndoubtedly in the dieleetric, beiug ap-
parently greator i ghass than in cbonite. 1 attribate.this to the
rater specific indnctive capacity of the glass, n consequence of
whih, with tho samo_potential differonce,  greater smount of
nergy is taken wp in . than in rabber. 1 s like coneeting to
a battery a copper and & brsss wire f {he sune dimcrsions. The
copper wire, thongl & more perfeet condaetor, wonld hewt ore
by remson of it taking more current. T what s otherwise
consdered o virtue of the glase i hore o defoct, Glase wsually
ivos way much quicker than sbonite; when it is hented t0 4 er.
tain degree, the dischango sudonly Ureaks through at one point,
assuming lien the ordinaey form of an ae.
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the eaparity goes on inereasing contimully s the potential rics,
in comsequence of absorption which akes place to & considersble
extent. Owing o this there exist no ertical relaionship bt
dos, and ordinary rule would not scemn o be appli
potontial s incroasod sithor in consoquonce of e
inereased froquency or of the ineressed carrent throngh the
nary, tho amount of tho emergy stored bocomes grenter aud
rcater, and tho eapecity gaina more and woro in impariance
Up o cortain point the expacity i benafiea, bt afer that it
begins o be an cnormons druwback. Tt fallows from this that
ench cail givos the best rosilt with & given froquency and primary
current, A very Jarge il when opersted with currents of very
high frequency, may ot give o wuch as inch spark. Ty aldivg
cnpacity to the orminals, the condition' may- Lo improved, but
what the il eally wants s lower frequency.
When the funing discharge occurs, 1
dently suc that the greatest corrent i ade to flow throngh the
circnit. These conditions may be attsined by varying the fro
quency wihin wide Timits, but. the ighest frequency at whicl
the faming are can sl bo produeed, dotermines, for u given
primary current,tho muasinm striking distance of he eoil. Tn
the uming discharge the eclat cffet. of the capaciy is ot per.
coptibles the mate ot which the cnergy s being stored then
quale the ute a wehich it can b disposed o hrotgh the cireuit,
This kind of disehargo is the soverest tst. for . coil the break,
when it oceurs, i o the natureof that in an overcharged Loden
jur. o givo s rough apprximation [ would sate that, with au
ondinary cail of, say 10,000 obms rsistunce, the most. poverfl
o wauld be produeed with abost 12,000 alternations per econd.
When the frequency i increased beyond that ate, the poten
i, of conrs, iso, bt the strking distance may, nevordheloss,
diminieh, pardoxical us it may secrm. s the potential rses the
ol ttaing moro and more the.propertics of & staric machine
il inlly, one may observe. the beautiful phenomenon of the
trcaming discharge, Fig. 101, which may be produee eros the
whole Jength of tho coil, AL that staze streams begin to isie
froely from all points nd projections. These streams will o be
scen to pass in abmndunce in the space between the primary and

will always appear,oven if the fregueney bo lo, and evon
primary b surrunndod. by ae much as an fuch of wex, hand rub-
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ber, glass, o any other insalating sulstane. This limits greatly
e output of th cofl, but 1 will lator shov have [ have boen able
o overeorme o a considerable extent.this disadsantage in the
ardinary col
Pesides the potentinl, the intensity of the siroans depends on
bt if the eoil b very large they show dhem-
e o the frequencies wed. For instance
00 clms, constructed

the frequency
slves, no et
v very lange col of a resistanee of 07
by me some time agy they appoar with us ow s 100 alternations

per socond and Tew the fnsulatian of the sccondary Leing 4 ineh
0t chonite, When vers intense.they produce a nciso siuiler to
{at produecd by the charging of o Holts machine, but mucl
nore. powerful and they emit & stroug smell of ozone. The
Jower the frequency, the more apt they sre to saddenly injure
he ol With exewssvely high froqueneies they may pus freely

without producing any other effeet than to heat the insulation
Aoy and wiforly

The existence of these strvams shows. the importance of oo
Structing s cxpensive ouil s s to permit of o' secing
throngh the tabe surrounding the priniary, and the latter should
e casly exchangeables or else the space between the primary
and sccondary shonld bo.completely illed up with ineulating
material 0 4 1o exclude wl tir. The nonobservanco of thie
simple rule in the comstrnetion of commercial coilsis responsible
for he destruction of many an expensive coil

At the stage when the streuing discharge oocurs, or with
somewlat igher froquencies, ane may, by spprosching tho tor-
‘minals quite neurly, und reculating properly the cfeet of cupac
ity, produce a voritable spray of small silver-vhite sparks,or n
bneh of excosively thin slvery threads (Fig. 102) amidst &
powerful brush—each spark or thresd possibly corresponding
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“tudent, bt their desciption would lead me too far from e
principal subject. Pastly for this reason, aud_partly on necount
of their vastly greater importance, 1 will confine myself o the.
deseription of the light efoets prodced by theso curronts

T the experiments to this o ion induction coll or
cquival of comparativl

o into curonts of bigh tension s usd.

I£ sou will be suffiontl intorcstod in tho rosults [ chall do-
corib s to enter into an experimental stady of this subject if you
will be convinced of the truh of the argun

s i il e 0 produce high frequencies nd bigh potentials ;.
i ather words, powerful clectrostatic ffcts.  You will th
conntor many diffeultes, which, if complooly overcome, would
allow s to produce traly wondorful reslis.

Finstwill he
quencios 1y
tined others
themselves,

i the required -
08 of mechanical apparatus, nud, if they be ob.
. oletaclos of & different nature ill present
it will b found difel to provide the requi-
site nsulation without considerably inereasing the size of the
pparatu,for the potentials required are bigh, aud, owing to the
rapdity of the alernatons, the nsulation prosents pecliar difi-
cultios. S, for instanee, when  gus s presen, the diselarge
may work, by the maleculur bombardment of the gus and con-
coquent ating, through ue mucl 15 an inch of the best solid
‘reulting material, such ss ghs, bard rubb, porcelain, i
wax, ofe; i faet, through any known insulating substance. The
elief voquiste in the insulation of the apperatus i, therefore, the
exelusion of any guscous mater.

In- gonersl my experience tends to show that bodios which
posese the bighst specific inductive capacity, such s ghss,
Afford s rther inforior insulaton to orhers, which, wile they are
oo insulators, have » much smalle specfic inductivo capaciy,
Such as ofl, for instance, the diclctric loss boing o doubt

tho former, Tho diffeuly of nsulating, of couns,

the potentials are excesively bigh, for with

partialar diff-

eying currents from & machine giving,

fous por second, to quite » disance. THiC

mmber of alternations, howover, is by far oo small for many
purposes, thogh quite uffcient for some practi

Tl Ay of insulating s fortumately not o
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it afects motly the size of the upparati, for, when excossively
bigh potential wonld be nsed, the lightgiving devices would be
Tocated not fr from tho apparats, and often they wonld be quite
dlose o t. - As the airbombardment of tho insulated wire is do-
‘pendent on condenser action, che loss may bo reducod to  trifle
by wsing excovively hin wircs hoavily inaulated.

‘Another diffcny will b enconntorod in tho capacity and sclf.
induction necessarily powessed by the eail. 1 the coil be large,
hat i, i it contin 8 gzt longeh of wire, i€ will bo generally
ansuited for excessvely high frequencies i it be small, it may
be well adapted for such {requencies but the_potentinl might
thon not bo.as bigh us desired. A good insulator, and. profera-
by one_posscssiag & small spocific indactive. cupacity, would
afford  wo-fold ad First, it would onablo us 1o con-
struct  very sl cofl apable of withstanding cnornous difer-
ences f potentisl; and socondly, such & small col, by reason of
its smaller cuparity and seltindnetion, would be capable of
quicker and moro vigorous vibration. The problom thon of con-
stractng  coll or induction apparatus of any kind posesing
the roquisie qualites 1 rogani s one of no stall iportance,
and it has occupicd e for  consderable ime,

“Tho investzatar who desires to repeat the oxper
1 will deseibe, with wn alternate eurment

pplying curats of the dosired frequency, and an &
ol will do well to ako tho primary cuil out and mount the see
ondary in such 4 manner as o bo ablo o look through the tube
‘wpon which the socandary is wound. o will thenbe able to
obserse tho strcanis whicly pass from the primary (o the insult-
g tube, and from thir intensity he il know Jurw far he can
stin the coil. Withont this precaution he is sure to injure
tho insulation. Thie arriaguent pormite, lowovar, an  caey
exchange of the primarics which is desiralle in theso oxperi-

Tho slection of the typo of machine best suted for the pur-
poco must o oft 0 the judgment of the exporimenter. - Thare
are here illustrated threo distnet. types of machins, which,
Dasidos othors, 1 have nsed in my cxperiments.

Fig. 97 ropresents the machine vsed in my experinents before
i Institute,The field magnet consits of a ring of wrought
iron with 354 pole projections. The mrmature comsprises & steel
dise to which i fustenes  thin, earofully weldod rm of wronght
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the soversl typos of these machines which have been constructed

n, T bave found that the type illstraod in Fig. 97 cnused
e the lewt. tronblo in construction, s well 4 in mainionance,
i on the whole, it ha becn & good experimental machine.

Tn operacing an nduction cofl with very rapidly alternating
currents, among fhe first luniaous phenomen noticed are natur.
ally those presented by tho high-{ension dischargo.  As tho nam-
ber of alternations per second s increased, or ae—the numbor
being bigh—the current hrongh tho primary is varied, he dis
charge gradually changos in appearance, Tt would be difeult to
deseribe the minor cbanges which ocenr,and the conditions which

bring theus about, but e may ote fiv disinet forms of the
discharge.

Firs, one may obserse a wenk, senstive dischargo in the form
of u thi, fosbiocolored thread. * (Fig. 1000, It alwnye occurs
when, the nmber of alternations pr second being bigh, the cur-
rent through the primary is very small. In spite of the exces-
ively small carrent, the ate of change s great, and the diffr
enee of poteutil at the terminals of the socondary i thereforo
coniderable, s that the aro is establishod t groat distanees; bt
e quantity of * lectricity ” st in motion i nsigificant, barely
sufficent to. mainiain & thin, threadlike are. It s oxeesively
sensitive and may be made 50 to such a dogree that the mere act
of breathing near the cofl will affoct it and unles it is perfctly
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‘el protecte from curreuts of ar, i wriggles around constantly.
Nevertheless, it i in this form excossivly porsistent, and ot
e terminals are approsched. to, say, one-third of the tri

stance, it can bo blown ont only with diffeulty. This excop-
omal perdsteney, when short, i largely due o the aro beng
excessively thin; prosenting, therofore, a very small surface
o the blst, It great semsitivoncss, whon vory long, is probably
due to the motion of the partcles of dust suspendeed in the ai.

When the enrrent throngh the primary is inereased, the dis-
lange gets broader and strongor, and the effeet of tho capuciy
f the col Lecomes visible watl nally, under proper conditions,
‘4 white fauming are, Fig. 100, often u thick as one's finger,and
sriking seross he wholo col i produced. ¢ dovelops remark:
bl heat, and way be further charaeterized by the sbsence of
the igh

whieh aecompaties tho los powerful dischargor
Ta take  shock from the eail under theso conditons wonld ot

Fo. 100, Fie 100,

be advisable, althangh wader differont conditions, the potential
being much bigher,u shock from the ool may be taken with
impunity.  To produce this kind of discharge the number of
altcrmtions per second st not be too great for the coil wed
s, gonoraly speaking, corain relations between eapaity, slf
inducson and froquoney must bo obsersed.

“The importance of thess clements n an alternate current ir

it is now el known, and under ondinary conditions, the gen
eral ules aro wpplicable. Bt in an induction ool execptional
conditons prevail. Fint, the slfinducton is of litle impartance
efore.the are is establishod, when it aserts itolf, but peraps
never s prominently as in ondinary alternate currcat. cirenite,
becanse the capacity b dstibuted l along the col,and by resson
of the fuct that the coil usually discharges through vory groat
resstuncos henc the currents are exceptionally snal. Secandly,
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iron. Upon e rim aro wound soveral layers of fine, well
annialed fron e, which, when wonnd, is passed through
sbellae. The amature wires are wound wround bruss pins,
wrapped with ik thread. The dismeter of the srmaturo wire
in this type of machine shonld not be moru than § of the thick-
ness of tho pole projoctions, el tho local action will bo con-
diderabl.

Fig 95 reprosents & larger machine of » differont type. The.
fekd vaagnet. of this machine conssts of o like parts which
cither enclose an exciting coil, or else are independenly wound.

. .

Each part s 450 polo projections, the projections of one facing
those of the other, - The armatare conise of & wheal of hanl
bronse, careing tho conductors which revule Letween the pro-
jectons of the flld magnet. To wind the srnatore conductors,
[ lave found it most couveniant to provocd in the following
Jnaner. T construct a ving of hard bronse of tho roquired sze
This ring and the vim of the wheel are provided with tho
proper. mumber of pins, nd both fustened upon o plte. The
armaturo conductors being wound, the pins are cut off and the
ends of the conductors fstened by o rings which serew to the
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bronze ring and do rim of the wheel, rspoctively.  The whole
may then be taken off and forme a solid strueture. The con-
dnctons in such o of machino shoald consist of loet coppar,
the thickness of “which, of coure, dopends on the thicknase of
the pole projections; or elsc wistod hin wires should bo em-

ployed.
Fig. 99 i & smaller muchive, in many respocts similar o the
former, osly here the armature conductors and.the exciting eail
only  block of wrought iron i re-

af these machines
Besides, they nve e deseribed somenwhat more claborately in
The' Flostrionl Eginser, of Marel 15, 1891, 1 deem it well,
however, ta call the attenton of the investigator to two things,
the importance of which, thongh elf exident, he is neverthelos
APt to undorestimato; namaly, to tho local sction in the oo

ductors which must bo carofully ascidod, and to tho clearsnce,
which must bo amall. T way edd, that sinee it i desirable o wsc
very high peripheral specds, the armatare should Le of very
large diameter in onder to avaid fmpracticable bl speeds,  OF
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advaniod, could ot £l 1o be obsorved. The principal nocssity
s then t0 preveat the streams between the primary nd the tube,
ot anly on account of the heating and.possble injury, but alsy
becanse the streams sy diminioh very considerably the potential
difforence. available st the terminals, A few lints 2 to low
s may be necomplished will probably bo found wsoful in most
of these experiments with the ordinasy induction coi.

One of the ways is to wind « short primary, Fig. 1124, 50 that
e diference of potential ix not at that longth great enongh 1
eauso the breaking forth of tho struam througlh tho insulating

“The lngehof the primary should be detorminod by oxpe.

Batl the euds of the coil should be brought out on one
end thrangh a pluz of insulating material fitting i tho tube as
illstratd. I snch . dispostion one termina) of the secondary
e attached 0 & body,the surface of which i determined ith the

gronteat care 0 s to produce the grestest rise in the potential.
At tho other terminal & powerful brush appears which may bo
experimented upon,

“Tho abovo plan necusitates the employment of & yrimary of
comparaivoly el e, and it s aptto heat when poverfal of-
focts aro dosiablo for  certain length of time. In such  case it
is better {0 employ o largor col, Fig. 1125, and introduce it
from one s of the tube, until the streams begin to appear. In
his eas the earet terminal of the secondary may be connected
o the primary or to tho ground, which s practially tho s
hing, € the primary i connocted diretly t tho machine, In the
ense of ground comnections it is wel to determine cxperimentally
the froqueney which is best suited under the conditions of th
test. Another way of absiating the streams, more or lss, i to
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neighborhood the enormous potential may be made o altermate
or fluctuste perbaps mny willion. fimes & socond. The i

olecules are violently attracted and. ropelled, and by thoi -
pact produce stch o powerful heating effot that u fre isstaréod.
Tt conecivable that a ship at soa may,in this manver, catoh ire
at many points at nee, When we consider, that even with the
compantively lo freucncies obtaned from & dynmo machine,
and with potentials of mo more than one or two. bundred thous-
and volts,the hating offets are consilerable, we. may imagine
how manch more powerful they must be with frequencios and po-
tentals many imes grentor; and tho abose explanation scems, o
uy the leus, very probable. Similar explantions may have boen
suggested, but 1 am ot wware that, up to the present, the heat-

¢ effct? of a brush produced by  rapidly alternatng potential

P .

Bave been experimentally dommonstrated, ot Tewst not 1o such o
remarkalle degree

By preventing completel the exchange of the air moleculos,
the loca henting offct may be o exalted as to bring & body t0
incandescence. Thus, for instance, if a sl button, or prefer
ably a very hin wire or flament. be encloee in an nexhausted
globe and connected with the terminal of the col, it may bo
roudered incandoscent. The phenomenon s made much more
interting by the rapid spinning round in a cirde of the top of
the flament, this prosenting the appsarsace of a Jumsinous fun-
nel, Fig. 111, which widens when the potentil is inereased.
When the potentil is iall the end of the flament may perfory
irvogular motions, uddenly changing from one 1o the other, or
it muay describe - clipso; bt when the potential is ve
High it abvuys spins in a circle; and 50 docs generally » thi
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traight wire attached frecly o the terminal of the coil. These
motions are, of course, dus to tho impact of the moloculos, ad
the eragalarity in tho disribution of he potential, owin t the
roughuces and dissymmetry of tho wire or flament.  With
perfocdly symuetzical and. polished wire such motions would
probably no oceor. That the motian is not Tikely to be duo to
others s i evident from the fuct that it is not of a defnite
direetion, and that in & very bighly oxhausted globo it coases
ltogether. The possibliy of bringing » body to incandesconce
in an cxhausted globe, or ovon when ot at all enelsed, would
saom. to afford a_possible way of abisining light efcets, which,
i porfocting mothod of producing mpidly alternatng potentinls,
might bo rendered avaiuble for weful purposcs,

T employing a commercil cail, the production of very power.
ful brush efects i attended with considerable. diffculties, for

o, 112,

when theso high s and enormous potentials are wol,
tho.best insulaton i apt to give way. Usnally the
lated well enough ta stand the strin from convalution to convo-
aton, snce two double slk covered parained wires will with-
stand ' prossure of several thousand valts; the diffeulty lies
ipally in proventing the breaking throngh from the secon.
imary, which s greatly faciliated by the sireams
suing from tho ltter. - In the coi, of conrse, the trvin s grt-
et from sction to section, but wsully in  larger col thre are
0 many scetions tht the danger of o sulden giving way is not
very great. o diffiulty will genendly be encountered in that
dircetion, and bosid, the liabilty of injuring the coflfnternaly
s vory much reduced by the fact tha the offect most likely o
e produce i sinply o gradual heating, which, wher fur cnovigh
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enormons, itk s flt whon the discharge s passed dhrongh the
oy, progided the bands are armed. This s to some extent due
to the bigher frequency, but principally o the fact that les e
ergy is avaiable externally, when the difference of potential
Teaches an enoraions value, owing 10 tho ciscumetanco that, with
the rise of potential, the energy absorbed in the cail increnses as
the square of the potential. Up to & cortain point the ene

wrdlable externally increuses with the rise of potential then it
begins to fll off rupidly. T, with the ordinary high tension
induion coi, the corians parudo exits, hat, while with @ given
cuvent throngh the primary the shock might he fata, with many
times that cureont it might bo_porfcetly harmles, cven if the
froquency be tho sume. With high frequencies and oxevsively
high potentials when the terinals are ot connested to lodios

of some sse, practieally all the energs supplicd to the primary i

P s, Fio, 10

ko b tho il There i no Urakin thronglno ol
oy, bl he el st ad eoudacingy s wfornly
ity

To' ikl wisundorsnding in rogaed fo the physlogial
ffct of alermting corrnt of very gh frquenets 1 Wik It
ey 10 st that, il I . andiabe fc ey ae
incompariy e dngorons tha umrente of low fruoncen
i€ Shold ot e thnght it ey e aogedhr Tarmlee
Wi ot b i ol oy 6, carvnts o ooy
Vigh emion indcton ol which snrents ar sl vy
mal f ecivod dinecdly fron » machine o from oy
o low e, ey prodice noreor o powerfl e, i
with condensers, ! -
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“The streaming discharg of  high tension induction il diflers
in many reepeets from that of u powerful static machine. Tn
color it hae meither the vialet of the positive, nor the brightncss
of the negative, static discharge, but lies samevhere between,
eing, of course, alierntivoly postive and negative. Bt sineo
the ircaning 2 more powerful when the point or terminal s

han when electrified negaively, it follows

cloctrified posiively,
that the point of the brush ix more ke the psitve, wnd the root
o fike the negative, statc discharge. In the durk, when the
rush is very poworful, tho root may appear almast white.  Tho
wind prodnced by the escaping streams, though it may be very
trang—aften indecd to sucl & dogree that it may be felt quite o

istanco from the cofl—is, nevertheloss, considering the quantity
of the dischurge, smller than that produced by the postive

Fie. 107 P 10,

brush of  static machine, and it affects the fame much los
poverfully. From the nature of the phenomenon vo can con.
clude that the higher the frequency, the smaller must of conrse,
be the wind produced by tho strouns, aud with suficienty high
Sroquencies o wind at al would he produced st the ordinary
wtuoepherio presures.  With froquencios obisinablo by meane
of & mackine, the mechanical offeet s suficiontly groat o rovolve,
with considersble spood, large pin-wheels, which in the dark

wdunce of the

present . beantiful appearuice owing to the o
Htroans (Fig. 106),

T general, most o the experiments wsually performed with a
satie machine can be_porformed wih an induetion cuil when
perated ith very mpidly altrnating correats. The effcts pro-
uced, hawover, are much wore stiking, being of incomparsbly
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i i increasod, nd at onormous pressuro ¢ would be nogligihe,
unloss the froquency would inerease corespondingly.

Tt il bo ofton absorved in- those experiments that hen the
pheres are beyond the sériking distance, the approacl of u glusx
plte, for instance, may induce the spark to jump betwoon the
Sphoros. This aceurs when th capucty of to spheres s some-
what bl the eritcal value which gives the greatet diffren.
of potontial at the terminals of the coil. By approaching 1 d
clotri the specific indctivo capacity of the space betwen the
spheres b incroased, producing the sue offectas If the capacity
of the spherus wers increased. The potential at the terminals

ik 0 high that the ir space s cracked. The experi-
et performed with den glss or micn
Auothor intoresting olsorvation i that & plate of fnsuling
matorial, when the dischargo s pasing through it is strongly
attmetod by either of tho spliores, that s by the nearr one, his
being obvionsl due t0 the smaller mechanical efect of the bor
bardment on that side, and perhaps also to the greatcs elctrific
tion.

From the beliior of the dicketrie i these experiments, we
may conclude that the best insultor for these rapidly altermating
enrents wonld be the one povissinz the smalee specifc ndue
tive capacity and ot the same time one capable of withstanding
the groatest difforances of potontial; aud thus two diametricaly
opposite ways of securing tho roguired insulation aro indicated,
namely, to us either & perfeet vacnu or a g under great prese.
o bt the former wonld be prefernble. Unfortunately neither
of those two ways i cusly carricd ont in practice.

Itis espaciall. interesting to note the belwvior of un exoes
sively high vacutum in these cxper 1¢ 1w tost tubo, provided
with oxtermal eloctrodos and oxhuusted to the highest possble
dogree, bo connectad 1o the.terminals of the eol, Fig. 103, the
clotrodes of the tube are instantly brotight 10 8 high temperature
nd the glas at oach end of the tube i~ rendered intoniely phos-
Dhorosoent, but the middle appears comparatively dark, and for »
‘whilo remains cool.

When the frequeney s s high that the dischirge shovn
Fig: 105 s observed, consderable disspation no doubt oceurs in
the coil. Nevertheless the cail may be worked for a long time,
s the Hoating i gradal.

T spito of the fact that tho differenco of potential

be
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body of somo size. Tn his manner tho potential o the wire
may b enormonnly raised.  Tho efect of this il Le either to
fncrenes, or o diminish, the streams, 1F they incronso the wire

ot i they diminish, i too loug. By adjusting the
Tenigth of tho wire, u point is found where the touching of the
other terminal docs ot at ll afect the streams, Tn this caso.
o ricsof potential i exserly connterueted by the drop througlh
the coll. 1t will be observed that smal longébe of wire produee
comsiderable differoncs n the magaitudo and luiuosity of the
streams. The primary cofl s placed sidowiso for two roscon

potential at the wire;

Thore s sell anothor and far moro siziking pecalirity of the
brush discharge produced by vory mpidly alteruating ouesonte.
To otserva this it s bust to repiaee the usaal terminals of tho
coll by two metal colummns insated with a good thickness of
hanie. 1t i also wel to close all fissures and emek with wx
o that tho bruslies camnot form anywhors excope at tho tops of
o columne. £ the conditions ars carfolly adjustod—vhicl,
of conrse, must e loft to the skillof the experimenter—so that
tho potonial risce 1o an enormons valne, one may produce o
porwerful brashos several nches log, nearly white at thie roots,
whicl in the dark bear a striking resomblanco to two famos of
g ascaping oudor prossure (Fig 110). Bt they do not only
resenbl, ey are veritablo fames, for they are hot. Certainly
thoy aro ot s ot s b gus burner, but they would bo o if the
Froquency and tho potentiad soutd e ufiontly hih. Produced
with, s, txenty thousand alternations.per second, the heat i
easly_ perceptitl evon if the potential i not excessively high.
Tho howt devoloped i, of cours, duo o tho impact of the air
molecals against tho.forminals and sgainst cach other,  As,at
the ondinary prosses, the mean froe ath is excessivly smull,
it s posiblo that i spit of the enormous i

to.each molecule upon cor
progress—by colliion with otr moleeules—is retarle to such
an extent, that it doos not got away far from tho terminal, but
may rike tho suno many times i sucecsion. The higher tho
frequency, tho losstho molocule i able o got away, and this the
more s0, for a given offect the potential required i smaller;
and & frequency s conceivable—perbaps oven obiuinable—ut
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which pracicaly the same olocules wonld strike tho torminal.
Under such conditions the exchange of the molcenles would be
very slow, and the heat produced at, and very near, the terminal
wonld bo cxcessive. Butf the frg: o incrossing
constantly, the heat produeod. would begin to diminis for ob
vious reasons. T the positive brush of & static machine the ox-
chunge of o mol very rapid, the stream is constuntly
of ane dircetion, and there aro fowor collsions  hence tho lcating.
efft maust be sery il

of excliange tends o fnerease the local heat produced. Thi, if
 bulb bo ield oser cho terminal o the el s us 0 enclose the
sl tho sir contained in tho bull is very quiekly brought to
whigh tempernture. 1¢ s glase tube be held over the brush s0
s 10 allow the druight to carry

s eseapes at the 1op of the tube. Anything held within tho
bru s, of course, rpidly heated, and. the posbility of using
such heating effcts for some purpose or other snzgosts telf.

When contemplating this sngularphesonienon of the
brash, e cannot il being convinced that a similae procoss
must fake place i the ondinary fume, and it sooms strango that
after all those conturios past of familirity with the flame, now,
in this e of clectri lighting and heating, we are finally Jed to
recogaize, hat sinco time immemoril wo Lave,ufer ll, ivags
nd cloctic light and beat” ot one disposal It is also of no
litle fnterest 1o contemplate, that v have a possble wy of
producing—by other than chomicnl moans—s veritablo fame,
which wonld give light and heat widhout any material being

ed, without wny chenieal process taking place, and to
accomplish this, we only need to perfoct metliods of producitg
enommons frequencics and potentials, 1 bave no_donbt. that i
tho.potential could bo made o alternate with sufleient. rapidity
and povver, tho brash formed at the ond of & wire would los i
eletrical characteristios and would bocome famelike.  The flame
must b due o elecrosiatic moleeula action.

“This phenomenon now cxplainsin & manner which can hardly
be doubted the frequent aceidents occarring o storms. 1t is well
Known that abjects are often set on fire vithont the lightning
sriking thew. Wo sball prosently sco how this can happon.
On 4 nal n a roof, for instance, or on  projection of any kind,
wore or lossconduting, or rendered s by dampnss,  poerful
brush may appear. 1 the lightuing strikes somewhero in the
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arater power. When  small longth of ondinary cotton covered
ire, Fig, 107, is nttached to ane terminal of the cofl,thestroams
ueuing from il paints of the wire may be o ntense s to produce
 considersble lght effoct. When the potentiale and frequencios
ane very high, n wire inaulated with gutta percha or rabluer and
attached to one of the ferminals, appours o o corered with a
Iominous film. A very thin bare wire when attached to  ter-
minal emite powerful strams and vibrates continaaly fo and fro
ar i in 1 cirle, prodcing a singular ffet (Fig. 108). Some
4 fese experiments have been doseribed by me'n 7l Elctrieal
Worid, of Fobrury 31, 1891,

Anofher pecnlirit of the rapidly alternating dischargo of
wluction el is ts radiclly diferent beharior with respoct o
paints and roundod surfes.

1w thick wire, provided with » bal at ane end and with
point a tho athr, bo attached {0 the positive erminal of o tatic
machine, practicaly wl the charge will e Tost through the pint,
an secont of the enormonsly greater tension, dependent an the
rulius of curvaturo. Bt if suchn wiro s ateache to one of the
terminals of the nduction col, it will b olsersed that il very.
High frequencics streams pave from the ball almost s copionsly
s from the paint (Fig. 100).

1t s andly conceivable that e could produc soch a condi-
tion to wn equal degree i static machine,for the simple reason,
that the tonsion inercases 4 the squaro of tho donsity, which in
tam is proportional o the. rdiv of curvatre: henee, with
towdy potential an enormous charge would be required fo make
trcams e from s polished ball while it i connected ith &
point.But with an induetion el the discharge of which aler-
ates with great rapidity it is difforont. Here we lave {0 deal
with two distinet tondencies. Fist, there in the tendency’ to
escupe i existe in s condition of rest, and which depen on
the radins of carvature; sceond, there i the tendency to diss-
e o the surrounding i which de.
pend on the surfuce.  Whon one of these tend
un, the other s 4t a At the paint. the luninone
strearn i prieipally due to the air molecules coming bodily
contact with the point; they are ntmcted and repelled, chargod
nd disclarged, and, their atomve chargos boing thus disorbed,
sibrate and it Tight waves. At the ball on the contrary, thore
10 doubt that che effeet is 1o 4 great extont produeed fndc-
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tively, o aix woleeules ot necesmrily coming in contact with
e bal, though they undoubredly do 0. To convince ourselves
of thia wo anly nee to oxalt the. condenser etion, for instance,
oy nveloping the ball, at some distance, by 1 betor conductor
than the surrounding mediam, the conductor being, of coure,
insulated; or cle by surrounding it with o botter diclectric und
approaching an insulated conductors in both cases the stream
will break forth more copiously. Ao, the langor the ball with
 givon froquency, or the higher the froquency, the more will
the ball ave the wivantage over the point. ot since a certain
intonsity of action i roquired to render the streams visible, it is
obvious that n the experiment described.the. ball shonld not bo
taken o0 large

I consequonco of this two-fold temdency, it is possbl o pro-
duco by mosns of points, offcts donieal 10 those produced Ly

B n Fu. 10

enpacity. Thus, for instance, by wtaching o one torminal of
the cal & smnll lengtlh of scllad wire, presening many paints
and offering great fuilty to cscape, the potential of the coil
may be aised . the sne value as by attacbing to the terniinal
 polished ball of  rurface many imes groater than that of the

An ntoresting experiment, showiug tho effet of the points,
may be performed in the following manner: Attach to e of
tho terminals of the coil & cotton cavered wire sbout two foet in
Tength, and adjost the conditions s hat streams sue from the
wire. I this experiment the prinary euil should be profersbly
plaead 50 that it extends only about fulf way fnto the secondary
coll. Now tonch the free terminal of the secondary with  con-
Auctng objeet beld in the hand,or elee connect it to an insuluted
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i at ondivary pressure,  Thoagh no posiive evidenco hus been
btained, i i horght, nevertheless, it a high froquencs brosh
o straumer, i the frequency conld be pushed far enough would
e decidedly rigd. A sl sphere might then be moved within
it quite roely, but if thrown gt ¢ the sphore would rebound.
A ondinary flame camnot_pososs rigidity 10 marked dogrec.
e tho sibration i dircerionles; but an eloetric e, it i
elive, st possass that property more or los. A luminous
band excited in & bulb by repeate dischirges of # Leyden jar
st o posscss rigidity, and f doformed and suddenly relensed
should vibrate

Feom ke consdorations otherconclusions of interest are
reached. The most probable medium lling the apaco i one.
consisting of independent earricrs mmersed in an insulaing
Hid. I throgh- i mediun enormons olectrosttic streses
aro asanod to et which vary rapidly in ntensity it would
Ao the motion of & oy throngh i, yet it wonld be rigid and
clsti,althongh the fid itslf might be devoid of these pro-
pertics. Furthermore, on the assumption that the independent
carsions are of any configuration suel that the fid reistanco to
motion in one.direction s greater than i another, @ stres of
that nature would exse the carrien to arrange themselves in
groups, since’they would tar to cach other their sides of the
{gratest lectrio denity, in which position the fuid ressanco to
‘approach would be sunaler than to secoding. 1 in & medium of
e abave. eharscteristies a brush would be formed by a steady
potential, an exchange of the caners would go on continoall
nd there wanld be loss carriers per it of volume in the brusls
tan i the space at some distance from the clectrode, this cor.
responding to ravefaction. 1§ the potentinl were rapidly chang.
ing, tho rosult wonld bo very difforont  tho higher the freqoney
f tho pulscs, the slower wonld bo tho exclange of the carriors
Sinaly, the motion of transltion throngh measurable space would
cotoc,and, with v suliciently ligh frequeney and inensty of the
tess, the carriers would be drawn towards the cleetrodo, and
compression would resule

“An interesting feutare of these high froquency currents s that
ey allove of opersing all kinds of devices by connecting the do-
viee it only ame_leading wire to the cletric source. In fact,
e certin conditions it may be more cconomical tosupply the
cletriea anergy with one I thun with o,
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A experiment of specin intorest shawn by Mr. Tesa, i the
runming, by the e of only one insulated e, of & motor oper-
o che prineiple of the rotaing magnetic fleld cnuncited
by Mr. Tesa, A simple form of suckh a motor s obtuined by
winding upon  laminated fron core 8 primary and elowe o it
sceondary coil, g the cnds of the lter and placiug . frly
movable metal dise il the influence of the moving fiekl.
The secondary il g, boweer, be omitted.  When ouo of th
ends o the priny col of the motor s comnected to one af the
terminale of the igh frequency cal and the other end to wn
nsulted motal plate, which, it hould bo statod, is ot abeolutely
ecosary for the scevss af fhe experiment, fhe dise is sl
rotation

Experiunents of thi kind scem to bring it witin possbility &
operste & motor at any point of the carts surfuce. from » con
il e, withont aay conneetion to-the s exeept thraugh
tho cart. 16, by moans of powerful machinery, mpid variations
of the eurl's potential were produced,  grounded wie renchig
W to some ieight vould be traversed by  current whicl could
e inereased by connceting the froe end of the wire to a body of
o size.The current might be converted o Tow tension and
wasl o upsrate  motor or otber device, - The experiment which
wanld be e of grest scientfic interes, would. probably best
succeed on a ship a¢ sea n this manner, oven i it were not
possible to operate wachiuery, utellgence.might Le tranaitted
uite cerainly

I the coune of this experimental study specialattention was
deatel 10 the heating effcts produced by these currents, whicl
e ot anly stiking, but apen up the posslility of producing «
ore et iMuminant. 1t is suffciont 1o attach to the eo
terminal  thin wir or lament, @ have the tempersture of the
Tatter percaptibly mised. £ he wire or flasent be enclosed in
i bal, the leating offct ia fnercased Ly preventing the circuls-
ton of tho i, 1f the sir in the bulb be strvugly comprosed,
the dispacements are smller, the impacts los violent, and. the
Deating effct s diminished.  On the contrary, if the 4 in the
Dl b extunsted, . inclosed Jamp Slmont is brongh.to
candescenee, and any amount of light may thus be produced.

The beating of the inclosed lamp Slament depends on s
many s of o different ature, that it is diffenlt o give o
gonerally wppleable rale. under which the maxiwn heaing
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frequeney discharges e directud Ehrough the wire, it i Leated
more on the end. than in the middle portion, and i the fre
quency, o rate of earge, is high enough, the wire might as
woll e cut i the middl s ot for s of the heating on the
end i due to the rarcfed g, Here the s might only act v
 conductar of no impedunee, diverting the current from the
wire s the impecdance of the Tatter i cuormously inruased, and
mrely henting the ond of the wire by reason of ther resistance:
o the passage of the discharge.  But it is ot atall necessary that
e g i the tube should e condetings it might be at an ex.
eremely low pressae,still the ends of the wire wcould be heated ;
Dowerer, as s ascertained by expericnee, only the two ends
would i such cwe not be cleetrcally conneeted hrongh the
gvscons medium.  Now, what with these frequencies and poten-
s occur in un exlanste tube, ocenrs i the lghtning discharge
at ondinary pressue,

From the facility with which any amount of cnergy nay b
carrid ol through  gus, Mr. Telu infers that the best way to
rondor Turnlese ightning disclurge s o fford it in some way
 pusuge through  volume of g,

"Th recogation of somo of (o abose fucs ns o beasing
fareaching sicutific investgations in which extromely high
frequoncion and potentials arc wed. T sucl cases the it ixan
important. fuctor to be considered. o, fo fnstance, f two wires
are attahed to the terusinle of the coil, and the streumers isie
from” them, there i disipation of enrgy i the form of eat
and light, nnd the wires belave like » condensr of larger capac-
ity. I tho wirea be ismersed in o, tho disipation of energy

e, or u Teast roduced, and the apparent eapaeiy
e The etion of the air wonld seem to make it very
0 tol, feom. e measured or computed capacity of «
condensor n whicl tho ir is acted upon, s setual capacity or
vibration poriod, expecially f the conden=r i of vory small sur.
faco und s charged to @ very high potential.
ant results are dependant upon the correctios of the estimation
of the vibration period, hix subject demanids the most careful
seratiny of nvestigators.

T Leyden jurs the loss due to the prescnes of air is compars
tively sual, principally on account of the great surface of the
contings and tho small extornal etion, but if there are sércamers
on he top, the low ray e considerable, and the perio of vibrs.
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tion s affectel. I » resonator, the denty s sual, but the
frequency i extreme, and way introduce n condderalle omor
I¢ appears crtain,at any race, that,the periods of vibration of
clunged body in & gecous aud in & continons medium, such
e ol are. diferent, o sccont of the action of the former,
explaned.

Another. fact recognized, which is of some consequence, it
that in sinilar investigations the goneral considerations of sttie
sereening are not applicable when  gaseous wedium s prosc
This is evident from the following experiment:—A short and
wide gluss tube i taken and covered with  substantal coni
Dronse powier, barely allowing the light to hine alittle throvgh.
The tube s highly exhansted and suspended on » metalle cusp
from the end of  wire. When the wiro i connected with one
of tho terminal o the ol the g nsie of he tube

spte of the metal coating. Hore the metal evide
o scrven the gus inside ae it ought to, oven i it be very thin
and poorly conducting. Ve, in  condition of ros the metal
coating, hawever thin, screens tho inside porfoctly.

O of the most inereating resulis arrived at in pursing these
experiments, i the demonstration of the fact that 4 guseons me.
iun, wpon’ whicl vibration s impresed by rapid clages of
clectrstatc potentia,ix rigid. In llustrucion of this result un
xperiment mide by Mr. Tesla ey by cited :—A glass tubo abont
o el in diameter and thro fec long, with ontide condonsor
contings o tho ends, was extustol o & cortain point, when, the
eubeboing suspended freely froma wire connecting the upper cont
i 0 oo of the torminls of the coil, the discharge appearel
e ormof  nminous thrvad pasing thronzh the xis of the tube,
Usually the hread was dharply defied in the upper part of the
tabe and lost el in the Tower part. When 4 magnet or the
finger s quickly pusced near the upper part of the luninons
thrend, it vax brought out of position by magnetie or electro-

ssversal vibraion. like that of  sue.
penen cord, with one or more ditinet nodes, was set up, whicl
lasted for u o winmtes end gradunly died out, By suspending
from tho lower condenser coatng metal plaes of diferent izes,
the epeod of the vibmtion was varied. This vibration would
oo 0 shore byand doubt that the thread possessd g
at least to trasersal displacements.

Maay experiments were tried to demmonstrate thi property in
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occtrs. s rogands the iz of the bl t s scertined that at
ondinary or only slightly diflring atmospheric pressuros, when
i i good insultor,the. flament s heated more in  small
bl becase of the better confinement of hat in his cae. At
lowor preseures, when i becoues conducting, the leating ef-
fect i greator i a Jargo bulb, but at excassively high dogrees of
exkaution thore scenus 0 e, heyond a cortsin and rather sl
izt of the ol o perceptibl difference i the heatin.

“Tho shape of the vessel i<l of some fmportunce, and it s
b found of advuntage for easons of ccnomy to employ &
<plerical bull with the clectrode mownted in s conire, where
the rebounding molecales colide.

It dosirblo on account of ccononny that all the energy sup-
plied to the bul fro the source shoukl reach without o the
oy t0 bo e, The los in conveying the energy from the .
“onree 0 the Doy may e reduced by emploging hin wires
Deavil coated il insulation, wnd by the wse of electrosat
sereens. It ie to bo. romarked, that the scrcon, cannot be con-
ected to tho ground as nuder ordinary conditons.

I tho balb itelf 4 arge portion of fhe encrgy supplied may
e st by molceular ombardment. agaivst the wire conectng
the body to be heated it the source. Considersble improve.

st was efected by covering the ghass stem contaning the wire
il closely it conducting tube. Thia tube s mado to
project  litle e the glis, and prevents the crekiug of the
Jatter nenr the heated Loy, The effctivenessof the cor

i Timite to vory Tigh dogrees of extastion, 1t

o o reasons;. fint, the
churge given up by tho atouss spreade over a greater arca, and
henee dho alectric donsity at an s sl and dhe. atoms
aro repelld ith less vy than if they would strike aguimt a
oo insulator: secondly, a the tube i eleerified by the atoms
‘whih irst comme in contact wih it the progress of the following
atom gt the or e chocked by the repulsion
‘whil the eloetrfiod tube mustexert upon the sinslarly electrfed
stome. Thie, it s thought, oxplaine why tho dischargo through
a bull i tablihee with e greater fuclity when an insulaor,
than when a conduetor, s presen.

During the investigations & grot many bulls of different con-
struetion, with eletrodes of different materis were experimented
upon, und  naunber of olwereations of interex were mde. M.






OEBPS/images/bg15800001.jpg
w0 INVENTIONS 08 NIKOLA THSLA

Tesh v found i the deteriortion of the electrorke i the s,
the higher the froquencs.  This was o b expected, 1 thon the
eating is effctad by many sl upacts, instead by fewer snd
more vilent anes, which quickly shatter the structure.  The de.
teroration i also smaller when the vibration < Tarmane. This
an electrde, maintnne at  cortain degree of eat, Taste wuel
Tomger with currents obiained feom an_altornator, than with
those obtained 1 means of « disaptive disclrge. One of the
ot darsble clectrodes ws abained from ~trongly compressed
carborundun, which ix a kind of carbon recently produeed by

G. Achoron, of Monongabela City, Pa. From experi-
red, dhat 10 ho ot durable, o electrude shoukl
o1 3 sphere with a highly polished surfuce

be'in the form
In some bulls refmetory bodies were mounted i carbon

~and put der the molocubar impuet, 1w olsereed_in
cuch experiments that the carbon eup s hented at st until
Higher tompemure vus ronchods then most of the bomban.
ment wus directed aguinst the. refmctory body, und the carbon
was relived. n goner, whon diflrent. bodies were mounted
o the bl the Dardest Fusble would b rolioved, and would
Fomsin at « considerably Jower tempersture. T}
tated by the fuct that most of the cnergy supplied would find
it way throwgh the by whieh was more ey i or evap.
orated.”

Curiowly cnough it appeared in some of the experiments
made, it 3 body wux fused i bl under the woleeular -
poct Ly evolution of low ight than when fused by the applica-
Gion of heat in ondinary ways, This may be aseribed to &
Tousening of the structure of the body under the violent fmpacts
and chnging sresss,

Some experiments seen ta indicate that under certain condi-
tons 0 body, conducting or nonconducting, may, when bon-
e, cunit ight, whiel toall appesrances s due to phosplor.
escence, bt way n reality be cansed by the incndescence of an
infiitesmal Iayor, the mean temperature of the body bein
comparstively nall. Such might be the case if cacl single
ehythmical impact were eapable of instantancously exciting the
ot and the rhythm were ot high enough to canee a continaons
impresion in the eye.  According o thi view, a cul apersted
by disruptive discharge would be eminently uiapted to produce
such o rosult, and it is found by experience that e pawer of
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s it allows energy 0 be diseipated by molecalar fmpact or bom-
Tardment, The acton i thue expiained:—When an ineulated
oy comnectes] 0 a terminal of the coil i suddenly charge to
High potentia it acts induetively upon the surrounding air, or
whatever gscons medivm there might be, The wolecule or
atoms ehich e newr it are, of eours, more attructed, and tove
fhwough u gregger distance than the forther ones. ~ When the
earest moloculen strike the Dody 1 ld, and coliions
ovenr at all disances within the induetive distance, 1t i now
el that, i the potential be stoads, but itk o of enorgy can
e caused i fis way, for the moleenles whiel are nearest o
the oy aving lad an addiionsl charge fmparied 1o them
contact, aro not ttracted wnil they have parted, if ot with all,
t et with o of the additonal charge, which can be aceo
plished only after o grout many collsons. This i inferred fron
the et that with  stendy potential there is bt little Jos in dry
v, Whon tho potonial, instend of being steady, i alternating,
the conditons s entivly different, Tn this e 1 Fhythunieal
bombardmen

oceurs, no matter whether the molecules after
coning in_contaet ith the oy los the imparted chargo or
oty and, what ix more, i the chirge s not Jst, the impacts are
all the more violent. Sl if the froquency of the fnpules
b sery sual, the loes caused by the impacts and collisions would
ot e sofons ke he potential was excossve. Bt when
extromely high frequencies mnd more or less bigh potentinls ure
wsed, the loss e vers great,  The total enerzy lost per wnit
of tine i proportionate to the prodnct of the nunber of imprcts
per second, or the frequoncy and the cuergy Jos in cach impact,
Bt tho energy of a npact st be proportionate o thesquare
of the olectre demsity of the hody, on the asnmpion that the
clurge impartd 1o the wolecnle i proportionate o that density
It concluded from fis that the total enerzy lost it bo pro-
portionae to the prodiet of the froquency

clctric donsity; bt thix Inw et expriment confirmation
Asuming the proceding considerations 1o be true, thr

pily ltermating tho potential of a hody Smmorsed in un
g aooms medin, Ay amount of energy oy Vo dipated
into space. Most of that cnergy, then, i not disipated in the
fomn of long ether waes, propugated to considerable distance,
e i thoght most generly, bt s consnmed n fmpact wnd
collsional losees—that i, heat ibrations—on the suface and in
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the vienity of the body. To reduc the disdpation it s neces-
aary to work with a suall electric. density—the smaller, the
Higher the frequency.

“The elavior of 4 guscous wedium o such rapid alternations
of potential make it sppesr plansiblo that clocirstatc
tarbances of the carth, produced by cosio events, may have
great infence upon the metcorologieal conditioys,  Whe such
isturbanees ocenr bath the frequency of the vibrationsof the
harge and tho potential ar in alprobubility oxeossve, wnd the
energy converted into beat iy be consderalle.  Since the
Adensity mast e wnevenly distributed, cither o consoquence of
the imogulaiey of the cartls surface, or on_ accomnt of the
condition of the atmosphere in varions placos, the clleet pro-
duced would sccondingly vary from place o place, Considerble
varistions in the. temperature and presure of the atmospliore
way i this maner be causd at any point of the surface of the
carth. The variaions may be grudual or very sudden, sccording
o the nature of the original disturbanece, and may produce min
il soruns, or ocally modify the wewther in any

From wany experiences guthered in the conrse of these fuves-
igations it appoars crtain that in ightaing dischargos the ai
an clement of fmportunce. For nstance, during « storm &
steam way form on o il or pointed projection of & builling.
I ightoing strikes somewhore in- tho neighborhoods the haru-
less sttie dichiarge. may, in consoquence of the oscllaions set
up, wstume the character of a highfrequeney streaer, sd the
il or projection may be beonght to a high temporatare by the
violont impact of the air molecules, Thw, it is thought,
il iy be sct on fire without the ligh wgit. Tn
Tike maner sl metalic_objects may be fased and solailized
—a froquently oceurs in lightning discharges—merely becupse
they are surronnded by air. Were they immersed in s practi-
caly contimaons mediun, uch s ofl they vould probably be.
e, e the energy would have to spend fsef elewhere,

A istructive expericnee laving  boaring on (s subjoct ix
the following:— A glass tube of an inch or s in diameter and
soveralinchi long is tuken, and & platnium wire scald into it,
tho wire running through tho couter of the e from cnd to
e, The tle s exlunsted f0 & woderato doree. I  steads.
curreut is pased throngh the wire it is heated witormly i all
perts and the g i e b i of no consequence,  But f high
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Aucting olectrod, oven if tho latter be of al \ the brash,
s only a vory short oxistence, but it an b preserved for a con-
derable lngih of fime in a bl desaid of any condueting clec-
trode.. o obmerse the phenomenon it i found best to employ 1
e spherial bulb haing in it centre  sull bulb supported
on b cealed 10 the ek of the former. Tho large bulb be.
oxhausted to  igh degroe, aud the imide of the sl bl
being connceted 0 one of the terminls of the cofl, under certain
conditions thero appears & misty luze around the suall bulb,
fer pusing throngh some stages, assumes the foru of
s, gonerally at right angles {0 the tube supportng the smll
b, When the brash msmes this form it may be brovght to
astate of extreme snsitiveness to clctrostatie and magnetic
Aucace.The bull hanging strvight down, and all objeea boing
rumote from it the spproach of tho observer within  fow jaces
will case.the brush to o the opposite side, wnd it he valks
around the balh it will always keep on the opporite side. 1t may
g o epin around the terminal long bfor it reaches hat sen-
sitive stage. When it begine to torm aronnd, principall, but
lso before, i i affcetod by  maget, and at & ortun gy it i
auscopible to magnetic nflunco to an astonishing degree. A
mall permancnt magnct, with it polos at 1 ditunce of o o
han o centimetres will afect it visbly a s distasce of o me.
e, lowing down or aceclerating the rotation sccording t0 hovw
iti¢ held rolatvely o tho brush.

When the ball haugs witl the ot down, the mobaion il
ways clockwise. In the sonthern hemisphere it would occur in
the opposite dircetion, . on the (magnetic) cquator the brush
<hould ot at all. The rofation tay he rsersed by
et kept at some distance. The brush rotates b, seemingly,
whon it is ut right anglo to the incs of foree of the curth. 1t
very Tkl otates, when at ts maximum speed, i synehronism
with the altcrnations, sy, 10,000 s socond. The rotation
can e slowe down or necelerted by the spproach or reccesion
of the obwerver, or any conducting body, but it cansot be re
versal by putting the bulb in any posiion.  Very curious experi
mants may be performed with the brush when i ifa ot sensi.
tive sate. For instanee, tho brush resting in one poston, the
experimonter may, by selecing » proper position, approach the
o af - certain. considersble disanes to the bull, and he sy
o the brash 1o s off by merel stiffening. the el of
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the arm, the mere change of configuration of the ar and the
conseqent impereeeiblo displacement bing suffcent to distuel
the delicate balance.  When it begina o otate slowly, wnd the
s are held t 4 proper distanee, it s impossble o ake oven
tho lightest motion without producing a visible effct upon the
b, A el plao connceted o the other terminal of the oil
et i at  great distusoe, sl dowen the votation often to
one tum  secod.

Mr. Tesls apes that his phenomenon wil prove & valuable
id s the investigation of the nature of the forces acting in an
clectrostutic or maguetic fiekd. If there is any mri
measursble goiug on in the spue
revend it It s, = to speak, n boan of Tight, frictionles, deveid

Jrta. O sccuunt of it marvelons scnitvencss o clctro
atic or maguotic disturbancos it may e tho means of sending
signals throngh submarine eables with any speed, and even of
tranamitting inelligonee to n distance without wircs,

I operuting an nduction coil with these rapily lternating
carrents, it i astonialing o note, for the fint time, tho groat
importance of the elution of capacity, sclfnduction, and fre-
queney 2 bearing upon the general result, The combined offect
of those clenente produces many corions effeets, For instance,
o metal plates are cometod to the torminals i et at o snall
listance, =0 that s are s foruaed between thenm.  This e -
ente n strong cxrent. from fowing throngh the cil, 1 he are
e interrupted by tho interposition of a glas: plate, the cupacity
of the condenser ohained countemet. the self-nduction, wnd
strongor currout is made o s, The effcts of capucty are the
ot steiking, for i these experiments, since the selinduction
and froquency both are high,the criea capacity i very suall,
and ed b bt Sightly varied to produe + vory considerable

inge. The experimentor brings bis bod n contact with the
terminals of the secondary of the cof, or attaches to one or botl
terminals inculated bodis of vers. small bulk, such 4 exhasted
Dl and e prodces a considersble s or ull of potential
the secondary, ad greadly affcts the fow of the current througl
the prissary il

Ty of the pheno
or, goncrally spen

on olmersed, the prosence of the air,
i, 0F i of a guscons nathre (wing
A specific properties, butin contradistinetion
or perfect continuily) plays an importunt part,
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and,what s morw important, the clectromagnetio thory of light
nd ol i oborve enh o tat lctrio and b phenomena
v identel, The o oncn sgeet e, thereore, hak
ety might bo clld tbor,Tn fc,tis view has i & s
e s beem sdrancd by Dr: Lodge.” Hiaifareniog woek
K b 7o by veryone . many e been coninse by
ik amgumente. 1 oot bty and e ntorting natae of
o sjoct, ki th. reader spelamnds bt when he impres

e e, one el that b e o denlonly ithingetion
ecplmarions. st confoss, that | cannot elev it ele-
{rcitic, il e in . doilycosttted et The purling
lariorof the ether e 4 sl o waves o bt and heat, and
aen fid to the moton of bodie through i, soraly ex.

tho mt ntural and sractory manner by seting

tnaion as. S Willam Thomsan e snggstads bt

ol of thi, there. ix othing il okl enabe v fu

o it cerpiny tha,while i i ot copabl of trans

rancvrs viaions of  fow huired o thovsd per

ccond, it migh o bo cpable of trneniting el vibatons

nto Vundred of rullion illams per swcon.

ot prors that thars e, fnivare Siber wivas
et foms ol anata ik e Sl

Vot lcrtion pr second s v At th b,

if ot e, may el o v i,

Ratnrning o the subjct, and benrine i i tha th e
ance of tw ltritis bt sy theJout,highly improbable
oo et s the e i M0 ridenc o losivsty mae
i wa bope 1 gt 1 mlets e bl i prmen, o
e ol e el o et s
it ot okl s o st i the way of calig et
e W R LSRN
e the suled st changs of the molele other i

e ey it th moloul.  Looking at 1t n tat Tght, we
wonld e usifed i smying, it clctiy i concored il
oo seions

Now, peciely wiat the chor eurrounding the oloule i
hersin ¢ diflos rons ohor i gonaal, et only b oner
ared Tt camnot il i deiy, ther g
W, horeors, bo under or i oton,and the
latr s the, st ‘probable. o wndorstand. it functons,
would e nesomary e have s et n of the phvden o
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sruction of matter, of whicl, of counse, we o ouly form &
mental pieture.

But of all the views on nature, the one which wssumes one
matter and one foree, and a_perfeet wniformity throughort, i
the most seentitc and._most ikl to be trae, - An infitesimal

vorld, with the
orlie,

S e e
ulod the

words, eatrying it themn staie charges, soem to

most proable view, and ane which, in o plansible

counts for most of the phenomens observod. Tho spinning of

the malecles and their ether sets up the ether tensions or eloc-

trostatc trains; tho equalization of ofher tensions sots up other
otions or eleetric currents, and the or

the effcts of clctro and permanent mag:

‘About ffteen_ years ago, Prof. Rowland demonstrated a most
tereting and important fact, namely, that  static chargo e
ried around prodees the ellets of un electric cormunt,  Leav
ont of considertion the precise muture of the mechanisa, which
produces the attrction and ropulion of currents, and conciving
tho clectrotatically charzed moleenls in motion,this experimen.
et gived us o fair iden of magnetim. - We can conceive lines
or tabes of force which physiealy exis, being formed of rows
of direeted o e e can s that these s wmust
closed, that thoy must tond o shorten and expand, ete. 1t ke
wizo sxplains i a ressonable way,the most puaaling phenomenon
of all, pormanent magneti, and, i goneral, has all the beantios
of the Ampere theary withont posceing the vita dofeet of the
sune, namely, the wssunption of wolecular currents, Without
enlarging further upon the subject, 1 would say, that 1 look upon
ll cleetrestatie, carrent and. magnetic phenormens a being e
o loctrosatic molocular forees.

The proceding. remarks 1 hase deomed nocossary €0 8 fall
nderstanding of the subject a t presents it<lf o my mind.

Of all these phenomens the mast important 0 study aro the
current phenomens, on aecount of the arcady extensive and ever.
{growing uso of curtents or industrial purposes. 1t now  cen-
tury since the first practical sourco of current was produced,
and, exer since, the phenomena whicl accompany the flow of
curronts have boen diligendly studiod, and through the uniring
offots o scionifc mon tho simple laws which govern them have
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trange foree, but e e helpless 1o longer o ean in  cerain
neasure expain ther, secount. for fhein, and we are hopeful of
the myatery which surrounds

fnally sneceeding
them.

T how far e can understund.the world urounad s i the ult
mate thoght of every student of naturc.  Tho coarsencss of onr
censes prevants us from recognising the ultrior coustruction of
natter, and steonomy, tis grundest and mos posiive of uatarsl
eencs, can only teach us sometbing that bappens, g it were, i
our immediate neighborhood : of the remoter portions of the
houndlees amivere, with its sumberlossstars and suns, we know
thing. But far beyond tho Timit of perception of our senses
the sprit sill can guido s, and 20 we wmay hopo that even these
anknonen workds—nfitely suall W great—may in a mewsnre
toue, Sl even if his knowlodgo should reael
mind ill fnd  barrier perhps forever wneir-
passalle, to the trve recngition of that which s o be, the
e agpearance of which ix the only and deder bass of all
losphy
OF all the forws of wature's imeasurable, allpersading
kg, which ever and ever elmnging and moving, like a oul
animates the inert wniverse, clctriity and tmagnctim are por-
s the ot facinating, The effects of gmeitaton, of hear
and light we observe duily, and soon we get acenstomed to
them, 1 so0n they lose for us the charactor of h marvcloun
and wonderful; but electriciy aud maguotism, with ther singlar
rlutionehip, with their scmingly dual chaeacter, wnique amon:
the foreos in nutare, with their phenomenn of attrctions, epal
ions and rofations trange manifesttions of wysterons agents
tiate and excite the mind to thonight and researel.
clctricity, nd what is maguetiam ! _Theee quostions haxo hoen
ke agai snd again.Th most able intellects have conselesly
wreslolwith the problemn 1 the quesion has not a yet been
fully wmvered. But while we canot even today sate what
these singular forces are, we bave made good hewdway to
feards the solution of the problem.  We are nove confideut that
cletrie aud magnetic phenomenn are attribatable to ether, wd
we are perhaps jusifiod in saying that the effects of static lec-
ity are effets of ether undor strain, and thoso of dysamic
elatricity nd lectro-magnetism ofccts of ethor in motion. Bat
i il lonvcs e qestion, a to what electicty undl msgnetiun
are, imanverl
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Vit o nwtaraly inqire, What is clctricity, and s thoro
vl g s ety intareting letre phenomera,
e vouy ek of lactriay o of 41 slesiric condition ite o
ot T wo spouk of elote. ot wo et diinguiah v
el afects,opposte in claracter nd entnising cach other,
hrvation s tha o soch opposte fcts s, Thi i
naveabl, for i oo of the proertio of ather, we cn-
ot pocsibly exert & semin o produca dislacomant o motion
of ahy kind, without cwuing . the surrounding medioe an
oquiralent snd oppait efloet. Dt if o spesk of elctic
rosing . tingy we ity 1 think,sbandon the Wem of g
letrchien, st exienes of o s hing i iy mprl
b, For how cun o imagine that chro shonld be o things,
quielent i smount, lke. . e propertos, but of oppose
harctr, both linging to matter,both it and compeiely
neatmliing; cch ohrSuc  assumpin, hough suggstel
7 Fhonomene thongh mos sonveent for oxpaing
hom, e it 0 commond .1 there s such g s clec
O ool s ) g
ot e thing,powibiy bt o proably. s sondiion de-
Lerminestho postive and egaise hareter, T old theory of
Frankin, hongh fallin shor o some rapets, i from: o cur
pintof view, aftr Al the ot pavdble one
0F i, theory of the v cloctri
et appurently explains cleirc plenomena' i 4 more .
o mannen, Bt heory which, bt axpsin he facts i ot
ccouarly tre, Tngerious minds ill invont. thoris fo. it
Ghuorvaton, anc alnat every ndependent hinker ha i o
o on the mbjet.

I i mot with the objct of adrancing n opnion, bt with
e e e acmiig 7o batier vith mme of tha vl
i T will deseribe, o s yon S revoning 1 have fol.
owed,the depatares T e mad-that 1 venture 10 exproe,
i fow vord,the views. and convictions which havalod me 0
thoe el

T adhar b th idn that here i hing which we v een

h it of alig aletrcty, The qution i, What e it
{hing? ory Whatyof Tl fhine,th exbtanee of ‘e we Know,
e the o rsson ol lsetity | Wo ko it ot
ik an ncomprewible Aid; that har st bo  consant qun
iy af i s hat e b e prodcd no dstyod -
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been discovered, Bt theso laws aro found 0 hold good only
when the currents aro of  steady charactor, When the corrents
aro rupidly varying in strongth, quito difforent phenomena,ofion
nexpectod, present themselvc, and quite different Jaws bold
good, which even now bave not been detormined u full s
dusirable,thangh thraugh the work, principally, of Englisl seion-
tists, snongh knoveledgze hns been g an the subjeet o enable
o treat simplo caso which novw present. themselves i daly
practice.

“The phanomens which are peculiar to the changing charsetor
of the currents are greatly exalied when the race of chango is
inercased, hence the study of these currents is consilerably facl-

ployment of properly comtructed apparuts.
and other objocts in view that | constructed
altornate current machines capable of giving more than o
million reversal of current per mimute, and o this cireumetanco
it is principally due, that T an able to bring to your atentio
come o the resultsthus fur reached, whieh | hope will prove
b a step in advan upon one
of the most important problenns, ey, the prodction of &
practical and officent soureo of

Tho stady of such rapdly alcer

v experiment disloses somedhing ne
of course, be preicted, but wmany more s wnfore-
The experimentor makes many interesting obervations.
For instanee, we take  iece of iron and hold it against a mgnet.
Starting from low alternasions and ruuniog up higher und higher
e feel the impulscs sucesed cach other fastor and fuste, gt
wouker and weaker, and finlly disappear. Wo then observe o
continuous pul; ehe pull, of conrse, i not continuous; it only
‘appears 20 t0 s our sens of touch s imperfoct.

Wo aay next escablish an are between the cloctrodes and
olbscrvo, i the lternations rse, that the note which sceompaies
lternating ares gete shiler and shriler, gradually wenkens, and
finally conses. The i vibmtions, of eourse, continue, but they
ar0 ton weak o be perceived ; our sense of hearing fale us

We olserve tho sl pysiologiea offets tho rapid heating of
the iron cores and conductors, curions inductive effcets interest-
ing condenser phovomens, aad stll more nteresting ight phe-
nomenn with 4 bigh tension induetion eoil. Al these expert-
ments o obsorvations would be of the greatet. nterest to the
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exciting phospliorescence s extrmondinarly groat, 1t is capable
of oxciing posphorascence at comparatively low degroes of
xhaustion, and a0 projects shwlows at pressires far greater
dhan those at which the. mean free path ix compundble to 1
dimensions of the vesel. The latter observation s of rome im-
portance,istuich us it tusy modify the generally accepted views
o regnd to the * udiant sate” plenon
A thought' which early and ménrally suggestd itelf fo Mr.
Tenla was to niilize the great nduetive cfects of high frequency
currents o prodace light in  scaled glass voosel withant the nee
of leading in wires. - Acconlingly, many ulbe were constructed
in which the iniain . button or il
at igh i agh the glas Ly cither
clectrotatic or dlectrodynamie induction. 1t wi ey to regi-
oty of the ight emitted by means of an extornally
appliod condensce coutig commeeted o an insulated pltc, or
simply by means of 4 plate attached 1o the bulb which at he
perfarmed the funetion of & shale.
A subjec of experiment, which has beon exlastively treatel
in England by Prof. J. J. Thomeon, s been followed up ind
‘pendently by Mr. Tl from the beginming of thisstady, namely,
i oxeite by ceesrodynanic nduerion a uminous b i . closesl
tabe o balb, In olwerving the behwvior of gues, and the
Iuminows phenomen obtained, the fmportance of the dectro-
static offects was noted and it sppenred desirable o prodce
oo potentialdiferouces,ateruating with extrome rapidiy
Exporiments in this dircetion e o some of the most intorcs
g resulte arrived at i the cours of these investigutions, 1t
tat Ly pid alteruations of o ligh clectrotatic po-
hansted tubos conld be lighted at considerable distances
‘conduetor connected to a properly constrced col, and
that it was practieable 0 establish il the coil an altormating
clotrostaic ied, acting through the whalo room aud lighting
wherover it was placed within the four walls - Phosphores-
e excited in such » fild, and it s casy G0 regn
ate the effct by conneeting to the bulb 4 small isulated metal
plate. Tt was lkewiso possblo fo maintana flament or button
a tube i bright ncandescence, aud, i ono experi-
vane was apn by the incandeseoncd of . platinun

Coming e o the lvture delivere in Philadelphia i St
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nating may be practically due to the bombardment alone.  Ho
pointed out alo that the skin cflct i largely modited by the
presence of the gus or of an atomic medium in general. Ho
Showel alao some interesting oxporizents i which the offot of
convection s fltrated. _Peobably one of tho tmost carious ex.
periments in thi connoetion i that i which . thin platinm wire
sretched slong the axis of an exhuusted tube is bronght to in-
eandescence . certyin_ poiute corresponding 1o the position of
tho stre, while at othors it romeins durk. This experiment
throvws au uferesing light wpon the natare of the srie and may
Teud 0 mportant rovelations.

M. Tesln aleo demonstrated the disspation of encrgy throngh
. atomic modium and dwelt upon the hehavior of vacuone
spuce nconveying heat, i thisconneetion showed the carions
belavior of wn electrode strean, from which he concludes that
tho moleenles of u gus prolably canot be acted npon direetly
A€ mensrable distances

M. Tosl sumarized the chief esults arived a in pursing
i investigutions i & mannor which wil scrve s valuablo
uide o all who may engage in this work. ~Perlaps most uter.

st will contr on i gneral statenicnta regrding the phenotneni.
of phosphoreseonco, he most. important fuet rovealed in this di-
v 4 pliosphorescent bl certain
sost. cconomical esult

tho onder af their date

detinite potential gives the
Tho lectures wil now be presented i
of deivery.
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Exexunns Winn Ars Comuss or Veey o
auesey axp g Arrsscarios o Momons o Awmrcrar,
Tuueisamos.!

T s no subject more captivating,
than natur,

e worthy of study,
“To understand this great mechanism, to disover
tho forves which are setive, and the Taws which govern thom, s
the highest sim of tho intellct of v

Nature hos stored up in the mniverse infinte energy. T
cternal recipiont and traneitter of this infinite cnergy s the
other, The recogaition of the existence of cther, and of the
functions it porforus, i one of the most important rosuls of
modern sientiic eseareh. - The mero abandoning of the ide of
aetion a¢ a_ distanee, e ssamption of » medivm pervading all
e and comeeting il gross matte, bas fred the minds of
hinkers of an ever present donbt, nd, by opening a new horizon
—uene and unforeseen possbilties—tas given fresh inerest to
phenomena with which we are failiar of old. It bas boen a
roat sep tovards tho wnderstanding of the forees of nature and
thoir mulifold manifestutions to our senses. 1t has been for
the ealightenod student of pliyics what the wndénstanding of
the mechuniem of the firearm or of the steam engine is for the
Drbariun.  Plenomens upon which we used to look s wonders
bafting oxplanation, wo now sco in 4 difforent ight. The spark
of an induction eail,the glow of an incaudescent Jamp, the
festations of the mechanien] forees of currents and magnes are
w0 longer beyond anr grups ntead of the ncomprehensble, as
efore, their obeervation suggeets now in our minds 4 simple
nechnism, and lthongh o to it precise nature all i sl eon.
jocture, et w know that the truth cannot be mach longor hid-
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Toni, it may e remarkod that o the superfcal reader, Mr.
Tesl's ntroduction, dealing with theimportae of the eye, might
uppear us  digression, but the thonghtfal reader will fnd theroin
neh fond for meditation wnd specalation. Throughont his din
coure one e trace Mr. Telw's effort to present in a popular
way thonghts and views o the cleetr

eecent yoars captivate] the sfentific world, but of i
cvneral public Tie even ot merely received an inkling.  Mr.
Tesl sl ol racher extensivly on e wel known wethod of
ighfrequency conversion; and the Targe smount of detil in-
formation will be gmiefully reccived by students and experi-
mentors i thix virgin fild. _Tho employment of apt avalogies
in explaning the fundamenta] prineiples involved makes it e
for all to guin » clewr iden of their m zain, the o with
which, thanks o Mr. Tesh' efforts, these
rents ay v be obta ¢ st any
Kind of current, canmot fail to result i an exteasive broadening
of this ild of rescarl, which offers so many posibiliios.  Mr.
Toshn, trae philosapher ux e i, loes ot esitue to point ot
et in some of ix method, al indicates the Tines which to
him seem the wmost promisng.  Particular strse i i by lims
wpon the emplogment of 2 medivn i whieh the discarge
cletrodes ahonld be mmersed i oner that hix method of con-
version may be bronght to the lighest perfoction. e hs evi.
dentl take i to give e s weful infornmation s posile
10 thome who s to follow i i parh, ax e shows in detal the

it armangoments to bo sdoptod in all ordinary cases mot with
in practice, and lthougls some of these tetliods were deseribel
o b o sears before, the additionalinformation i il timely
and woleome.

T lis oxperiments b dwell st o <o pro-
dveod by clectrostatic force, which i eonsiders in the light of
morder hearis t0 be the most impartant foree i nature for s
toinvestigate. At the very outeet he shows n strikingly novel
experiment illustrating the offeet of & rpidly vurying clectrostn:
e foree in . gaseous medinn, by tonching with one hand o
thetorminals of & 200,000 Vol trusformer and bring
other hund <o the_opposte terminal, The poverful stroamcrs
ehich isued from bix hand and astonished 1t andience formed
 capitl illustration of some of the viows advanced, and afforded
M. Teda i opportuity of peinting ont the frue ressons why,

e
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with these currents, such an wnount of onergy cun b pussed
throngh the body vith impunity. e then thowed by experi-
ment the diffreica between « tendy and » rapidly vurying forcc
apon the dilectrie. This i Ay ilustrato
in the experiuent in which a Tull ateached to the end of a wire
in_ connection with ome of the terminals of tho transformer ix
Fuptured, althongh all extrancuns Lodies are remote from the.
bl e next illutrates howe meelmical motions are producol
by varying clectrosatic force ucing throngh  gaseon i
“The importance of the acton f the sir ix patierly ilustratel
by an iteresting experimen

“Taking up another class of phenomens, amely, those of dyna-

o eletricity, Mr. Tesln produced in 4 humber of experiuents
& variety of effects by the employment of only n single i
with the evident intent of impressing upon i andienee the idea
that chetric vibration or current cun be trunemitted with cuse,

bout any return cireit; alao how currents =0 tnaitted can
o convertod and used for many practieal purpores. A number
of oxperiments are then sbawn, llwtrating the et of fr
queney, elfinduction wnd capacity then o mumber of g of
perating mive and other devices by the e of  single lad.
‘A nauabe of novel impedanee phenomen are alo shown whicl
cannot fail o aroue futeres.

Mir. Tesla nest dwelt wpon u subject which he hinks of great
nportance, that i, electrenl rsonance, which be explainod
popular way. - He uxpressel his firm canviction that by obers
ing.propor conditons, inteligence, and possbly even pover, can
be transittod through the. mediom or througl the cartl
Hoe consders i problein worthy of serions and umedie con-
sideratio

Co

ot the light plienonnens i particar, o
the four disinet Kinds of these. phenone
which to many e have beon o revclation. M. Tesl attrbuter
hese light efects to molocalr or atomc. impacs produced by
varying elotrostutic sross in 1 gaseons e, Ho ilustrated
A serica of movel experiments the effct of the gus surround-
i the conuetor and s Veyond o doub. that with igh fre
uency aad bigh potentil currents, the surrounding gue is of
purmonnt importance in the Lesting of the conduetor, 1l
attrbutes the beating partally o a conduction cursent aad par
tially to bombardmont, and demoutrates that n many case the






OEBPS/images/bg13300001.jpg
POLYPIASK CURRENTS s

Over the whale s then wound he prinry coil o wiro 0.
From the mture of this construction it il be obvious that
an long s the shicld formed by the wires o is below magneti
Caturution the secondary col or cireuit i efectually protected or
shiclded from the inducive infinence of the primary, although
o open circuit it may exbibit some clectromotive force. Whe
ry reaches a cortin value,the shicld
hecoming sutarated, cease 1o protect the secondary from induc.
five. sction, and current s in consequence developed ther
For similar reasons, when the primary current weakens, tho
& of the scvondary i retanlod o the samo or upprosi
¥ the same exten.

“The spociflc constraction of the transformer islargely i

v

erial. I Fig. 0, for example, the cors i built wp of thin
insulated iron plates or discs. The primary cireut v i wound
et the core . Over i s applied the shield ¢, whicl o his
case s made up of thin srips or plates of iron properly fnsulated
nd curronnding the primary, forming w cosed magnetic cireuit
The secondary » is wound overthe shield . In
5 s a someo of torting or rapidly changing. currnt
The primary of tho transformer is comnceted with.tho circui
the gonerator. » f  twoirenit slernt
of the cireuits eing conmeeted with the wain_ circuit from the
sonree v, wnd the other befng enpplied with currents from the
Socondary of the trunstorner,
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hrongh asestion nea tho nds. Frthermare,th crrent pses
prncially dhrough the outer porions of the condactr, ot
et i o e disingushod from tho skin cffc 1z odisarly i
{orprotd,fo the lter would, o should, ocear abo n  conim
ous ncomprosablo modium. 111 gret man

are comectcd n soris 0 sorce ofsuly currnt,the anpa st
s nde may b Urghtly, wheroas those i the middle sy -
main entirely dark. This  due principaly to bombardmert a5
forosaed.  But oven i thecarrnts b steudy, provided the
differonc of potentil i very great, tho Jamps at tho. end will
b moro rightly tw. thse i themiddle, - In sach case there
it o shythmical bombardmont, and. tho roslt . produced en-
irely by leaknge. - This leaknge or diipaion into space when
he Lo i igh, isconsderao when Tncandescent s aro
usd, and sl mor consiersblo ith aes, or tho aterack ko
. Generdly, o course, the dspation i much snaller
it stady, han with vaeying, curent,

Thase conrived an experiment which lustate in a inter-
ting mamnor he efcet of ntera) diffusion. 16  vory lng taba
ix atached to he terminl of  high frequonecy el the laminos.
ity is gratet. nar ho terminl and e of gradualy towards
e remoto ond. This i moro marked i the tabe i narrw,

A suall tubo. about onehalf nch in dameer and twelve
inches long (Fig 157), b one of it onds drawn ont o o fine
b nearly thro et ong. The tabois plced i brumsocket
i can Lo serwed on tho torminal 7, of the induction il
The dischange pasing throsgh tho ubo fst luminates the bot
tom. of tho s, which isof comparatvely lrgo setons bus
throngh the Tong gl e o dicharg cammol pass.Dut
gradually the rarefid gus inside besomen warmed. and more cone
etingand the dinchargosprod o the gl v, s pread.
g i s sow, that it may take il & minato or moro i tho
dishurgo bt worked throngh up to tho top of tho g e,
then presonting tho. appearance of  strngly luinons thin
thrd, By ad joting he potential ot the erminal e ight may
be made to travel wpwunde at any speed. Onco, bowerer, tho
i e i hated, tho discunge brsks. through s eniiro
lengthimtntly. The iternting peot. 1o bo noted s tht,tho
Vigher the froquency of the currens, or in other words, the
ener rltively he atre disipation, at  slower rte may the
Tight e mado to ropagate through the e Thisexporiment
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i et performed with n highly extnsted wnd fresly made i
When the tube hus been wed for some time the oxperiment
often fuls, 1t ix posible that the grudual and slow impairment
of the vaenun is the canse. This slow propagation of the dic
hongh 4 very uarrow glass tule corresponds exaetly to

churge
the propagtion of hext through a bar warued at one end.  The
quicker the heat i carried away lateraly the longer ime it will
take for the heat to warm the remote end. When the current
of u low frequeney cofl i pussed throngh the fbre from end to
end, then the Iatersl discipaton ix smull and the discharge in
tantly breaks throngh alnuos withont exeeption

After these experiments wnd. observations which Jave shown
tho importanca of th tinniy or atoni stracture of )
medinm and which will serve to. explain, i ncusnro at s,
fhe mature of the four Kinds of light effcts producible with
these currents, 1 may now givo yon an illustration of thoso
effcets. For the sake of futerest | may do. this in  manner
which o muny of yo might be novel,  Yon have.seon boforo
that we may now convey the cleetic vibration fo & body by
means of & single wire or conduetor of any kind. Sinee tho
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CHAPTER

A Coxerar Commst Teassronye wirn Maossne Sitean
Bimwis Corta or Puisair sn Sioxoey.

M. Taav s appli i prineiple of wagneti shicding of
parts i the.consteuetion alao of transformer,the <hicld being
interpoe ot the. priaey and econdaey ol I tune
forers of the odisaey ype 1 ill be found. that e wave of
lectrmotive fore of the ecoubay.very vearly coincide it
it ofthe prinar, eing, howeser, inopposite ign. At thesamo
time the carrents, otk privsey and sccondars, g Vebin theie
espetiv dlctromtive foreen but e thi g procticlly or
‘ol tho e i the e of st follow that the asimn

condry carents will early
cide, bt differ i sign o dirction, provide the sceondary
o ot fouded or if it contin devicon having the propurty of
soltinducton. O the other o, the lag of the privary
il he impresed lctromuotve foree. way be dinnibed by
ondingthe esomdary with & moninducive or dead resnce—
snel e incandoscent Junps—whrehy the. time intersal botwoen
e i o i porods of the priry o scondary
cutrente o inercod.  This time fntorval, hwever, ix Hoited,
anlthe el biaied by plase diference i he operion of
v devicn 1 the Tl slheruating currnt tors cun oy Do
approsinately realized Ly such s of prodicing or scuring
i diference, ax above indicted,for it i dosirable in such casn
ht her o it etcon he prvry and oy o
onte,or thore which,howeree producel, o through the two
st of the moto, & difleencn of Pl of sinry degrees
ory - thr wonds,the current i one tinait should be 8 maxi
s whon that i tho other cireit i & miimm. To atin
ot conditon more perfeetly, an fncreaso etardsion of the
sccondary enrrent i socured in the. folloving manner: Tnstesd
o bringing. the prinary and scondary culs or ciesis of u
traformor into the closest pocible o, ¢ s itherto
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tle Leating effeet i increasod. Thus if the rate of chngo of
the carment s vory great, the resistance may fnerease to sl
A extent. that the Hlaent is b

¢t ineandesconce wih fn-
and we are bl o take n short o thick
block of earbon or orber material and Lring it 10 bright fnean
descence with u enrrent incomparubly smalle than that required

appreciable carront

1o bring . the sme dogree of incandescence an ordinary thin
Tnnp ilament witha scuds orlovs froquescy current.  Thisreult

i important, and llstrtes Low rapidly our views on these sub

oot are clanyging, aud how. quickly our Seld of knowledge i e

i
Y
°

tending. T the at of incandescent lghting,
e wepect only, it s eon commmonly considere as . cssen
Gl requirement. for practicl snccess, lat the lap Hlament
Sould bo thin and of high resistance. nt now wo kuow that
the resistunce of the flament to. the steady fow docs. ot mean
anytbing; o flament might a5 well Lo hort and fick . for 3t it
o immersed. in rartied gas it wil bucomne ineandescent by the
pussage ofa cnall curront. - 1¢all deponds on the frequeney and
potential of the currents,  We 1y conclade from this, hat it
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becn dome, Mr. Tesly protects in a measure he secondary froms
tho induckive action or effet of the primary by surrounding
ither the prismary or the secondary with  comparatively thin
wgnetic sbield or sercen. Under these modifod conditions,
e long s the privsary current s . sull value, the shield
protects the scomdary; but as oon s the primary curront
e renched . ceriain. strengih, whiel i aebitrasly dotermined,
the protecting magnetic ahield beeomes saturaed and the indue.
ive action upon the secondary begins, 1t resnls therefore, that
e mecondary current bogine to flow at  cortain fretion. of 1
eriod later than it wouhd sithout the interposed shicld, aud
e thi retardation nay b obaiued without nocessuily’ rotard
g the.primary cursent also, un addition] Ing i scrred, md
the i intersal between the maxinum or winium periods of
the primary and scondary eurrents is nereased.  Snels trns-

former way, by properly proportioning s sovers lements and
nd

e proper relations between the. primay

g, the thicknews of the magnet i
ather conditions, b constrcted to yield s constunt eurrent at all
o,

Fi. 95 s crossscetion of  trausforiner
provement.  Fig, 96 is u s
transformer, shovwing digrammatially the

N b the

core of the tranformer, conposed of  ring
of oft annaled and insulace o oxilized iron wire. Upon his
coro is wound the sccondary cireit or il n w. Tlis ltter i+
thon covered with & ayer or layers of annealod and nsulated
o wires o, woune - dicetion at right ngls o the scondary






OEBPS/images/bg37400001.jpg
=0 INVENTIONS OF NIKOLA THSTA.

o be f adranage, o far as tho lamp it comdered, 0
ploy high froquencinfor igbting, o thy allow tho s o hert
ind thick Slaments and smaler enent.

I wir or Hsent b imimersed i omogasons i, il
ho besing b dn ot condietion suernt, ot s encloed
i an exbt vl the coniions o entirly difeent, Hore
thogas bogin 0 et and the hating et of thecondetion e

4 shown i many exporiments, may be very emll som

i that o thebombardnent, This s cepecialy thocas F

o cloed and tho potentalaare o coure very bigh.
Suppos that  ine Hament enclosed in an oxhassed vewel b
conmected with e o it e 0 the trmialof . high tonion
ol and wih i ther end 1o a g inmulated plae: Though
ho cirenit i ao closd, e flmerty a1 have before shown,
rpught 1o iaundosmion 1f the frnanty 8 pobmtillbe
companivly o, the et i b by the nrment pssing
rovgh 1. 1t foqueny and ot o prncipaly the
lntr, b inroned,tho insuatod plts nesd b ot very amal o
may e done vy it eninly 1l the lament il become
oo, preccally al the beating being then doe o he o
Vardment, A pratinl way.of combining both the efcts of
ot on el e b et % TR T TN
i which an ordinay Iump. o shown providd with a vy thin
et which has ano of th endsof th It conmeeted fo &
o mrving e parposs of the Inulated plate and. th otbar
on o the ernioalof a bigh fnsion onre, 10 hould nt b
honght that ony T gas s an portant fctor n th .
ing of 8 condatar by varying corrnt, bt g a odinary pr-
e may become impartant, i the poenial iffrence and r.
ey of the currnts i exeosve. O thi sbjet 1 lure sl
ready. satd, e when . conductor is fsed 1y  stoke of
Fglihing s corent g ikl gy small ot
ovon uficient o heat the conductor pereeptiy, wor th tter
mmersd in howogeneons medivn,

From th preoeding i i cheartht whan 3 condrectorof bigh
esstane i onnctad o the terminal of » sowre of igh e
neny eurmonts of high potentil, there ey ocens eonsderabl
dimtpaion of enagy,insply ki ofthe omdmtin
consequence of e ckon of the g srrounding the conducr,
Going tothi,th carrnt hrongh o etion of she comictor st
a pont midvey hebween it ends oay bo msch sl han
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CHAPTER XXV.
Intuanccriox—Tu Scors or e Tessa Lucroars.

Buwvio: procesding to study the three Tesa lectures here
proscnted, the reader may find it of somo asistapee to have his
fon. direted o th main points of nterest and siguificance
The fis of these lectures was deliverel in New York,
at Columbi Callege, before the American Insitute o Electrcal
Engineors, May 20, 1891, Tho nrgont desire exprossod immed
atel from al parts of Europe for an opportunity to witness tho
Driliant. and nnwsual experiments with which the loeturo was
accompaniod, induced Mr. el t0 g0 to England carly in 1502,
when e appeared before the nstiution of Electrical Engineers,
and n day Inte, by special roquest, before the Rogal Tnstitatior
His reception was of the most cnthsiatic v fattering nature on
Doth oceasons.  He thew went, Ly nvitation, to France, an re-
peated s novel demnonstrations bfore the Socidté nternationalo
les Eloetriciens, s the Sociéts Frangaise do Physique. Mr. el
returnd 0 America i the fll of 1592, and in February, 1505, do.
Tivered b thind Teeure before the Frauklin Institote of Pliladel
phis, in fulfhncat of 4 long standing promise to Prof. Houstos
Tho fllowing week, at the roquost of Prosidont James 1. Ayar,
of the National Eloetric Light Asociation, tho sano lectire was
redliverod in St Louis, 1t had been fntended to limit the i
Vitations to members, but the appes from residents in the ci
were so muerons and pressing that it hecame necossary o secu:
u vory Targo hall. Tlone it camo sbont that the lecture was
listoned fo y an wudionce of avor 5000 people, nd was i some
pars of a more popular vature. than cither of ts predecessors.
Despite this concesson to the need of the hour snd oecasion, M.
Tosla did ot hosiate o show mang new wnd brlliunt experi-
ments, and. 1o advanee the frontir of discovery far eyond any
point e had theretofore marked publicly
We inay nove proceed to s i revic of the lctares the-
slves, The gromnd covered by then i = vus that only 1






OEBPS/images/bg13800001.jpg
- INVENTIONS 0F NIKOLA TSTA

eading idens and experinnenta can bere b tonched upon; Iusides,
it i preferabil that the lectures sbonld Lo carefully gone oxer for
their own sake, it being more. than likely that enchs ctudent will
diseover o new besuty or stimulus in them. Taking up
couree of reasoning followed by M. Tesl in his frt loetu
“will be noted that he stared out with the recogition of the fuet,
whieh he has none experimentally demonstrated, that for the pro-
duction of Tight waves, primarly, clectrotatic effcts must be
_ bmought into play,and continued study has led bi to the opinion
that all clectrical and magretic cfeea iy bo reforred o ele
rusatic molecular_forees, Thia opiuion finds &
iruation in. one of the wmost sriking cxperimenta w
deseribes, namely, the production of & veritable fame by tho
agiation of clectroxatically charged molecales. 1t is of the
bighest ntercst. o observe that thia result poiats out o way of
abtaining a fane which consumes no material and in which no
chemienl action whatever takes place. [t alao throws  light
the wature of the ondinary fame, which M. Tesln believes to bo
dne to lesteostatic molocar sctions, whick, i true, would load
direely to he dea that even chemical afinities might b electro-
antie in heir nature. aud that, os has already boen suggested,
nolecalar forces in general may be refersble to one and thesan
canse. Thix singalar phenomenon scevnts in @ plansible man-
ner for the wnexplained fact that buildings are frequently sct on
fire during thunder storus withont having been st all struck by
. lightning. 1t ay sl explain the total disppesrance o shij<
at sen
O of the steiking proofs of the correctness of the ideas ad-
vanced by Mr. Tesln i the factthat, notwithstanding the ennplo
nent of the most powerful electromagnetic inductive offots, but
feebl ity
o the sonree of

it

effcts are intensfied, the samo iniial energy sufices o oseite

Tnminoity at consdernble distunces from he source. That there
o only clectrotatc effcts aetive socts to Le clearly praved by
M. To.

experiments with an induction cail operated with
altoruatiag currents of vory high frequency. Ho shows how
cubes may b made to.glow brilantly at considerable distanees
from any object hen placed in » powerful, rapily alternating,
clerostatc fld, and he deseribes many interestng phenomens
obsersee fu such a e, His experiments open up the posebility
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PART II.

THE TESLA EFFECTS WITH HIGH FREQUENCY
AND HIGH POTENTIAL CURRENTS.
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Inuman fraane s condeting T may convey the vibration throngls
my body

First, asin some previous experiments, L connect my body wile
e of the terminals of a high-tension trnsformer and tuke n my
hand anextnsted bl which contains n small carbon button
mounted upon o plstinum wire lending to the ontsideof the bulh,
and the hatton is rendered incandeseent ue soon s the transformer
i set t0 work (Fig.190). 1 muny place a o

Ancting shade on the
bulb whieh serves to intonsify the action, hut & not necssary
Nor i it required that the buttan should be in eondueting con-

neetion with tho hand throngh 1 wire luding through the ghss,

for suffcent energy may be transuitod throngh the glass jtselt
by inductive weton 1o render tho bntton incandescent,

Next 1 take a highly extansted bulb containing o strongly
phosphorescent body, above which is mownted a smal plato of
aluminum on o pltinum wiro loading to the ontside, and tho cur-
Fents flovwing throngh my body oxcite intense phosphorescenee
in the bulb (Fig, 191). Next again | take in my hand a simple
exhausted tube, and in the same manner the gas insde the tube
s rendered ighly. ineandescent or phosphorescent (Fig: 193),
Finally, Ty take i ny band  wire, baro or coverod with thik
ineulaion, it i quite immaterial the electrical vibraton is s
iutense 5 to cover the wire with  luninous flm (Fig. 193).
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A fow words must o be devoted to ach of theso phenomens.
o tho first place, L will consider th incandeseence of abution orof
a solid i general, and dwell upon some facts whil apply equally
0.1l thse phenomena. Tt was poiated ont before that when a
thin eonduetor such as a lamp flament,for nstance, is connected
with one of it ends to_tho terminal of & transformer of high
tension tho Slamont i brought 1o ineandescence. partly Ly @
conduction eurrent and partly by bombardment. Tho shorter
and thicker the flament the more fmportant becomes the lattr,
‘and finally, reducing the flament to & mero button, ll the heat
g must practically bo ateributad (o tho bombardment. S0 in
the experimont beforo shown, the button s rendered incandosecnt
by the hytlnical impact of freely movable small bodiesin the
bulb. These bodies may be the molecules of the residual g,
paricls of dust ar Lumps torn rom tho lectrode ; whatever they
aro, it s cortain that the hoating of tho button is essontally eor.
necled with the pressure of such froely movable particle, oF of
atomic mater in generalin the b, Tho heating is the more
ntense the groater the number of impacts por seeond aud the
greater the encrgy of cach fmpact,  Yet. the button would
b beated alo i it wore connected 0  souree of n steady po-
tential. T such & ease leetrieity wonld bo earried away from
the button by the frecly movable cartiers or particles flying
ot and the quanity of elctricity thus carrid away might be.
euffiont to bring tho button to_incandosconco by its passago
throngh the latter. But the bombardment conld ot be of groat
importance in such case. - For this eason i wauld roquire a com-
ey very groat capply of energy to the button to maintain
 steady potential, The higher the fre-

quency of the electric impulses” the more cconomically cun the
bitton bo maintained at incandeseence. Ono.of tho. chicf roo-
sons why thia s 0, i,  beliove, that with impulses of very bigh
Sroquency there is los exchange of the frvely movable carriers
‘around tho eloctrode and this mewns, that u the bulb tho Lated
‘matter i botter confined to the neighborlood of the button. 11
 double bull, as llustrated i Fig. 194 be madc, comprising &
Targo globe 5 and a small ono 7, cach containiag as neuel o fla-
‘mont 7 mounted on a platinum wire 1 and 1, i s found, that it
the flaments 7.7 be exactl alike, it requires less energy (o keep
the flament in'tho globe b at o crtain degree of incandescence,
than that n the globe ». This s due to the confinement of the
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steated. For example, in the presont cao thore are
cmployed a paie of o cnt or eloctro magnets,
hetwcen which is lindrical armacure on . s, v,
nd wound with two eaile, o o' The terminals of these coile are
conneeted, respectively, to fone nsulated contact o collcting
vings, 2000 ', amd e fonr T cireuit wires 1. connet the
brusies , benring on heee rings, o the converter in the oner
shown. Nofiug the resuls of this combination, i will Le ol
sorved thatat & given point of fime the. cofl G i in ts venteal
ositon and s generating Kile or no cnrrent, while the other
i <, i in u position where it esert ite mximun lfec,
i coil & to bo conneeted i cireit with. cofl n n of the
coverter, wd il o’ with el '), it i exident that the poles

v

P

of the ring & will be determived by coils o alones bt s e
Armature of the genertor revolves, el o dovelope wore cnrrent
. eoil o Tows, untl G reaches its musinum and & it neatral
positon. The obvions result will be to shift the poles of the.
ing 4 throngl one.quarter of its periphery. The mavar

tho caile throngh the nest quarter of  furn—duri

o ntersa fiedof opposite polarity wnd gencrutes a enrrent of
opposite dircetion and incrcasing srcnzth, while coil o, in v
ot it maximnn to it eatra porition genorates & current of
decresing strongeh d eme dircction w before—canses  furdher
ifing of the poles throngh the second quarter of the ring:
m fonsly b repuition of tho

“The second ilf-revoluti
sane action. By the slifting of the polesof the s &, pover-
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as intensely s the other. Rodueing the current through the
Tampe, T may bring the flamentin the later lunp o rednes,and,
hough o Blament in the exlsted lamp s bright, Fig 186,
o degroo of itsincandosconeo s nch smller than in Fig. 1567,
when the currents woro of el Ligher froquency.

In fhoso oxporiments tho gaa acts i o oppsite ways in do.
termiing the dogree of the ineandescence of the Slumente, that
by comseation and bombardment. The bigher the frequency and
‘potentia of the currents, the more mportant becormes the bom-
bardment, The convection on tho contsury should be the smaler,
tho ligher the froquency. When tho carront arosteady there is
practieally no bomlardment, and convection may therefore with
el cuerenta ol cousiderably modiy thodegroe of incandescence
and produco rosults simila 0 those just before shown.  Thus if
o lamps exnetly alike, oneexbansted aad one ot exhuasted,
e conneeted in muliple areorsrios to  dirccteurrent machine,
the flument in the non-oxhansted lump il require o considorn.
by greator current to b rondored ineandoscent.  This esult s
entiroly du o conveetion, and tho efict i the mare prominent.

Professor Ayrton and Mr, Kilgonr.
time ago_ publishod quantiative. results concoming the
thermal emisivity by radiion and convection in which the ef-
Soot with thin wires was clearly shown. This effect may bo strik.

wire, Tf these tabes be Lighly exhancted, & mumber of thom
iy e connertad in wliple are toa dircet <urront macline snd

all of the wiron may bo kopt at ncandesconco with  smallr cur-
rent. than that required to ronder incandeseant  single s of the
wire f the tube be notexheusted.  Conld the tubes b so highly
xhunsted that conveetion would bo il then the relaive amounts
of heat given off by consection and mdiston could be deter.
mined without the dificultesatter

measurements. [f a souresof loetrie fnpulis of high froqucncy
and very igh potential s emploged, u <6l growtor number of

o immersod f air a¢
energy to al of

Timay here doseribo a_ result which is still moro inferesting,
and to which T have been led by tho obsorvation of these phe.

prossure, and. conveying the
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o is produced. B

ful dyvnic fnductive eflct on the oo
s the currents generated in the secondary coils by dynamo.
e induetion, other currenta will be set up in the sne
cole in consequence of many variations i the intensity of the
poles in the ring ». Tl should be avoided by maintaining the
intensity of the poles constant, to accomplish which eare shonld
be taken in designing and proportioning the geverstor and fn
istributing the caile in the ring &, and balancing their efoc
i is done, ho curron .
netic induction ouly, the same result Iing obtained as thougl
the poles were kited by 4 commutator with u infinite namber
of segments,

“Tho modifiations which are applicable o other forms of con-
Verter are in many respects applicable to his, such s those per-
aining more. pasiealarly fo.tho forn of the core, the relative
Tengths wnd resistances of the priniry and sccondry cofle ud
the arrangements for ranning or operatiag the sme.
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nomens. 1 noted that sall ifferences n the density of the air
producad w cansilorable diffcrence i the degree of incundesconce
o the wires, und 1 thonght that,since in . tobe, through which
& uminons discharie i passed, the g i generaly ot of wi-
form densiy, » sery thin wire contained fn tho tabe might L
rendered. incandseent a cortoin places of smaller densty of the
ens, while it wonld renain durk st the phcs of greater density,
whero the conveetion would e greater and the bonburdment oss
tense.  Accordingly a tube s prepared, s illucrate o Fig:
157, which contained throngh e widdle a very fie platinum wiro
. he tubo was exbansted 0 8 modernto degree and it was fornd
that when it was aitaehed tothe ferminalof » highfrequency coil
the platnun wire v would indeed, beente ncandosecnt n patches,
ber of these tubes with o
o mare wires were propared, each showiag this reult, The ef-
Tect was best noted when the strinted disclrze. ooeurred. in the
tube, bt was also produced when the strie were not vidble,
Showing that, even then, the g i the ol was ot of uniforn,
density. The position of the strin was generally such, lat the
Tarefactions cormesponded o the plicesof ieandescence or grater
Urightnese o the wire . Tin i few instunees it was noted, that
the bright sputs on the wire wore cosered by the demwe parts of
thostrinted dicharge s indicated by in Fig. 157, though thoeffoct
s barely perceptible. This was expluined i o plansible way
by uesming that the convection wus ot widely different in the
dense and murcied placcs,and that the boniburdment was greater
o the dense plices of the stiated diselarge. 1tis, in fac, often
abscrved in bulle, that under cortaia codisions 4 thin wire i
her incandescence when the it is not too highly
“This ix the case whion e potential of the cofl i ot
bigh cngh for the vacuumn, bt the result may Le atsibuted to
anany diflerent cunses, I all casc this enrons henomenon of
neandescence. disppenns when the tube, or mther the wire,
aequires throughout & wifom temperatre.
et of conveetion thers are
then two distinet. eatses whiels determine the ineandesccnce of
wire or filament with varying currents, that - conduetion cn
sent and bombardment, Wit stcady currents wo live o denl
only it the former of these two extses, and the heating effect
‘ winimum, sinee the roitunce e lenst o steady . When
tho currentis & varying one the resistanes s greater, and henea
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connected o the opposite coatings of a battery of condensers,
or generally in such way, that the bigh frequency or sudden
dischasgosare wude to travarso thom. 1 connect firt. an
ondinary 50-valt incandeso

€ lap 0 tho bars by means of
the claaps . The discharges being passed throvgh the lanp,
the flament s rondored incandescent, thongh the._current
hrough it s vory small, ad would ot be nearly suffcient to
produce u ssible ffcct under the conditions of ondinary e of
tho lamp. Lustead of this 1 now sttach to the bars another
aamp exuedly ike the fint, but it the sesl broken of,the bully
being therefore flled witl wr at ordinary presure. When the
diselurgos are dirveted. throngh the Slument, s before, it does
ot become incandescent, Bt the result might sl Le arti
Duted to one of tho wany possibie reactions, 1 thercfore connoct
Dot he s i ltipl are s llvstrated in iz, 1861, Pasing

. 19, Fio. 160~ e 180

e discharges throngh both the lups, aguin the flament
extinsted Iunp { glows vory brightly while that i the nou-ex-
wused. lamp , remine drk, a8 proviously. - But it should not
be thought that the lattr Jamp i faking only & emall fraction of
the energy supplied to both the Tampa; on the contrary, it may
conanno a considerable portion of the enerzy and ¢ may become
ven hotter than the one which burus brightly. [n this expers
Inent the potential difference at the torminals of the lamps vavios
i sign theoretcally hree to four million tinesa second.  The
e of the flaments arc correspondingly electrified, and the gus
he bulbs s violently agitated and a large portion of the sup-
plied energy i thus converted futo howt. I the nomexhausted
Dl there beng a few million imos more gus moleeules tLan in
the exbaueted one, the bombardment, whicl is most violent at
the ands of the flment, nthe neck of the Lulb, consumes
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Targe porton of the energy without producing any visiblo effet.
Thie reason is that, thero being many. molecules the.bombord-
ment i quuntiatively consderable, but the individual impacts o
ot very violent,as the specd of the molaeulos aro comparutively
el owing to the small free path. In the exlwusted bulb, on
the contrary, tho spaods aro very groaty and tho individual im-
pacts arc violont and therofore Lettar adaptod o produce a visi
ble effet. Bosides, the conscetion of heat s reaterin the former
bulk. In both tho bulls the current traversing the fluments is
very swall incompurably

an ondinary Jow-froquency cireuit
howeser, ai tho onds of the flaments a
possibly 20,000 volt or more, i the flaments were suraight and
their ends fur apart. In the ordinary lump o spark gen

curs btween the ends of the flament ar batwoen the platinum
wires outside, before such a diffeenco of potential can bo
reached.

It might bo objectod tha i the exporiment before shown the
Lamps, being in amultiple are, the exbantod lump might take &
el larger eurrent und that the effect observed might not be
exictly attibutable to the action of the gasin the bulbs, - Such
bjections will lose much weight if I connoct the lampsin sorics,
‘with the seme rosult. When tis i done and the discharges are
directed throngh the filaments it s again noted that the flament.
in_the uonexhanscd bulh £, remain dark, while that in th
exhasted one () glows even mare intensely der its
normal conditions of working, Fig. 1866, According to gonoral
idess the corsent through the Hlaments should now bo the seme,
were it not modified by the prosonce of tho gas around the.
Hlaments

At this joneture T may poin ont another interesting festure,
which llustrutes the effect of the rate of chango of potential
of tho curronts. L illloave the two lamps connected in serics
0 the Lurs bn, asin tho provious oxperiment, Fig. 1865, but will
presently redice consilerably the frequency of the currents,
‘whicl was excessive i tho experiment just boforo shown. Tk
Tmay do by insertng » sclfnducton coil in the pach of tho die-
charges,or by wugmenting tho capacity of the condensers.  When
1 now pass these low-froqueneydischarges through the lamps,
the oxhausted lamp { again i as bright as before, but it is noted
aleo that the non-exhansted lunp 4 glows, though not quite
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s are thonght to be due cither o & diffeent ditriburion
throngl the body or 1o the isnes actng as condonsers.  But i
the cae of ninduetion coil with o great many v tho harmoss-
s is principally e to the fact that bt it encriy is o
bl in the external cireuit when the s s closed throngh the
experimenters body, on scconnt of fho great mpodance of the
ol

T varying the frogquency aud strenth of the curreuts throngh
the prinry of the cof, the chamcter of the sccondary discharge
i greatl riod, wnd o low than five ditinet forms aro o
corve i~ & weak, snsitve throud discharge, 8 poverful faning:
diseharge, wnd thrce forms of brush o stresming discharges.
Each of theso posisses cortain otowordhy foaturs, but tho most.
nteresting to study are the latter:

Under corain conditons the strcas, which are prestmsbly
e to the vialont agittion of the it moleenles, e freely
fromn ol paints of the coil, even thrangh  thick nsulation, 1
thero i the smalest i space between the priniry and sccondary,
they il form there und sarely injure the coil by slowly warui-
ing the insultion. s they form even with ondinary froquencies
whenn the potentin i execnsise, the airapace st be most care-
flly avoided. These ligh freqeney strasmens dif in aspoct
and proportics from thoe produced by u statc mackine.  Th
wind produced by them i small and shonld altogetler cosse if
<l considersbly higher froquencios could be obtained. A pe-
ulirit is that they s as froely from surfacos s from poits.

o his, 2 mtallic vune, mounted in one of the terminalsof
e cofl s0-a to ot freely, and having one of it sides coverad
with insalation, s spun rpidly avomnd.  Soch  vane swonld not
rotate it a stcudy. potential, bt with a high frequeney coil it
will spin, even if it bo ontirel covered wih isulation, provided
the fnsultion on one sdo be either thicker o of & higher specific
inductve expaity. A Crookes cloctric radiometer i ko spun
around when conected o ove of the torminals o the coil, but
only at very high exbanstion ar ut ondinary preseuree.

There is sl another and more stiking pocaliaity of such
high"frequoncy streaor, namely, it s hot.  The heatis ensly
pereeptible with froquencies of about. 10,000, even if the poten-
tin i ot excossively high. The heatig oot is, of conre, e
0 the woleenlar fwpacts and calliions. Could the frequency
s potential b pushed far enongh, then & brush conkd e pre-
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Bave to be observed when such phosphorescent bulbs are oper-
ated, f the best results are {0 be obtained.

‘Caming now to the most interesting af these phenomens, the
candosconco or phosphorescence of gases, a low pressares or at
the ondinary prosuro of the atmosphere, wo st seck the x-
planation of these phenomens i the sme primary causes,that s,

shocks or fmpacts of the atoms. Just us molocules or atoms
beating upon a soid body excite phosphorosconco in the same o
Fender it incandescont, <0 whon call wong themselves they
produce similar phenomena. Bt this i n very insuflcient ex-
planation and concern only the crude mechanisin, - Light i pro-
duced by vibrations which o on ot rate slmost inconeeivable.

ute, rom the energy eontned intho form of known
radiations in o definite spuce the force whicl is necessry 1o st
up such apid vibrutions, we find that thongh the densty of the
ether be inoomparably smaller than that of any body we knavw,
hydrogen, the foreo s something surpasing comprelicnsion,
What i this foree, which in meehanical messure msy amonnt to
thousends of tons por square inch 1 Itis lectrosatic forc in the
light of modern viows. I
of messnrablo dimensions could bo charged o %0 high s potential
that the foree wonld be suffcient to_produce these vibrations.
Long before any sucl clarge could be imparted to the body it
wonld bo slattarod into atoms. Thesun omits light and heat, and
andescont flament, bt inneit

af these can the forco b accounted for if it bo asoned that it is
associntod with tho body aa & whole. Only in ane way may wo
for it, namely, by identifying it with th stom. An

atom is o cwall that i it bo charged by cos
n cltrifod body and the chargo bo asumed to
Luw s in the caso of bodies of mosurable dimensions it must
ot & quantity of cleetricity whicl is ally capable of acsount.

2 for these forecs and tremendous rates of vibration. Bt the
atom behares singulurly in this respeet—italways takes the sume
o

Tt vory likely that resonant vibration plays o mest important
port in all manifostations of enorgy in neture. Throughout space
all matter i vibrating, and all ates of vibration aro represented,
Srom the lowest musical noto to the highast pite of th chomical
rays, bence an_ atom, or complox of atomss, no_matter what its
period, must find & vibration wit whie it i in rsonanee.
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ducod rescubling in every. perticular a e and giving light
and Deat, et without a climical process taking place.

The hot brush, whon proporly produced, resemblos et of
rning g cseaping under gcat. presare, and it emnits w exton

well of azone.  The great ozonizing sction i
seribed to the et that the ugitation of the moleeulos of the air
i wnore violent in such & brusy than i the ondinary streuer of
@ static machine. Bt the wuost powerful beuah discharges were
roduced by employing curonts of wnch highor froquencics tha
it wa possible. to obiain by weans of the altoruators. These
enrrents were obiained by disruptively discharging 4 condenser
and seting up, osilations. In-this mawner evrrents of a fe
quency of reveral hundred thorsand wre obiwined.

Currents of this kind, Mr. Teda pointed ont, produce striking
uffoct. A these froquoncios, the podance of & copper bar i
20 gront that n potential diflrence of sovoral lnudrd volts
e ainiained between two-poiats of & short and hiek ar, wd
it i possible {0 keep an ordinary icandecent lamp burning at
ol candle power by ataching the terosinals of the lanp to two
pointa of the ar o wmore. than  fee el apart. When the
froqueney s extremely High nodes are found o exit on such »
T, and it 5 easy o locate them by means of a b,

1y convertng the g tension dlurges of o frequencs

‘ananner, it was foun practicsble o keep a fow lampe
e ondinary cireuit i the Iaboratory, and by bring.
dulation 1o low piel, it was posible to oporste small

“Thia phun likevise allows of comsertng high tonsion discharges
of ane direction into low tension wiidircetional currents, by il
using the circuit s that there an: wo wcilltions, T pasing
e onilating disclarges throngh the priary of x speciully
construted coil, it is easy to btain enorons potential differncss
with only few turus of the scomdary

Gireat difficultion were at frs exporicucod i prolucing a ue
consl coll o this plan. 1t was fornd sy o keep all ai,
or gwonns watter in goneral, awny from the elargod suefucs,
and il imimersion was rsored o, - The wires teed wore heavily
coverodwith guta-perela and wonnd i oflor the e was pupes!
ont by meun. of u Sprengel pmup. The genend armangoment
was e followiug:—An_ondivary induction coi, operated from
low froquency alteruator, was wod o charge Lowdon jas. Th
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When we considor the enormons rapidity of the light vibrations,
we relize the impossbilty of prodacing such vibratiane dircetly
with any apparatus of messaabe dimensions, and we are driven
o tho only possible means of atiaiaing the object of stting up
waves of light by cleetical means und cconomically, that i, to
affct the moleculesor atois of & g, t cause ther t0 collde and
vibrate. We then must sk ourslves—Tow cun free molecules
or atoms be afeeted !

Ttis o faet that they ean b affeted by elctrostaie foree, asis
apparent in many of theso cxperiments. By varying the slectro-
sati force we can agitate the wtoms, and caneo them 10 calide
accompaniod by ovolaton of heat and Fight, Ttisnot demonstrated
‘eyoud doubt that we can affet. diom otherwise, 1 o luminons
aschargo s produced i closed exhansted tube, do the atoma
armge themselves in obedien o any other but 1 electrostatic
foree ucting in straight ines from wtom to atom ! Oaly recently
Tinvestgated tho mutual aeion Letwoon two cirenits with extrene.
rates of vibration. When  battery of a fow jars (0. 0 ¢, Fi
196) s discharged through o primary ¥ of ow rosistanco (thocon-
netions being us llustrated i Fige. 183a, 1539 and 1830, nd the
frequeney of vibration i many millions thero o great difer-
neesof potential betwoen points on the primary ot more than

purt. Theso difforoncos, may be 10,000 valts per
vg the maximum value of ther.x. v. The
s therefors weted upon by electrosatic induction,
me cuses of mueh groater importanca than
iy To such sudden impulses the primay as
well s the secondary are poor conductors, and therefore great
difforoncos of potential muy be produeed Ly electrostatic indu
o between adjacent panton the secondary. Then sparks may
res and stronmors bocom visble in the dark
i tholight of tho dischargo throngh the spark gap . bo carcfally
excluded.  1f now we substitute 8 close vaeoum tubo for the
metallc secondary s, the diferenccs of potental produced in tho
tube by eleatrosatio indution from the primary aro fally sl
ient o excito partions o it; but a tho poiats of cortain differ-
‘oncesaf potential on the pritary are not fivod, but are gonerally
constantly ehanging in poiton, a luminous band is produeed in
the tube, apparently not touching the glas, w it should, i the
‘ponts of maximum and minimum difforences of potential were
fixed on the primary. 1 do not exclude the possbility of suh &
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T these London lectues,amonsz the yany nofabl points made.
was s, he. difeley of constructing the alternators o obsin
the very ligh frequencies. nevied. To obiain the high fro-
quencies it was necessary o provide seseral hundred polar pro-
jections, whil, were nccesarly suall and offered_many draw-
ke, anl this the mone x< execedingly high periphenl speecds
i to be resorte to.  In e of the fint
fure anad tield had polar projections. - These machines produced
 cnrians moiee cepecially when the anmature v started fron

€ state of e, the ficld beivg charged.  The most efeient
sachine. wus found 0 e one il & drans annature, the iron
T of whieh coneisted of vere thin wire anneled with <pecial
care, 18w, of conrse, dosimible to avoid the employment of
ron in the armatare, and scvernl machines of this kind, with
noving o stationary conduetars were constructed, but the v

were ot quite satisfactory, on accomnt of the
l an other diffenltis cnconntered.

“The study of the propertioe of the igh frequency eurrents
btained from e machines i very nteresting, 4 nealy every
experiment discloscs sowething nevw.  Two coile traversod by
“neh v corrent attraet or opel each other with u foree which,

i o the mperfection of o scrse of tonch, scems contin.
o, A interestng olmervation, alroady noted. wnder snother
form, i that  picce of iron, surrounded by  cofl throngh whicl
e earrent i pasing appers to be continnonsly magnetized.
Thi apparent continmity might be meribed to the deficieney of
he e of touch, but there i evidence that in carrents of such
Migh frequencies e of the impulses prepandemtes over the
ather.

A might I expected, conductars trversed by such corrents
e rupily Hewted, owing to.the incroase of the rosbtunce, and
the enting cffects are. rlatively much greater i the ron,
The hystoreis loscs i irou s s great that s iron. core,
even i finly subdivided, is bz in s neredibly short e
To give an idea of fhin an ondinary fron wire o it in
Hmeter insrted within o coil lnving 250 turs, vith 1 current
stinated o be five amperes pasing thronigh the cofl, becomes
within two scconds” e 20 hot ux to corch oo, eyand 1
cortuin frequeney, an iron core, o mter how fnely eubdivided,
xencies a duonpening effct, nd it wus ensy t0 find 3 poiat at
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e impresson upon the exe. [t s u fact that such a coil exctes
hosplhorcecenc under almost any condition wnd 4t all dogreos
of exhastion, ad 1 have obeervod effota which appear o bo due
to phosphorescenee even a ondinary proseures of the wtmosphere,
when the potentinl aro extrenly high.
Tight i produced by the equalizat
atoma (whatever this way mean ultimately
frequency of the impuls or altente clctrifications, the
e cconomial will be tho light produetion. 1t i # long:
Jnown and notewordhy fact that all the phosphrescent b
e poor condctors of clectricity and heat, und that al bodies
conso to emit.phosplorescent ight whon ey are brought 1o &
cortan temperstue.  Conduetons on the contrary o ot possess
jualits. There are Lt for excptions to tho rale.  Carbon
i one of them.  Bocquerel noted that carbon phosphoresces at
st cortin clevated temperature preceding the drk red.  This
Phenouenon auny b casly obsersesd in bulbs provided with
Tather lrge carbon electrode (say,  sphere of six millimetres di-
ameter). 1 the curment i torned o after » fow seconds,  snow
white film covers the dletrode, just before it gets dark. rod.
flar cffcts are noted with other conducting bodies, bt many
eeentifc men vwill probably 10t attibate them fo truc phosphor.
cscence. Whatler true incandoscenco I auything o do witl
phosphorescenco excited by atowie fmpact o mechanical shocks
S8 rowins o be decided, but it ixa fact that wl couditions,
“which ten to loenlize and nerense he heating effct a the point
of impact,are almast inariably tho most favorable for the pro-
uction of phosphorescence. S, i the electroda e very small,
which s equivalent to sayig i goners, Gt the elcerie density
i geats i the potential bo igh, mud if the g be bighly .
e, of whih things imply Bigh speed of the projocted stons,
or tuatter, and comequently viol ets—the. phosphores:
e vory intense. 1€ bully provided ith e and small
clectrade b attached o the termins] of wn indotion cail, the
sl lectrode excites phosphorescenee while the large one nay
ot do w0, becanse of the snaller electri density and henee
saller e of tho atous. A bully provided wil 8 Jargo elec-
trode iy be grasped witl e hand while the electrode i con-
e to h terminal of the coil wnd it may not phosphoresce
It if s of gruaping the bull with the hand, the samo bo
tonehed witha pointed wire, the phusphorosecnce at ance spreads
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which the nupednee of 4 coll was ot afected by the prosence
of » core consisting of a hundle of very thin well annerled and
s it telephone,  conductor i strong mag-
st fld, o with o condenser or arc, seom o afford certai
Droof it sounds far above the wwally pecopted it of hoaring:
wonld bo pereivee i€ produced with ufcient power.  The ure
producd by these carrents powassos everal interesting fentures.
Usually it e ot the - pitcs of which corresponds to twice
the fregueri of the carnent, but i the frequeney be raficiently
igh it o noisless, the Tt of andition being determinod
principaly by tho licar. divnsons of the ure. A carious fo
o of the are i e perssteey, which e due parly to the i
bty of the guocons colann to cool and increise consderably
i esistanee, e i the case with low frequencies, and pasly to
the tendency of such a high frequency wachine o uantin &
constant carret.

In conneetion with these el the cod
eularly ntoresting sy, Stiking clfcts are produeed
proper aductments of eapucis and.selfinduction. 1t is casy to
i the clectromotive foree of he mackine to wany tines the
original valuc by sy adjting the capacity of a condonser

wor wfords n yar-

comnoetud in the induced cirnit, 1 the condoner bo at som
s from the machine, the difleence of potential on the

rninale of the ltter may be only x sl fretion of that on
the condenser.

i the s interesting experiences are g wh
son of the currents fom the el i aised Ly weans of
ndcrion cofl. I comequence of the ctormous e of change
e i the prmary curvent, el bigher potential difer.
‘e abained than witl coils operated in_ the wsl ways,
, owing 10 the ligh froquoney, the <ccondary g pos-
oty stiking poonlinitice, Hoth the cctrodes behave
conerally ike, thougy it appears from some obsersations that

pubic prepondernies oser the other, as Lofore

ntioned
The physiological et of the Ligh tonsion dscharge aro
found 10 be o sl that the shock of the cal can e supported
‘withont any imconsenicnce, excopt perlap  mall burn producd
Dy the disciange npon approsching the land to one of tho ter-
minals. Tl decidely maller physiological effects of theso cor-
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through tho Dalb, because of the great density at the point of
contact, - With low frequencien it secuns that gues of great
atomie weight excite more. intense.phosplioreicence than thowe
of smaller weight, e for instaace, hydrogen,  With Tigh fre-
quencios the observations are ot sufliently reiable to druw
coneluson. Oxyien, s s wellknowen, produces exceptionally
strong. effcts, which may e i part due to chemical ction. A
bl with hydrogen residu secme o be most cusly excited.
Eleetrodes which aro mest_eusily detorioratedproduce tnore
intense phosplorescece i bulls, but the condition is ot per.
manent becate of the impeiraent of the vacunm wud the doposi-
fion of the clectroe matter upon the_phosphorecont s,
‘Some Yquid, s oil, or fustwnce, prodce nagniicent cfcts of
phosphorescence. or fnorescence 5, but they lust only o few
seconds. So if a bulb e . truce of ol on the walle and the
Carrent s tarued o the phosploresceice wnly persist for  few

mente untl the ol s carried sy, OF all bodis o far tried,
lplide of e s t e the ost spseptibe o phosphors:
conee. sy abtainer throngh the Kindness of Prof,
Hensy in Parie, were cinployed i many of those bulbe, One of
the defects of this rulphide b, that it lose its quality of omitting.
Tight when bronght to  temperuture which i by 0 weas bigh,
It can therefore, be nsed anly for focblo intenciios. An obeer.
vation whicl might deserve. natie s, that when violendy bom-
barded from an luinun lectrode it ssums  Uack color, but
ingularly cuongh, it returms to the original condition when it
cools doven.

“Thie muost important fuct arrised t n pursig investigations
i ths diretion i, that il ccn ¢ is necemarsy n ol wox.
ite phosplorescence it 8 minitom smonnt o energy, t o
scrve certain conditions. Nunely, here i alwaye,no watter whot
e frequency of the carrents, degee of oxbanston and charcter
of the bodien i the bull, « cortain potential (sstning the bull
‘xcited feom one terminl) o potential differenc useaming the
Tl b exeited with both termila) whiel produces the most

il e ncrased, comidersble

ore liht, and if

e diminsbed,thes again the light producion isnot s ceonon-

feal. The e condition nuder whicl the best resalt s obtained
soems t0 depen on wany things of a differentnature

o et invertigated by other experituenters, but it will cerainly
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any dicectsic which s subjected 1o great, rapily changing cloc-
frotuic streses. S it i diffeult o exelude the gus perfoetly
‘when sl fusulatons are wsed, it is necessary 0 resort (o liquid
clectries, When a sl dieletrie s s, it watters little how
ek and how good it is; i aie be present, streaners foru,
which gradualy It he diclectre nd mpuis it insulatng
power, i the discharge finally breaks throngh. Under ord
ry conditions the best insulators aro. thoso which possoss the
Highest speciic inductive capasit, but sueh insulator are not
fhe st to. canploy when working it these high frequeney
currents, for ju most cases.the higher specfie inductive capacity
i rathr o disudvantage. The prime qualiy of the insulath
sedivns for thes . For this rouson prin-
cipally it is neceears o cmploy Figuid fusulators, such as oile.
1 o metal platcs, comneetod o the terminale of the coil, ano

e in ol wnd et distance apart, the col may be kept
working for aus length of fime without & break acenrring, or
withont the ai being varmed, but if air bubbles are fntroduced,
they become Tomibnous: the air molecules, by their mpact
against the oil, heat it and. after some.time canse the insulation
to give way. If, istend of the oil, a solid plate of tho best
dielctric, even seveml times.thicker  than the oil intervening
betwcen tho metal pltes,is fnsrted botwoen the i, the air
g froe aces o the charged surfucos, the diclctric ivari-
ably i warmed and breaks dows

“The cmployment of o s advisable or necessary e o
froquencies, if the porentials aro such hat streamers form, but
ouly in such cascs, ax i ovident from the theory of the acton.
I the potentials e 20 low that streamers do ot form, then it
ixeven disudvantageons to cmploy ul,for it way, princiully by
confinig the heat, Lo the canse af the breaking down of the in-
sulaia

The exclusion of gasoons watter i not anly desrable on ac-
comnt_ of the safuty of the apparatus, but sl on accamt of
oconommy, espocilly i condensor, n which considersble waste
of power ay ocear merely owing to the presence of air, f the
clectric densit on the charged surfuces i great.

T the conrsc of these investitions a phenomenon of special
scienific intorest was observed. It way be ranked wmong the
by plienomens,in fac i s Kind of brush which forma a,or
wear,  engle terminal in bigh vacmum. n # bulb widh a con-
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Jors were made to dclurgo over & single o maltiple gup through
he primary of the sccon cofl. T insue the ction of tho gap,
the are was blown ot by mguet or i blast. To adjust the
potential i the secondary » small ail condenser was maed, or
ol brue spherce of diffrent iz were erewed on the
terminale and the distunco adjucted

Whea the conditions were carctally deterined to st onel
experimnt, magnificent cffects were obiained. oo wirs,
retched throngh the room, cach being connected t oue of the
terminals of the cil, euited streanss so porwerful that e light
from thenn allowed ditinzishing the objects in the Foom ;. the
wiree beeanne luminons cven thovgh covered swith thick and

et excallent insalation. Whe o stright wires o two cor-
centric cirels of wire, are conneeted {0 the torminals, and et at
e proper ditance, » wiform laminons sheet i produced be-
oween therm. It was possible i this way to cover an ar of

re than o meter square complotel with the streams, By

i to one. terninal 3 I circl of wire wnd to the other

yal sl splire,the sroans ax focused npon the sphere,
prodace s strongly g
appearce of a lainons cone.
e of ani rubber of great fhicknes, on the oppest
\ehich i fustened n infol couting, is renderel intensely o
when the coating ix commeeted {0 the ofher terminal of the el
Sucl wn- experiment can b performed alan with low froquency

rrets, bt e los satisuctorly.
When' the terminal of such il v
are seqursted by rubber.or glss plate, the discharge spreud
ver the plate i the foru of streuuns, threads or brillant sparks,
and aifonds » wagnifcent displag, which camot becqualed b
he ngest cofl operatel in the watal ways. By simple adjust.
ment it i possibe o prodiee with the cnl 1 sucecwion of bril
Tinnt sparks, exactly we with a Holtz machine.

Unider cortun conditions, wlen the frequency of the osclltion
s very groat, whit, phantom-like streams are ~oen to break fort
from the terminals of the wil. The chief fntereting foature
bout them i, that thoy strcam frecly againat the ontiretehed
T o other” condueting abject without producing any sciea-
tion, and the haa way e approache very mar fo the temin]
‘withont a spark being induced to junp. Thi i due presaunably
o the et that  considerable portion, of the wnergy i carril

e apot upon the s, and present e
A very thin wire glued upon
o of
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tube being excited anly by electrodynamic induetion, for very
able physicists hald this view; It in my opinion, there a 4 yot
o posiive proof given that atoms of & g in & closed tube siay
arrango themselves in chains under the aeton of n lectromotive
impulse produced by eloctro-dyamie induction in the tube. 1
have been unable 50 fa to prodince srie in o tabe, howerer long,
and at whatover dogroo of oxhaustion, that 3, stri at right
ngles to the supposed dircetion of the discharge ar the axis of
the tabos but 1 have distinctly observed i lazge bulb, in which
 discharge of o

el of fechle

a wide Tuminous band was produced by pas
bastory through a wire suerounding the bulb, 3
Tumiuosty between two laminous bands, one of which was moro
iutense than the other. Furthormore, with ' proscnt experi-
once 1 do not think that such a g discharge in  elosed tabo

Lam convinced thit no

can vibrate, that i, vibrate a o whole.

=

disclarge througl » s can vibrate. Tho atoms of 4 gus bolave
ery coriowsly in rospect to. swdden eloetric impulses.  The
s does ot seem to posess any appreciable. inerti fo sucl
impulse, for it i a fact, fhut the highor the froguoney of
the impulscs, with the greater freodom docs the discharge
puss through the gax. 1f the gus posseses o inertin tha
it camnot vibrate, for same inerti is neeasary for the frec vibr-
ton. T eanclude from his hat i a lightuing disclarge occurs
hetween two cloud, thero can e no.oscillsion, such s ould
be expected, consdoring the capaciy of the clonds, But it
the lightning dischargo strike the crth, thoro is always sibra-
tion—in the cart, Lt not in the clond. In a gus dischargo cacl
atom vibrates st it own rate, but there is o sibraion of tho
conducting guscous mas w5 & whole, This s an imporiant
consideration in the great problem of producing light cconomi.
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sy or disipated i the stroamers, d the diflrence of poten-
il botween the feruinal and the b is dininished.

It s found i such experiments that the frequency of the
vibraton and the quickncss of sucoesion of the sparks ltween
tho kol affeet o marked dogree tho appearnce of the
streams. When the frequency s very low, the air gives way in

ore or lss the same manner ae by a steady diflerence of poten-
i . the stream consistof distinet hroads, gonerally minglod
with thin sparks, which probably correspond to the succesive
disclarges occurring between the kuobs. Tt when the fre-
ncncy i vory Nigh, and tho are of the discharge produces o
sonnd which i loud and smooth (which indicate both that el
Tntion takes place and that the sparks succce each other witl
vt rpidity), then the lanninone sresons formed are porfoctly

rally of 4 purplish buc, but when the
the potential, they as-

@ whito eolor.

“The Tuminons ity of the streams nereases rupidly when
the potential i inereased: and it Trequencies of only 4 fow
lmwdred. thomsand, could the coil be. made to withstuud 4 suf-
ciondly Ligh potential differonce, there i o doub that tho
spuce around  wire could be e to emit 4 strong Tight,
nerely by the ugitation of the malecalos of the.sir at ordinary
preseure.

‘Such dischanges of very bigh froqu
wows the aie at ardinary press we.lave very likely ocousion fo
witnoss i tho auror boreals, From many of these experi.
ments it seems. reasonalle o fnfer tht sudden cosmic disturb-
ncos, such as eruptions on the s, et the clectrotatic charge
of tho carth v an extremely rapid vibration, and produce tho
glow by the violaut aitation of the aie n the upper aud evon in
o lower stratn. It i thought that if the frequency were low,
o esen more 50 if the charge were not a all vibrating, the
Tower dense strata wonld brouk down s n  lightning discharge.
Indications of sucl breaking down have bocn ropeatedly o
sorved, bt they can be attributed o the for 1 disurt
‘ancos which are fox:in nombor, for he superimposed vibration
would e s0 rapid as ot to allow & disrapéie bruak.

“Tho sudy of these dichango phonoon L lod M. Tosa to
the recogaition of some important facts, 11 was found, s aleady
state], thut gscons mtter st e
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‘movablo partiles around the button. To this caso it s alsosscor-
tained, that the Slament in the swall globe 5 is los deteriorted
when maiatained a cortain lengéh of Smoatincandoscence. This
i & nesessary consequenco of tho fact that o gas in the small
bl becames strangly hoatod and thereforo  sery good con
duetor, and les work is then performed on the button, since the
bombardment bocomes les intense o the conduetivityof the gus
incroascs, - Ln this constructon, of canre,the small bull becomes
ery hot and when it reches an clovated. temperstare the con
veetion and radiation on tho outsde.increase. On snothor oe-
casion T have shown bulbs. in whic this druwback was largely
avoided. - Tn thess instances  very small bulb,containing a 1o
Irmetory button, was mounted i  largo globo and tho space e

Fio 10

tween the

lls of both was bighly exhanstod. The outer large
lobe vemained comparstively ool in suchconstructions. - When
e largo globe was on the pump and the vacuum between the
walls miiniained permanent by the continuons sction of the
pp, the outer globe would remain quite cold, whil the button
i the small bulb wus kept at incandosecnee.  But when the seal
was made, aud the button i tbo. small bulb maintxined inean-
dencent some lengl of time tho large globe too would become
warmed.  From this T conjecturo that if sueuous space (1 Prof.
Dewar inds) cannot convey hoat i s 5o merely i virtue of our
Fupid motion throngh space or, goneraly speaking, by the mi
of the wedium rlativly to ws, for & pormanent condition conld
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Jeresg espeincnts Wi of e ekarior of tho ik
reon gl srfaces, e ninons srcams forwod by the
Chargo el appearing ven ‘when gt hicknonesof e
et it ar e butwemn e chargol surics,
Thees uninons s aflord i hamelros vy ntroting
cndy fur th exporimenter. Wi thos apll; alarmtiog eur
ety oo fr o poverlwnd prod beawifaight
s when hey i o i, pnhes o ther abjet st
tachd b tarminal ofthe ol and it ottt

they issue from a bl aliost s freely as from . posat, when the.
.

frogency - very b
From thess exprmnts we alo obtin & bettr ide of the
impartance of taking into seconnt the capacity e <l induetion
in'the apparatne cunployed and e posibilitos offered by t
ke of condonsen i conmction with aternate coreent,the cn
\ploynent of cnrrent of Vigh frequencs, among other hings,
Jinaking it posible o reduce the condensor to pratieable dims
dons.” Amothor paint of interet wnd prctial besrig s the
et, proved by Mr. T, that for altrnate carents, cpocilly
o of igh frequeney, inslatons are required poscsing &
ol specifc ndnctive capacity, which t the e e have &
g foaling pover,
M Tesn e makos intoresing and valusble sggestion in -
and o the cunounical ilization of iron in machince and trane-
formre. 11 o Low, by mintaining by continmans magaet-
a4 s of Tines hrongh the iron, the lttr nay be kept
e it it permcnbiles and o Ligher ontpat and comomy
o socnred i sl ppartus. Thi principlo may prove of
considersble commercial mpartance in the dovelopmnt of altr-
nating sysens, . Tesl' sugeeston tht tho ame real ean
o et by beating e iron by ystoreis and eddy snrrentey
nd nereasing the permesbilty i this e, wlile it may -
pear les practcl, northeles opons nother diretion for nves-
Sigaton and improvemen.

“The demonstration of the fuc dhat wil, slernuting currnte
of high froqucney, suficiont cnergy s be. transitid wnder
prcticable conditions fhrongh the gl of an ineundescent Tamp
by clctrostatic or lectromagnetic ndution may el 10 a de.
Jartore i the consructon of anch devieos. Another mportant

\[

experimental esult achieved s the aperation of lmpe, and even
otors, with the dicharges of condensors, s metho sffordiie





OEBPS/images/bg38200001.jpg
- INVENTIONS OF VIKOLA TESLA.

Is then energy trnsmitted by independent earviers or by the
vibration of  contiuuons medium?  This fmportant question ix
by no means s yet.positively answered.  But mot of the effeets
which are lere considere, eepecially tho light offects, ineandes-
cence,or phospliorescence, involse the presence of freetoms nd
wonld be impossible wihaat these.

In rogand to tho incandoscence of & rofractory bution (or fla-
ment)in an exbaustedroceiver, which bas been one of the sub-
oot of this investization, the chief experiences, which may srve
s 0 guido i constructing such bolbs, may bo summ up as fol
Tows: 1. The button shonld be as emall as poseible, spherial,
of a smooth or polished surface, and of rofructory material which
withstands ovaporation best. 2. Tho support. of the bution
ahould be very thin and sereened by an aluminuin snd mica sheet,
s Lhave described on another occasion. 3. The exhaustion of
the bulb should be s bigh as possble. 4. Tho freqaency of the
currents should b a bighaa practicable. 5. Tho cnrrenta should
be of a harmonie rise and fal, without udden interruptions. 0.
“The it should bo confined {0 tho batton by nclosing the ame
& rall bl or otherwrise. 7. The spaco botween the walls of
the small bulb and the oter globe shonld be bighly exbastod.

Most of the consderations which apply to the incandesconco
of nsalid just considered may likewise be applied to phosphor-
esconce. - Tndeed, in an exbansted vessel the phosphorescence i
2 & rall, primarily excited by the powerful beating of the eles-
trode stream of atoms ngrinsi, the phosphorescent body. Evenin
masy case, where there is no evidence of such o bombardment,
1 at.phosphoresconce i excited by violent impacts of
atome, which arc ot necossarly thrown off from the electrode
bt are acted wpon from tho sme indetively through the
medium o throngh chains of other atoms. That mechanical
Shocks play an important part i exciing phosphoreecenca in o
bl may be seen from the fllowing experiment. Tf & bulb,
‘constencted as that ilastrated in Fig. 174, be taken and exlansted
with the greates care 2o that the discharge.cannot pas,the fla-
ment £ ats by electrostatic induction upon the tube £ and the
lattor s st in vibration, 18 the tube o bo rather wide, about an
inch or 50, the flament may be so powerfally vibrated that when-
ver it it the glass tube it excites phosphorcsconce. Bt the
pliosphorescence ceases when the flament comes to rest. The
sibration can bo srrested and again started by varying the
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et e R R e erom 1 0
<onnecton M. el dvcate the pafectin of spyastus cap
. of gonewing clcricity of high enson from heat ncrty,
lioving i to ba n bottr vay of obaining sectrical snegy
for prctel purposes, particuary for the poduction of ight.

Wila miny vare probebly poparmd. 1o cnatessacons
lenomens of Ampadiice - the use of  condenser dsclarged
arupively,the exparinents shown vere exirsmely nersting
on ot of thlr paradoxical shareter. The barming of e
incandescent iyt any cundic power when conneced waros &
vy et bar,the exitene of nadeson the b and the posi:
Wil of exploring thie bar by mean of s ordinary Camlew
B R ool s mend Gl
intereutin observation s th penomenon.f inpadance buerved
in e latp vith » sright, Hament, which roainsdark whilo
tho b glowe.

T e R LB
o disupeive disharge, i thus obnining snormous diflrenses
of potenial rom comparatvely sl an inexpendie el wil
e Apprcinted by experimenter and will i vasble applicn
o i laborwtore. - Indecd, i many suggestons and hinte i
ogard 0 1o coneracton and. e of sppaseis n thase ivest
i e e e e
e

“The Tandon.leture s delivered owic. I it frs form,
cfore the Insiuton of Eleetrial Engincems it v in some
repeci an apitin o seven] ol n spcialy enlangal
uponin tho New York lctus, bt bronght. forwand many wid-
oral disoreros and nw Investigions, T epetiion, =)
noher forn at.tho Royal Tnttion, was e to Pof. Devar, |
ko with ond Tayligh st ot vy tres i .
Tl workyand whose ki losrared ongs more he strong

weli o of acietiie. truth wnd appreciian of it voarc,
YT P gt b <
“ehers mareatbome fhan - the launts of Faaday, und as the |
oot of Farday's svocomor, Thi Royal Toitation. Jcture
an the ligh [

o ol sy . sl fon o mkjnt
e e o com i, vl 't LR e onghl
ia
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froguency of the earrenta. Now the flsment has its own
pertod of vibration, and i the froquency of the currents s dach
that there i resonance, it s aeily set vibratng, thonigh the po-
tential of tho carrents bo small, 1 have often obeerved that the
lament i the bull is desteoged by such mockaniea] resonnace,
Tho ilament ibrates us a rule s0 rapdly tha it cannot e sean
and.tho exporimontor may at frs bo mystified. When such 1
exporiment as the one deseribod i carcfally performa, the po-
tentil of the currents noed bo extromely snall, and o this
resson 1 infor that thophosphorcscenc s then due to
mechanical shock of the flament aguinst the glas, just as it i
produced by stiking o loaf of suzar with a knife. The mecani.
sl shock produced by the projeeted. atoms is asily noted when
bl containing a button i gruspod in the hand sad the o
ront tured on suddenly. 1 elieve that a bull could be dbat-
tered by observing the conditons of resonnce.

In the experiment heforo citel it s, of conrse, open to say,
that the glas e, upon coming in contace with e Flaaent, .
tins o chargo of  certain sgn upon tho point of coninet,” 1f
now the ilament again touches the gl a the sume point while
it s oppasicely harged, the liarges equalize under evolution of
light, But nothing of importanco would be gained Ly such an
explantion. It i unquestionable that tho iital_ charges given
tthe atom or o the glass play <ome part in xciting phospho-
rescence,  So, for instance,if & phospliorscont bulls bo frst ox.
ited by 8 Ligh frequency cofl by conneeting t o one of tho ter-
il o thelatter and thedegree of Iuminoséy b notod, and then
tho bulb be ighly charged from a Holtz mackine by attaching
it preforsbly to the postive terminal of the mackive, it s found
that when the bulh i azvin conneeted o the terminal of the high
Srequency cofl, the phosphorosconce is fur more ntense, O
another occsion I ave considered tho posibilty of some plos-
phorescont phenomenn i bulls being produced by the inemndes.
cenes of an ifintecimal Iayer on the surface of the. phosphores-
ontbody.  Certainly theimpact of theatoms is powerful enougl
o produce intense incandescence by thecolisions sinee they bring
quickly to a high tomperstune a lody of considersble bulk. I any
such effect exists, then the best appliace for producing pliospho-
roscence in » bulby which e know so far, s a disruptive discharge
ol giving an enormous potential with bt feve fundamental dis-
harges,sy 25-50 per second, just enough o prodice & continu
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ot e maintained without the medium being constandly rencwe.
A vacuum eunnot, necording ol evidence, be permanently
maintained around a hot body.

In theso construetions, before mentioned,the srall bl inside
would, at lowst in tho fint. stages, provent all bombardmer
against the outer lurge globe. 1t ocenrred o me then to ascer.
i how a metal s would behwve in thix respect, and several
Db, s llustrated in Fig. 195
In v globe 4, s mon
plainum wire 1e pasing hrongh  gase st
ontside of the globe.The filment 7 was surronnded by & motal
e s. It v found in exporiments with el bulbs that o
with wide meshes apparently did ot in the lightest affet the
bombardment against the globe f, When the vacnum was b
the shadow of the sieve was clowrly projected against the globe

i soma blbs the
diove » was comnceted {0 4 platinum wire sealed in tho gl
Whon this wiro was connccted (o the other terminal of the fnd
tion eofl (the . x. 5. being kept low in this cuc), or to an i
lated plate, the bombardment agaiust the auter globe b wax
diminished. By taking 4 seve with fine meshes the bombard-
nent guinst the globe  was ahvays diminished, but aven t
if the exlaustion wis carried very far, and when the potontial of
tho trausformer s very high the globe b would be bombarded
and heated quickly, chough no shadow of the siovo was visbl
v to the smallnessof the meshes. Tut a glaestube or other

sous body mownted <0 as o surround the flament, did an
tirely ut off the bombardment and for a while the onter globo b
wonld remain perfectly cold. Of conrse when the glass tubx
i snficientl heated the bornbardment aguinst the anter globe
conld bo noted at ence. The exporiments with those ball
soamed to show that {ho specds of tho. projected molecales or
particles must bo considerable (thongh quite insgnificant wh
compared with that of Tight), otherwise it would bo difenlt o
mderstand Tow they cond traverse a fne metal sive withor
. affotod, unless it were found that enel small parteles o
atome cannot be acted upon dircetly at. messurble distanes.
Tn rgard to the specd of tho projected atoms, Lord Kelvin lus
rocently catimated it ot about on. kilomotre o socond o thero-
abouts nan ordinary Crookes bulb. ~ Aa the potentials obtainable
with a disraptive. disclurze coil are ynch higher than with or-
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of ighting an spartauent by stply ereaing fn it such un electro-
st field, nd this, in . ccrtain way, would appear to be the
ideal method of Fighting o, 4 it would allo the illuminat
fng dovice to b frecly moved abont. The pover with which
these exhansta tubes, devoid of auy elctrodes, light up s cer-
minly remarkable.

i the prnciple propole by My Tea s brond one ix
exident from. the many Wy in el iy e pretiealy .
e We nood enly refer to the varity of the doviess o
e deseribed, ll of whic o novel in character and vl v
it dash, lead 10 Frthor it resul t he hands of i
o and other vscitor. The expornens, for fmtauce, of
tigheig up n single Banens o Mock of efctors nterinl wit
i singe wine, ix n il suficient o give Ar. Tosh's work the
tanp of origiality, and the moncrons other cxperiments and
et which may L varied a il are ol new o nteret-

. Thus, the imcandescont fment spinwing in . nex
st globe, the wellknown ke experiment on open in
it an the any others gt Wil ot il o st the
oo, M. Tesh i made an exhative sty of he varions
forme of the dischange prosented by o o coil when op-
emted with these sy alteruaing enrreats, tarting from the
ke dichnge i asing throngh vvions sages. 0 the
ire clecric fame.

A ‘it of st importance i the introdcton of high ten-
on altcrnntin urrent i M. Tela brings ot in the neco-
ity of careflly aviding ol usous watter i the bigh tension
“ppuetus. - Ho shows that, at ot it vory apidly altorating
cuerente. of bigh potencal, the dschango uay work through a1

oty prercable hicknes of the best slatos, i Air x
presnt. L suc caos the aie nlndd within the apparstus ix
Vilonty ngiatod and Ly malecular bommbardment the part may
b s greatly hested s o cune & e of the insulaton
e prctcn outcome of fhi i, wheron wid: sendy cur
et any i of nsultion may be e, vith apdly alirna.
ing curente il will proably e the test to cmply, » fact
il i ien o, bat not il o atefotorl ex-
phined.”Tho ecogaiton of the above fet i of specal
e the contructon of the corly commercil ndetion ol
i Ao often edored el n 4n snccountablo manner,
Tho trath of hese views of M, Teea e made evident by the
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ey coils tho speeds it of canrse, be much greater when
the bulbs aro Tighied from such a coll. Assuming the speed 1o
bo s high as ive Kilowetros and wniform throngh the whole
trjoctory, u it ahould be n . very highty exhansted vossl, then
if the altermate clectrifications of the clctrode would b of 1
froquency of five million, the greatest distnce a partile could
zot ey from the eletrode wonld be one. millimetre, wnd if it
could bo acted wpon dirctly ot that disance, the exchange of
olectrodo mattor or of the stous would be very slow and there
wonld be pracically no bormbrdment aguinst the b, This at
Toast shonld b 20, 3f the ncton of au cloctrode. wpon the atoms
of the rosidual ot would b s s npan electriiod bodics whiel
wo cun pereeive, A ot body enclased in an oshuastel bl
produces always atomic bombardmen, but a hot bods has wo
defiite rsthm, for it molocnlos perforus vibrations of all Kinds.
¢ bull containing  button or flment be exhanstod os gl
s possible with the greatest cure s by the e of the bestar-
iflew, it i often abscrved that the discharge canvat, at firsty
Dl throngh, bt ater some tine, probably i consequenco of
same changes ithin the ulb,the dscharzo fnally pases through
‘and the button ix rendored incanescent, I fact, it appearsthat
the higher the degree of exhuustion the casoria thoincaniesccner
produced. There scen to bo 1o other canses to which the i
candescence might bo attributed in such cise except to the boi-
Yarcdment or similar action of the rsidusl g, or of pactclos of
watier in goneral, But if the bulb Lo extuustod wilh the great
est caro can thes ply wn inportant par? Assume the vaciim
n the ball 10 bo tolerbly perfce,the great intorest then contres
i the question: 1 the mediam which porvedos all space con-
tiuous or atomi ¢ I£ atamic, then the heating of a conducting
button or flament in an exhanstol vosel might be due largely
o ctlior bombandient, 414 then fho heating of a conductor
zenen] throngh which currenta of high froquencs or bigh poten-
il are passed st be molfe by € belviorof such medinm ;.
then leo the skin o, the apparent inerease of the olmic re
istance,ete., admit, partaly at least, of & diffoent explantion.
Itis cortainly more in accordance vt many phenomera ob-
sorved with Vighfrequency currents to hold that all spaco s per-
Vaded with free atoms, raher than to wsamo that it is devoid of
thesc, and dark and eald, for 50 it must bo, i€ flle with a con-
i, sineo in such there can be neither heat nor g






OEBPS/images/bg39400001.jpg
- INVENTIONS OF NIKOLA TESLA,

thousand or cleven thousand alternations of current per second.
Are lampa % & e shownin the dingram as conneeted up fn series
with the machine in Fig. 200. 1€ such a current be applied to
running are Jampe, the sound produced by or in the arc becormes
practially inaudible, for, Ly increasing the rato of change in the
curtent, and consequontly tho mumber of vibrations per it of
time of the gaseons material of the are up to, or beyond, ten
thousaad or eleven thousund por second, o to what is regarded
5 tho limit of audition, the sound duo t0 sueh vibrations will not
e andible. Tho oxact nuber of changes or undulations neces-
sary to produce thie rosult will vary somewhat scoording o the
i of the are—that is to sy, the smuller theare, the greatr the

umber of clanges that will bo required to render it insudible
within cortin Timits. 1¢should oo be stated that theareshould
ot exceed  certan length.

Tho diffesltcs cncountored in tho constructi
machines are of & mechanical 4a woll as an clectrcal nature.
Tho machines may be designed on two plans: the field may be
formed cither f alternating poles,or f paler projections of the
same polarity.  Up to about 15,000 alternations per second in an
experimental machine, the former plan may be followed, but a
‘mare oficient machine i obtained on the second plan.

I the machine above deceribed, which was eapable of running
two aresof normal candle.power, tho fild was composed. of

s of these
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ring of wronght fron 5 inchies outsde diameter, and sbout 1
ineh hick.The insido diameter w50 inches, There were 384
polar projections.  The wire wus wound in zigaag form, but two
‘wires wero wonnd %0 s to completely envelop the projections,
Tho ditance botwoen tho projections is about f inch, and they
are alitlo over vy inch hick. The feld magnet wus ade. rels
tively sl c a8 to adapt tho machiu for & constant current
Thero aro 384 coil connoctod in two serica. 1t was found
practieable {0 use any wire much thicker than No. 20 B, wnd §.
ange on account of the lowal effeets. I such @ machine th
clearance slould b as small as possibic; for this reason the
mnehine sus made only L inch wide, o tat the binding wires
might be obiated. The armature wires must be wonnd with

areut care, s they wre apt to fly off in consequence of the groat
periphersl speed.Tn various experiments thix machine has boon
run s bigh 0s 3,000 revolutions per minute.  Owing to the gront
ape it was possible to abtain 4 bigh 1 10 ampercs out of the
sacline. Tho clctromotive forco was rogulated by mear

an_ adjustable condonsor within very wide limits, the
being the grater, the greater the spood. This machine was
froquently usod to ran Mr. Tesl's Iaborory lights,

“The machine above dcseribed was only ono of many such
types constructed. 1t serves wll for an oxporimental machine,
bt if sl higher alternations are required and bigher cficieney
it ecessary, then & machine on a plan shown in Figs. 304 1o
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16 s Lo comimon practic 1o operate are
satng or pulsting, s
ot abjetion which has becn e {0 uch syvtems exit
he fat hat the ares et 3 pronounced sound, varying it the
ate o the alterations or pubation of currnt. This nase s
e 1o the rapidly alternating Leatvg ond. cooing, and cone
qnent expusion and contrution, o the guseons matter forming
the e, whic corrsponds it the.periods or mpubes of the
curre, - Avother dhadvantageous fature b foun ia the difl
eulyof maintining a alernating corrent are i conequenee of
the periodical fnereae i ressan eorrspanding to the periodic
ol working of the. eursent. This featare cotul o frdher dis
advantage, iy, hat small ars e impracicale

Theoneial considerations Tave e Mr. Tesa 10 the beliof
hat thee disdsantagoous feaarcs cond e obvite Ly iploy-
ing currents of  auiciently high mumber of altorations, and his
antiipations havo. been confirmed in practce, These upidly
stemating curents render it posible o maitain sl ares
‘nkich, besiles,posessth advastagen of slenco and penifieney.
The lttr quality is due 10 the nocessrily i aternaians, in
consequenco of which the ar has . time {0 ol ad s alvays

poratue and. Tow reistance

At the ot of 1n M. Toda eneountorod groat
dificalics i the consructon of bigh fequency machines, A
povorato of thi ind s deserbed here, which, though con-
st quite some time ago, s well worthy of  detied dex
oripton. 1t may bo mentioned, in pasing, fht dynames of
i type o been e by . sl i i Tighting rosarehon
and oxperiments with current of high potentia and high, re-
queney, and. reference 1o them vwill be found in i loctures
chewhare prined in ths valume.

T See g 5041
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In the secompaning engruvings, Figs. 190 wnd 200 show the
wachine, rospacively, in sde clovation sud vortical cross-soction
Figa. 201, 302 and 303 chowing enlargod details of constructon.
I maggneci frume, the interior of
provided with a large number of pole-pieces .
o the very largo number and small sizo of the poles
pucos botueen then, the field coils are applied by wind-
ing s nsulated comductor » sigang through the grooves, 8 show
in Fig. 209, carrying the wiro around the annulas o form 85
many layers as e desied. In this way the pole-pieces 1 will bo.
energised with liornately opposite polaricy arouad the entire
g,
For the armature, Mr. Tesla employs  pider careying & rngs

4y torued down, exoept at is sdgo, t form & troughiko rocep-

e for o mas of fine wnncaled iron wires %, whils are wound
in the groove to form the coro proper for the anmturecoils.
Pins e so i the sides of he ring 3 and the oils x are wounl

ver the periphery of the srmaturestructure and arouad the pins.
“The cils 3 are conmected togsther n serie, ad these torminls
 carried through the hollow shaft 1 o contactrings v v, from
which the currons aro taken off by brushes o.

o hie wuy a machine with 4 ey large number o pales
b construeted. 1t i easy, for instance, o obiain n this manner
threo hundred and seventy-five o four hundrod poles n a machine
that may be safely driven ut @ spoed of fifteen bundred or ix-
teen hundred revolutions per minute, which will produce en
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‘widost spaces midueny betseeen sueh paats and where the fild
weakest,Sinee the core on one side i of opposite polarity to
the part fucing it,al the projections of one polar faco will bo of
opposite polarity to those of tho.other face. Hence, although
the space betwoen any o adjacont. paints o the s face may
Lo oxtromely swnall, there will be no leakage of the magnetic
Jines between any two points of the same name, but the lines of
foree will pass neross from one et of paints to the other. The
consruction followed obriates o & great dogreo tho distortion of
the e Tines by the aotion of the eurrentin the conduetor
i whieh ¢ will Lo olerved the cnrrent s flowingat any given
e from the contre toward the. periphery in one. set of radial
parts a and in the opposite dirtion in the adjacent.art o'

I ordr to connect the energizng il o, Fig. 204, with  source
of contimious enrreut, Mr. Tesh utilizes o adjacont radial por-
tions of the conductor b for connecting the terinal of tho coil
5 with two binding post . For this purpose the plte b is eut

060

P

cairely through, us Sown, and tho break thus made is bridged
ver by a short conductor o, The platon is cut through o form
o terminals , which are connected to binding posts x. The
core 11, when sotated by the driving pulley, generates i the con:
ductors o an slteruating curvent, which is taken off from the
binding pasts .

When it i desired to rotate the conductor betwoen tho faces
of  sationary ficld magnet, the construction shown in Fig.
20, i adopted. The conductor b in this case is or may be
made in substantially the same munner us above deseribed by
alotting an_ snnular conduting:plato and supporting it between
w0 heads o, held togethor by bolt 0 wnd fsod to the drivingiaft
X, The inner edgo of the plate or conductor s proferubly
Hanged to seeure a firmer union botwoen it and tho heads o. It
imsulated from the head. The feld-magne in this casocon-
st of two annulur parts 1, provided with annular grooses 1
for tho seccption of the coils.  The flunges or faces surrounding
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207, i prefemble. The principal advantago of @his typo of
machine s tha there is not mach magnetc loakage, and thata
ield may be produced, varying greatly in intensit i places not
much distant from cach other.

In these engravings, Fign. 204 and 203 dlustrate 8 machine in
‘whiel tho armature conductor and ied eollsaro tationaey, whilo
tho field magmet core revalves,  Fig. 900 shows o machine
emboiying the same plan of coustruction, but aving s stationary
fleld magnet and rotary armatare.

The conduetor in which the eurronts are inducod may be
armanged in varions ways; but Mr. Tesla profers tho following
mothod: He enploys an anmular plite of copper b, and by

o

means of n s cuts i it il slots from one cdge nearly
through to the other, beginning lternately from opposite cdges,
In thi way a continnons sigzag conductor s formed. When the
polar projoctions are § inch wide, tho width of the conductor
ehould not, under oy Jstances, be mare than s inch wides
tho eddy offct i considerable

et cige of this plate are secured two rings of non-
mignetic metal 2, which are insulated from the copper condactor,
bt held firuly thereto by weans of the bolt . o
rings s then placed an annular coil o, whicl i the energising
coil for he fild magnot. The conductor b and the part at-
tached thereto are supported by means of the eylindrical shell or
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casing 1 4t o ars f whih ar rought togeter and
‘elamped to the outer edge of the conductor D»wg g

it o o he el g b il of e crnlarpar
1 forml v sl ot whi whon e 0 bt
i g oghr, o st for ths i of e o
ing i . The W o U cares st O, o 1o
Sty v o ordas o fange
ki form the ol oo 1,0 ol somentt i
10k oG the codeton v sl hls
e Th nmborof sermions i hs ol T s i

AAAE
i re g 4
v i
o

bt here it exist betsceen dhem and the sl portons of
the eonduetor b certain reation, which il be understood Ly
reference to Fig, 207 in which x ¥ represent tho projections or
points on one face of the core of the fed, and s  the"points of
the other face. The conductor: isshown in this figarin section
@4 dsignating the rdil portions of the conductor, snd b the
insulting divisions between them. The relative width of the
purts @ a’ and tho spaco botweon any two adjacent points ¥ ¥ or
£ s such that when the mdial portons a of the conductor ar
passing betwoon the opposte poiata s whero the ild a strong-
st tho intermediate radial poréions a are pasing throvgh the
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favestigation appears to posses & pecaliar attaction, for there is

o experiment or obsersation of any kind in the damain of this

wonderful cicuce. which would not.forcibly appeal to . Yet

to moit scem, tha of al the may marvelous things wo

& vacuum tube, excited by au cleetrie fmpulse from o distant
forl out of the darkness and iluminating the

souree, bunt
room with its beautiful light, s as ovely a phnomenan s eun

oot ourcyos. Mor intercsting tll It appeare when, reducing
the fundamental

cap to . very snall

ber and waving the tabo abont we prodce all kinds of desgs
in luminous So by way of smusement 1 take a stright
long tube, or a susre one,or  squar attached to  straght ale,
and by whirling them abont in the hand, T imitate tho spokes of
a whedl, & Gramme winding, o drum winding, an altermate cur.
ront motor winding, te. (Fig. 105).  Viewod froma distanee the
effct s weak and much of it beauty is los, but being near or
olding the tabe in the hand, on eaanot esiet its carm.
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I precenting thewe incignificant results 1 e not attempted
0 armango and eo-ordinate them, a= would be proper in 4 stielly
seentifc uestigation,in whieh everysueoceding result should
e a logiea sequence of the preceing, e that it might be guesed
in wdvunce by the carefal reader or attenive listener. 1 have
proferned t concentrate my energies hiely upon advancing.
novel fets or ideas whicl might serce us sugzestions 1o others,
and thix may serve s un excuse for the lack of harmony.  The
explaaations of the phenomens have been given in good faith
andin the epirit of u student pregared to find tha they admit of
 betier interpretation. Thero can be 10 great hrm in  student.
taking an erroncons viow, but when great minds err, the world
‘muat deurly pay for their mistak
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aally, for it teaches us that to reach this result we must oo
impulses of very high frequency and necessaily also of high
potentil. 1t is n fuet that oxygen produces o more intense
Tightin a tabe. s it beeanso oxyigen ntoms possss o
aud the vibration docs not dic ont insntly? Bt then niteugen
Shoald e s goo, and chlorine and vapors of many other bodics
el botte than osygen, unless the magnetie properties of the
lattor enter prominently into play.  Or, s the procces in the tube
 an loctrolytio nature ! Many cbservationscortinly spenk for
ity the okt important being that matier i ahvays carried tway.
from the cetrodes und the vacuum i n bull cannot be perma-
iy maintuined. T suel proccs takes place in reality, then
g waust we take rofuge in high frequencies, for, with such,
clactolytie action should be reduced to a minimu, if not ron.
dered entirely mpossibl. 1t i wndeniabl fuct that with vory
High frequenicies, providei the fmpalses b of harmonic nature,
like those abtained from wn_ altemator, there i lows deteri.
aration and the vucas are more permanent.  With disrapéive i
‘hange colls thero are endden rscs of potential and the vaeu are
wore quickly impaired, for the clectrodes are deteriorted in o
very short time. It wax almervol in some lange tubes, whicl
were provided with heay carban bocks v, compected t plati-
ros 0 0, (u llutrutd i Fig, 197), i which were emn

the dixruptive disebarge intewd of the

which the tube was placed, were de-
pasited in regular fne line i the. middle of the tabe, ue illus-
irated. - These ines wore attributr tothe defction o distrtion
of the discharge Ly fhe magnetic ficld, but why the depost
oceurrod principally whero the fleld was most ntense did not
appenr quite cloar. A foct of interest, Hikewise nored, was
hat tho prosence of a strong nagnetic feld inereases the doter.
oration of tho clctrodos, probably by reason of the rapid iner.
it produces whereby there i actually a higher ¥, . 1
intained betweon the olectrodcs.

Much would remain to be sid abont the luinons offects pro-
e i guses at. low or ordinary pressures,  With the present
xperieness before s wo canot say that the essential naturo of
thess charming phenomern s sufiently known. Tt inveatign.
tions i his direction are being pushed with exceptional ardor.
Every lin of seientifl purait haa it fuseinations, but clectrieal
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rent would be 7 Nenco tho benting efeet is 17 times greater,
whilethe surfice is only »* times a great. - For this renson very
o arcs weould not eunt any rlythunieal sound exen with a very
Jow frequency. Tt mast be observed, however, that the sound
emittel depennls 1o some extent aso on the composition of the
carbon, I the earbon contan highly rofrmetory material, this,
when Teated, tends to waintain the tempersturs of the are uni-
forun and the sound is lesenel  for thix reuson it would see
that un altornating are requires such carbons.

With nrrents o snel high froquoncios it is posble to obta
iseless ares, bt the regulusion of the Janp i renderud ex.
remely diffcnl. on acconnt of the excessively small aractions

F repilsions between conductons conveying thee etrrente.

Au intensting fosturo of the are produced Ly these mupidly
lternatng curronts i its peristency.  There are two canses for
ity one of which is always prosent, the other sometinmes anly.
Ouortsdue o the eharcier of the carrent and the other to 3
property of the machine. - The st cuuse i the more important
one, and s due diretly o the rupidity of the abernations,
When wn are s formed by priodically undulating current,
there i & coresponding wndulation in the tempersture of the
gaseons. coluun, and, therefore, o corresponding undulation
the resitunce of tho are. Bt the resstance of the are varies
enormouly with the temperature of the gaseous colum,
practically ininite when the gus between the cloctrodes i cold,
The persitence of the are, therefore, depenis on the fnability of
the coluuan to cool. Tt i for thix reason impossble o maintain
an are with the curont. altornating only a fow times o socond.
O the other and, with u practcally continuons corrent, the are
i cusly maiutained, tho oolunn heing constantly kopt at a igh
temperatare and Jow resitance.  The bighor tho frequeney the
smaller the time interval during hieh the ar may cool and
erease considerably in ressance, Wit a frequency of 10,000
e secon or mors in an are of cqual size excessively sl varia-
o of tewpemstane ar saperimposed upon sty temperntare,
ke ripples on the surface of v deep sea.  The heating ffect in
practicnly continuons and the are bebaves lke one produced by
A continuons eurrent, with the oxeeption, however, that it may
ot e it as el started, and that. the cectrodes e equally
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consumod ; though the writer s observol somo irrogulart
this respoct,

Tho seeond causo alluded to, which possbly may not be pro-
cent i e fo the tendency of a machine of such bigh frequeney
to maintain @ pretically constant current. When the are i
longthened, the electromtive foree ises in_ proportion and the
aro appears to be more per

Sacl & machino is eminontly adapted to maiuiain & constant
curront, but it s very unfit for » constant potential, Aan mattor
of fact, i certain types of such machines n nearly constant eur-

s an slmost navoidable vesul. As the nunber of poles or
polar projections s greatly inereased, the clearance bocomes of
great importance.  One s really to do wih s grest mber of
ery small machines, Then there is the impedance in the srma-
ture, enormously augmentod by tho high frequency. Then,
agin, the magneie leakago s facilitted. 11 there are throe of
four Tundred alternate poles, the leakage is o groat that it is
virtully the sme as conneeting, in two-pola wackine, the poles
bya picce of iron. This disadvantage, it truc, may b ol viated
more or loss by waing  feld througlout of the sume polarity,
bt then one encouniers diffcultiosof » different nature, Al
these things tend 1o mainiain & constant eurrent in the armatire
cireit

Tn this conneetion it is intoroting 10 notico that even to-day

st 5, some yoars ago, they use to consider it an ex-
trordinary performanceif  machine was capabl of mainfaining
& constant_potential difference betwrcen the termiaals. Yot ono
rosult i just as oasly secured s the other. 1t must only be
rememlered that i an induetivo apparatus of sy kind, i con
ctant potential s required, the inductive relation between the
primary or exciing and secondary o aruaturo_cireit. st be
the closet possible; wheru, in an apparatus for constant cur-
ent just the oppasitsis requived.  Fartlermore, the oppasition
0 the current's flow in the indneed cireuit must be us small as
posible in the former und as great s possble i the atter case.
Bt oppsition to o current’s flow may be cansed in more than

16 may b caused Ly olmie resistanco or solfindue-
Ono may mako the induced ciruit of a dynao machine
o transtormer of suelt high resistanco that when operating de-
views of considerably smallor rosistanco within vory wide
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pass uniformily dhrough the space between the washers, i di-
verted through the wire. But if the tube bo inclined uffiently
to that Tine, it wil ight up in spite of the washere. Also,if &
metal plate be fustencd npon o ghos rod and held o¢ right angles
to the line joning he binding posts, nd nearer to one of them,
 tabe held more or less paralel with the Tino will Tight up in-
tantly when one of the ferminals touchis the plate, and il go
out when epanted from the plate. Tho groater the surfaco of
the plate, up 0 a cortain T, the easier the tube il light up.
When a tabo is place at ight angles o the straight line joining
e binding posts, and then rotaed, its Tominosity steadily in
eroasos unti it is paralll with tha live.  The writer most state,
however, that he docs not favor the idca of & leakage or current
through the spaco any more than a o suitablo explanatio, for b
isconvincod dhatall hesoexporiments could not bo perfortmod with
a static mahino yielding & constant differonco of potential, nd
that condonser action i largely concorned in these phenomena.

Tt woll 1 take cerain procautions when operating 3 Ruhni-
Kol coil with very rapidly alternating currona, The primary
current should not bo tumed on too Jong, e the coro may get
0 ot as o melt the gutta-percha or paraiin, or otherwise injure
th. insulation, and chis may occur in o surprisingly short time,
considering thic curent's strength. The. primary eurront bing
furned on, the fine wire terninals may be.joived without groat
sk, the impedunce being 0 great hat it is diffeult to foreo
enongh current throngh tho fine wire s0 s o injuro it and in
act the coil may be.on the whale much sfer when the terminals
of the fine wire are connected than when they are_insulated;
but spcial care should be taken wlen the termimls are con-
nected to the coatings of  Leyden far, for with anyshere near
the critial capacity, whicl st counteracs the selfnduction ot
the existng frequency, the coil might moot the fute of St. Poly-
carpms, 1£ an expentive vacuum pump is lighted up Ly being
near o the col or tonched with o wiro connoctod {0 one of the
terminals, the curnent. should be left on no more than a fow
moments, el the glase will be cracked by the leating of the.
rarcied gas i one of the narmow: pusages—in the writer's own
experience. quod erat demonstrandn.*

T s thought eceeary 1o vk st athough. the Tt collmay
i Qe g resat ~ e operaed wih such opily aieraaiog currots,

e kregociv of e o coe ke .1y e fr
e e Tk s o St 1 bk et (o Comuclon hoa b

ey ok
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There are u good many oter poiota of fnterest i
elerved in comnection with such & machine,  Experiments vith
the tolephone, & conduetor i & stroug_feld o with o condenser
or arc, seem {0 aflord cortuin proof hat sownds far above the
il accepted Tt of learng would bo perceived. A telephone
il emit. notes of welve to thirieen thousand vibrations per
socond; then the inability of the core to folow such rupid alter-
natons begina to_tell. 17, lowever, the magnet und core be
replaced by o condenser and the terminul connected to the high-
tonsion sceondary of » transformer, higher notes may stll bo
heard. If the current bo sent. around a fnely luminated core
and a small picce of thin shoet iron be held gently aguinst the
core, . saund iy be stll heard with thirteen to fourteen tho-
sand alteruutions per sccond, provided th carrent is sufcently
strang. A sl coil, howover,tightly packee betwcen the poles
of u powerful magucs, will it & sound with the above number
of alternations, and. s may b audible with u sl higher fro-
quency. The limit of wudition is variowly estimated.  In Sir
William Thomson' writings it is stated romewhere
thousand per sacond, o nealy so, i the linit.  Other,
reliable, sources give it as high as twentyfour thowand per
sccond.The above experinents hase convineed the writer that
ot of an incomparably higher munherof vibrations per second
would Lo pereeived provided they conld be produced with sufi-
cient power.  There i no resson why it should not be g0, The
condenations and rarfactions of the air would necessarly set
the dinphrgmn in & corresponding ibration and some sensation
wonld he produced, whatever-—ithin certain imite—the velocity
of transmission o their nerve centivs, though it is probable that
for want of exercis th car would not he able o distnguil any.
sucl high note. With the oo itie difforent; if the sense of
vison it lwsed ypon some. resonanco efec, as wany beliese, no
amount of inerease i the intensity of the ethersal vibration
could extend aur range of vision on cither side of the visible
spectrs

The

of audition of an arc depends on its size. The
geeater the surfaco Ly agivon Loating offet in the are, ho higher
the linit of avdition. The highest notos are emsited by the
hightemsion discharges of an indution coil i which tho are s,
o't speak, all urface. If 7 bo the rosistance of an are, and ¢
he curment, and the linear dimensions bo » imes inreased, then
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nearly constant enrrent is maiaained. Bt such high rsistunce
fuvolves a great oss in powor, hence it is ot practicable. Not.
=0 seinduction. ~ Solfinduction docs ot necossarily mesn loss
of power. The moral i, uso s induction instead of esistunce,
Thoro i, howevor, a ciroumstance which favors the adoption of
s plan, 4nd s i, that o very high salfinds
obtained cheaply by surrounding 8 comparatively smal length
of wire moro or los completely with iron, and, furthermare, the
effct may b exalted at wil by causing 2 rapid undulation of tho
current. To sui up, tho roquirementa for_constant. current
are: Weak magnetic connection between the induced and
wincing cireus, grostost possiblo. selfinduction with the
Teast rosistance, groatest practieatle mate of change of the
eurrons.Constant potentia, on the other hand, requires: Clos-
est magnesie_ connection betwoen the. eirenits, steady nduced
enrrent, and, if_powible, o reaction. 1 the Tatter conditions
conld be full satiscd in a constant potential machine,is outpit
would surpass mny tinies that of & mackine primarily designed
to give constant carrent, Unfortanately, the type of machine
in which these conditions may bo sotisied i of ltlo practical

able and the

diffialtis i taking offthe curront.
With their keen inventor's intinct, the now successfl are-
light men ave carly rocognized the desiderata of & constant
corsent machine. Their are light machincs lave weak flds,
lange armatures, with » groat length of copper wire and fow
commutstor segrnents to produce great variations n the currents
rength and 1o bring selfinduction into play. Sach machines
.y maintain within consderatle inits of variation i the re-
of the cireit o pruceally coustant current.  Their out-
put s of coune correspondingly dimiished, and, perbaps with
the alectin view not to cut down the ontpat (00 mucl, a s
plo devies compensaing excoptional varations s omploged.
The undultion of the cusrnt is almost. essentil o tho commer-
il suecess o an arc-ight system. 1t introduees in the circait
“teadying cloment aking tho placo of 4 large ohmic reistance,
withont fnvolving & great los in power, and, what is more -
portant, it allos the wso of simplo eluteh lamps, which with o
Carsent of o crtain number of fpulses por second, best suitable
for each partcular lamp, wil, if proporly attended 1, reglate
cven better than the finest clockwork lunpe. This discovery
s been made by tho veriter—soveral Years 0o e
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It e een wsertesd by competons Englishelctricans that in n
constunt cursont machine or transformer the rogalation icffctel
ing the phase of the sccondary current, Tt his view
s crromcon may be cwily proved by wing, instoad of lunps, de-
vices sl possosig scl-induction and cupacity or sl ndueti
and ruistaco—tlat s, retanding and accoleratng components—
i such propoetions as to ot affect materaly the plase of the
cecondary current, Ang wumberof such devices
or cut out, sl it will be fornd that the regulation oceure, con
tant current being maiutained, while the eloctromotive force ix
varied with the mumber of the dovices. The clauge of plase of
tho sccondary current is siuply . result followhig froms the
clanges in resstance, aud, though secondary reaction is always
of more or loss portanee, yet the reu cumse of the regalation
s the exitence of the conditions above cuumensted. It
dhould bo sate Lowexer, that i the caseof » macline tho ahove
remarks aro to e sstrictod o the casen i which the machine.
independently exeited. £ the excitation be offected by commu-
taing the arture current, then the fixed positon of the brushe<
makes any ohiftng of the nentral line of the tmost importance,
and it may ot bo thought immodest of tho writer to mention
hat, e far as secand go, e scems to have en the it who has
secessully regulated wachines by providing a bidze comneetion
between a paint of the external cirenit and the commutator by
st of a thind brosh. - The armature and feld i properly
proportioned and the brules placed in th
iots, @ constunt curnent or constant potes
ifing of tho diseter of commatation
T comnection witl machines of such ligh froquencies, the
condenser affonds . cpecilly iteresting study. 1t s any to
i the clectromivo force of such o mackie 0 fonr or five
e tho value Ly simply connecting the condenser {0 the cir-
enit, and the writer s continually nsed the condensor for the
the urposes of rogulaton, as suggesod by Blakesloy in Lis book
on alteranto cnrrents, in whicl b s tratod €ho most frequen]
ocenring condenser problema with exquisite smplicty and elear-
s, The high frequeney allows the nse of small cupacitios and
renders ivestigation casy. - But,lthough in most of the experi-
mntsthe resul my Lo foretold omo phononiens obeorsed s
atfrseurious. Ono exporimont performed throo or four monthe
ago with such a machine. and & condensor may sorve as o

i be nsertel
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bont th capaty of o spheros, sy, e conimetrs o dan
ter and b o four centimotnn apar. T dicarge tho v
umen the form of  srried . eactly ke a ueomion of
Aparks viows n & pldly evlving mirfrs b spmiiony o
o, cormsponding o ths condenso dghargn Tty e
o may oaceee . ocr phonomenon, The dichargs sari o
e nesee ot wor gy wp, rkks somoeire nat
ho topof the spheres, b giin a1 the otiom, and 0 on
Tl gooeon s st et sl sertad b a oot nee
Ono oay b puslod fur o Tow mmte, bt fhe expanation
impl anongh, The diclangs boginat th ner plte, he i
i Mt s o h ar apvaed il bk, whe it o
el 2 th moaret o, . Soce th chront
ol throsgh  condenser o sveanal capuiy, s wil o foumd
St natrs tha comneting oy onotrmin fo & ody o the
S i, no i o e nslted, mpars condarbl o
riking dinane of th are.

Exporimeta it Gebor tabs ar o spscial inorst. An
exhte fub, devckd of shetrodo of ny ki, il ight opat
Some itancefrom the col. I ahe frm ¢ o pot I
e th sl th whaleof fhe pnp i Urliny Tghid, An
ncsndoscent mp spprosehed  the el gk s o ot o
copbly bt T Iy b the ermivals comnete to on f
e Vinding possof 1 cl and the band s approsched 1o the
Vil vy cuiows and b snplasnt. dincarge {rom tha
s 1011 b ke place, nd tho flament oy s
Sundecent, The dRhangs nuemiblsto s xiont he e
g from th Patsof s poveril Toale maline, ot s of
Snanmparably greser quanity. The I i thiecae e e
comdanme e el g2 b o ccariog, he opertof's hand
T athor. iy tnking e o of o amp  the hnnd, ad by
ringing e metulictomiale ner toor n contct it con
dncr omnoril o e it a1 brongh 0 rght
Cdeeonts o gt i gy b, With 8 00l 101.
T ome Wit et dcmnfrt o el currons
il bring th T € consdemble by bt t e e
Yol th and ol fo o fow i, the s et
anneraiil short fine. When b ighted by brnging it
et o th il ¢ may o e o go oty norpaing o et
et ot hand bmewean the oo aud tes b . the et
Fit b fucned 0 g rod o i, i, tho tabe
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. remain ighted i tho plate be intorposed, or oy even
cxcao i Tminosty.Tho et dependa on the position of tha
plte and. twbe rlaively o the cofl, and may be abayscasly
Toretad by aseuming tht conductio takes placo from e ter-
niual of the el to the otber.  According o th position of the
e it may it divrt from o diec the carrent o the tabe,
T another e of work the writer baa infroquent experiments
maintained incandescent hunps of 50 0 100 volis ming at any
et candle power with ot the terioals of cach laap co
cted t0 3. stout coppor wire of no more than . fow fect
lengih. These expertments s nternting enongh, but they
are ot more a0 than the qucer exporiment of Faraday, which
s boen rosived and made much of by recent invetigutors, and
sl diselrgo i made to mp between two pointa of &
bent copper wire.  An oxperiment may b cted hero whichs sy
s cqually itorsting. 1 & Geisor tabe,th. tormioals of
ki ane foned by a copper wire, e approsched to de ol cer.
one would b prepared to e the tabe il up.
cnongh, it docs Hight up, and, what i more, the
wire doce ot seee o mako much diforence. Now one ix
X i tho frt moment that the fmpodance of tho
it Javo someling 1o do with tho plnomcnon. Bt
i v of come immeintely roectd, s for i an enormons
Sroquency would bo. roquired. This reult, howover, seema
pusling ouly at it for upon rflecton it s qite clea that
the wire can make bt it diffrence. 1t may b explained in
mare e way, ut it agres perape est itk olwervation
10 e that conduction takes place from the teruinal of tho
il throngh thespac.  On thi assumption, i the o vih the
‘wire be ek in any positon, o wire an diver ite more than
the current whi pass crongh th spacecceupied Uy he wiro
. tho metallc. tormiaals of the tube hrough tho adjacent
o the carrent puses practcally undisturbed. - For i eson,
if the tabe be Teld in any poidon. at right angle to tho lne
Jining the Linding pot of tho cf, the wire uakes hardly any
iffrenc, but in & postion more or e parslel it (st i
i impairs toa corin extent tho brillancy of the ube and ita
ey o light up. Numerous other phenomenn may be ox-
plined on the s sssumption. _For inatane, i the ends of the
e e provided wid washers of st oo and held i the
tine jining the terminals of the coil, it will not light v, and
then nearly tho whale of the cursat, which would otherwiso
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the annulr groovo are bronght together, while the iner fanges
aro serratd, us in tho  provious ease, and form the polar fuces,
The two parts = 1 aro formed with a base ¥, upon which the
machine rsts. 3 5 470 nonmagnetic bushings secared or sat fn
tho contral opening of the cores. The conductor s ont entiely
through at ono point to foras terminals, from which nsulatod
conductors = are led through tho st to cnllecting rings v

T one type of machine of his kind constructed by Mr. Tedla,
the fiekd iud 450 polar projoctions on cach side, and from thi
machine it was posble o obfain 30,000 alternations per sccon
As tho polar projections st necosarily be very nirrow, very
thin wires o sheets must be wed to avoid the eddy eument
effoets. r. Toda ue thus construetod machines with  ation-
ary armature and rotating ied,in which cas alo fho feldol
was snpportad so that tho revalving part consistod ly of &
wrought iron bod devoid of any wire and also mackines with &
rotating anmaturo and stationary feld. The machines may b
cithor dram or dise, but Mr. Tesiv's experience shows the later
o bo preferabe,

i tho courss of a vory intorcsting ariclo contributed {0 the
Blactrical World in Felrary, 1591, Mr. Tesla makes some sg-
gostivo romarks on theso bigh froquency machines and
poriences with thom, s woll s with other parts of the ligh
froquency apparns,  Part of it s quoted hero and s as
follows:—

The writer will fncide
tempt for the fret in
tale of woo to tell. e wil fint start out, s & matter of couree,
by making an ermaturo with dio roquired nubor of pola pro-
joctons. Tl will then got the satsfucton of having producod
an apparacas which is it o accompany a thoroughly Wagnorian
opers. I may besidos posses the virtuo of converting mechani-
eal nergy into heat in & nearly perfoct mannor. Tf thor is o
rovorsal in tho polariy of the projections, he will get beat out of

4 i there i o rovenal, the lating will bo lo, but
be next to nothing,  Ho will then abandon e
iron i the armatare, and. he will ot from dio Seyla to the
Charybiis, He will ook for ne diffculy and wil ind snother,
b, after a fow trils, ho may go nearly what L wantod.
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Among the many experiments which may be performed with
uch a machine,of not the leat interest are those porformed
with  bigh-tension induction coil. The charactor of the dis-
charge is complotoly elangod. The ar iscstablshed at much
{greter distances, and it s 0 oasily affotod by the slghtest. cur-

t of s that i often wriggles sround in the most singular
manner. 1t waally omits the.rhythmical sound peculia to the
altormate current are, but the eurioue. paint is that the sound
may bo beand with & sumber of alternations fur sbose ten thow-
s per sccond, which by many is conidered to bo about the
Tt of nudition. In many respeets the coil behwves ke staic
wachine.  Points impair considerably the sparking intrsal,clee-
tricity scaping from them freely, 0 from & wire atachod to

of the torminals streans of 1ight fsue, us though it wers
connested to a pole of « powerful Toepler machine. = All thess
phenomena.axe, of coursc, mostly duo to the onormons diffor.
ences of potential obtained.  As & consequonce o the selfinduc-
tion of the coil and the igh frequeney, the current i minute
while there it & comesponding rise of pressure. A carrent im-
pulke of some strengtlh started in such » cofl hould persit to
low o oss than four ten-tlousandths of w cecond. s this te
i greater than balf tho period, it ocours that an oppsing clectro-
mative force begins to act while the eurrent is sl flowing.  As
a comsequence, the presaure rics s in & tbe flled with Tiguid
and vilratod rapidly around e axis. Tho carront i co mall
thaty n the apinion and involuntary experience of the writer,the
diselirge of even a vory large coil caumot. produce seriously
jurions lfccts, whereas, if tho o cail wero operated with o
current of lower froquency, hongh the clectromaise foree would
e el smaller, the dichirge would be most certinly injuri-
ous. This resalt, however, i due in part to the high froquency.
The writer's exprioncos tond 10 chow that the bigher tho fre-
queney the greater the smont of clectrical energy which may
e pased through the body without sorions discomfort: whenes
it soem certain that busnan tsus act v condensors,

One i not quite prepared for the belavior of the cofl when
conneeted toa Lesden jar. One, of eourse, nticipates that e
the frequency is high the capacity of the jorshould besmall. Tlo
therefore takes a very small jur, about the ize of o small wine
lass, bt b finds tha even with his jar the coil s practially
horteireuited. o then reducos the capacity until ho comes to
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the terminal uly upon the land being brought wmels nearer,

it e ronderd intermicient
Dy some. means or othor, thoro i & corresponding throbbing of
the streuns, and v the band or orher eondueri objoct may
be brouglt in sl greater prosimity to the termival withont &
spark being caeod 1o jup,

“Ainong the many bowstiful phenomens which way be pro-
e with such a cal, | ave hero slected only thoso whicl ap-
s 1o posses some featuros of novelty, and lead e to some.
conclusons of intere<t. Ono will not find it at all difcal to
prodics i the uboratary, by means of it, many other phenomenn
whicl appeal o the exe oven moro than thoso bure. shown, bt
present no particalar feture of novelty.

Early experimenters describe the disphy of spurks prodneed by
an ondinary ange induetion coil npon an insolating plte separt-
g tho torminale. - Quite recontly Siemens perforned somo ex.
perimenta n which fine effcts were_obtained, which wero seon
iy many widh interest, o doubt. large coils, even if operaod
with currents of low frequencies aro capable of producing
Deuntiol offcts, Bt the langest coil ever made cold not, Ly
far cqual tho magnifcent display of streaiss and sperks obiained
frum such a disruptive dischargo.coil when properly sdjustod
To give an dea, & cofl sueh as the present one will cover casily
a plate of one wetre in dismeter completely with the streans.
“The bost way to perform such experiments s o take o very
rubber or a glase plate and glue on one side of it narrow ring
of tinfoil of vory largo dlameter, aud on the other a cireular
washe, tho contzo of th lattr coinciding ih hat of the ring,
and the surfaces of both being preforsbly equal, o s to kecp
the cofl well Lnlanced. The washer and ring shonid be conneted
torthe torminal by Leavily imsolated thin wires, It s casy in
olsorving e efft of fho capacity to_ produce u ehoot of wii-
forw streauns, or a fne notwork of thin silvery threads, or &
s of lomd brilliant sparks, which complotely covor tho plate.

Since [ liave advancad the fdea of the eonversion 1y moass of
tho disrupise dischurge, in my paper before the Amerioan In-
stitute of Electrical Engincers t the beginning of the past yeor,
tho interest oxcited in it s been considerable, 1t afford s
mcuns for producing auy potentials by the aid of inexpensive
cols operated from ordinary systems of distribution, and-—what
o porlape more appre cuables s to couert e
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diffeult. One thing is certain, ot any rate and it is, that in
angmenting the potential and Froqueney we rapidly intensify the
Streams ; and, thongh it may bo very sanguine, it fx surely not
together hopeloss to expect that we may sucoeed in producing
 practial flminant on these ines.  We wonld then be simply
sing burners or fame, i which there sould be 5o chemnical

process, no_consnmption of matorial, but meroly a transfor of
energy, and which would, in sl probabilit, ensit more light and
Tess heat than orlinary fmes.

“Th Inuinons ntenity of the straras i, of conre,consderably

fncrensed when they are focnsod npon  small srfuce.  This sy
be dhown by the following experiment
T attaeh to one of the terminals of the el a wire o

g 130,
bent i & cirele of about 30 centimetre in diameter, and to the
other terminal T fasten o mal brase sphere ¢, the surace of the
wire being preferably equal o the evrace of the sphere, and the
centre of the later heing n a Tine at right angles to the plane of
the wirecircle and pasing through it centre. When the dis
charge i establihed nder proper conditions, & Inminons hollow
cone I formed, aud n the dark onelalf of the brus sphero s
strongly lluninated, asshown in the cat.

By some artifee or ofher it is casy o oncentrte the stroama
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tclied plan view of the pole pieccs and amstures upon the
rieton clap, and Fig, »

s Deli of conre wire it from the lower curbon
halder o the negative s holi of fie wire
inw shunt.between the pitive. binding ~erev + and. the
negative binding sorew . The upper carbon holder sis a paal
Il vod sidig thronghs tho plates ' s of the frame of the lump,
and hence the electric cnrrent passes froms the. positive

st - o e e e ke 5, e carbon
o oer by ene 1t bt s el
comoction o he bl .

e crbom bt e of th v claetr, st e
et onoecans e g 7 ars e e o o P e

o s I rod o ot ol sl 0 e fely
i th. . Thee springe1 vy o adjted in e
e by the s iy e i
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wpon suall suefuces and o produce very song Jight efects.
Towo i wiren iy thus bo rendered inteiely lminon,

T ader t fnteasify the sreanus the wiros should e very thin
o ahorts b s i thi case their capacity wonld be zenerally
00 snall for the cofl—at least for sucs a one < the present—t
i noccsary to ugument the cupucity o

i required ale, while
at the s e, tho surfuce of the wires. remins very. small
This 1y be done in wany ways.

ere, for instance, T have two plates,  , of hard rubber (Fig.
155), wpon whic 1 lave
foru e, The wires

uay e bure or covered vith the best
insalation—it i imnaterial for the snccess of the experimen.
Well insulated wires,if nything, e prefersble. O the luek

f e plate, indicnted by the shide portion, isa tinf

76, The pltes are place i ine ut n sufcient distunce 10 pre

venta spark pasing from ane wire o the other. The two ti

foil coatings 1 live joner] by .o

presently connect to the teruina
he strenth and froquency of the enrents thngh e

ctor & and the o wires [
of he coil. T¢isnow caey, by

primary, to fid 0 point at which the capacits of the system ix
Tt suite to the conditions, and the wires become %0 strongly
Tuminous that, when the light in the room is trned off the name
formed by thém appesrs in brillant letters,

Tt i perlaps prefemble to perform fhis experiment with &
coll operated from an alternator of high frequeney, s then,
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any suitable support. They are shown ax conneeted with the
pper-end of the core of the magnet .

Around the carbon-llding od s, between the platee &
thore i tabe, , whiel forme  claasp. This tbe i counter.
bored, s seen i the soction Fig. 269, 20 that it bours upon the
rod  at s upper end and near the midale, and at the lower end of
i tnbular lamp x there are armature soguents » of soft ison.
A frume or arm, , extending, preferably, from the core ', sup-
ports the lover & by a fulerumn-pin, o, This lever & has a hole,
through which the upper end of the wbalar camp x puses
reely,and frum the lever 4 is o link,g, to the lever £, which
lever i pivoted at  to . ing npon qne of the colamne . This
lever £ s an opening or bow surmumding the tabular clamp.
1 and thre e pis or pivotal comncetions 0 between he lever
£and this clamp ., e  spriag, , srves (o support or suspond
the weight of the’parts and Unlance them, or nearly . Th
“pring is adjustabl,

At one end of the lever a i softiron armture block, o, over.
the core s of the el v, and there s a limiting serew, o, pase
ing through this aemature block a, and at tho other end of the
lever & s coft iron uruisture Uloek, J, with the end tapering or
wedge saped, and the e comes olose to and in ine with the.
ateral projeetion ¢ o the core 7, The lower ends of the corea
¢ are made with latorlly projocting pole-picces v ¥, rspect.
ively, and these ole-pieces are coneave at their onter ands, and
are at opposite sden of the armature scguents 7 at the loverend
of the tabalar clamp .

“The operation of these deviee i s folows: I the condition
of inaeton, the upper earbon rests upon the lower one, aud whon
e elctrie current is tarned on it wses frely, by tho frame
and spring I, thovigh the rods and carbons to the conrse wire and
Hnlixa, and f the negative binding pos v and the core ' thereby
s energized. The pole piece 3 sttrets the aratare 7, and by
the lateral pressure canses the clamp & 1o grasp the rod ', and
the lever A/ simultanconsly moveed from tho position shown by

o the normal position shoven in foll lincs,

"y aud Tever ¢ure aised, liting the clampy
sand «, separing the carbons und forming the are.  The mag-
netism of the pole pisce « tends to hold the lever » levol, or
early 5o, the coro x! being vnergised Ly the currentin the shint.
whily contains the belix x. In this position the lover A is ot
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it dlonds some g i the experien
picces by putting between them sheets of wniforu thickness a
certain very small distance which i known from the experiments
of Six Willim Thomeon o require  certain electromotive foree
1o e bridged by the spark

It shonld, of course, be ressembered that the sparking disance
it el diminished 4a tho frequeney is inereased. By taking
any number of spaces the expurimenter has & rough idea of the
cloctromotive force, and b finds it easer to repeat an experi-
ment, as e s ot the.trouble of setting the knobs again and
aguin, With this kind of diclarger 1 have been able o i
i ocillating motion withont any spark being visible with
the naked eye betwreen the knobe, and they would not shorw 1
vory_ appeciable rie in temperature. Thix form of dishiarge
o lends telf (o many arrangements of condensers and eireits
i are often very convenient and thne-aving, 1 ave need
it prefembly i dispoition snilar o that indieated in Fig. 131,
when the currents forming the are are sl

L may here mention that 1 bave also ueel dischargers witl
single o multple air gage,in which the dicharge surfaces were
rotuted witl great speed. No particular advantuge was, how-
v, guined by this metlod, exeept i cases whire the currents
from, e condenser were lange . the keeping cool of the sur.
faces s necessary, e i case when, the discharge ot g
oscillating of e, the arc e soon as ctablishet s broken by
the i curren, this startng the vibration at intervals in rupid
Suceession. 1 lwve alo nsed meclunical interrupters i many
waye. o avoid the difficutis with frictional contacts, the pre-
formdd plan adopted was o cstablih the are and rfate through
it at great specd a rim of miea provided with many holes and
fasteed 10 secl plate. 1t is undenstood, of course, that the
employment of « magnct,wir curent, or ofher igerrupter, pro-
uees o effet woreh notilng, nnless the sl indnetion, capacity
and reistance are o related that there e oseillations et up,
pon each interruption.

L ill o cndensor to show o some of the st notevorthy
of these disclarge phenommenn,

Tl stretclied aerose the room o ondinary cotton covered
wires, cach abont reven metres in length, They are supported
on insalating cords at a distunce of about thirty co
ttach o o cael of tho terminals of the cofl one of the wires,

1 el st the
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etive wire s roduced to 8 misimun, aud the cols at ench
e of the plates that ve in contaet with the brus
teally oqual. In this way the electrenl eficiency of the
ehine is increased.

"The commutator plates ¢ are shown as cutside the bearing b of

the armature shaft, The sbaft 1 i tabular aud spli at tho ond
portion, and the wires are earrid theough tho sune in the vsal
manmer and conneeted to the respeetive cow

commutator plates are upon a eylinder, v,
eylindar i properly placed and then s
plit end of the shaft by » apering serew plug,

The ure lanpe i
from the abave deseribed dynamo are those n which
ton and. few of the carbon lactrodesor their oquivalonts i -
complished by means of lectro-mugnets o solonidsin connection

echanisn, and were designed for the purpos:
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and st tho ol in action, Upon tarming the lights off in the
oo you s e wites strongly lluminated by the streaus s
iy feom dheir wholo surface in =pite of the cotor
eover h may even e very thick. Whon the experiment
i porforued wnder good conditioms, the light from the wires i
sulficentl intense o allow distinguieling the objects n & room
To produce the best reslt it i, of eoure, necossary to aljust
earcfully the capacity of the jar, th an bet e the kol wnd
tho lomgeh of the wircs, My exporionco i that caleulation of tho
et of the wires e i sl e, 010 el whaever, The
experimenter will do hest o take the wiresu the sart vory long,
e thon adjust by cntting off first lon picecs, and then smller
and smaler ones s e approves the right longl
A conveniont vay i to u

an il condenser of very sl
cupasity, consisting of two sall adjustable metal plates,in con-
nection with tis and swilar experimonts. T such case 1 take
wires rher short and at the beginning st the condensor plaics
t s distanee. 1 the sreams from the wires nercase by
approach of the plates, the lgth of the wires i abont right if
they diminish, the wires e ton long for that frequency and po-
tential, When a condenser i e in connection with exper
ments with such el it should e an ol condenser by all means,
i wing . i condenmer consderable enerzy might be wasied
The wires leading to the plates in the ofl houkd bo very hin,
Hieavly conted with some insuluting compound, and provided
with & condueting cosering—this preferally extending under e
snrface of the oil. The condueting cover shonld not b too near
tho tenminals, or ends, of the wire, 2 & spark would be apt to
Jup o dhe wire 1o it The conducting contog i wed to
il the air Tosses, in virtuc of ts aetion s an lcctsosttic
soroan., A to the size of the vossel contining the il, d the
size of ho pltos,the experimenter s bt once a e from
rough trial.Th size of the platcs in i is, however, clenlable,
s the dielectric Josses are very suall

T the preceding experiment it  of consderable intorest 0
Ko what relation the_quantity of the light auited bears (0
the frequency and potential of the clcirio ipulscs. My opinion
i that the. feat as well as light effccts proluced should be pro-
porionate, under athersise equal conditions of test, 0 the produet
of frequoney and squaro of potential, Int the experiental veri-
ention of the v, whatorer it tuay be, wonld e exeeedingly
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of remedying certain fauls comman to are lanps,

He proposed to prevent the frequent vibniti
carban “poiat™ and flckering o the light ai
provent the falling into contac of tho carbons; 10 dispenso with
e dul pot, clock work, or goaring and similar dovices: 1o ren-
der the lamp extremely sensitive, and (o feed the carbon st
imperceptibly, and therely obiain & vory stady aud unifor
Jight. g

I that classof I whers the rogrlation of the are s effcted
by forves acting in oppositon an & free, movable rod or lver di-
rectly connceted with the clectrode, all o some of the foreos
beinig dopendont on tho strugtls of the current, any clunge in
the electrical condition of the cieuit cnusesu vibracon and a cor-
respanding ficker in the light. - This diffenlty s most. appar
when there arc only a fo amps i cirnit.To lossen this difh-
calty T v becn constructed n whicl:thelever or arture,
after the crtsblicing of the are, s kept in a fixed position and
cnunot vibte during the foed operation, he feed mechanism
acting independently: bt in these lamps, when » camp s
ployed, it frequendly oceurs tat the carbons come into contact
and the light i momentarily extinguished, and frequently parts
of the ciruit an injured. T both these chsos of lamp it s
been customary to wse dash pot, clock work,or cquivalent rotard-
g doices; Lt these ar ofto unreliable s objectionsble, md

reuse the cont of coustruetion,

. Teslacombines two electry
tance i the win or |

inets—one of law s

pcireuitand the other of comparatively

Bigh resstance i shont around the aro—s movable armature

Tever, nd o specil feed mechmnism, the part being arranged s0

that n the norml working. positon of he ammature lever the
e ept almost rigidly i ane position, and

carbons full into contaet the armature il be actunted by o
gnets 0 s o ose the lover and start the are, and hold the
carbans wntl the are lengthens and the armatare lever returys to
the normal posiion.  After thi the carbon rd holder i relosed
by the aeion of the feed mechnisin, s as o feed the carbun and

restore he e to te norml length.

g, 278 ix an olevation of the meclanism made e of in
this are lump. Fig. 979 Js a plan view. Fig. 250 is un elo-
Vation of fhe lalaueing lover and spring; Fig. 951 is 2 do-
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cover vovel methods of producing light by tho agitation of atouns,
or malocales, of & gus, we need wot Tt our rescarch 0 Fhe
vacunm tabe, but may ook forward quite serotsly to the poss-
bilt of obiaiuing the lght effcts withont the wsc of any vessel
Whaterer, with e a orinary presire.

el discharge o very igh froquency, which ender Tminons
the air at ondinary pressures, we lave probably occasion often to
witnessin Nature. 1 have 5o doubt that f, e many believe, the
urors borealis s produced by sudden cosic disturbances, Such
s eruptions at the sun's surface, which s the loctrosttie charge
of the earthy in wn cxtremely rupid vibration, the red glow ah-
corved i not confined to the upper. rarefied strat of the ai, but
the dischargo.travorses, by roason of i6s very high frequones,
also.the dense atmospliers in the foru of & glor, sich s we or.
il prodace in » lightly exhaustod b, 1F the froqueney
were very.low, oF oven more a0, if the charge wore not at il
vibratag, the dense air would break down us in a ightaing dis-
charge.  Tndications of such Ureaking down of the lower dense
stata of the v have lon repeatedly_olserved t the oceurenes
of this marselous phicnomenon 5 but i it docs occnr, it can only
o attributed to the fundumeatal disturbances, which are fo
unnber, for the vibrution produced by thern wosld be far too
eupid to llow a disruptive break. Tt the original and iregular
impulecs which affeet the instruments; the superimposed vibr
tions proliably pass unmoticed.

When an ordinary low frequency dischirge i pased through
wodernely. rarefed i, the air assames a purplih e, 1f by
Some means or oher wo fuerease the intensty of the moloealar,
o atomic, vibration, the gas changes to 8 white color. A similr
chnge oceurs at ordinary pressures with olectric inpalscs of vory
igh frequency. 1§ the moleeules of the sir sround a vire are
moderately sgituted, the brash formed i reddis or violet; if
tho vibration i rendered snffeiently intens, the streams becon
white. We may accompliah this in varions way. In the experi-
ment efore. shown with the two wires across the room, 1 e
endeavored to sccure the result by prshing to » high valne both

¢ froquency and potentisl; experiment with the
wires gluod on the rubber plate T have concentrated the action
npon & ery small surfaco—in othor words 1 have worked with
 grent loceric density.

"A ot curions for of discharge s obsceved with such a coil
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the shape of a hollow eylinder, aving on euch side u segument
out vy, the wideh of which is equal o the width of the olo
piocos ' . -

Tho armwtare is soldera or otlerwise fustaned to the claup 7,
‘which i formed of a bras tube, provided with gripping jas -
Fig. 287, These juws are ars of a ciclo f the disioter of the
rod 5, and aro made of hanlened German silver,  The guides
7.F throgh which the casbon-hokding rod 1 lides, are mde of
e e materal This s the s vantago of reducing greatly tho
woar and corvosion of the parts coming in frietional contact with
the rod, which froquently canses trouble.  Tho jaws o ¢ arc
futoned to tho inside of the tubo r, o that one s ltl owor
than the other,  Tho abject of this i to provide  greater apen-

g fo the passge of the rod when the same i relewed by the
clamp. The clamp 7 is supported on bearings u r, Fige 257,
285 aud 287, which aro just i the middle between the jaws e
Tho bearings 0 0 aro carried by a lover, , one ond of which
resta wpon an adjustable support , of the side colunns, =, the
other end being connectod by means of the link o' to the wha.
turedovor 1. The armature ever 1. & . piooe of iron in N
Shape, having it ends curved 0 u to cortespond to the form of

1o upper pole-pioces of the mignct x and x. 1 is hung upon
tho pivots © o, Fig. 281, which an in the jaw # of tho
top plate n. This plate 5, with the juw, I+ cast in one piecs
i serowel to the sl column, <5, that extend up from (e
e .o partly balanco the overwaight of the moving parts
 spring, ¢, Figs. 254 and 955, is fustened o the wp plte,
nd hooked to the lever £, The hook o i toward one sido of e
Tever or bent a it sidewise,as scn in Fig, 255, By thix moans
a slight tendeny is given to swing the arnature toward the
pol-piece ' of the main wagnet

The binding posts x ¥’ are serowed to the Unse 4, A manunl
viteh for shorteircuiting the lump when the carbons are re-
Derwed, s slso fstened to.tho baso. This ewiteh is of onlinary
charscter, und is not show in the dravings.

“The rol 1 i eloctrially comnectod to thelampframe by means
of a flexible conduetor or otherwise. The lamp-ease receives o
removable cover, #, to nclos the parts.

“The cectrial connections are 4 indicatod dingrammasically in
20, The the nain magnet consists of (o parts
o nd /. These tweo parts may bo in ewo separuted eoils or in
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when the feuquency and potential are pushed o the extreme
Jimit. To parform the experiment,every part of tho coil should

o havily fusulated, and only two sl sphores—or, better still,
o sharpedged motal diss (4, Fig. 140) of no more than
& fow continetron in diameter—should be expoed o the air.
Tho coil here_used ix fmmersed in o, snd the ends of the
ocondary_ reaching ont of tho il ane covered with 4 airtight
cover of Turd rubber of grat thickness. Al cracks, if thors
aro any, should be carefully stapped up, %0 thut the brush die.
i,

‘eannot. form anywhere except on
plates which ure exposed to the air. Tn this case, inee there

N

a0 no largo plates o other bodics of capacity attached to the
torminals, the. cofl i cupeble of an extremely mpid vibration,

Fie. 100,

The potential may be mised by increasing, 2 far as the exper

menter udges proper, the rate of change of the primary cur
ront, Witk oull not widely differing from the present, it is
st 10 connoet the tw primaries in multiple are; but if the
socondary shonld have » much greater muaber of turms the
primarics should profersbly be e in sercs, vs atherwise the
vibration might. b oo fust for the secondury. 1t occurs under
these conditions that ity white streams break forth from the

edges of the dises and spread out plant
With dhiscofl, when fuirly well prodaced, they are about 2 o
30 contimetres long.  Wihen tho hand is held aginst them w
sowation i prodicad, and  spark, causig & shock, junps from

ke into space






OEBPS/images/bg23400001.jpg
. INYENTIONS 0F NIKOLA THSLA
avwing to the harmonie rise wd fall, the streamns aro ery uniforu,
thongh they are lss abondunt. than when produced with such &
coil as the prosent one. - This oxperimant, howorer, may Le per
Sormed with loe frequencies, but mch los sutsfactorily

"When two wires, attached to the terminals of the coil, are sct
at the proper distaies, the stromms botwoon

o may be 50 -

tense i to prodice & contimous Lminous sheet. To show this
phenomenon | have here tio circles, © nd o (Fig. 139, of rather
atont wire, one being about 50 contimetres nd the other 30 con-
imatros i dismoter, To cach of the torminals of the coil T

attach one of the cireles, The supporting wires are o Lent that

e crels susy be placed in the sume plane, esinciding s nearly
s possible. When the light in the room i turned off wad the
il sot 0 work, von sce the whole space between the wires un.
fomaly il withstreasus, forming  luminons dise, which could
e scen from  consderabie distance, such is the nteusity of tho
strcams. The ontor cielo conld have been much larger than the
prosent ones in fuct, i this cofl 1 have used rnch largor
circlos, and 1 have been able to produce a strongly luminons

Sheet, overing an arca of mare than one square metre, which i
a remarkabe effect with this very small coil. To avoid uneor-
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el Ly any ordinary variston i the cuerent, becave e e
wture 0 srongl wtreted Ly the magnetan of £ and thoee
pars e clos to cach other,and the magnetim of « et right
angles to the magnetsmof the coresr. 1o, theare becomes
oo g the arrent throngh the heis s ot .
netian of e core i ncrcased by the greter chrrent asing
throngh th shunt, and tiscore . atreting the sgmental e
atare s, lescns the Bold ofthe clamp & npon the rod », lowing.
e nter o slde and v the lengths of the ar, which insantly
retores the mnguctic uilbrum and canes the clanp o lold
the o 5. 1 happos hat. the carbone (l nto contact, hen
the magnotim of 3 s lomgued 0 much that the atmetion of
he magnet ¢ will L suicient f0 move the a0 and leser
0 that the st B s sbov the sornal poiion, 50 48
o' sepae he carbons owanty ot when the carbons b
eny,a grator samomt of curront will pos through the ot
il he utrtion of the core »* will overcome the strution of
e core e brin he anatare leve i ints the ol
horiontalpition, a1 curs efore the fed ca take plae.
The egmental armatur e 7 e s s vearly sl
They are square or of v other desred hapesthe e of the
pol picce %, x* beig mde 0 corrspond n shape.

In' mnifeation of this g, M. Tela provided means for
antomutically withdrawing a lnp.from the cireit, or catting
3t out when, from a fuluro of tho fod, the are eachia an
Abnornal et e alao mewns for tonatically reinserting
el it cireuit when the rod drops and the earbone

o ot e il e o rtind
554 . st ¢ e g Pi, 350t
i, punly s recn ofth i 4 gt s g 388,
PS5 ool s e Ty 'f it e P 0
o5 stion of the oy, shot 1l . Fi. 295 2 O
o st o oo of b a0 e
Jeve s e the. it o the gy il P, 80 ix 8
Uingran g e i conmetions of 10

i, B eprsot i i shan gty btk
ey el s e o i with o sl coum, 3
s o, i of U o o Gt el To
1h ogaot v sl ar onarwie et the b s
o era o e o whem 8 bof fore o othr
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tainty, the cirele s boen taken sualler, wnd the area s now
about 0,45 square metr.

The froqueney of the vibrution, and the quickness of succes-
i of the sparks betwoen the knob, ufect o a marked dogree
the sppearance of the streams. When the frequer
Tow, tho aie gives way in moro or les the sene many
stoudy differonco of potential, nd the stroams conit of di
threads, generaly wingled with thin sparke, whieh probably cor-
respond 1o the swecessve discharges occurrigg Letween the
Knobs. Bt when the frequency is extromely bigh, and the are
of the dischange produces v vory Towd anu susot] ovnd—shor-

both that scllation takes place and that the sparks sucoced
cucl ofhor with great_rapidity—tien the umious stroums
formed aro perfeetly uniform. o reach thix resalt very sall
coils and jars of sl eapacity should be used. 1 take two
tubes of thick Balemian glass, sbout 5 centimotees in dinmeter
nd 20 contimotres long. In cach of tho tabos I lip a prinary
of very thick copper wire. On he top of cach tubo T wind o
sccondary of much thinner guttnperch covered wire.  The two
soeondaries T conneet i serie, the primarics preferably i multple
are. The tubes ae then placed in a large gl vossel, at a dis-
tanee of 10 to 15 centimetres from cach othor,on insulaing sup-
ports, and el vessl e flld sith bosled-ant ol the oil eachingg
about an inel abose the tabes. The frec ends of the sceondary
are Hifted out of the cail and placed parsle] o cach other at
distnea of bout ton contimetres. The ends which aro serapod
should e dipped in the ail. Teeo fonr-pint jurs Joined in sercs
ay be s to discharge through the privary. ~ When the e
cossary ajustmonts i he lengey and disance of he wires abiove
the ol wnd in the are of dischirgo are e, o sheet s
producssd between he wircs which i perfeetly smoofl and tex.
turslos ke the ondinary discharge rongh & moderstely ox
st tube.

1 lave purposcly dyelt upon this pparently insignificant x.
poriment. ' In triae of this kind the cxperimenter arrves at the
Starlig conclusion lt, to pass ovlinary Tuminons dischrges
Ghrongh gscs, no particnlr degree of exlauation is veeded, but
that e gas iy be at orlinary or even greater prossure. To
ccomplish this, i vory bigh frequeney is cwential a igh po-
tential i ikewise required, but this s merely an fncidental noeos
sty. These oxperiments teach s that, in ondcavoring to di
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ateral, srve o insulate the wires from the brass washers,
Th magnets s and x are made vory fat, =0 that thei swidth,
excuads three tines thir thickness, or even more. Tn this way
& compartively small numberof eonvolutions i sufient to pro-
dace tho required magnotin, while 4 groator surfuce s offero]
for couling off the wires.

T Foen. P

o uppor pol piees, 1 v of the g are enrved,as
15, The lower pole pieces m” ',
e broglit near together, tapering toward the armature g, 30
shown i Fige, 254 286, The object of his taper s to con-
contrae the greaost amonnt of tho developed agnetism upon
tho armatare,and alo 0 alow the pull o b exerted aeays upon
the widdle of the arwatare g, This armature s pioce of iron






OEBPS/images/bg47100001.jpg
DIRKCT GURRKNT ARC LIGHTING SYSTRN, 53

cmall raction of tho total length of the armature core, und be.
s this the iron body i subivided i the geverating direction,
and therofor the Foucunltcurronts aro gready redced. Another
anse of headug s tho shiftng of the polos.of the nrtore core
I consequence of the subdivison of the fron in the amuature
and the ineroased surface for radiation, th rik of henting s
Tosened.
“Thoiron dises 0 e insalaed or conte wih some insolat-
quint, n very carcful nsulation being unmocesary, s an
clctrion contact Detween severn) discs can only ocenr at places
where the generated corrents are. comparatisely woak.  An
matune core constructed in the mawner deseriled may he re-
volved between the pales of the flld magnets withont showing
e dightest incroe of temportar.

The end dixes, o 4, which e of raficient thickness aud, for
e sake of chenpiess of cainon, are cnrved imeandly, a in-
dicated in the drainge. The ostent of the curvo is dependent

ot of wire t0 be wound upon the armatures. Tn thi
the wine i wound upon fhe anuature in (o sapor-
sl pasts, i curscof the end dises, o dyis 0 calealated
that the st part—tht i, proctially Lalf of tho wiro—just il

Py o,

up the Lollow spuce o the line # 7 o, if tho wir i+ wound i

any other manner,the enrse is el that when tho whole of the
Jy the outside e of wires, r, and the. in

of wire, , are cqual at el ide of the plane = 5. Tn this case

the passive or eleetrienllyingetive wires are of the smallest

lenigth practicable.  The armygeient s forthor e advantage
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suefaco—and a column above, which consists of a kuurled lnge
£ surmmounted by threuded stem { earry

of which n wire i fastened o the cobwnn, The fange.7 con.
veniently serves for holding the brus: piece when futening the

wire, wnd o for i
ocomary o presont  fresh discharging surface. Two stont
tripe of e rubber ., with planed grooves g ¢ (Fig. 136) to fit
the widdle portion of the piecce o ¢, serve o clamp the Iatter
nd ol thews il in position by meaus of two bolts ¢ ¢

of which only one s show) passing throngh the ends of the

ripe
In the use of this kind of dischay

over the ondinary form.  First, the dielectric
reugtlh of 1 ot width of air space ix greater when &
groat wany sl aie gaps aro used insteud of one, which permits

or L lase found three prin-

cipal wivantage

warking with & smaller length of air gup, and that. means
sl Toss and loss deterioration of the. metal; socondly, by
mason of spliting fho arc wp into smaller arcs, the polidhed

 thinily, the uppe

curfaces are made to Jast mach longer; an
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that the total length of the erossig wires at the 1o sides of
the plane 2.0 are pructicaly ol

“To cqulize further the armtars cale st both sides of the
plates that are in cantact with the brushos, the winding sud co
hesting up is effcted in the folowing uwner: Tho whole wire
s wound ipan the arumtare.core in two aperimposed parte,

whicl are thomoughly isalated from cach ofher, Each of these
w0 partsis composed of three eparated groups of cofls. The
it roup of ol of the firs part of wire being wound an
comnceted o the commutatorbass in the ueual maner, this gronp.
Jated amd the second grop wonnd; but the cofl f 1his
second group, nstend of g connecto o the nest following
commutatur bans, ane connected to the direetly opposite Lars of
the commtator, The seeond gronp i then avlated and the
ind zronp wond, the cwils of (i gzroup. beiniz eomeeted 1
those ans to which they wonld be conneeted i the. nenal way.
The wires e then horoughly ineuluted aud the sccon part of
wireix wonnd and conneeted i the same e
o, for inatance, hat there are twenty-four o
welve i each pare—and consequently twenty-four com
plates, Thiere will b in cnch part thre groups, cach contining
fonr il and the coile wil b conneeted a followa:
Groupe, Commntaton av.

e |5
. Third...

In constructing the urmature
the cofl i the smanner indicated, thepasive or ceetrically
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S the oss of power due ta Foncanlt currnts and to the.
chungo of polarity, and abo to shorten s much ws possible the
Tengtl of e inaetive wire wound upon the armature core.

It well knowen that when the armstare i evalved between
the pals of the fekd-magnets, currents e genersted in dhe ron
body of the armature whicl devolop liat,and consoquently causo

» AR
AULLLRY

?‘”‘A“!H.‘L

e

o2,

« wiste of power. Orwing to the wutual etion of the lines of
force, the magnetic propertics of fron, and the speed of the dif-
forent postons of the armature cor, these currents aro genersted
principally on and near tho surface of tho ammatare core, dimin-
g in stronigth grdually foward the. centre of fhe core.
Their quantity 1 under some_conditions proportional to the
Jemgth of the iron body in the dircotion in which these curronta
sre generated. By suiividing the iron core clectricaly in this
ircetion, tho geveration of theso cursents can bo. roduced t0 &
great xtont.  For instanco, i the longtl of the armatmro-core i
twelve inches, aad by a suitsblo constructon it i subdisided.
electricaly,so that thero aro i tho gonerating dirccton sx nches
of iron and s in

terial, he wate carrents il be reduced o fify per cont.

A shovw in the disgrans,the armature i constracted of thin
ran dises b v, of various diametors, fastened wpon the arma-
fure-laft i cuitable manner audarranged scoording to hel
ics, 80 that  seios of iron bodic, 1 7 is formed,anch of wlich

inishes in thickness from he cenire towand the periphery.
At botl ends of the armatare.the invardly corved dises 4, of
cact iron, are futened t0 the armatare shoft.

“The arnatore core being constructed as shown, it wil be casily
ceen that on those portions of the srmature that are the most
romoto from the axis, and ehero the currents are_principaly de-
‘elaped, the length of fron in the generating diretion i only &
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some experiments, and many fimes conseniont for the purposes
of adjustment, T cover tho sccondary with wax, aud furn it off
in a lathe to w diameter slightly smaller than the inside of the
primary coll. The latter I provide with a handle reaching ont
of tho o, which serves to hift it in any position along the

socondary.
T will now vonture to make,in regard to_the goneral mari.
pulation f induetion cofls,  few olservations Learing upon points

which havo not been fully spprociated in carler experiments
with such coll, and aro oven now often ovorlooked.

Tho socondary of the cofl posseses usually such & high sef-
inction that. he current thronglh tho wiro is nappreciable, and
iy be 0 oven when tho termiual are Joined by & conductor of
sl resitance. 11 capacity = added (0 the terminals, the sl
induction is counteracted, and o strongor corrent i mads to low
thirongh tho secondary, thovgh it terminals aro insulated from
ench other. To ono ontirely unacquainted with tho proportis of
altornating enrrents notbing will look more puszling. This fea-
aro was illustrated n the experiment performod at the boginning
with the top platesof wire guuzo attached to the terminals and
the rubber plate. When the plate of wire ganze wero close to-
gothor, and . small ase pased betwroon thom, tho aro prevented &
Strong curront from passing throngl tho sceandary, boeanso it
did wway with the capacity on tho terinals; when the rubber
plate was inserted between, the capecity of the condenser formed
connternetod the slinduction of the secondary, a strongor cor-
ront passed now,thecoil performed more work, and the discharge
was by fur more povetil,

Tho frst.thing, then, in operating the induetion coils o com-
bine eapacity widh the sceandary o overvomo tho sl induction
I the froquencies snd potentials are very high, gasoons mtor
should be carcfully kept uway from tho charged surfaccs, 1t
Leyden jas are ueed, they shosld be immersed in ofl, a other-
wite considemublo dissipation may ocen if the jare aro greatly
strained. When high frequenciee are used, it i of cqual
portanco to combine a condensor with tho primary. One may
0 & condonser connoctod ta the ends of th primary or to the
tarminals of the alternator, bu. tho latier is not o bo recom-
mendod, 1 the machine might be injored.The best way is
andoubidly to use the condenter in reics widh the priary and
with the alfernator, and to adjust ts capacity o0 as (0 sunal the
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reriring bnroen tho tru opptsplsof  magaet, s the
ol mta somplly conping. o, e of e ey nd
Tt st o e e f o envepe it by
ot iforaly rom Il ot of 15 pesphery ofthe
ke i e as of  motor Il ity mtos te g
[ ot e e e
o the magnats st oxarted o th aemaar, Ol -
ol b by some s sntirese o he
St o by e acton o chrmt of the ropr sharcu. W
ey rpl G pertion of vk & oot s et of
el 2ot n i sboe aesmpda ot ke
EE R e
2o i, o Shnge Whaene, e o 1 ‘wo Hpow, v
ntion s, Hore, th, ariinary sonsidontions do 1o
vy e o v i & et o plsdon, o sl
iy otary e the atestton il b dles 1 ol wem o
A ogend 1] ey a4 s et
R e

Considored as a dymamo machine, the dise is an qually intor-
esing object of sy, I additon to its pecalinity of giving
curnents of ane direeton without the employment of commtat.
ing deviecs, such & machine differs from ondinary dynamos in
that there s no reaction beteen sruaturo aud field. The arma-
ture current. fends to et up & magnotiation at right angles to
that of the ficld eurrent, but sineo tho currentis ke off ni-
formly from all points of the periphery, and siue, to Lo exact,
ho external cirnit may also be arrunged perfectly symmetrical
0 the feld magnet, o reaction can oceur. This, howoser, i
true only as long as he magnets are weakly energiacd, for whon
the magnets are more or los saturatod, both magnetization at
right anglesseemingly interforo with each other.

For the above reason alone it would appear that the autput of
cuch o mackine should, for the same weight, be mueh greater
than that of any other machine in which the armature current
tends to demagnatizo the fed. The extraondinary output of the
Forbes unipolar dynamo and the oxperienco of tho writer con-
frm thi view.

“Again, the facility with which such a mackiu may bo made to
excite itself i sriking, but thia may be duo—besidos o tho ab-
scnce of armature reaction—to tho porfoct smoothnessof the cur-
rent and non-existence of selfndetion.
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elfinduction of both the latter. The condenser should bo ad
justable by very emall steps, aud for a fiucr adjustment. o small
able plates miy be wsed convenienly,

sl condener with e
T think it be
owenon, observed by mé some time ago, which to the purely
seontifc fnvestigutar ey peshiups uppear more interesting tha
any of the resulte whiel,  have the privilege to present to you

ot this juncture to bring before you u phe-

this vening,

Tt may be ey renked among the bruss phe

ena—in fac, el ut, os near,  sngle terminl

in bigh vacin.
T balls provided with  conducting termina), chogh it bo of

o 141 o 142

i, the brosh s but an eplemers] existence, and cur

ot unforunately, be indefnitely preserved in it woet sensi

tive sate, oven in n bull dovoid of wny. conducting clectrode.
In studging the phenomenon, by all means » bulb Laving 1o
oadingin vire should e wsed. 1 have fomnd it best to e
Tl constrocted s ndicaed i Figs. 141 and 142,

Tn Fig. 141 the bull comprises an incandescent Lusp globe £,
o the mock of whil i euled s aromter tube , the cod f whieh
s blown ont. o form » sl splhero . This spliere hould be
selld us closely w8 possiblo in the centro of the large globe
Baforo saling,a thin fube ¢,of aluminuun sheet, may be lippod
in the Darvmeter tube, but it ot mpartant fo enploy it
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I the poles do not eover the dise completely on both sides,
then, of couse, wnles the dise b properly subdivided, the
will be'vory iufcient,  Aguin, n this case there are
rthy of notico. If the disc be rotated and the fld
terruptod, tho enrent. through the armature will con-
tinue to o and tho field magnets il lose their strength com-
patively slowly. The reasan for this will at once appear when
we eonsdr the dircetion of the currents set up in he disc,
Ieferring to the dingran Fig. 292, 4 roprusents tho dise ith
tho sliding contacts n 1 on tho shaft and periphery. ~ and &
reprosent the two poles of & magnet.  1f the pola x be sbove, 18
ted i the dingram, the disc beiag supposed to be in the

oy

plane of the paper, and rotating in tho dircetion of tho armow v,
tho current s up in the diso will o from the centre to the.
periphery, 1 fndicated by the arrow &, Sinca tho wagactic so-
ton i3 moro or less confnod to tho space betwoon tho poles x 5,
the other portions of the dise may be considered inactive. The
curent set up will therefore not whlly pass hrough the exécensl
circnit 7, but il lose through the dise telf, and genorally, it
tho disposiion be fn any way simlar o the one lustatod, by far
o greater portion of the current generated will not appear ex.
tormaly, a the circut ¥ is practially shortcireaited by he inao-
tive portions of the disc. The diretion of the rosultng eurronts
in’ the latter may be assumed to bo as indicated by tho dotted
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e st carefully expelld,for i it the charged surfaces are near
cnch other, and i the poteatils e ligh just ussure s weight
will fall §f lot go, 5o the ineulation will give vay if  single
guscous bubll of some size be preseut, whercas, if all gsoos
attor worecarefully excludod, the condenser wonld mfely
wihistand a el bigher difforonce of potential. A maiu o
Veying alteruting eurrentsof very igh tension way be injured
el by a blow hole or small eruek in the insultion, the o
~0-4a  blowhole I apt t0 contin g at Lo proseure aud as
‘appears almost impossible to completely obvite such litdle
perfectons, T s led to belicve that in our foture distibntion of
cletrical cnorgy by currents of vory bigh tension, iquid vl
on will e usel. - The cost i » great druwback, but if we enn-
ploy an ail asan fusulator the disribution of clectrial encrzy
it sometling like 100,000 volt, and even more, becomes, st
Teast. with Digher frequencics, = casy that it conld bo hardly
called Wit o inslation und alteruate cur-
sent motors, tranemisions of power cn bo aflcted with sty
and npon s industrin i at disances of a5 el a5a chonsay
s,

A pecalin property of ils, and Tiquid fnevlation in genend,
whon subjocted to rapidly clunging electrc strosos s o dispersa
any gasoous bubble whicy may o prsent, il difue 4
through 65 mass, gonerally long before any injurious break can
ocenr, This feature nay b casly obeerved with an ondinary
duetion cal by taking e primary out, plugging up the end of
tho tube wpon which the secondary ix wound, and filling it widh
some fairly trusparent dusultor, such as parufie ofl. A prin
ary of n dismeter sometbing ke six milimetros smaller than the
inide of the tabe 1y be inserted in the ail. When the cofl i
et to work ane wiay see, looking from th tap through the of
many huminous pojuts—ir bubbles wliels are canght by
g the primary, and sehicl e rendered Iminous in consequence
of the violont bombarduent, The occluded ai, by its impact
it th ol Leate it €he ofl begins 0 cirealat, carrying some
of the s along with it, il the bubblos are disperscd and the
Inminons paints disappear. I this muanaer, unlos lange bnbbles
aro oceluded i suel way hat cirealation s rendered imporeiti,
 dumging break s averied, the only effect beiug o molernto
warming up of the oflIf, itend of the
im0 mater how thick, were vsed,  bred
oy of the apparutus wauld be inevitable.

¢ throngh i





OEBPS/images/bg48400001.jpg
3 INVENTIONS OF NIKOLA TESLA

manner of pulleys, and are
ucting bands or belts
Tho machine s built in sach wanner that the direetion of
‘magnctism or order of the poles i e field of force s opposite
o that i the other, s that rotation of the dises in the s
rection dovelops s current in one from centre to circumforenes
andin the other from circumforence tocentre, - Contacts applied
therefors o the shufts upon which the disex are wouted form
the terminals of acireit the eleetromotive force n which s the
sum of the elctromotive forces of tha two dises,
that if tho directon of

cted together Ly flosible con-

e 20,

s be th sarmo, the sume result s above will be abiained by
driving the disc in opporite dircetions a1 crossing the connect-
ing blts. 1o this way the diffealty of securing and maintaining
500 contact with tho periplieries of the discs is avoided and &
‘heap and durablo machine mado which is useful for many pur-
poses—such aa for an exciter for aliernating current gonoraiors,
for s motor,and for any other purposa for which dynamo ma-
chines ure ved.

Fig. 200 is a ide view, partly in section, of this machine.
Fig, 201 s a vertioal section of the same at right anglo to the
hafes.
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The exclision of gascons watter feom any spparatis in which
ctric s subjected 0 more or los rapdly changing cloc-
desirable n order to avaid 1 ‘

\

\

the
tric forecs i, howeyer, not onl
possibl injury of the apperate, but also on aceonnt of ceonomy
" condenser, for instance, s longs s only . solid or ouly &
Tiquid diclectric is wod, the Tous i small s bt i u s under or-
imry or sual pressare be present the Joss may be very great.
Wiatever the e of the force acting n the dicletric may be,
it sccans that in & slid or iquid the woleenlr displacemont pro-
duced by the force i small: henee the produet of force aud
diplacennent i insigniticant, unles the foree e very gruat; but
g the dieplacencnst, and therefore this prodoct, s consider-
bl the moleeulos e fre to move, they reach bigh specds, and
the cncrzy o their mpact i Jost in bt or otherwise, 1 the
15 comprosed, he. displacement e o the fore ix
¢ reduced.

e st
wade sunllor, and the losse

T most of the succoeding oxperiments 1 prefer, clicfly_ on
acconnt of the rogalar and positve action, to employ the alter-
mtor efore referred 0. This s ane of the severn] miehives
constructed by me for the parpose of these investigations, 1t hus
%4 pole projections, and i capable of giving cnrrents of  fre
quency of abant 10,000 porsecond. This machine lus bocn s
tratednd briety deseribe iy first paper before the American
Lusitnte of Elctrieal Engincers, May 20¢h, 1501, 0 whicl | ave.
already rferred. A more detafled doseription, suient to en-
bl any ongincer to build n similar machine, vill be found in
severl cleetrical jonruals of that perid.

“Theinduetion cofl aperated from the machine are raher s,
contuning from 3,000 to 15,000 turns i the secondary. Th
are immereed in boilod-out lnseed of, contained in wonden boses
‘covered with zie sheet.

Thiave found it advantagoous to roverse the ueual post
the wiren and 10 wind, n these ol the primaries on the top:
thus allowing the s of u el arger primary, whih, of cour,
reduces the dangor of overbeating and increases the output of
the cail. 1 make the primary on each sideatlewst one centimetre
shorter han he secondary, o prevent the breaking through on the
s, whicl would surely occur unless tho nsulation on the top
of the sccondary b very hick, and tis, of cours, would bo dis-
dvantageon.

When the prituary is made movable, which is necossary i

w of
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D onder to forw a frunc with twe felds of force, 8 support,
i cast with bwo e ploces 1 o intogral with it, To this are
Joined by bolts 1 cusivg b, with tweo similar and corresponding
pole picces.0 . The pale pleces 3 1" are wound and connected
to produce a fild of forve of given polarit, nnd the pole
pieces 0 ¢’ are wound 50 s to produce o fild of opposite po-
larity.  The driving shaft v o pase throngh the poles aud are
Journale i nsulating bearings in the casting 4 v, us shown.

i are the dises or gonerating conductors, They are com-
pose af copper, v, or irom and ae keyed or secured to heir re-
“peetivo shafte. They aro provided wit broad peripheral flangos
5. Ttisof conrveobvious tha the dises may b nsulated from their
Hlats, if 5o dosire. A lexiblo matallie hlt 1.ia pased over the
langos of tho to dise, and, i dosived, maybo wsed o drive one.
of the dise, Tt is better, however, to use this belt mercly as &
conductor, and for thia pirposo sheet stec, copper, or other it
bl et i e, Each slaft is provided with 1 drving pulley
by sehich power i fmparted (rom  driving shaft,

' e the torminal. - For thosake of cloames they are shown
s provided with springs v, that bear upon the ends of the shafts
Thi wehine if sl Foxciting, would live copper baads around.
ite oles; or conductors of any kind—such s wircs shown in
the ravinge—may be nsd.

It thanght approprinte

the compile to append ere some.

“notes on wnipolar dynam, written by Mr. Tala, on  recent 6

Itis charseterstic of fundamental discoveries, of great aebieve-
ments of intelect, that they retain an undiminished pawer upon
the imagination of the thinker. The memorable experiment of
Faraday with » disc roating botween the two poles of » magnet,
which b borne such. magnificont fruit, has long pased into
every-day experience; yet there aro cortun fentures about this
mbryo of the present dynamos and motors which even today
appoar to us striking, snd are worthy of the most careful study.

Consider, for intane, the case o a diee of iron or other metal

T Avit by 0. Ta, contioaed to The Bltrical Bginer, N. Y.,
Sep. 3, 1601
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the brush. T think [ lave obsord that a tho stago when it is
ot ensitve to magnoti, i i ot most senstie to cloctrostatic,
influence. My cxplanation is, that the clectrostati attration
betwoen the brush and the glassof the bulb, which retards the
rotation, grows mueh quicker than the magactic influence when
the intensity of the stream is increased.

When the bulh hangs with the globe Z down, the rotation is
alvays clockwise. I the southorn homisphere it would occur
ia ho oppoite dircetion and on tho equator the brush should
ot tur at ll. The rotation may be roverse by » maguet kept
atsome distance. The brosh rotates best, scemingly, whn it i
t right angles o the line of foreo of the carth, 1t very Hkely.
Fotutes, when at its maximun speed, in-synehroniem with the
alteruations, say, 10,000 times & sccond, The rofation can be
slowed down or accolorated by tho approach or roceding of the
obsarver, o any conducting body, but i canno be rovorsed by
putting the bulh in any position. - When i s in the state of the
Highest sensiivencss and the patential or frequency Lo varied,

itivenes is rapidly diminished. Changing cither of
e will generaily stop the raation.  The senitive-
likeriso affected by tho variations of tensperature. To
attin groat sensiivoness it s necossary to hase the small sphere
“in the centre of the globe £, 18 otherwise tho cloctrostatic
action of the gl of the globe will tand (o stop the rotation.
The sphere «should be small and of uniform thickness;
symmetsy of course has the efect to diminish the s

“The fact that the brush rotate in o defnite discetion
manent magnetic feld seems to thow that n slternating currents
of very high froquency the paositive and nogative impulses aro
ot equal, bu that one alwaya proponderates over the other.

Of coune, this rotation in one direetion may be due ‘o the
acton of the two elements of the same eurrent upon each other,
or ta th action af the field produced by one of the clements
upon the oler, s n o series motor, without necessirly one -
pulse being stronger than the other. The fat. that the brush
ouras, a fur s L conld olsere, in any position, wovld speek for
i view. In such cave it would cum u any point of tho carth's
surfuce. Bat, on the other hand, it is then hard to explain why
 permanent magnet. should reverse the rofation, and one must
assume the preponderunce of fmpulses of one kind.

A to the cuuses of the formation of the brush or stream, 1
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i it dne 1o the clectrstatic aeton of the globe and the
Aseymmetry of the parts. 1€ the small ulb » and the globe £
‘wore perfict concentric apheres, and the glass thronghont of the
cum thickness and qualis, 1 think the brush would not. form,
s the tendency to pass would bo equal on all sdes. That the
Sormation of the strean i due to anirvgalarty is spparent from
the fuck that i s the tondeney to remain in ono.pasitin, and
Hotation ocens wost generally only when it ix brought aut of
i positon by eleetrastatic or nngnetic infincuce. When in au
extremmely seusiive sate it rosts in one position, mostcurious
‘periments may be perforned with it. For instance, the experi-
menter way, by selccting & proper position, approach tho hand
it v certrin considerable distance to the bulb, aud he may canse
e brash to pas off by merely tiffening the musels of the arm.
When it begine to rotate slovly, and the Dands are held at o
proper distance, it s impositle o make even the slightest motion
without producing « vieile offeet pon tho brush. A metal
plate connecte to the oler forminal of the coil affects it a6 o
eret distance, slowing down the rotation aften to one tum &
tocond.

T iy convinced that such & brash, when we leam how
to produce it properly, il prove a valuable aid in the fnvesti-
tion of the nature of the forves acting in an clectrostatic or
agnetic field. IF there s any motion wieh i measurnble going
onin the space, such 4 brush ought to reveal it. It i, % to
spealk, a boum of lght, frietonlose, dovoid of inertn.

1 ik that it may find practical spplicatons in telography.
Witk suel a brnsh it would be possble to send dispatchos acrose
o Atlanti, for instance, with any spoed, sinc s semsitivencss
iy e so geeat tat e Slghtest changes will affeet it 1£3t
were possble to make the stream mor intense nd very narow,
it deflctions could be cusily photographe.

Thiave becn interested to find ehether ther i & rotation of

streany il or whother there is simply & stress ravaling
around the bulb. For this purpose | mounted a light miea fan
0 hat its vanes wero in the path of the brush. If the stream
it was rotating tho fan would b spun aroond. 1 oould pro-
duco no distnct. rotaion of the fun, lthongh 1 tried the cxperi-
ment ropentedly ; but us the fun exerted a noticenble infhience
on th strca, and the apparent rotaion of tho latter was, in this
cnse, novr quite safifactory, the experiment did not appear to
be conclusive.
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Tho small hollow sphere «is fllad with some conducting
porwder, and i 0 comentod in the neck for the purpose of
conncting the conducting powler with the goncrator

The construction shown in Fig. 142 wes closen in order to
Femove from the brush any condeting body which might poss
bly affct it. Tlho bulb consists in this case of & lump globe Z,
which us & nock », provided with a tube b and small spbere s,
seale o it 0 that o entirely indopendent compartments ure
formed, a fndicated in the drawing.  When the bulb is in e
the neck i provided with a finfoil cating, whicl is connected
tothe generutor aud acts inductively upon the moderately rare-
fiod and highly condactod s inclosed in the neck.  From there.
tho eurrent. pasio throngh the tbe b into the snall sphere 5, to
et by induetion upon the gus contined i the globe .

It is of wdvantage to make the tube bvery thick, the lols

throngh it very small, and o blov the sphere s very thin. Tt ic
of the greatest importan
centro of tho globo L.

Figa, 143, 144 and 145 indicate difloent forms, or stags, of
the brush.  Fig. 145 shows the brush a it st appears i bl
provided with o conducting terminal; but,ue in such a balb it
very saon disappesrs—often after a v minates—1 will confine
myself to the deseripion of the phenomenon us seen in a bulb
without conducting clctrode. Tt i observed under the follow-
ing conditons

the globe Z (Figs. 141 and 142) is exhausted o 4 very
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Tincs und arrows
feld current bing in pect
the figure hows that one of the two branchios ofthe eldy current,
iat i, A 0, will tend o domgnetize the feld, while the
other brancl, that is, & 1 n 1, will have the opposte efect.
Theretore,the branch s ' , st i, the one il is approach
g the fild, il repl the Tines of the saume, while brunch »
3, thatis, the one Leaving the feld, wil gather tho lines of
force upon eelf.

In comsequence of 0

there will e constant tendeney 0
reduco tho current flow i the path o 1" 1 1, while on the other
Band o sl oppositon will exet in path A"y s the effoct
of the Itter branl or path will be more ar les proponderating
over that of the former. The. joint effet of both the asumed
branch enrrents might be reprowented by that of one single ene-
rent of the sane direetion us hat energizing the fild. - In other
worls, the ey curments cireulatig in the dic will encrgize the
feld magnet. Thisis o reslt quite conteury to what we might
Tl to smppose . firt, for we would naturally expoct tha the.
resulting effect of the armatare enrrents would be such s to
oppos th fild carrent, a generally oceurs when & primary and
secondaryconductor are.placed in induetive relaions to eacl
other, - Tiut it muet bo remembered that this reslts from the
peculia disposition i thiscase, namely, o parh being aforded
o the carront, and the later selecting that pach whic offers tho
Teast oppusitan to e flow. From thix we see that the eddy
currents lowing in the dise partly energize the field, and for thia
reason when the field carran is interrupted the carrent in the
dise will contiune to flow, aud the feld maguet will loce it
trongth with comparative downess aul way oven rotain o cor-
tain strongtl s long s the rotaton of th dise s continued.
Tho result will, of course, largely depend on the rosistance
andgoometical dimensions of the path of the resulting eddy.
current and on the speed of rotation; these.clements, namely,
dotormino the retardation of this carrent it position reative
to the ficd. For  cortain specd there would be & maximun
energising ction ; hen at higher speeds, it would graduslly fal
Off 1o zer0 and flally reverse, that s, the resnlant ey enrrent
effct would e to weaken the ficd. The resction would be.
st demonstruted experimentally by armaging the fields x 5,
5, freely mavable on an axis concentric with the shaft of the
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149) to the torminal of the induction coil. To excite i, it i
usually sufcient to grasp the globo / widh tho land. ~ An in.
e psphoscnce the spreds i v over e ol bt

so0n gives place to s white, misty I
Ty e that the luminosiy i unesenly distributed in the
lobe, and after pas current for some time the bulb ap-
peuns as i Fig. 144,  From this stago the phenomenon will
s to that indicated in Fig. 145, aor some minntes,
wooks, scconding as the bull i worked. ~Wan
fng o incronsing the potential Iasteus the tran,
When the brush ussuns the form indieated i Fig. 115, it may
it to n satc of extreme sensiiveness 1o clestrosati

radall

EZ g Fio. 193

and e infuence.The bulb banging stright down from
 wire, and il objects Leing remote from it, the approach of the
abserver at oy paces from the bull il cause the brush o fiy
o the opposite side, and if he walke around the bulb it will
always keep on the opposite side, 1t may begin to spin around
the terminal long before i seaches that sensitive stage. When
it begins o turs around, principaly, bt alo before, it i sffected
by  magnot, and ata cartain stago it is suscoptible {0 magnetic

. A small permnent magnet,

influence to un sstonishing
with i poles ot a disance of 1o more than two centimetres, will
affct it visibly at a distance of o metres, v down oF ac-
slerating tho rotation acconling to how it i held relativly to
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dise. I the later were rotated as before n tho dircetion of the
arror s, the feld would L dragged in the e direetion with a
tonque, shich, up o cortan point, would go ou inereasing with
the speed of sotuion, then fal of, and, passing throvgh sero,
inally becoo negative; that s, tho fold would begin to orwte

opposite dircetion o the disc, Tn experiments with alteriato
curvent wmotons in. which the field was shifted by enrrents of
diflring phace, this intereting result wan obscrved. For very
Tow speods of rotation of the fild the motor wonld show &
tongue of 900 b, or wore, weasurod on  pulley 12 inches
in dinmeter, When the speed of rotation of the poles was

ereased, the torque would diminiah, would fially 2o down 0
suro, become megatve, and then the ammatare wonkl begin to
rotad i apposite rection o the fiel,

“Tu retarn o the principal sabject; s the conditions e
el that the iy currents generated by the rotation of the dix:
Hrongthen o field, and supposo tho lttor gradually removel
while the dis s kep rotating aton increaced rte.  The cur
anco sartod, may then be sufciout o maintain sl€ and ever
nerease i strength, and then v have the caso of Sir Willam
Thomenn's *current seenulator”  But from the abose o1
Sidemutions it wonld sccm that for tho suceess of the exper
nent the canploymeint of & die. aof aublivided would Lo o5
sential, for if there shonld e rudial subdivison, tho eddy cure-
rents could o forsand the elf-exciting aetion wonld cense. 16
coch a radially subdivided disc were sed it would bo necessiry
o comneet the spokes by a condue or in any proper

s 0 a5 0 form a symunetrica system of closed cireits.

“Tho acton of the oddy currents may be uilized o excite ama-
b of any constrution.  For instace, n Figa. 208 and 204 an
armangennent i shown by which a wacline with a i arnature
wight bo oxcited.  Hore a mmber of magnets, X s X 5 aro
e adially o each side of n mal disc b earrying on its im
st of nsulated coile, o c. The waguots fom ko separate
Tiekds, an interual s an external one, he solid dise rotatng n the

S Tal ere e o a creting aricle which sy Jly.

epeking o b llo skt curent sccumation”
T exeuion e Gl vl he i o . e e f b
‘il thin ek, I e o preset diffdon of the cursat . Tola
s it Ao sty nacosary or th excation and Uk
e vl 20 oxhatin e ocur.
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ny frequeney into currents of any other lower o lighor fre-
Bt it chif vl il perliaps b found in he help
it will affond s in tho investigations of the phenomens
of phosphorescance, whicl a disruptive discharge col is cupale
of oxciting in innunuerable cwes whero ordivary coils, oven tho
argest, would utterly il
Condidering ts probable e for many practical porposes, ad
fts posble ntroduetion into Taboratorios for sieutifl resenrch,
& fow sdditonal remarks s to the constration of such n cu
‘will perbaps not be found superinons,
Ttis, of cours, absolutely nocossary to employ in el a coil
wire provided with the best inslation
Good cofb may be produed by employing wires covered with
several ayers of eotton, biling the cail a long e in pue was,
nd cooling under moderate prossure, - The advantage of such o
cul i that it can bo casly handld, but it ot probably give
s satsfactory result asa coil immared in pur ofl, - Boside, it
e that the presence of a larze body of wax affocts the col
disadvantagoously, whercus thi doos ot scem 0 be the case with
il Porlipe it s bocase the dielcetrie s i the liquid wre
ler.
T hiave triod at it silk s cotton covered seires with ofl i
mersons, but 1 ave beon graduslly led to uso gutta-percin
covered wiros, whiels proved nuost sfisfectory. - Gutio porchs
nslation adds, of course,fo e capacity of the cul, and this,
especinly if the il bo large, i & great dbudvantuge when ex.
treme froquencies are desired; D, on the othor hand, guthn-
percha il ithstund el wore than an equal thicknce of oil,
and this advantage showld e secured at any price. Once the
ol L been immersd, it should neverbe sken ont of tho
for more than o few houns, elie the guta-percla will cruck up
and the cofl will not be worth balf s much  lefore. - Guti
perel is probubly sl attacked by the o, but after an fm-
mersion of cight to nine monthe 1 have found no il ffcts,
T hare obtuied o kinds of gutteperclu wire known in cor-
tho nsulation stieks tizhtly to tho motal i the
othert dogs not.Unless specal ethod b folowed 0 oxpel al
it o il safer 0 e the fie kind. 1 wind tho el within
6 tank w0 that all intertices are flled up with the o, T
tween the Jayers 1w cloth bailed ot thoronghly in ofl,
exlenlating the thicknos sceonding to the difference of potentinl
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injurod. o provent such an aecidont Mr. Tela_providos thie
Taanp th n antomaticentont which oprvtes a follows: When,
upona falure of the feed, the are. ronches a cortin_ prodoter.
mined ength ueh an amount of carren is divertod throvgh
the fine wire that the polariy of the compound magaet i re-
versod.The clunping armaturo g is now moved agaist the
chunt magnot  until it strikes tho rolassing polo ', As swon
s e contact isestablshed, tho eurrent passcs from the posiive
binding paos oser the clamp r, armature g, insulated shut. maz-
net, and the helix ' upon the i gnet x to the negative
binding post.In this eas the et passe in the opposite

rction and changes the polarity of the magnet x,at the 1

e maintaining by magnetio induction in tho coro of tho shunt
‘magnet. the roquired magnetisn without reversal o polarity, and
the armature g remains ugainst the shunt magnet pole . Tho
Taanp is thus cnt ot s lonz a the carbons are separated, The
et ot mey bo used in thix form without any further improve-
ment; bt Mr. Tesl acrunges it so that if the rod drope and the
carbons come in contact the e is started aguin,  For this pur-
pose e proporcions the reisance of part  and the number of
the convalutions of the wirc upon the main magnet so that when
the carbons come in contact » sufficent amount of current o di-
vertad throngh the earbons and the part ' to destroy or noutrl-
i2e the magnetim of the compound magnet. Then the arna-
taro g, hving a slight tendoncy t spproach & the clamping pole
' comes out of contact wih tho rlowsing polo . As soon as
i happens, the current through the pare ' a interrapted, and.
the whole carrent pases throngh the part 7. The magnet i
nor strongly magnetized, the armature g i atreted, and th
eod clamped. At the same fime the armature lover 1 i pulled
down out of it norunl positon and the are started. In thisway
the lamp ot sl out aotomatially when tho are gotstoo long,
and reinserts sl antomsically in th circuitif th carbons deop.

together.
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hetswecn th turus, Thre soens ot to o a vory great differ-
ence whatever kind of ofl i eed ; 1 uso parafine or linsood oil.

"To cxclude more perfeetly the air, m oxecllont way 1o pri-
cced, wnd casily practieable with suall el is the following
Construct  box of kandwood of very thick boarde which have
been for  Tomg time bailed in oil.” The bourds shonld bo s
jonet 4 o safely withstand the external air prosure, The ool
e placed and fustened u posiion within the bos, the latter
i clowed ith a strong 1, and coserod with closely fiting motal
Shects, the jonts of which are soldered very carcfully.On the
o o swall ol v driled, pasing throtigh the wetal sheot
i the woue, and in these holos o suall glas tubes ae fnsert
ol the joints made siright, One of the tubes i comneetod

Tho latter tube s a vory
11 Tl st the bottom, and ix provided with . stopeock.

A, the stopeock i
@ in thi manner,
Vig Lubbles, whicl e the principal
1y ehonld remain betcen e turos, - Tho it s most com-
pletely excluded, pratably better than by boiling out, which,
vevor, when gutt-perch conted wires are used, i 1t pric.

For tho priniaric 1 use ordinary line wiro with . thiek cotton
conting.  Steunds of very thin. inenlated wires properly inter-
e wonld, of conrs, L the best to cmploy for the. primarics,
but they ar not o be
T experimental coll the size of the wirs is not of great
uportunce, T the coil here wed the primary i No. 12 and the
cocondary No. 24 Brown & Sharpe guuge wire: but the setfons
nay bo varied considembly. 1t would only mply difleont ad-
justmenta; he resulis i ot would ot b maieriall affctod.
Tl dwelt at some lengih upon tho various forms of brush
hargo hocansc, i studying them, we not oy observe pheno-
i which plesse onr exe, but also afford us food for thought,
and lad s to conclusions of practical importance. I the s
of altcruating currents of very igh tension, too mch precuution
cannot be taken to prevent the brush discharge. I & main con-
veying such carrents, in an induction el or truwsformer,or
condanser, tho brusl dschargo i & sousee of gruat dangor t0 the
insulation, Tn . condonser, eepeeialy, the guscons mter st

a
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Durmoviocis 1 % UstroLan” Grsmamons

el of apparatus to which Mr, Tesl liss
e bis attention, i that of “ wnipolar” generutors in whicl &
dise or  eylindrical conductor is monnted Letween, magnetic
poles adapied to_produce an approximately uniform feld.  Tn
the dice armature machines the cnrrents fnduced in the Totating
conductor flow from the centre ta the periphery, or conversely,
according to the dirceton of rotation or the lines o force s de.
tormined by the signs of the magnetie poles, and thee. currente
arotaken off naually by connections or brushes applied to the

at points on ts periphery and near its coutre. In the case
of the cylindrical amature machine, the cursents developed in
the eylinder are taken of by brushes applied to the sdes of the
eylinder at it ende,

In ondor to dovelop sconomically un cloctromotie force v
ablo for practicable. puposes, it is noccssary cither to rofate the
conductor nta very high rate of speod o to e a dise of large
Aamter or  cylinder of great length; but in cither o it be-
oomex difelt o seenre and maintain s zood eletrical connectin
between the callecting brushes and the conduetor, owing to tho
High peripheral speed.

¢ has boen. proposed to conple two or mare dise together in
seris,with the object of abiaining  Wgher clctromtive foree ;.
ot with the connections hertofore nied and usng other condi.
tons of speed and dimension of i nccessary to securing good
practicatle results, this diffcalty fs <6l fet o bo n ceriows
obitaclo to tho wo of this kind of genersor. These objections
Mr. Tosla s sought to avoid by constructing  mackine with
w0 flds, oach having  rota
poles. Tho same principl i involved in tho case o both forms
of machine abose deserilod, but the deseription now given s
confined to the dise type, which Mr. Ted is inline o o for
that mackine. The dises are formed with flnge, after the
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s shown i the dravings. The part + being.
nornally in cireuit, s, with the fine wiro upon tho shunt maguety
wonnd and traversed by the current in the sne diveetion, 0
o tend 1o produce similar poles, x x or # 3, on the correspanding
poll-pioces of the magnots x wnd x.  Tho part ' is only in cir.
enit ehen the Tump s cut out, and then the cnrrent being in
opposite diection prodces in the main magnet, magnetisn of
the apposite polaty.

“The operation is ss follows: At the start the carbons are to
e in contact, and the current. pases from the positive binding-
pont X t0 the lampfrume, arbon-holder, upper and lower carbon,
inulated retura-wive i one of the s rods, nd from thero
hrongh the part #” of the wire an the win mgnct to the nege-

XD

tive bindingpost. Upon the pasage of the current the main
magnotix energised und attract the lamying armtare g, sving:
ing the clump and_ gripping the rod by means of the gripping
jaws e, At the sme ime the armature lever 1 is pulled down
‘and he carbonsaroseparated. In plling down thearmatare lover
- the maia magnet is ssssted by tho shant-magnet %, the later
cing magnetized by magnetic induction from tho maygnet .

T will be scon that the armatures . and g aro. practially the
Keepers for the magnets x and x, and owing t his fact both
maggnets with either one of the armatures 1. and g may bo con-
ierot s ome horseshoo magnet, which we ight torm a *com-
pound magnet.”  Tho whole of the softron parts ¥, ¢, g, ',
X and 1. form & compound magnet.
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The carbons beinz soparate, e fine wire receives  porto
of the curcat,  Now, the magnetic nduction from the wagnet
s sl 8 10 produce opposto poles on the cormeponding ends
of the magaet ' bt the current traversig the helies tends t
prodduce similar poles on the corresponding cndeof Lot ngnets
- thorofore as so0n as e fine wire s trvered by suffcient
curreut the magetian of the whole compoun] agnet is dinin-
b,

With rgan (0 the armatune g and the opertion of the lap,
tho pole ' may bo considerol s the clamping ™ and the pole '
s the  relensing™ pol.

A the earbons burn sy, tho flne wire reives wore current
A tho magvetin diminishes i proportion,  This cuses the
armature lever 1 o swiniz and the aratire g to descend g
lly under the weight of the moving parts il the end g, Fig,
255, strikes  stop on the top.plate, . The adjustusent s sueh
that when this takes. place the ro & i yot geipped sceurely by
tho juws e, The further dowmwand wosement of the armatire
lever Loing prevented, the ar Lecomes longor as the carbons e
consuuned, and the componnd magnet s werkenil more and

e camping armature g releasa the hld of the
e # upon the rod , aud the o i lowed to drop.
Wlittle, thi shortening the are. The fne wire nov rceiving
o current, the nugnerismn increases, and the rol i lampod
wguin and lightly mised, i necosary. This clanping and e
essing of the rod continus wntl the earbons e consimed,  Tn
practice the fed s =0 sensitive that for the gratest part of the
i the movement of the 1ol cannot be dotected withont some.
actan) menarement. During the normal oporation of the lamp.
the armatare lever 1. o prsetically stionary, in the posi-
tion hown in Fig. 251

Should it lappen 1 win it the ol
and the earbons drop too far, =0 a5 o make. the are oo Hhort, or
even bring the carbons iu contact, a vers sl amount of cur-
rent. passe throngh the fine wire, and the componnd maguet
becomes suffcently strong 1o act as at the sart in pulling the
armatare leer 1, down and epamting the carbons to & greator
istance,

It occurs often i practieal work that the. rod sticks in the
s, Tn thixcwe the ure reachos ngreat longtl,untl it fnally
ks, Then the Fight goos out, and froquentl the fine wire
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Oue reasan, perhaps, why this branch of sience is being 50
rapidly developed s o be found in tho fotorost which is attachod
to it experimental study. - We wind a simple ring of iron with
enle; wo establish tho conneetions o the gonerator, and with
wonder and delght wo noto the effects of sirnge forces which
ohich allow s o tunsforan, 1o traneuit and
We arounge the ireuits properly, and we.
sec the e of fron wnd wires bk 1 though it wero endoved
with lfe, spinning » heavy annatore, throngh fnvisiblo connee-
o, with great speed and power—with the nergy possbly con-
veyod from a great distance.  We observe how the energy of an
alfermating eurrent tmversing the wire manifests itself—not 50
el in-the wire as in the surrounding spaco—in the most sur-
prising maon ight, weclanical
cterzy, wnd, ot surprising of all, even chomieal inity. ANl
thése observations fascinate v, wd il us with an ntense desire
omenn. - Each day
i hope of discovering,—in the hope th
some one, o matter who, may fnd  solution of one of tho pond-
& great problems—and cach suecseding day wo retarn to our
sk with renewed andors and even f we are nsuecessful, our
work hiux not b in v, for n these srivings,in theso efforts,
e lave found bours of untold pleasure, and we ave directed
r energies 1o the benofit of mankind
take—at random, if you choosa—any of the inany e
be performed with alternating currents;
a fow of whicl only, and by no means the most striking, form
the subjct of s evening’s demonstrution'; they aro all qually
tereting, cqually inciting to thought.
Tlere i & simple glase tube from which the air has been par-
tially oxlaustod. 1 take bold of it; 1 bring my body in contact
it a wiro conveying altornating carrnts of Ligh potential, and
tho tube in my bed. Tn whatever postion
1 my put i, wherever I move it in space, as far as T can reach,
it s, plonsig light penssts with undiminiahed brighties,
Here is an exhausted bulb suspended from o single wire.
Standing on wn insulated support, 1 gep i, and & platinm but.
ton monnted in it is brought o vivid fneandescence.
Hre, attached to a lading wire, i anothor bull, which, as 1
Gamely s motallic sockot i flled ith magnificon colorsof phos
phorscent light.

to ko more about the nature of thoe pl
wo go to our work
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Exeranosrs wimn Avrsesare Comisns or Hion Poresiat
gy —

T caxvon find word to expross how decply 1 fel the honor of
addrssing some of the foremost thinkers of tho. prosen
and s0 muy. sble scientific e, engincers aw cloctri
tho country greatest in seintifc achievements

“Tho resalts which 1 have the avor to presct before such &
thering 1 cannot call my own,  There are among you not o
fow who ean lay better claim than wmysclf on any fosture of
mrit which this work taay contin. 1 neod ot mention wmny
s which are workd-known—mes of those among You who
are socoguized ws th lenders in this onchanting sciencos bt one,
at loas, | st mention— e which conld not b omitted
& demonstration of his kind. It is a nanme. asociated with the
e it is Crookes!

Whon I cas at cllege, o good el age, L red, i  tranetion
(for then T was not familiar with your magniticent Inguage), i
desription of i experiments on radiant matter. T read it ol
onco in my Iifo—that imo—yet evory dotail about fat charun-
ing work I can remember to this day. Few are e books,lot me
sy, which can make such ta lprossion upon the mind of o
stuent.

But if, on the prosent occasion, | mention this name s one of
many your Tnstitution can_bost of, it is becauso | have morc
than one resson to da s0. For what T have to tall you aud to
chow you this evening coneerns, in & large mensare, that sumo

¢ world whih Professor Crookes s 0 ably exploreds and,
moro than this, when 1 trce back the mental process which led
me to these advances—which oven by myself cannot be consd-
ered triflng, sinee they are so appreciated by you—1 believe
that heir ral origin, that which stasted me to work in this

. tur e bors e Tostiion o Hecia Engiaers, Lowdo.
by, 12,
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ion 10 an_clectrie current. T Figs, 56 and 337 the moving
cores v shown 4 convenint deviees for abinining the required
oxtent of motion with vory light chunzos in the enrrent. passing
throngl the heliees. 11 i wdenstood that the adjusunent of
e i brushcs enie varations in the strength of the carront
independently of fle wlative position of those brusles o the
aniliory brusk, T all esses the adjustmont shonld b sach that
o current. flows over the auxiliary brash when the dmamo i
Fonning with s nornul lod.

In Figs, 230 and 257 2 0 indicate the mainbrusl Lalder,
curying the main Drushcs, e o the susiliarcbrodh Tolder,
carrying the ausiliary brueh, Those brllolders are morabla
i ares coneentric with the contro of the commutatorlaft, An
iran piston, 1, of the solencid , Fig. 236, i atteled to the wux-
liey-brush hokder e, The ndjustusent ix ofocted by mons of 1

o an o tule nelosing n ol
s shown. The piston of the coil s sttuched to both brasl-
lokders & & and o, When the brushes are moved diretly by
elcetrienl dovices, us shown i Figs. 23t  those are o
construeted that the force exerted for adjusting e prictienly
niform throaghs he whole lengel: of

T i truc tht auliary brashes v boen ased in contection
with the Nelicos of the filavire but in thoso nstances tho

Deices receive the enire current. throngh the susiias brush o
Bruscs and these brushes conld not b takon off withont break-
ing the. cireit through tho ikl These brushes cae, move-
v, ey sprking at the coumtaor I the procet
ease the awilary brush o very it or o sparking,

B i e
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mon FREQUENCY

diveetion, wnd brovight et them, uftr a T
<t thought, was
oars ago.

And now that T have wado u foeble offrt to oxpress my
lomage and acknowlodze my indebedness (0 hin and others
among you, 1 will make n sccand cifort, which | hope you will
ot find s0 fecble s the i, to entertai yon

Give me Jeave to introduee the subject fn » e words.

A short i ago 1 lad the hanor fo bring beforo our Ameri:
nn Tnsttuto of Elcotrial Engincers some. results then arived
Aty me ina novol ine of work. | need ot axure son that
the many evidences which | lave received hat English scientific
men and engincers wore interested i this work have heen for
e grent roward s encorgement. 1 3ell ot dwell upon
tho exporimonts alady described, eseept with he viow of com-
pleting, or ore clearly exprescing, some idens advaneed by me
bofore, and ke with the view of rendering the study hore pre-
sented elfcontuined, wnd my rewarks on the subject of this

locture o

period of con.
t fuscinating little book which 1 read many

“Thi investgation, then, it goes withont sying, deals vith
lternating currents, il to Lo woro precie, with alierating
eurvents of ligh potential and bigh freueney.  Just in how
mch & very high frequency i cxential for the production of
the resalts preseated i quesion which, even with wy prosen
experionce, wonld cwbarrsas e to anewer. Somne of the exper
ments iy e performed with o frequencies bt very high
frequoncion ane desiable, ot ouly on secomnt of the many effects
ccure by thee wse, bt ko & conveniont means of obiaining,
nthe induetion nppamtus enplosel,the ligh poteniaby, whicl: in
heir tur are necessary o he denmonstrtion of st of the ex-
periments here contemplated.

Of the varions branches o electrical investigution, perhaps the
ot interesing and the tuost inedinely prowising i that
dealing with shernating currents, Tho progress in this brael:
of applied. scenee s beon 30 great i rcont years hat it s
e the most sangaine hopes. Hardly lve we become funiliar
with one fact, when novel experiences ere met und new avenues
of reearely ane opened. Even at this howr possbiites not
drcamed of befare.are, by the use of these currents, partly re-

. As i nature all ix 6bb and tide,all i wave mtion, s it
sectns hat in all branehes of ndustry alioruating currents—cle-
e wase wotion—ill have the sway.
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endeavoring to obisin the roquined cletrostadie cffets
s, T e, os might bo oxpected, encountored many

diffeulties which T have boen grudully overcoming, but 1 um it

eyt prepared o dwell upun my experiences n thi dircetio

T believe that the disraptive dieharge of » condenser il play
. important part i the fotr, for it offers vast possbilites,
ot ol i the way of producing light in a more offcient manner
s in the Tine indicated by theory, but also in many other re-
speets,

For years the effots of inscntors hve been dirccted towands
abaining clectrial energy from heat by mewns of the thermo-
pile. It might scom invidions o remark that bt fow know
whiat i the el tronble wid tho thermopile. s not the n-
eficiency or amal] ontpit—thongh these ar grat drwbacks—
Dt the fuct that. the thermapile has it phylloxers, St i, that
oy constant s it i deterorated, whiclt s thus far presentod

ntrudcion on an industria sele. Now (hat ol modern re
earch secme 0 e tyto the use of ulecticty of ox.
comively bigh tension, e quostion must prosont itcl {0 vy
whether it ix not possible ta obiain in & praetiable mamer thix
forw of onergy from heat. Wo have been wed to look upos
an electrosttic machine us & plaything, and somehow we conple
il it the e of the ineieient and impructical Bt norw we
st thiuk differontly, for now wo know that everyiehere wo
v to deal with tho suuie forces, and that it s a e question
of nventing proper methods or spparatus for rendering then
avalible.

tho prosent. systems of elctrical distribution, the employ-
ment of the. fron with it wonderfal magnetic propertcs alows
W to roduce considembly the sz of the apparatass but, n site
of this, 3t is €l vory cambersome. - The more wo progevss n
tha study of electric and maguetic pheromen, the more we b
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240 w250 are views of dotil of Fig. 215. Fig. 21 isn longi-
tudinal cantral section of another wodfleation, and Fig, 232 i a
sectional view of che same. s the end of he armtareabatt
of & dynmolectric machino or motor. &' is 4 secve of s
Iating materil around tho shaft, cenrod in place by a sctew, '

s

The commmutator peopse i in the form of a dise which is made
1up o four sogmenta 1 1 o', smilar to those shown n Fig, 245
T of theso sogmonts, a1 1, are of wetal and are in electrieal
connction with the cnds of the coil on the armature. The
othar o segnents e of fusalting watoria. - The scgmentsare
held in’place Ly a and, », of nsulating material, Tho die i
el in place by friction or by srews, ¢/ ¢, Fig. 215, which
caenre the disc fimmly to the slcve o

“The colostor is made in the sane form as the commutator, [t
i composed of the two metallc scgments 1 17 and the two fns-
ating sogments 1/, bound together by  band, o, The metallc
sagmonts 51/ are of tho same or prctially the same width or
extontaa the insulating scgment or apaces of the commutator
Thocolletor s ecured o aslceve, ', Ly serews g, and theslocve.
s arranged to tar freely o the Ahaft s, The end of the sleeve
W ix closed by 4 plate, £, upon which preses . pivotpoinfod
serew, b, adjustable in & spring, v, which nets 1o maintain the
eollector i close contact with the commatator and to compensate
for the play of the shaft. The callctor s o fxed that it cannot
tum with the shaft, For example, the dingrm shows a slotted
Plote, %, whicl i desigrn to be nttached 0 0 statonsry sapport,
and s arm extending from tho collector and carrying & clamping:
serew, 1, by whicl ho collector may Ve adjusted and set 0 the
desired posiion.

2, Teslaprofers the form shown in Figs, 246 and 947 10 fit
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o convineed that he prosont methods il beshort Tived. For
tho production of light, at. least, such heavy machinory would
saom o bo wnecossary.  Tho onergy roquired s vory amall, and
i light can be obiained s eflcionly as, theorerially, i appears
possible, the apparmius neod ave bt a vory small output.
There being a strong probility that the Muminating methorls
of the future will involve the use of vory high potential it s
very desirable th perfeet o contrivanco capablo of convertin
enorgy of eat into cnergy of tho requisite form.  Nothing to
Speak of hus boen done towards this end, for the thought that
cletriity of soe 50,000 or 100,000 vuls pressane or more, even
i obiained, would be wnavailable for prictical purposcs, s do-
torred fuventors from working in this diretion.

T Fig. 120 a plan of conneetions i shown for converting
urrents of bigh, nto currents of low, tonsion by mesn of the
eruptive discharge of & condenser,  This pln e boen used by

- N

o froquenly for operating a fow neandoseent Iaps required
tho laborators. Some diliculics have Leen encontered n the
e of the discharge which I ase been able toosercomo (. grest
extent; besides this, and the adjustment nocessiy for the proper
working, no ot diffcaltcs ave becn mot widh, und i¢ was casy
to operato_ ordinary lamps, and even motors, in this manmor.
Tho line being cannceted 0 the.gronnd, all the wires could e
Tandled with perfeet impuit, 1o watter how bigh the potential
at tho terminab of tho condenser, In these expriments n bigl

tonsion indnetion coil, aperated from a Inttery or from w alter
ate current muchine, was mploger o clarge the condonser; Lt
the induction oil might b replacod by s apparatis of o difor-
ent Kind, expuble of giving olectr

his maner, direet or ufcrnating curronts may he converted, and
in both ctses tho currontimpulecs may bo of any desired fro-
queney. - When tho curronts charging the condenser are of the
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of both commutator and collector loosely
and to.provide some means—as, for exampl, liht springs, &,
svcured {0 tho Lands ", respectively, and bearing againet the
sogments—to exert » light prere upon them and keep them in
Close contact and to compensate for wear. The metal tegments
of the commutator may bo mored forwand by loosening

“The e wires are fod fromn the metal segments of the callector,
g sccured thereto in any convenient manmer, tho plan of ern:
ections being shown us applied to & modified form of the com-
mutator n Fig. 251, The commutator and the eollctor in thus
presenting two flat and sunooth bearing surfaces present most
Sootually by mechanical action the oceurrence of sparks.

“The insulting seguents aro wade of some lard matersl capa-
blo of being polidied and formee widh shrp odges, - Such mator-
ks s gl marble, or soapatone may bo adsantagoously wod
The metal sogments are proferably of copper or brass; bt (s
may lure a facing or edge of durable material—sueh 4 plat
or the like—whero the sparks aro iable to ocenr.

In Fig. 245 a somewhat modified form of the invention is
Shown, & forn designe to faciltae the construction and rep

g of the parts,_In this modifieaton the commutator and el
lector are made in_ substantially the s manner ae previon:

described, oxcept that the bauds » o aro omitted. The four sez-
monts of ach part,lowoser, aro socared o toi rspeative sleote
by serews g ¢, and one elge of each sgment is et away, o that
cmall plates a 6 may be sipped into the spaces thus formed. OF
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mutator segment passos out of contact it the e,
tion of the are will be presented by the intervening
waterial coming in contact with the insulatng
brush,

Atbestos papee or cloth mproguated it sincoide, mag:
nesin, Areonia, o other. snitable materin, uay bo used, s the

Faper nd ot ar st mnd s ho s e to wipoand
Tl the omnmio s i o o bl el
B i i e o= ity
e o

oyt Mz, Tol tarosd b ot e o the
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o apon th ollocior, syt crrne e n th
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or, genenly speaking, of any mechunical appuratus, but low
froquencics can be resched ; roconee must, therefore, be had o
some other means, The discharge of  condenser affords s

s of obaining froquencies by fa ighor than aro obtainable
wehaically, and 1 have secondingly employed condensers in the
experiments o the above end.

When the terminuls of n high tenson induction cofl, Fig. 124,
are connected to 8 Leyden jr, and the lattr is dischirging dis
ruptively into  cienit, wa msy look wpon the are plaging be-
twoon he knols s beiig 4 souree of lternating, or generally
spoaking, undulating eurrente, and then we have to deal with
tho funilar aystem of & generor of such currents, v cireit
et o i, mud u condenver bridging the cirenit. The condenr

euch cas i veritablo trsormer, and since the frequene
excesive, linast any ratio ntho strnith of the enrrents in both
tho brancles may be obtained. In realty the unmlogy is ot quite
complete, for in the dirupive dixharge wo lave st generally
@ fundamental fnstantaneors variation of eompantively low fro-
queney, and o suporimposcd larmonie vibration, and the laws
governing tlo Ao of euerents are wo the same for both

In converting i (his manner, e ratio of converson showkd
ot b too great, for the Toss in the are betwoen the kuobs in-
ereases with the square of the carrent, il if the jur be dischunged
throngh very thick snd short conductors, with the view of ob-
taining  very rapid oxclltion  very considernble portion of the
energy stored i bowt. On the other lund, too swall atios ar ot
practieable for many obions reasons.

“Ax the converted carrents fl i . pricticaly closed cireuit,
the electrontutic efects ure necessaily small, and 1 therefore con.
vert them into eurrents or ofccts of he roquired chametor. |

The preferned
The manner of oper-
atng rondens it casy to obtain by e of & small and nexpen-
v apparutus enorinons diffeences of potential which have been
wally obiained Ly mcans o largo wd exponsive coils. For his
it s only neccssary to twke an ondinary swal eoil, adjust to it o
condanser and diclirging cireit, foruing the primary of an
‘ansilinry snal o, and comert upryand.  As the induetive cfect
f the primary eurvonts s excossvely great, the second o) need
luve comparuively bt very fow turms. iy properly adjusting
tho cloments, remarkable resulis ay e socured.
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ol are taken off by th calloctor sogments and thence conveyod
off by aitablo_condnctors leading from tho callctor segnents
“Thi s the genera plan of the construction sdopted. ~ Aside from
certain adjumets, the nature and fanetions of which ar set. forth
ter, this means of commutation will beseen t possess many -
portant adsantages. It firt place the shortireiting nd tho
breaking of the armature el connected 10 tho commmtatorsog-
ments ocen at the e instant, and from the nature of tho s
ruction thiswill be done wit h greatest precision; secondly, the
uration of both the break and o the short cireut will b edced
to & minimum.Phe fint reslts in & reduetion whicl amounts
practically to 4 suppresson of the spark, sinee the break and
the short circuit. produce opposite cllect. n the armatarecoi,
Tho socond has the offoet of diminisling the destructive offect
of a spark, sinco this would bo in & measure proportionsl {0 the
duration of tho spark ; while lesening the duration of the short
circnit obvionsly increnses the cficioncy of tho machine.

Fuo.er,

Tho mechanical advantages will be better undentood by re-
forring o the accompanying dingrams, in which Fig, 246 it o
contral longitudinal soction of the end of u shaft with the -
proved commatator carred thereon. - Fig. 247 is o vew of the
iuner o bearing face of the collector. Fig. 245 i an end view
from the arwature side of u modified form of commutator, Fige.
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wire extending throngh the whole bull may be wed, aud i s
cnse the phenomenon would seom 10 16 ill more ineresting.

From the sbose experinient it will be evident, that whon ordi-
ary Jamps are opervied by the converted curront, those should
D preforully taken in which tho platinum wires are far apart,
and the froquencies wod should not be too sreat, el the dis.
clurge will occur a the cuds of the flument or i the base of the
Jamp betwecn the leadingn eirs, and the lonp night then be
Aumaged.

In prescnting 1o yon these rosnls of . investigation on the
eubject under considerution, | ase paid only o pasing notice to
facta upon wehich 1 conld live dwelt at ength, and among wany
olwervarions 1 live scletod only those which 1 thovght most
likely to interest you. Tho feld is wide and completly wiox.
Dlored, and at every step & new truth s glomsod, & nosel fact
obwervod,

How far the rosuls liere borne ont are eapuble of practcsl
pplications will b decidod in the future.  As reganls the pro-
duction. of Tight, some results wlrady resclual are enconmging
i ke e confident in wscrtng that the pructical ulution of
the problems lios in the disceton 1 avo. ondeavored to ndicate.
il whatoser way be the inmediate outeomo of these exper.
nenta L hopefal that they will only prove . step in further
developument tovwrds the dcal and fina) perfoetion.  The poss-
biltes which are opend by wodern rescarcl an: s vast
even the must reserved et feel suguine of the future, By
Dent seontists consde tho. problom Gf uelising one kind of
adiaton withont he oters  ational one. o an apparatus de-
sigued for the produetion of light by corverson from any fory
of energy into that of Tight, auch a wsult ean never be rached,
for wo mutter what the process of producing the roquired vibrs
o, e it cletrical, chemsieal o any odher, it will not b poss
ble t obain tho ligher Tight sibrations withont gog dhrongh
tho Towor liat vibragions. 1€ is the problew of imparting t0 &
body a cortain vcloity without pasing through ol lower veloci-
s, Bt thore i 4 posibilit of obtaining energs not only i
o o of Tight, but mative. porwer, and cnergy of any other
forin, i some o dircet way from the medium, The time will
e sehen s il b accomplished, aud the time as come when
one may uttr such wonds before s enlightened andince with-
ot Deing conslered n visionary. Wo.are whirig throngh
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the leetrie dorices that may bo omployed for sutomatically
adjusting the brushes, wnd Tig. 255 is u dingrun llustating thy
positons af the brushes when the wachine is being cnengized at
the start.

@ and b aro tho positive and negative brashes of the main o
working cirenit, and o e auxiliary brash. The vorking aireuit
b extonds from the brushes a and J, s naaal, and contains eloc-
trie lumps or other deviees, 11y cither in sories or in maltiple

S reprosent the feldheliecs, the ends of which are con

brushes o wnd b, The branch or shunt wiro
o extends from the wuxiliry brus o o the cirenit of tho field-
W i connected to the same at an fntermedine pofat, =

ruetion. Wi the ansilsry brush ¢ cceupies such . position
upon the commutator that the electro-motive force Letween the
rasies @ and i tothe eleetro-uative force between the brushes
b s the reistnceof the cirent a1 A 0 the resistane:
f the cirenit 4 % ¢ o 1, the potential of the poiuts 2 and ¥ will
e cqual, and o current will o over tho ausiliey brush; bt
when the brash ¢ occupics a diflront positonthe potentials of
e point 2 snd v will b diflrent, and & cnrrent will flow over
e aniliay Lrush 0 and from the commataior, sconding o e
relative positon of the brushes. 1, for instance, e commu-
fatorspace between the brashs @ and ¢, when the ltter is at the
mentral oty is diminiehed, & cnrsent will fow from the point v
over the dhunt  to the brwh J, ¢hus strengthening the cure

in the part ' and partly nevtralsing the carrent in partx; but
i the apace between tho brushes « and ¢ i inescased, the cur
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enloss spuce it fneonceivalble spood, i arund us every-
thing ix spinning, everything i woving, everywhere s

Thore st be somo ey of aealing anriclves of d
o dircerly. Then, with the light abtained from e
with the  power derfved from it with cvery form of cnergy
obtained without effor, from e store forover inexlmustible,
hmanity will advance with giant strides.  The were conternpla.
ion of theso magificont pssibilities expands our windsstrength
s one Hopes wnd fills one hoarts with supreme delight.
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sent will o aver the ausiliry brush in ww opposite directio
and the current n 3 will be strengthened, snd in % partly nen
tlied.

By combining wi
regalating wecl
proportion to the dowands i the working cireni,

h the brashe 0, , and ¢ any veval antomatic
2, the current doveloped can e rogalated in
The parts x

. 21,

direction,
251 or the part
s showen i Fign,

e armnged a shown in
¢ may bo wonnd in the opposite direction

4 and
Tt will be apparent that the reapective cores of the field-mag.
et aro subjected to nontralisng or ntensifying effoets of the
enrrent n the shunt throngh ¢, nd the magnetiam of the cores
will be partally noutralized, or the points f greatet magetiam
hiftd, s0 that i will bo moro or o remoto from or appronel
g to fhe armatore, and henco the ggrogute energlsing setions
of the ield magnets on the smture will b correspondingly
varied.

T the forus indicated in Fig. 253 the regulation is effctod by
ifing the point of greatost maguetiam, and in Figa. 254 and
255 the same offee i produced by the sction of the current in
the shunt pasing through the neutrliing helis

“The rlative postions of the respective brushos ay e varied
by g the ausilary brosh, o the brush  may remain station-
ary and the core v bo conneeted to the wuin-brush holder 5,
5088 0 adjust the brushs a & in thoie relation to tho brush e,
16, owover, au adjustment is applicd to ll the brash, 4 scen
' Fig. 257, the salenoid should be connceted to both a and ¢ s0
4 0 move them toward or away from each other.

“There are soveral known dovices for giving motion in propor-
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s discetion, and it i desired that the convertod corrents
should aleo T of one dinection, the resistance of the discharg
ing, cireait should, of coure, be 0. elosen that there e o

In opening dovices on the sbove plan 1 Tave olserved curi-
oue phenovnens of impedunce which are of interest. For instance
' chick copper bar e ben, s indieste in Fig, 125, and shunted

by ondinry ncandescent lamps, then, by paing the discharge
batuecen the Ko, the lanp may he bronght 1 incandescence

althongh they are short-cirenited. When  large induction coil

s comployed it i casy o obtain nods on the bur, which anc
rondered evident by the difforent degree of brillancy of the
Taonpe, s shovwen onghly in Fig, 125, The nodesare never learly
dofined, but they are simply wasina wnd winin of potentils

slong the bar. This i probably due o the irrgalarity of the are

botwean the ko, I zenerl whern the. abovedescribed plan
of conversion from high 0 low enson i wed, the belvior of
tho disruptive dischunge wiay e clowcly studicd
sl be nves

e odes iy
e by mens of wn onlinary Candew: voltmeter
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s plates o aroof wetal and e i cantact with the et s
ments o', respectively.  Tho other o, b e of glas or s
bley and they are all botter square, s showen in Figs, 240 and 250,
o that they iy be turned to prosent ew edgos honld any edge
become worn by uee. Light aprings f bear wpon these phtes
il pross thoso i the commutator toward those in the colector,
nd insulating strpe ¢ ¢ 20 securod 10 the periphery of the discs
o prevent the blocks feum being thrownont by centrfugal aci
Those plate are,of conro, oful . those dgos of the ggments
only where spurksre Tnble 0 ocere, and, s they are casly e
placed, they are of greatadvantage, 1t is considened best tocost
thern with platinun o silver
251 und 252 s shown  constrution where,instead of

o, fid s conployed. T his e the conmuta-
tor and. collector wre made of two nsulating disc, s 7, and. i
T of the metul sigments n puce s cut out of s part, st
& ¥, corresponding i <lape aud s o 6 nital e, The
w0 parts ane fited ooty aud the collector  held by the
Rerew A apr 1 gt the commutator s, As i the ohes
cases, the commutator revolies wlile the collector ron
tonary. Tlhe ends of the cofls e conected to binding posta
el e eletrien comnection with tetal pltes €3
The recesses n the two partex . These chmbers or recese
are illed wih mercary, and in the calletor art ar ubes ¢ ¥,
Wil sereus 1, cnreying springe x and pistons ', whicl con.
st for the cxpansion wnd contraction of the werenry under
Varging tempermtures, but whicl e suficionly strong not.
sichd ta the prossure of the fuid due to contifugal action, wnd
Which serve us bilingposte.

Tl th above cwses the commutators are adapted fora
il the device s particularly sited to sucl purpeses.  The
Tunber of segents anny be inereased, bowever, o nuore than
e comuntator wsal ith » single anmature. ~ Alchough the
nearingsurfaces are shiown s planes n right angles o the shaft
o it it s evident tht in this partenlar the consteuction may
b very groatly madifiod
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which dhould b well insulated.  Geisler tubes iy o bo
ightod acrows the poiats of the bent bars in (his cue, of conne,
it i botter 0 cunploy smaller capacitis, 1 hve found it prac
ticable o light up in his manner a lanp, and even & Geislor
tabe, shunted by & short, heavy Ulock of metal, and this reeult
secms at frst vory curions. In fuct, the thicker the copper bar
i Fig. 128, the Tetter it i for the sccessof h experiments, s
they appear more stiking. - When lunps with long lender il
ments e ssed it will be often noted that the flaments are from
ime 10 time violently vibratod, the vibration Teing snallst st
e odal pointe.  This vibration secuns o be due to an electro-
tatic wetion between the flament and the glac of the Iulh

T sone of the above oxperiments it i proferuble to s special

o iwving o strght lament as shown in Fig. 120 When

[

anch L = ol sl wiome curions phenomenon than thore

desribed mny be absorvid.Th Janp iy bo placed ncross the
coppe bur and lighted, and by vsing somewlut larger cupacities,
or,in other words, sualler frequencies or suallr impulsise im.
podanees, the flament mey e broght 0 wny dosived degree of
incandeseence, Bt when the mpedance is ncressed, & point i
roached wlon comparatively Tt current pusses throngh the
carbon, and most o it theough the rusefied gus; or perbape it
iy be more comet to state that the carrent dividos nearly
evealy throngh both, in spite of the enormous diffoence in the
resitance, and this would be- tre unless the gus and the flament
behwse diferently. 1t i then noted that the whole bulb is bil

Tantly laminated, and the ends of the londingn wires bocorne.
incundoscont and often throvw off sparks in consoquence of the
vielent bomlardment, Ut the curbon flament remaine dark

Thi i lluctrated in Fig. 125, Tnstead of the flament a singlo
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Avsisany Becsn Reaciamios or Diuser Cowst Drxavee.

Ax interesing motlod devised by Mr. Teda for the regula-
ow of direct eurront. dynamos, i that which has come to. b
Known  the third brush  method. In machines of this tspe,
deviso iy i s fur bk s 1583, ho mukes use of two main
Drashes to which the ends of the fild mgnet colls are connected,
an il
temmediate point o the feld wi
Tl relative. postions of the respective. brishe are vark
cither automatiealy or by and, so that the shmt.becon
operative when the ausifiary brash li & certain position
tator but when the ansiliry ruch is moved in it
o the main brashes, or the latter are woved in their
o the ansiliary brul, the olectic eondition i distarbel
and wore or lew of the enrrent throngh the fieldhliees i
divertod theuugh the shunt or & cnrrent s pascd ver the st
o the fieldhelicws, By varying the relutive. position npon the
commatatar of the repeetive brushes antomatically in propor-
n to the varying cletrical conditions of tho working tireait,
the current. developed can o seguled in proporion o tho de-
wands in the workingirenit.
Fig. 253 i dingram flstratig the invention, showing one
Jix wound in the sung
n thronghont. Fige 254 and 255 are dingrams dhow
core of the feldamagnets with u portion of the helices wound in
Fige, 236 and 257 are dingrams Mlustrating

Sl s, the brsts e st
Tl sugacied ere e Toguin b cFece Wikt a5y chaoge
Dot of th brihrs, ik ary b avton 1 w0

D e e e b e Seur ago, a1 ey e of
e work of . T, he ke fn 4 B 450w Drought 0 gt
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I direet curnet dyuamos of great cectrommotive force—such,
for instance, us thoso used for are Tighting—whon ono commuta.
tor bar o plate comes out of contact with the callooing brosl a
Spark s apt o appear on the commutator, This spark may be
due to the break of he complete eicuit, or to & shunt of low
rsistanes formed by the brush betsroen. two or moro commuta
torar. Tn the fint case the spark is moro apparont s here s
at the moment when the cireuit i broken  discharge of the
magnets through the field Eclice, producing a groat spark or
flah which casecs an unsteady current, rapid wear of tho. com-
mntator bars and brushes, and waste of power. The sparking
may be roduced by sarious deviees, such a providing a path for
the current at the moment when the commatator segment or ber
Jeaves tho brush, by shortcireuiting the fld-holios, by inereas-
ing the number of the_commutatorbars, or by other similsr
means ; but all hese devices ar expensive or not fally available,

in o simpl maner, Mr. Tosla some
years ugo employad vith the commutator bars and intervening
ineulaing matorial, mica, asbestos papor or other insalating and
incombstible matorial arranged to ear on the surfaco of the
commtator, near to and belind the brush.

Tn the driwings, Fig. 244 is o section of & commutator wit
an abetos. insulating dovice ; and Kig. 215 f asimilr view, re-
rosenting two plates of mica upan the back of the brush.

In Fig. 244, o reprosents the commutator and intervening
fnslating material ; o 3, tho brashes, € d aro sheots of asboston
paper or other suitable non-conducting materal. f 7 are springs,
the preseare of which may be adjusted Ly means of the terews
97

In Fig. 945 a smplo arrangoment is shown with o plates of
iniea or other material, It will be soon that whonever ono com-
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hicknes of oflall round. Where the o s not pecially needed,

the space s fillod il picces of wood, and for this purpose

principally the wooden b 1 surrounding the whole i wsed,
The construction hore shown i, of course, not the best on

veral prnciplcs, but | believe it 3 good and convenient one
ve potentinl and

for the produetion of effctsin which an cxee

o very sl enrrent are necded.
o contiection with the coil T us cither the ordiuary form of
discharger or 8 modified forin. Tn the former 1 have introduced

o changos which secure soue advantages, and which are ob

that some

vions, £ they are wentioned, it is uly n the hop
experinienter iy ind thow of e

One of the changes i hat. the wdjust

Jichirger are hld in jaws

lloncing of g them successively into different

Je nobe  und » (Fi.

£ i, 15, by springs

el o g ey with the tedions process of frequent

"

The other ehauzo consists in the cmployment of a strong elec-

tromagnet s, which s placed with it axi 1t right angle @0
the line joining the knabe » and 3, and produces . strong
et field botwoen thew, The pole pieces of the magnet are
ovable and properly forsmed o 4s o protrude botwoen the brass
Kanobs,in order to mako tho field as intenso ue possible but o
provent the disclange from junping to the magnet the pole
s are profected by a layer of mics, %, of suffciont hick
rews for fastening the wires. O cacl

s 5, sy 5 0
side one of the serews i for Inge and the b for all wirc.
e serews for position the. ot 4, whiel suppart
the kb,
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In wother armngement with the wagnet [ take the discharge
between the rounded polepioces thomsclvcs, which in. sucls
caso are. insuluted and preferably provided with polihed s

.

"The emplojune
principally when the induction cfl o transformer which charges
the condeser is operated by corrents of very low frequency. In
such t cae the number of tho fundamental discharges hebween
the Kol nay e s0 sl a 1o render the currents prodiueed i

of an intense magnetic el is of wdvaniago

tho secondary unssitable for many experiments, The. intense
gt ield then ~ervos to bloe out the are betseeen the kol
us soom s it e faruied, and the fundmental dive
auicke

Tustad of the

et u dranght o blast of sir may be cn

ploged with some advantage. Tn this esse the are i preferay

i 131 (dhe Kuobs 4

eing generlly joined, or cutirely’ done ey with), s in thix

atublished botween the knols 1 in

disposition the e 1 Jongz and wnstendy, and is casily affected by

Joyed to break the are, it s Letter to
chooso the connection indivated dingrumuatically in Fig. 134,
s i this case the curreats fomming the are are el wore paw
erful, und che magnetic ficd excreises  greater ntucnce, The
o of the mignet permits, howerer, of the are being replaced by
& vacunn tube, bt 1 e encotered great dificnltes n work
g with an exlnsed tube

The other form of discarger used in these and similar experi
ments e indicated in Fige, 135 and 136, 1t consss of & ammber
of brass picces o ¢ (Fig. 133), each of which comrise  spherical
middle portion 7 it an xtension ¢ blow—which s merly usel
o fasten the picec ina Jadhe when poliaing up the discharging
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with dho disehargo of & Holts or Winushunt machine—diat orher
intersting sppliance s dear o the experimenter. Wit difcr
ence there s between these phenomenn!  And yet, hud 1 wade
the necessary armigements—which could e been made cusly,
were it not tha they would interfere with oter experiments—1
could e produced wih. this coil sparks which, had 1 the i

Nidden from your view and only two knobs expos
Keenest obeerver among you would ind it diffen
sble, to distinguish from h
chine. This tace, by oper
ating the induetion coil which changes the condenser from an
alternatng cusreut machive of very low froquency, and prefer
ably adjusi

1, 38 not o
of an influenee or frietion ma

b disclargo cirenit o that there are o scilltions
“etup in it. We dien obtain in the sccondary cireui,if the
Knobs are of the required.size and properly set,  mare or less
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To check somewhat the mosement of the core 1,4 daslpat,

i used,The piston 1. of the dabipotis provided wih a vlve,
v, which apens by & downward pressure and allows an ey
dowward movoment of the iron cor 1, ut eloses and. checks

the movement of the core when it s pulled up by the action
of tho solenoid.

To balance tho opposing forees, the weight of the moving
parts, and the pull exerted by the solencid upon the fron core,
the weights v w may bo wsel.- The adjostment is such that
when the solenaid is traversel by the normal eurrent it it
strang enangh to balance the downard pull of the parts

clectrical cirenit-conneetions s substantialy the sime as

indicated in the previous diag cnoid Leing in srics
wwith th cirenit hen the transating desices re n serics, nd n
Shunt when the devices are fn multiple are. The aperstion of
the device i ux follows: When upon a decrease of the resis-
tance of the cirenit o for some other resson, the current s
inereasod, the soloncid s gins o strength and palls up the o
core 1, thus shifting tho man brashes in the dirceton of rotation
and the auiliry brushes in the opposito way. This diminishes
the strength of the curront unil the opposing forces aro balance!
and the salonoid s raversed by the normal eurrent s but f from
any eatse the current in th cireut e diminishod, then the weight
of the moving parts overeones the pull of the solenaid, the iron
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upid smcccssion of sparks of groat intonsty and sull qu
whih possess the sune brllianey, and are accompanied by the.
sume sharp emckling sonnd, v those obtuned from 4 friction or
infinence machine.

“Another way is o pass dhrongh 6o primary cireuits, having &
common secondary, i corsenta of & lightly difforont poriod,
‘which produce i the sccondary circuit sparks occurring at com-
paratively long intervils. B, even with the means 4t hand
i evening, 1 may succced in imituting the spark of a Holtr
machine. _For this purposo I establish botueen tho torminals of
tho coll which charges tho condonser » lng, musteady are, whieh

periodically interrupted by the upward curtent of s prodncol
byit. o inerease the current of sir I place on cach side of the.
are, and eloso o it, & large plae of miea. The coudensor charged
from this il dischasges into the primary cireit of a second
coll through & small s gap, which is necesary to produce 2
sadden rush of current throngh the. primary. The schame of
connections i the prosent cxperiment i indicatd in Fig. 131,

wrily constucted olternator, upplying the. pri-
mary » of an induction coil, the socondary 5 of which charges
tho condensors or s o . Tho torminals of the sceondary are
comneeted to-the inside coatings of the.jars, the outer eoatngs
being conneetod to the ends of the primary . of & sscond
uetion cal. This primary s small sir gup a 5

Tho sccondary s of thiscoil s providod with knobs or spheres
% x of the proper sizo and set. at a distanes suitable for tho ex-
perimen

Along are is cstablished Letween the terminals o of the first

etion cofl. » x are the mica plates.

Eael time the are is broken between o and w the jure are

Iy charged and dischanged through the priviy 1, pro-
1 uapping spark botween the knobs & . Upon the are
forming betwrcen o and 1 the. potential fall, an the jars cumot
e oharged to such bigh potential us to break throvgh the air
gup b until the are i again broken by the drungls

or saddon impulses, at Tong fntervals ave pro-
ducod in the primary p p, which i the scondary o givo a cor-
rosponding rumber of impulses of great futomsiy. 1 the see-
ondary knobs or spheres, % %, e of the proper size, the sparks
show runch resemblanee o those of & Holt mac

Tt these twa ffcts, which o the gye appenr o very
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core 1 descands, thus sbiftng the brushes the opposite vy aud
nereasig the current 0 the. normal strongth, The dadlpot
connceted to tho eon core 1 uay e of onlimary construction s
bt it s btor, capecially in wchines for are lights,to provide.
the piston of the dush-pot with 1 valve, 4 indicwted in the dis-
v, Tl vl pernits ucomparatively easy dowaund wove.
ment of the ion cor, bt checks it movemmant wlien it s druwn
by the solenid. Such an armngement bus the advantage
that u groat nonaber of lights may be it on vithon

the light-power of the Jps in the cirenit, s the brasho sse
at once the proper position. - When lighte e cut ont, the dash-
ot acts o retand e waovomont  but i the current s considerably
nereased the olencid gots bnormaly strong and the brushes
are shifted imtandly. The regulator being propely adjusted,
lights or ofer devices may be put on or out with scarcely wny
perceptible differunce. Tt is obvious tat instoud of tho duspot
any other retarling device way e weel
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Horo sl anote, whic by my g toel caste & sadow
—the Orooke e —f the st imkid of .

Hors, agin,ieulated s 1 stand an thi petorn, g my
ndy i sontas with ane of the tomninals of tho seeondesy o
shi ndcton. il he 1 of -wine iy e long-—and
o s stz of lght bk foth fom i ot nd, whil
L e vt it

o, once mare, attch thes o plte of i geiss o the
orminai of tho ol 1 st thom a dance aparyand 1t the
il t0 work. Yo may sec & small spark s betwoon tho
Plton Tincrt u thick lat of ono of the et diletnic b
veen hem, and fnstead of rendesing aigother impoil,
e aro e to axpoc, 1 il the puegs of he dchargs, wlich,
ac T fnsrtth plte, erey changes n ppesmcs . s
o form of huminons irenns,

T ther, Lok, can ther b,  wore
of atormtng eorrntat

e . e copmiments RS
20 ver, vory iteroing, for many. e past<ver sine the
et xpurimenter who lectard in ik bl discovered i
rincple—vo hae o seady compasion,n ppfanee unilr
35 ety cne,  playing ooce o hing of cemenions mpirance
i B iwtoato wil, Thor ia i deaer apelins 016
12 it o o, 1 oy ol

periancedstudent, i your ke, o ll v s any
dulghtal hours in oxporimnting vith the ndveton o, Wo
v wathe e play, and hongh s pondered over (e b
il phovomnenn which it dielmed o oue ravished oy So
il Encw s this appartus, o fuiln s thi pcnomens o
Srey one that my apnrge eerly
vt v 10 acirem 20 bl a siienc, T b vom-
e e e e
e tho s uppartan . hore. ar the mo. phonomens, onl
the apparias i oported somenhat diferendly, the phonormonn
a0 prosantd in o diffrent e, Some f ho ekl w fnd
4 oxpeted,othes surpri s, bt ll captvnt o atetion,fr
i s invetiaion sy novel et aeved 1y bo the
cutiroot s new departuressnck morel fct loaroed may Toad 10
i poien derssememis.

Tl e i il v s b v
e T S e S

reting study than that
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“The armngemnent shown in Fig, 262 i advantageons, s it i
st the sparking upon the commtator, 1

closed throgly the sniliary brashes t the moment of the break
of the cienit at the s brushes,

(i

Ao e

The fied hlices may e wound i the same dirceto
way e wound in opposite dirctions.

The connetion between the Deliccs and the awsiliary brush or
brushes b wade by o wireof sl resistance, o restance
way b interposel (s, Fig, 26%) botween the point « and the
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terrupter or break, o by tho we of an alieruator.
English investigator, o mention only Spottiawoode and J.
Gordon, lave wied « rapid break in comneetion with the. co
Our knuowledge nd expericace of to-day enables ue o e clerly
why these coils under the conditions of the test il ot disclose
any remarkable phenomens, and why able experimenters fuled
to purcsive many of the curions effets which have since been

alerved.

I the oxperiments sl a performed thi evening, we operste
the il citier from  specially constructed alteruntor eapabe of
iving any thonsanls of reversals of enrrent por second, or, by
isruptively discharging » condensor throngh the primary, we set.
& ibration in the sccondary cirenit of a froquency of many
Inundred thowsand o willions per second, i we so desire; and in
g uither of these mcane e enter a ild as yet mnexplored.

Tt impossibl o pursue an fnvestigation in any novel line
withont finaly aking sonv intereting. observation or learaing
some weful fact. That this statement s applieabe 1o the sub-
Joet of this lctare the many enrions and wnespected phenomens
‘il we abeve affond » convincing proof. Ly way of ilustm-
tion, tako for instauce the most obions phenomens, thowo of the
dislangs of the induction coi

Here s cail which s operated by ciurents vibrating with
extrenme mpidity, obisined Ly disraptively discharging o Leyde
Jar. Tt wonld ot surprie « stulont. were the leeturer o s
that the secondary of thi el comsiste of n snall length of con
parativoly stont wire; it wonld not surpriso him wero the loetrer
o stat that,in spite of thix, the coil s capable of gving wn
potential which the beat inslation of the.toros i able to-with.
wuand bt althonigh b may e prepared, and even be indiffee
s 10 the untieputed result, yet the aspeet of the dischange of the
ol will surprise and interet him, Every one is funilar with
the diseharge of an ondinary coil; it need not be. reprodueed
here.But, by way of contrast, here is & form of discharge of o
o, the primary cursent of which ix vibrating sever!
thoneand times por second. The discharge of an orl
apponrs s a sl lue or band of light.  The discharge of thix
coil appears in the forn of povorfal brushes and lumizous
stream ising from all points of the twa staight wires attached
o the terminl of the secondary. - (Fig. 130

‘Now compare i phenomenon whiels yon lave just wituessed
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sty brash or brushes o divide the senstiveness when the.
brushien e adjstod.

“The necompanying sketehes alo lustato fnprovernents made
by M. Tesln i the mechanieal dericos usod to-offct. the shift-
g of the bruhes in o weo of an anxiiary brosh. ~ Fig. 200 s
an elovation of the rogulator with tho framo partly in scetion ;
and. Fig. 207 i o soction at the lino e, Fig. 966, o i the conn-
mutator; n wnd , the brusdbolders, 5 camying the. main
bradies a o', and o tho ausiliary or shunt brashes 5. Tho
i of the brasi ok  is supported by two pivotacrews, .
The other brusl-holder, ', has & slocve, , aud i movalble
around the axi of the brushhokdor ». I this way both brush
holdors ean turn sery freely, the fietion of the parts being.
roduced to a iimum.  Over the brush-holders i monnted the.
colencid , which rosts upon & forke colamn, e, This colamn

Fio. 05,

oo o & ot for (o piris .7 and i fismed rpottl
1ol backs o projection, 7, which dxienls from the b of
o e RS i B
brlhuldos n 3 ars sonncted by moans of tha ks o
ani th crose o 7 0 tho fon cre 1, il slides frocly nthe
b 10f the solenc.The iron co 1 s serw, by et
of whi it can b i and adjusted i ¢ poiion vy
{0 o clencid 0 ha tho ol exeriad wpon 1 by th slonid
e practialy uform throngh tho wholoJngeh of mation wieh
e reuied 10 offst the eguiton, Tn'order o effet the
adjunment it gresor procton, he coe 1 s provided wi 8
amall rom serom 4. Tho cor Ling fint. broaght vary sty
othrequie positon. vl 0 the slenoil 1y meuns of
o ero e vl e i then adjoted il e magnerc
tirction npon tho coe i the e when tho coro i i any s
o, A cauvenint. op, 6, erve o Tt the npard move:
ment of the fron core.
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w1 prodi ench phenonscnon at it Lest,u very earefal adjot
ment i required,

v i imperdectly pruduced, as they e

ntoret

ey ave sufficiently sk

v some of thee enriun
“completenen

e
@ short description of the ool and
parats st the experiments with the disuprise s

1t contained in a Lo & (Fig, 1

il i carefully

e col s s for
employmment of

Tt those are ot

aneo to e dvelt upe

The il should be placed symunctrieally 1o the metal cover,
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This machine pososees sovoral advantnges.  For cxample f wo.
anagaetize the coros liernately, a indieated by the charscters x
5y i will b secn. hat tho magnetie cirenit betwoen the poles of
cacl pare of 2 csting is completod thrvugh tho sold ron side
s The bearings for the shaft are located at the newtr points
of the feld, o that the armature cor i ot affcted by the mag:
netic condition of he feld.

“Thoimprovement i not estricted tathe ws of four pole pieces,
as it i cvident that each pole pice could b divided or more than
four farmed by the shape of the casting.
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and tho spacsbetween s, of conrse, ot e 100 sall,cr
Ganly ot ot tha, sy, fce cenimeres, bt wch e i pos
Al cposinly the e ide of he sin b which are. st rght
anglo o th i of the sl ol be uicently rmoto rom
o latr, e orherie ey night fmpie e action wnd b
onresof o,

The coil consits of sl of b vl 1, bl apast
4t diance of 10 cantnerie Ly bt and s, eowise of
N ruiee; Ench apoct campris . taba  of appro
cmtimtres s Giapery 3 eillmetrs thisky upan wh
s eewmed s Tanims 1 St e i 9
e the anges g ahont 5 conimetrn, Tho secondary, 5,
o tho bt gt perchicoversd wire, s 26 g, 10
ol ging for cuch a1 o total of 900 tans. Tho two tuives
iro wound opposily nd somasctd i acrict, the caanecton L
fan b s aver th prmary.This diaposiion, -
ide g comvien, s tho advantagsf vl he el
el lacd—tht i, when both o it fomimle T, 7, a0 con
et o badisor doviees of ol expacty—hre ot
danger of rsaldng trongh to e primars and. e it
etwoen the prinary . she scondary nesd mot be hick. |
g e ol e 0 ata 0t dvics of
eary g cupuit, o, e the capacty of the teial ix
ot caum,sparks will e apt 10 pas 0 the prvary. To avid
i, dho e poin of e scondary may bo cometed 10 the
Driiary, b hi s no s ratisabl

The primary 1 o wonnd o fo pi By, opon
 woodn spas e, th four endareTed ot of th il thovgh
i abbor bes 1. Tha and of the sccomlary 7.7, 17 2o
o out of the il throgh roibe tabes 4, f groa hickns,
Tho primary and seondary ayers ars mated by coto ot
o thickpca f e fnclaion of soure bessng s propie
o 1 the diffrence o potentilLatween th o of e ier-
entayers. Exch alf of the prinary b fou apor, 24 tormn
i cach,tixgiving ol of 16 tims. When both the part
arconmeeto i erc, i give otk of convrion of abont
1527 withthe prinaricsinliple, 554 bt n operting
it ory iy alarnding currnte ti o dos ot convey
oven n approximate de af the Tt of fhe X, v, P, i tha
prmary nd scconday svnis. T ol k. position in
Shoil on wooden suppert, there Teng abent & cntictrs
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R

A one tine, soon after ki arival in Amerien, Mr. Tedla was
seratly intereted in the subjeet of are lighting, which then oceu
i public attention and readily enlisted the support of capital.
He thereforo worked out & systen whicl was confided t 4 com-
sy formod for i exploitation, wud. then proceeded 10 devote
s nergiesto th perfection of the detailsof bis more clebrated
oy feld™ motor system. The Tedh are lighting apparatun
‘appeare at (i when a great vany ofher lmps and mach
were in the market, but it commanded note by it
Tis b, purpose e t0 lessen the manfuctarige ot and
plify the procesees of operntion.

We will take wp the dynamo i, Fig, 271 i a longitodinal
coction, an Fig. 272  cross scction of the uachin
& top view,mud Fig. 274 a sde view of the
275" an end view of the comuutator hang and
section of the shaft aud commutator burs, g, 277 i< dingram
llustrating the el of e armatare and the connections to the
commutator plates.

cores v c00 of

liections, s shown, fo the purpees of concentrating the mag-
etisn upon the middle of the ple.picces,

in both

et i the form
s i he side view, Fig. 274, the lower part Leing pro-
vided with the spreading cnrvord cust legs ., tha the macl
will et fruly npon o base-bar, 7

Ta the lower ol % of the Sekdmsguet x i fustened, Ly
et of Uablie or ober fusblo diamaguotic wateria, he bass
i which is provided with Learings b for the armaturealaft 1.
“The base o  projection, 7, which supports the brush-holders
and the rogulating dericcs, which are of % rpecial chreter do-
vised by Mr. Tos.

“The armatare s o

wstrcte il e view {0 sedneo o' i
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ety e anly 6o af the many discharge phenomens,  We only
nead to change. the conditions of the tes, and ngain e make
otber abservations of nteres.

Whon, instead of operating tho. induction coil 4 in the st
w0 experiments,we operate it from a high frequeney slteruator,
s i the noxt experiment, @ systematic sty of the phenomen
s rendered much moro. cuy. I anch e, i varying the
atengh and froquency of the carrents throngl, the primary, v
uay observe five distinct forms of dischurge, which 1 bave de-
cerbed i sy former paper on the aubjeet before the American
Tnstituto of Electrcal Enginoers, May 20, 1801

Tt would ke foo0 munch thue, and it would Jead us o0 far
from tho subject prented thix evening, o reproduce all these
form, but 3t scems to e desiable to show you one of them. It
s rueh discharge, which i interosting in more. than one re-
apeet.  Viewo from & noar positon it resembles el et of
{guseseaping undor grent preseure. We know that the phenom-
non i due o the agitation of th molecules near tho terinal,
nd wo anticipate fln some hoat. must be developed. by the im-
Jact of the moloenles against the termin) or against cach other
Tndood, e ind that the brosh s hot, and only a ltle thought
ead us o the coneusion fhat, conld wo Lt rach snficiently
ligh froquencies, we could produce 1 brush which would give
intonso light and leat, and which would resemtle in every par.
ealar wn onlivary flne, sace, perhaps, that both phenomens

eht ot e e to the samo sgent—save, perps, th chenienl
ity wight not e elestrical i it nature,

“Ax the production of eat and light is here due to the impact
of the moleenles, or stoms of ir, or somerhing clse besides,
and, as we e wugunt the cnergy simply by mising the
potential, wo migh, oven widh  fe olained from
w dgnamo wachine, fntensify the action 1o such a degree us o
g the terminal 0 melting e, Bt with sueh ow froquen-

“wo would lave to deal alvays with something of the mature
of an eltric cursent. 1 1 approsch u conducting object to the
hrush, a hin little spark puses, yet, even with the frequencies
sed i ovening, o tendoney (o spark is ot very geeat, So,
for instance, if 1 hold & metallic sphere at some distance above
the torminal, yon may sce the whole spuce betwe the termin
and aphore it by the streaans withont the spark passing;
n wih the vanels Digher froquencies obtaimable Ly the disrup.
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CHAPTER XXXIX.

Trsovinie 1 Ty Coxsrteniox o Dyxavos axn Morows.

Tins invention of Mr. Tesln s an improsement in tho con.

tion of dywaumo or magneto clectie machines or motors,

in 8 novel form of frame and feld magnet which ren-

ders the machine more solid and compuct 1 & structure, whicl

reqire fewer parts, and which involves s troubleand expense

i its manvfactuee. 1t is spplicable o generators wnd motors

 not only 0 those which lave independent cireits

the Tesla alternating eurrent system, but 1o

ather continun or alternating current machines of the ordinary
type genenl

Fig. 268 shows the machine in sde elevation. Fig. 260 s
vertica secioual viow of the field magnets and frame and an end
view of the amature; and Fig. 270 o plan viow of one of
the parts o the frane and the ariature, a portion of the ltter
being cut awy.

Tho fiokd magnets and frame aro st in two yarés. Theso
parts e dentical in sz and shape, and esch consists of the solil
Dlates or ands » 1, from which project imvardly the cores paud
the sdo barsor bridgo piecss, 5 7. The preciio shape of these
parts is largely & matter of choico—hat ix to sy, each casting,
s shosen, forns an approximately rectanglar frame; but it might
Gbvioinly be more o less oval, round, or square, without do-
parture from the fnvention, 1t i also desirblo 1o reduce the
widd of the side Lars, & ¥, a¢ the conter and 10 50 proportion the
parts thatwhen tho framo i put togother tho spaces btiveen the
poll piocos ill o practically equal o tho.sres which the sur-.
fucen of the poles oceupy.

“The bearings o for tho armature shaft aro cast in tho side bara
37, The fied cofl are eithor wound on he pole picecsor on 1
form and then slipped on over the ends of the pole ices.
The lower part or casting i secnred to_the base after Leing.
finshed off. The armatare  on its shaft i then momnted in

i
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tive dischargs of »condonser, were t not for the sulden impulses,
whih are couparatively few i munber, sparking would not
ocenr even ot very small distances.  Howovor, with incompar.
ably Nigher frequencies, which wo may et find mean o pro-
e offciently, and provided that elctric impules of such high
frequencios could be transitted through  conductor, the clec
rial chumeterisios of the brush discharge ould completely
saniali—no spark would pass, no shoek would bo felt—yet we
wonld il ase to deal with wn cletric phenomenon, b in the
road, e fnterpretation of the word. T my fiest paper,he-
fore veforrod ta, | bave painted out the eurions properties of the
sl and descrie the best manner of producig it, bt | lve
thomglt it ol while o cadewvor o express w6l more clearly
o oand 0 his phenomenon, bocause of it alorbing interest,

Wien a coll s operated with eurronts of very ligh froqency,
Teantiful b cffects may bo. produeed, oven if the cofl bo of
comparuively small dimensions.  The cxperimenter way vary
o i sy wass, and, i it were for nothing ele,they afford a
plessing sight. What dds to thir inorest i thut they may bo
Drosduced with one single terminal as well . with two—in fuct,
often beter with one than with two.

Tt of all the dieharge. phenomen olsersed, the most pleas-
o to he oy, and the o instrutive, are those observed with
el whicl i aperated Ly means of the disruptive discharge of
condenser. - The power of the brashes, the abundaues of the
Sparks, whens the conditons are patiently adjosted, s often ama.
iug. With even a very snall eol, i it be o well-insulated as 0
tand w diffrence of potential of seversl thowsand valt per turn,
e sparks woay be. so abundant that the whole coil may appesr
 eonplete mas of fie

Curonsly cnongh the sparks, wheu the terminale o e coll
e setat & consderable distance, soem {0 dart i every possble
dircetion v thagh the terminal were perfeetly independent of
onel other, - As the sparks would so0n destroy the insultion, it
i nccesary to provent them.  Thi i best done by immers
the cul i good liquid insulator, such as boiled-oat ol Tmer.
o in o iguid may e considorcd almost wn absolute nocossty
for the continned aud snccessful working of sucl 4 col

1t 0f course, out of the question, in an experimental lecture,
with anly & fo minutes at disposal for the performance of ach
experiment, to show these discharge. phenomenn to adesntage,
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the bearigs of the Tower castng and the ot part of the frma
placed in position, dowel piva 1. or any other means g e t0
secure he o partsin proper position.

I onder toscenre an casior 6t the side ars & 7, und end pices,
a iy are 0 cast that slots 3 are formed when tho two parts are
ot togeter.
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Delices. The arragementhas, beides,theadvantage o faciliating
the eelexcitation of the wichine in all casos whoro.tho. rosis
tance of the feldvire i very great compuntively to the ress-
tanco of tho main cireuit at the start—for instaner, on arclight

achies, T this ase the asliay brash o s placed near to, or
better sl i contuet with, the brash 7, s shown in Fig.

In thix manmer the part i completely ent ont, and a8 the part
s  comsiderably smaller resistanee than the whole Tongel of

the fekdwire the machine excites itcl, wherenpon the ansi)
brush is shifted antommatieally t it norual positio.

T further method dosised by Mr. Tese, one or
ary brashes are_ employee, by means of which a portion o the
whole o the fcld cuils b shunted.  Aecording o the relative po-
ition wpon the conmutator of the rspective brushes more or
Tose curnent i cansed o pas throngl the beliees of the fokd, wnd
the current doveloped by the machine e bo varied at will by
varying tho relative positions f tho beashos.

In Fig, 239, @ and b are the positive and negative brashes of
the i irenit, and o wusiliary brash, - The main cieaft o

T w8,

extends from the brashes @ and  as wsnal, and_ contains the
helices 3 of the feld wire and the clectric lamps or other work-
ing devices. Tho auxilinry brusl o is comneeted to_ the pont
of the main cirenit by means of the wire o', 11 i & commutator
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of onlinary construction. Tt il have icen scen from what was
suidalrendy that when thecletro-motive forcebetwoen thebrishes
@ and o is to the clectromative foree Detsecen the brushs o
and B as tho rosistance of the cirenitax o 0 A to the rosstanee
of the cireuit b o 0o ¢ v, the. potentiale of the points @ and 5
will e qual, nd no cuerent will pase over the anxifiary brash
3 bt i that brash cccnpies  different potion elatisely to the
s brushes the electric condition is disturbed, aud current
il Hovs cither fiom 4 to 7 or from  to 4, seconding o the rola-
ive positionof tho brus lu it e the ot throngh
the feld-eices will be parely nentralized s the maggnetisn of
tho fokd magneta will b dininishod. T the sccond ence the
caurvont will be inerensed and the maguets guin strongth, By
combining with the rushes o 4 o any_avtomatic rogulating
e, the carrent developol can be regulated automatinlly
proportion to the dumands of the working cireut

T Figs, 264 and of the watomatic meens are repre-
scuted that may be wed for moving the brushes, The core v,

64, of the salenaid-heli  is connocted with the brasl o 6
move the same, and i Fig. 265 the core v i shown a widhin the
Tl 5, and conmocted with brushes o and 0 a5 to move the
canie toward or frun cach oler, acconling 1 the strengtlof the
cumnt i the belis, the helis beig within an imn ey that

i i crcass the ation of the soleni.

T prcties it i suflciont o wove ol the auxliary Drus, s
Siown i Fig, 264, wn the regalation s very sensiive to the
Sighest changess bt the relative poniion of the auxilary brl
o the main bridies may be varied by moving.the i hrushes,
o both ruan el ansiliaey brushos iy be mosed, a illstrted

T the later o cucs, i€ will o wndonstond, the
« relaively o the neateal line of tho
in the strength of ho enrront inde-
pendently of their relnive posiion to the anxiliary brush.
l ases the sdjustment way bo sl that when the machine i
with the onlinary Toad, o nerent Hoves ovor the auxik-

iary brush.

The flei heices may e conneeted, s o in Fis.
o tho e e way o the g o e ot
i the return civeait, o
s shown in Fig. 261 and
of the fiekd hlices,a portion
e showen in Figs, 200 and 262,

Ta ot
ly of such holicos may be s
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Bt such & g wonkd posscs  vast adswntugo over un ondi-

at many times higher egnees of incandescenee,
wonld be. mucl greater. T an ondinary
bl on acevmt of the destruction of the flam
determined by experinee hov fa it i advisable o push the i
candoscence. 1t s imposeible o tll Lo wnel, bigher o
conld b obtained if the Hlunent conld withstan
e the investigution 1o thix cud abioualy camnot be carrie be.
yonud  certuin stage ; bt there are. reasons for Lelicving that it
wonld bo vory considerably igher. An nuprosement might b
e in the ondinary lanp by employing » Sbort and t
bou bt then the lendingn wiren woukd have t0 be thick, an
esides, there ey other consderations which render such
dification entirely s o de
e, he ending in wires saay b very sl the ncandescenit
Foftactory waterial may be in the shape of blocks offering v
ol diatng suvfuce, 0 that Jos nengy wonld be required (o
e them at the desial incandescence : i i addition to o
the refructory materinl need not Le carbon, but my be mnfac.
tared from wixture of oxides, for fnstanes, with carbon or other
teral, or may. b wlocted from bodien whieh are pructically
oneonductors, and capable of withst
tempernture,

A this would puint to the posibility of obtsiing
Vigher efficency with suc a lawp s i obiainable in ondinary
Tampe I my experionce it baa leen domonstrated that the
Dlocks are brought to bigh deggroes of ineandescene wi
Towor potential than those determinied by caleuation, 4
blocks may e st ut greater distances from each other. Wo may
euely assunne, a1t i probable, that the molceular bombari.

4t is an fnportant clement i the heating, oven i the globe
e exhansed with the dones, for althongh
the muber of the molocalos s, comparatively speaking, nsig
ffeanty et on necont of the e free path heing very grat,
there e fower collsions, nd the woloenles 1y reach wach
Nigher specds, ot the Deatng ffeet e o this cunie may
e considersble, as i he Croolkes experiments with radiant
ater,

ingz enormons degrves of

el
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inervased, ot in proportion t the strngth of the current pas.

i through the condutors. From such variation i the resis
tanco of cither or both of the conductons formin the pos
and negutive electrodes of the eell, the crerent energy expended
may bo readily computed.  Figs, 220 and 230 flusrate o
formns of such o meter,

I Fig. 220 G desgnates a divcecurrent generator, 1 1. are
the conductors of ehe eireit extending therefon, A it fube
of s, tho ends of which are soaled, s by means of i
sulating plugs or caps 1 5. 0 ¢ are two conductors ext
thronglh the tube s, heir end pasing out through the pluge nto

Fin

Bt s, Timms condictors may Vo somupuad o8
B e e e il
61 i s e i it i
B Al e e i e i
i comduci -

B e o o LA
o e e
P ha s o U v sl o, peetivlgan
sty msared i mro. Thoh & o et Il
it et e s, A b . e
o the inerease and di tion of the resistances of the two
ek resiely k. s e d st
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Bt it i likowiso possible that wo lavo to desl here with an
increasd fuclty of losing tho chargo in vory Ligh vacann, when
tho potential ix mapidly whermating, in which case most of tho
nating would be direetly due to.the sungiug of the charges in
e heatod bodics. Or clae the observeil fact may be Iargely
attrbutable o the effect of the points which 1 have mentioned
e, in consequence of which the blocks or flaments containe

i the vucwnm are equivalont tocondensers of many times
grater aurfaco than that caleulated from th

eometriealdimen-
o, Seintific men sl differ in opinion 1 o whether a
clurge should, or shonld ot, b last in & perfoct vacum, or i
athor wonds, whether ether i, or i not,  conductor,  1f the

Fuo 1t

Soruer wore the case, then a thin filament enclosed in a perfectly
xhausted globe, and conneetal o a soureo of enormons, stendy
potential, would b brought o ineandescenece

Various forms of lamps on the above deseribed principl, with
e rofractory bodios in the form of ilamens, Fig. 116,0r blocks,
Fig 117, have been construeted and operated by me, and invost
entons are being carricd on in this e, There i o diffeulty in
reaching such bigh dogrees of ineandescence that ordinary car.
bon s o all ppesrance. melted and voltilized.  1f the vacoun
conld e made abeolutely perfoct, sueh a lanp, althongh inopera-
tive with appamtus andinarly wsed, would, if operate with cur.
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high frequencies and potencials, transfer suffcient onergy from it
o other hodics n the vicinity, or i gonersl o the sursonndings,
o mainain it at any degree of inemndoscenee; or wo may, by
means of such rapidly alternating Iigh potontials disturb the
ether carrid by the molecules of & gus or their stic charges,
canng them 1o viorate and to cmit ight.

B, clctrostatic ffects being dependent upon the potential
and frequeney, 1o prodice the most powerful aeton it i desim
ble o inerease both as far as practcable. It may be. possble o
abtain quite fur rosula Ly keepiug cicher of fhose fuctors small,
provided the other is sufiiendly great; but e are Timited
Dot dircions. My experience demonstrater that we cannot go
beloww a certain frequency, for, first, the. potential then bocomes
0 great hat it s dangerons: and, secondly, the ight production
i e e

Thave found that, Ly using the onfinary low frequencie, the.
Dhysiologieal cffct of the enrrent. roquired to maintain at 4 cer-
i degree of Drightnese  tube four feet long, provided at the
ends with outido. snd insido condenor coatings, is 50 powerful
that, T hink, it might produce serious injury 1o those not accus-
tomed 1o such shocks: whereas, with twenty thowsand alterma-
ot per second, the tube may be maintained at the sme degree
of brightaes withont any offct being fel. This is due princi-
pally 10 the fuc that a much smaller potential s required to pro-
dnco tho same light ofcc, ad also 10 th bigher cfiency i the
light producion. Tt i cvidon hat the eficioncy in such cases
it greater, the higher the frequeney, for the quicker the pro-
coss of clarging nd diseharging the moleeules, he lost nenzy
will e Tost i the form of durk rudistion. B, wnfortanately,
we cannot o boyond s certin froqueney on accomt of tho difi.
eulty of producing and conseying the cifects

1 liave stated above that & body inclosed fn an_weslansto
Dl may e tensely heated by simply conneeting it with &
fource of mpidly alternating potential. The heating in such &
enso i, il protabiliy, due mostly o the bombardment of th
maleeulos of the g contained n the balb.  When the bulh
xhnusted, tho heating of the body is much more rapid, nd there.
s n0 difeulty whatover in bringing & wire or flament to auy
degree of incmndescenca by simply conneeting it to one termionl
of . coil of the proper dimensions. T, if the well known ap-
paratus of Prof. Crookes, consisting of & bent pltinu wire with
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strueton of sondenser,in whicl the distance between the phtes
i adjustable, and of whicl Lo takos advan

T the accompanging lustraions, Fig. 227 is n seetion of &
condensor constracted i ecordance with this prineiple and has-
g stasionary plates; and Fig, 2% ixa imilar view of acandenser
with adjustable platcs

Any suitable bos or receptacle  ay b used to contain the
plates oraratures.  These later are designated by 1 and o and
e connected, respeetively, to terminal 1» and 1, which pass ot
thronglh the sdes o tho e, Th platesordiuarily arcseparated
by srips of porous insulating wateria 7, which areused morely
for dhe purpose of mintining them i postion. The. space
‘within the can s illed with ol o, Such & condenser will prove
highly eficient and il not bocome et or permnently ine
jured,

Iy case it i desirable to vary or adjus the capacity of
acondenser, and thi i provide for Ly securing the plates t -
juntable supporie—as, for example, o rls u—passing throngh
Stufug boses i h s of case s el fumished with nuta 1,
the ends of the rods eing threadod for engagoment with the
ute,

s el known that ofl possess insulating proprtics, aud it
it ha been & comman practce o futerpose a body of ol between
two condustors for purpescs of inalation; but M. Teela be-
Tieves b b discovered peculiae propertios i ofl which ron-
der them very valuable in this particnlar forn of device.
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s oo aver it (Fig. 114),be conmeeted 0 one terminal of
the cofl—either one or both onds of the plainun wire Leing co
neeted—the wire i rendored almost instandly incandoscent, and
the mica vanes arw rotatod 2 though & current from o batery
wore used. A hin carbon flament, or, profersbly, » button of
<ome refrctory material (Fig. 115), oven if it bo o comparatively
oo conduetor,inelosed i an cxhansted globe, may be rendored
Jighly ineandoscent s wnd in s manmer  simple lunp capable
siving any desired candle poveer is provided.
“Th snccess of Jamps of this kind would depan largely on the
sclection of the light-giving bodies contained within the bnlh
Since, wnder the. conditions deseribed, refmetory odies—which
for a long

e very poor conductors and capable of withstandin
time oxeosively bigh degrees of temperture—inay be vsed
such lluminating devices may be rendered succesefl,

1t might b thonght at frst that if tho bulb, containig the

P s, Fio. 115,

ilment or button of refactory watern, Le perfeetl well ex
unusted—that is, s far s it can bo done by the we of the best
apparatus—the heating would be mach lss intense, and that in
& perfeet saeun it cond not ocenr at all. Thie i not confirmed
by my experiences quite the contrary, the better the vacomn
the more casly the bodics are brought fo incandescence,  This
rosult i nteresting for sy esson,

At the ntst of this work the iden presented it 10 e,
whether two bodies of refractory material enclosed in a bulb
lnusted to such n degree that the discarge of # lange nduction
col, opersted i the usual manner, cannot puss throngh,could e

ncandoscent by e condener action,  Obvionly, to
rench thix rosult enornons potential diffrences and vary bigh
frequencies are.required, as is ovident from 1 simple. calenl
tion.
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A ingenious form of clectrolytic moter attributable to Mr.
Tesla s omo in. whicl » conductor is immersed fn a solution, 0
arranged dhat metal may be depsited from the solution or taken
away in such & manner that the clectrenl resistance of the oon-
ductar s varied in a defite proporton to the strengeh of the
curront the energy of whicl is to bo computed, whereby this
veriation i rosistunco sorvos as 4 meacuro of tho onergy and wio
may actuato. rogistoring mechanism, whenoser the. Fesistanee
rises above or falls elow certain limis.

In carrying out this idea Mr. Tesla employs an cletroly-
o coll, through whieh extend two conductors parallel and
in close proximity to cach other. Theseconductors e connsots
in serics through a resistance, but in such maaer that thore
n cqual diflrenca of potantil between them througliout thl
entire extent. The frce ends or terminals of the conductorrare
conneted ciher in seros in tho cireuit supplying the current to
the Tamps or other dovices, or in paralel to u esistance in the
cireui und in series with the current consuning devices.  Under
Such circumstances  eurrout. passing throngh tho conductors
establsis a diferenca of potentil betwoen them which i pro-
portional o dhe strongel of the cursent,in consequence of which
thero i 8 leakage of corrent from ouo_conductor {0 he other
across the solation. Tho strongeh of his leakage carrent i pro
portional o the difference of potential, and, therefore,in propor-
i tothe trength of the curront pusing throgh the conductors.
Moreosar, as thero is i constant difference of potentil botwoen
tho two conductors throughout the entire extent that is exposod
o the solution, the cursent doneity through sueh solation s the
samo at all corresponding points, and honeo tho doposit s ani
form alow tho whole of one of the conductors, wlilo tho metal
i taken away aniformly from the other. The resistance of ono
conduetor s by this means dimindshed, whilo hat of the other is
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ente of the requied charsctor, fford an ilunint which world
never e destroyed, and which would be far more ccient thun
s ondinary ncandescent laanp. This perfoction cun, of coure,

o and  vers sl destraction aud gradual diminn.

never be ro
on in st alwars vecury as i candescent flaments but there
s 0 posbility of  sudden and premature disabiing which oc-
curs in the later by the breaking of the flament, cpeciully
hen the incandescent boies are in the shape of blocks,
Wil these rupily alernating potentiaa there i, howerer, no
necossity of enclosing two Mocks i a glabe, but o sngle Wock,
or ilament, Fig. 115, may be used. The paten
ity obtuinable,

i i i case vt of conrac b higher, but s c
and besides it i ot mecesarly dangerun,
“The fuility with ebiel he. button or Hlauent i such & L,

Fuo, 18,

s Iromght 0 incandescene, other things bei
o thesie of the globe. 1 perfect vaeuum could be obiained,
the sz of the globe would not b of mportance, for then the
Deting would b whally due to the surging of the changes, and
Wl the cnergy wonld be.given off to the surroundings by i
tion. But thix can never ocenr in practice. There s always
some g loft in tho globe, and alibough the exhaustion may b
carvied o the bighest degree, il the space inside of the ball
st e consdered s conducting when such bigh potcutials arc
s, and 1 ascime haty i estivting tho energy that may be
iven o fron the flament to the surrow

cqual, depnds
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positon to tho passago throngh it of & wavo of one sign,the other
secondary similarly opposes n wave of opposie sign. T conse-
quence, the waves of one sign will, o a greate or los extent, pass
‘while those of apposite sign in ke man.
Uranch,
In liow of saturating tho primaric by  soures of continuous
eurront, wo may ineludo tho.primaries in tho branclies o re-
speetively, and periodically shortciruit by any suitable mochani-
enl dovieca—such as an ondinary rovolsing commutator—their
secondaries. 1t wil be undersiood, of conrs, that the rotation
and sction of the commutator muet be in synchronism or
proper secord wih the periods of the slternations in onder o
sceure the dosired resulte, Such & disposition is ropresentad

dingrummutically in Fig. 222 Conesponding to the provions
figures, & s tho gonorator of altornating currents, 1 » th line,
and o the two brunches for the diect carrents.  In braneh &
Inded two primary colls % =/, and in branch v are tyo
aries 7 Tho corresponding sccondarics for these

‘ofl and which are on the same subdivided core 3 or ' aro in
the torminals of whioh conncet to opposite segments x
K, and 1. 1/, rospoctively, of & commutator, Brushos b b boar
upan the commutator and wlierately shortirealt the plates x
i i, and 1 and 7, through i conneetion o. Tt is obvious that
cither tha magnets and commutator,or the brushs, my rovolve.
“The operation will be understod from s consideration of the
effcts of closng or shortircuiting the secondarics, For ox.
atmple,if at tho instant whon a given wave of curront. pusses, 010
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make the primary in sections und supply it from separate, well
ineulated sourece.

In many of these experiments, when powerful offects are
wantod for et time, it s advaniageous fo s iron coros witl
tho.primarios. I such case . vory largo primary eoil may bo
wound and placed side by side with the scoondary, and, te e
estterminal of thelatter being conneeted to the prinary, a lani-
ated iron core i introduced throgh the primary into the sec-
onday as fur as the streams will permit, Under these conditions
an_oxcessively powerful brush, sovorsl inchics long, which may
b appropriately callod S, Elio's bot fire,” may b caused to
appear at the other terminal of the secondary, producing striking
effets, Tt most powertal ozoniser, 0 paverful indecd, that
only o fow minutes are sufliient to fll the whole room with the
mell of ozone, and it undoubtodly possosss tho quality of exe
ing chomical ffnicis.

For the production of ovone, alternating currents of very
High froqueney are eminently suied, not only on necount of the
advantages they offer in the way of convenion b
f tho fack, st czoaising dcten of & dischargo s deps
on tho froquency as well as on tho potentia, this being wadoubt-

Sully watehed, os it i apt o gt excosively ot in an incredibly

hort time. To give an idea of the rupidity of the heating, T
“will sate,that by pasing » powerful carrent throngh a coil i
miny s, the insorting within tho samo of & thin iron wiro for
o mare. thun one second's time s suffcont t heat the wire o
sometling like 100° C,

But thie mpid heating need not discoursge us in the e
of iron cores in comnection with rapidly elteruating currents,
T live for o lowg time been convinced that in the industrial disr
bution by means of transformors, some such plan t tho following
might be practieable. Wo may wo a comparatively small iron
eore, subdivided, or perbaps not even subdivided.  We ma
round this cor’ with u considemble thicknes of waterial which
s firoproof and conduets the heat poarl, und an top of that wo
may place the primary and secondary windings, By wing either
ligher froquencies or greator magnotising forecs, wo may by
Inyseresis and.ddy eurrents heat, o iron coro so fa as o bring
i€ nearly to ts maximum permeabli, which, o Hopkinson lns
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et of secondaries be shortcircuited, nearly all the ‘current flows
fhrough the corresponding primarics; but the secondaric of the
other branch being opencireited, the. selfinductian in the
primarics is ighest, and henco Title o po current will s
through that branch. I, a the enrrent. alteraios, the socond-
arica of the two branchos aro slternately hortireuied, the
result will be éha the currenta of ono sign pass aver one brunch
and those of the opposit s other. The disudvan-
s of this arrangomont, which would scein to rosult from the
employment of sliding cantets, ure i relity very dlight, fnae-
‘maly e the clectromoie forc of the secondaries may be made
excoudingly low, %0 that sparking at the brushes i voidod.
Fig. 223 is  diagea of another plan of
earrying out tho imvention. thiscas i dividod,
s efore, and each branels fncludes the eofls of Loth theflelds

=3

tares o pare preferably mounted on tho samo skaft, and.are ad-

Justed relatively o one another in sucl manner thut when the
fnduction in one branch, s ¢ i masiamun, intheoter brunel
“The anmatuses e rotated v eynehonin i
from the sonreo 4. The winding or position
of the armature cofl s sueh that a_corrent in n given direct
‘psscd through both armetares would cstablsh i onc, polos s
lar to those in tho adjacent poles of the field, u
poles unlike the adjscent field poles, ue indicated by s o in
the. dingram. T the like poles are presented, as shown i cir-
euit , the condition is hat o  closed eecondary upon  primary,
‘o the position of least inductive rosistance ; hene a given alter-
‘ation of current will pus matnly through p. A half rovolution
of the armatures prodnces an opposit efloet wnd. the succeoding
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they offer an appreciabl resstance, as the two branches il be
thereby better balanced. The trandating or other devicesto be
acted upon by the current aro dosignated by the letters o, and
they are insertodin the brunches o in any dos

in onder to better preservo an oven Lalance between the branehice
due regard should, of course, bo had 1o the namber and characicr
of the doviees.

Figa. 221, 222, 223, and 924 illutrate what may termod “clec-
tro-magnetic” devices for accomplishing  similar rsult—that s
to sy, instead of producig dircely by a generator an elacro.
motive forcein cach brancl. of the cireit, M. Tee extublishos
a field o fields of forco and loads the branches through the samo
i such manner that an ative oppositon of apposte efet ar di-
rection will be dexeloped therein by tho pusaze, o tends
pass, of the alternations o eurvont. - Tn Fig, 21, or example, A i

ho genertor of ltrating currnts ' the e cretand o
e branchs over whil the lteraating careeats redirccted. T
cach ranl i fcluded the secondaey of  transformer o fnduc-
o cof, wlicl,since they corrspond i iy fumctons 10 the
nterie of the previous gur, re dosgnated by he leter .
The primaros 2 1 of the faducton coll o tramformers aro
comected sither in panill or sercs with o soure of dirct or
continuons corrents 1, and the number of cansalutions s 0 cal.
cultefor the strongt of the crreut fom 1 tha the oree 4
will b suturated. The connoctons o such that. the conditons
i the o trnsforrs aro of oppasite charctor—(int i to sy,
the arrngoment i such that 4 curront wase or impule cores.
ponding in diretion with thatof the dirct carrnt in e pr-
mary, i s oppenito dinetion o tha i o odher primary .
It resale that while one socondary offrs 4 sianee o op-
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by able pionecrs, Many have boon earriod away by the enthusinay
nd pusion to discover, but in their seal to rench results, s
luve been wield. - Startig with the idea of producing electio-
mgnotic wavas, they turae theie attention, perhape, (00 mueh
to the study of eletro-mguetie offots, i negleeted the study
of clectrostatic phenomena,  Naturaly, vearl westigator
vl Limielf of an apparucus similar fo.that wed in earlir
experiments. Bt n those forms of apparatas, while the dlectro-

mgnotic inductive.effots are cnormons, the clectrostatic offots
e cxcessively smll

Tn the Tertz oxporiments, for instanco, a high toncion fnduc-
tio Jhort circuited by an are the rosistanco of which i
very small, the smaller, the nore capaciey s atachod to the or.
niaals: and the differenco of potential a these is cnormonsly
diminished. On the other hund, when the discharge s not pass-
fng between the terminal, the state efects may e considerable,
b anly qulitativel so, not quantitatively, snce their rise and
fall i vory sulden, and since dheie froqueney is small. In nither
ense, thorofore, aro. powarful eloctrosatic offets porceivabe.
Similar condicions exit when, as n some interesting experiments
of Dr. Lodge, Leyien jars are dicharged diruptively. [t lns
een” thonght — wnd 1 belicve serted —that in such cases
st of the energy s radinted into space. In the Tight of the
oxpor which [ Tave. deseribed shove,it will now not b
thought s0. 1 fool sefe i aserting that in such cases nost of
tho cnergy is parly taken up and converted into lat n the src
of the discharge and in the condacting materl of
the jar, ome energy Leing, of conrse, given of Ly elctrification
of the wir; bt the amount of the dircely radiated onorgy is vory.
sl

When a high tension induction e, operated Ly eurrents sher.
ting only 20,000 tnes u scond, s s torminals closed throngh
even a very sl jur, practically all the onergy puses throngh
the dicoctsie of the jor which is hoated, and the clectrostatic
ffets manifest themolves ontwarly only 0  vory weak dogree.
Now the externl cireuit of  Leyden jar, that i, ho are and the
conncetions of the coatings, may b looked wpon s & cireit gon-
eruting altersating curvons of exeasively high froqueney sl
furly igh potential, which s closed through the contings and
the diclctric between them, and from the sbove it is evident
that the external loctrostati ofects st b very sl oven i
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An alternating and s direet corrent hae Loen combined sothat
were parially or wholly over.
com by the dircet carsont but by thix plan only one st of al-
tormationa are utiized, whoreas by the system just deserbed the
entiro current s rondered asailable. By obvious upplicatons of
i discovory Mr. Tesla is enabled to produce o selfexciing sl-
fernating dynamo, or o operte dree. current moters on aler.
mtingeurrent cireuits or ta run various devices—euch a are g
by diroet curronts in the samno cirenit with incandescent lamps
or other deviess operated by alternatng currents
Tt will be cheervod that if an intermitiont counter or opposing
force bo developed in tho branches of the circuit and of higher
clctromotive force then that of the gencrator, an alternating
carrent will reslt in eacly braseh, witl the waves of one sign
proponderting, while @ constantly or wniformly acting oppo-
ition in the branches of bigher cletromotive foree han the
generator would produce  pulsating current, whic conditions
‘Would be, undor coma circumstances, the equivalont of those de.
eribed,
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recil cireuit bo used. Theso conditions ke i appear that with

tho apparatus usually st hand, the observation of powerful clec-

trosiati aects was fmpowibie, and what experience hus been

e . that diretion s iy due to the great abiliy of the
wvcstigator,

But powertul elctrosatic efects o i qua won of ght
production on the Tincs indicated by theory.  Electro-magoctic
offets aro primarily wnavailable, for the reason that o produce
the requirol cffets wo would lave to puss cnrrent mpolacs
throngh a conductor, which, long before the required frequency
of the impulics could Lo reached, would coas to transuit them.
On the other hand, cleetro-ntgnetic waves many times longer
tian thosc of light, and producible by sudden discharge of 8 con-
denser, eould not be utlized, it would seem, cxcept we avai o
alves of their effect upon conductors s in the present methods,
‘which are wasteful. We conld not afect by means of such waves
the sttic moloenlar or atomic charges of 4 gus, caus them to
brate and to emit light. Long trasverse waves smot, apparently,
produce such effcts, since escesively small cloctro-magnetic
disturances ny pass veadly through il of air. - Sucl dark
waves, unless they arc of the length of trve light wases, cumor,
it would.sccin, excite lainons mliation in a Geisler ke, and
tho Tuminons offets, which aro producilie Ly induction i a tube
devoid of cletrodes, T aan inclined o consider s bing of an clc
trostatc narure.

To produce sl lnous effots, straight clectrostati thrusts

e required ; these, whatever e their frequency, may disonl
the molcenlar chargos ud produce lizht. Since curent impulses

of the required frr
measnrable
product
ocessity
i s occorer to me, however, that cloetrostaic ffcts are in
uny vays available for the production of ight. For insance,
wo may placc & body of some refructory serialin ¢ closed, and
preferably mone o loss cxbausted, globe, conneet it o & souree of
igh, rupidly atermating potential causing the molceulos of the
F specis, nd in
s mane, with trillons of inisible Laminees, po
gt incandescent; or we wuay place s body in & very bighly
uunsted globe, i nowtiking vacun, and, Ly emploging very

sey camuot pass throvgh  conductor of
s, e muet work with @ g wud then the
w of powerful lectrostatic et Lecornes an fmperative
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Cosumsswns wrn Prares 1x O

I experimenting with currents of igh frquency and high
‘potentil Mr. Tesls has found that nsulating materals such s
el micn, and i eneral those odies which posess the lighest
epecific nductive capacity, aro_inforior as insulators in snch de-
ices when cnrrontsof the kind deseibed are etnployed compared
‘withthose possesivg high insuating power, ogether withasmller
peciic inductive capacity; and e haealo formd hat it very do-
rableto exelude sl gaseons matter from the apparatis,orany ac-

. 2

cosof the sue to the loctsifld surfuces n ordr to provent heat-
ing by molecular bowmrdment and the loss or njury consequent
thercon, o b thorefore dovised s mothod o acoomplish theso
reslts and produce. ighly offcient. and reliable condensers, by
ing ofl s the dicectric. The plan adits of u particular con-

s Tocs xperimne, ar e il i of 1 hre Vsars wil
pereie, b evid  very Imporant fut Vhieh s sk sdviageof i
i Tovtion. Nty B s shown (et  condner s comierale
ot of enrgy g b it 1h condrsr ey bk dows ey
e pout e s e betwcen e s A e of per
et e deeibed . (1 ke, whic bt ot 1 ot Ty s

b operuion of igh taon appare. Tt beios earing

e cxperiments s hrow o Hght

e and explin o e ack of

i Tomen re vory sl s compare it e 1
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hown, may be s much s sxtcon times greater than that at o
dinary temperatures. 1f tho iron core wero porfactly oncloeod,
it would not be deteriorated by the eat, ud, if tho enclosuro of
fire-proof materil would be. uffcently hick, anly a limited
anout of cnengy could be rulinted i spite of the ligh tem-
perature, Transformers lave been constructed by me on that
plan, but for Inck of time, no thorough ests have as yet ben

nde.
‘Another vay of adaptiv the fron core to rapid slteruations,
or, generally spenking, reducing the frictional losee, i to pro-
e by continuous magnetzation u o of something Tike seven
thonsand or eight thousand lines per square contimetre throngh
e core, Forees and pre.
ferably high froquencios around the poiat of greatest permealil
ity A v of conversion and grcater oniput are
obainable in thix manner. | bave also cmployed this principle
i comneetion with machines in which there ix o reversal of
polariy. Tn these types of machines, 1 long as there are ouly
fow pole projections, there i 1o great gain, as the maxinn Al
i of magnetizntion are fer froun the point of ma
permentiliy: but when the wumber of the pale projoetc
very great, the required rate of change way be obtsined, without
the magntization vurying %o far as o depart greatly from the
point of masimun permeability, nd the gain is considerabe,

The wbove. deseribed srrungements refer uly to the use of
commorcial cofls us ordinarily constructed. 11 it is desired o
construct & cuil for the exprese purpose of performing with it
el experiments s [ ave deseribed, or, generally, rendering it
capable of withstanding the greatest posdbl diffrence of pot
i, hen & construction . 113wl be found of
advantage. The cal in this case i formed of o independent
parts which are wound oppoitely, tho conncetion betwoon botl
being made near tho primary. Tho potentil in tho middle being
ero, there is ot much tendency 1o jump to the primary and not
much nsaltion s required. [n some cases the middle poiut
may, howeser, be conneated o the primary or (0 the ground. Tn
cuel! il the places of greatest iffernice of potential are fur
apart and the el is cpable of withstanding an epormous strain.
The two parts may bo mavable s 4 to llow  slight adjustment
of the eapacity effct.

Axto the manner of insulating the col, it will be found con-
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current impule pases throngh o, Using this figure as an ills-
rtion, it i evident that the felds may be permanent mag-
hets or indopendently oxcted and tho armatares o » driven, as
tho prosent cas, s 1 to_produce alternato. currenis, which will
ot up altornataly impulsos of opposite direction I the two
Dranches p ¢, which in sueh ease would include the armature cis-
enitsand tranalating devices ony.

In Fig. 224 0 plan alternaive with that shown in Fig, 222 i
llstrated. T tho provious case llustrated, cach branch o and »
contined one or more primary coil, tho sccondaries of which
were periodically short cireited in syachronisns with the lter-
aations of current from the wain souree , and for this purpose
« commutator was cmployed.  Tho latter may, howover, be die-

th and an armatave with 8 closed cail substtuted.

+, wound on laminsted cores, and i the other breaches p are
imilar ol ', A sullivided or laminated armature o, urry-
g closed il i rotatably supported etween the coil ' ¥,
asshown.In the position shown—that s, with the eoll w paral.
el with the convalutions of the primarics 3 s/—practically the
whole corrent will pase throngh brunch , becauso the selfin-
dncton in cole 3’ i s, 1, therefore, the armature
and coil bo rotated at a proper spoed rolativaly o the periods
alternations of the snuree », tho sume resuls aro. obtained as in
the ease of Fig. 222

Fig. 25 s an instanee of what may be callod, in distinction to
tho others, a “ magnetie” means of seeuring the result. v and
w are two strong permanent magnets provided with armatores
VW, sespectively. The armatures are made of thin amine of
Softirom or ool and the amount of magnetic. metal which they
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venent o procsed in the following way : First,the wire should
be boiled in parafine wntl all the air s ot then the cil i
wound by running the wire throragh melted parafl
e purpose of fixng the wire.  The col s her
e spool, immersedin  cylndrial vessel fled with pure melted
wax and boled for a long time until the bubbles cesse o appear.
The hole s then left o cool down thoronghly, und then the
mass s aken ot of the vessel and turned up in o lahe. A coil
wade i this manner and with care s capable of withstan
cnormons potential differnces

it o fmmerse the il i parafine of]
i is & most offoctive way of insalating,
principally on account of the perfect exclusion of ir, but it may

e found tha, after all, u vosel il wih ofl i not & very con.
venient thing to Landle in n lsboratory

If . ordinar dismoried, he privar
takon out of the tube and tho atter plugzed up at one end, lled
with ofl and the primary reimserted.  This aflords au escellent
insulation and prevents the formation of the strcans,

Of all he exper e uay e porformed wih rapidly
alternating 12 o those which concern
e production of o prctical ilminant. 1t cunot be denied
lat the present methiods, thongh they woro brillint advancos,
e very wastoful. - Some beiter metlods must bo fuvented, soue
more perfoct apparus dovisod. Modern rescarch las opened
new possibilion for the production of an cfient source of ight,
and tho attntion of all s been turned i he direetion ndicated
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contan is g0 calenlated that they will be ully o nearly satursted
by the mugnets.  Around the armatures are coils & 1, contained,
rospectivly, in he cirenits © und b, The connections and elec-
srical conditions in this case ar similar to those o Fig. 221,
except. that the curront souree of 1, Fg, 221, i dispensed witl
and the saturation of the core of caile = ¥ obtsined fro he per-
manent magncts,
“The previon

ctratons Lave ll s th tro branchesar
paths contaning the tranlting o idution devios e deriv
o one to th othrs bt hi i nor always necemary. For
exmnpl,in Fig. 226, A i n altraating anront gonamiors .
o e wires or i, At any givn.pont i the et o
ot form i paha, . ', wnd ¢ anothe pint o pala, o

. Either pair or group of paths i similar o the. prvious di-

o

positons with the clactrial sonrec o nduction device in one
branch only, while the twa groups taken together form the
bvious equivalent of tho cases i wich an induetion dovice or
generator is incloded in both branchesTn one of the_paths, as
1y aro_included the devicus to be operted by the carrent.  Tn
tho ofhr braneh, as oy it an indaetion device that opposcs the
cursent impalios of one direction und dircets them through the
branch . 8o, alo,in braneh © are transluting dovices c, and in
branoh o s induetion devieo or it equivalent that diverts
throngh o impulses of opposito dicction o those diverted by the
dovies n branch o', The diagram shores uspeeial foru of -
duction dovice for this purpose. 3+ wre the cone, forme with
pol-picces, upon which e wound tho coils  x. Detween these
‘olo-picces are mounted at right angles o ove another the wag-
etic armaturce o , preforbly mowated on the sume shaft and
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anything. | bave been ablo o produce such a condition by ereat.
g i the raom & powerfol, mpidly slermsing cleetrstatic
e, For this purpose | swapend n sheet of metal a distance
from the eciling on nsalating conds and connee it to one. e
wl of he induction coll, e iler terminal beng proferably con-
et to the ground.  Or e 1 suspend two sheets sillusiated
i Fig. 123, cach shect bz connected with one of th terminals
of the cal, and. fhir ize being carcfully detoruined. An ox-
Tnsted tubo nay thon be carried in the and anywhere bo-
tweon the shoets, or placed wnyehere, even v certain distanes
Deyond then it remains vy Jams

T such an cleetrostatic feld inte
abserved, expecially if the altermations ane kept low aud the po-
tentalsexeessively high. [naddition o the luninous phenomena
ventioned, one may olwcrve it any insulted condnetor gives
aparks whien the land or anothr abject i spproached to i, and
tho sparks may often b powerfal. When  large conducting
objet i fastened on an ineulaing support, s the hand ap-
prouchod toit, a vibration, due o the. ryclumieal wotion of the
i molecales s folt, and Toninons siroan vty b porceived
when e han s beld e » painted projection. * When & tele-
phiane reeciver is made 1o tonel with anc or bothof it terinads
o nsnlated conductor of s sie, the telephone wnits % Tond
sound it alo emits  sound whe 4 length of wire s attachd to
e or both ternals, and wih very poverful il sound ay
e perccived even without auy wire.

How far this prvciple i capable of practical application, e
future wil tel. Tt might be thonght that clectrosatic offcts
e wnsited for such action at  distnce, - Electromagnetic in-
et ffect: bl for the pros of lght,
thonglat bettor suited. 1t ix true the cletrostatic ofects d
sl nearly wih the eube of the distance feom the col, whercas
the.clectromagotic inductive eeets dinish stply with he
dictance. But whon we caablish an clectrosttic field of force,
the conditon i very diferent, for then, ustead of the differen’
il effet.of both the terminals, we ot their confoint eff
Besides, | wonld el atention 1o the cfect, that ' alterna.
ing cleetrostati field, x conductor, such 1 an ¢xhnsed tube,
for instance, tends to fake up most of the cnergy, whercas n
clectromagnetic altermating ficld the conductor tends to take wp
e st energ, the waves being refected with bt el low,

ET———
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This i v reason why it i difclt to excit an exbnsted tube,
at  distance, by cletromaguetic induction. 1 lavo wound cofls
f very large dinmeter and of many turus of wirc, and conneetd
& Gisler tube to the ends of the eofl with the object of exciting
e tube at 4 distance; it cven with the powerfal inductive
effets producible by Leyden jar dischiueges, e tubo conkd uot
e excited unles o vory sl distnce, albough some

it was used s to the dimensions of the.coil. [ havo sleo
fonnd that oven the most powerful Leyden jar disclirges are
enpable of exciting only focble Tumnons effcets n n cloed ex-
nnisted tule, and oven these offots. upon thorough exanination
1huve been fored to consider of an eloctrosatic natu

How then canwo hape €0 produco. the. required effcts at &
distance. by means of cloctromagnetic aetion, when even in the
closest prosimity to.the source of disturbanee, wndr the
advantugeons couditions, we can excito bt faiot Taminosiy £ It
in e that when acting at 4 distance wo lave the ronanee to
Tulp s nt, We can comneet an_exbausted tabe, or whiatever
the Mllamivating deviee my be, with an insulaed ystem of the
proper expacity, and so ity e possble to incrense the cfect
anaitatively, nd only qualitatively, for we wold not et wore
onergy theongl the dovice. So we may, by resonanee et
obtain the required leetromotive foree i i exhausted tabe,un
excite funt Tminons offcts, hut we eannot gt cnongh energy to
Fonder the Tight practcally avaiuble, and # simple caleultion,
e on experimental resaits, hows that even 1f al the cnerzy
which  tabe wondd recive a & certuin distance fom the source
shonld b whlly converted into ight, it would lanly satisy che
practiealrequirements, Henee the necessty of diroeting, 1

ents of . condueting cirenit, the energy to the place of trans.
formation. Tt in 20 deing o camnot very sansibly depart fro
present mothors, and ll we could o would be. 10 fmprove the'
spparatu.

From these comsiderstons it world sccm that i this idesl weay
of lighting i to b rendered practcable i will b oy Ly the use
of electrostatc ofects. Tn auel & cso the most povrful lectro-
satic inductive effcts are neded; the apparatus employed must,
thorefore, b capable of producing Wigh eleetrostatic potentials






OEBPS/images/bg20500001.jpg
HIGH PREQUENCY AND HIGH POTENTIAL CURRESTS, 157

s by interposing an nsulated metal plate. The magnitude of
tho offcts depends o somo extent on the sise of the plate. Bt it
tho wmetal plate be conmected by a wire to the ground, its interpo-
iton il ahvays make the uho go ont oven i t Lo very noar the
e, In general, body botween tho cofland
tube, ineroases or diminishes tho brillianey of the tube, or its
faclity to light up, seconding to whether it incroases o dimin-
hos tho elctriiction.  When experimeting with an nsulated
Dlat, he plate should ot Le taken too large,elseit will general
produee o weakening offeet by reason of e great faclity for iy
g offenergy to the surmoundings.

It tule o lighted at som distance from the cofl, and u plate
of hard rubher or other insulating sulitance be interposed, the
tube may o made to go aut. The intorpaition of the dielectric

i s only lighely inereascs tho fnductivo olfect, but dimin.
s considerably tho cloctrification througl tho ir

In all case, then, when we oxcito lumiaosty in_ exhansted
fubes by means of such v coi,the effect i due to the rapidly
alternating clectrostatic potential; and, furthermore, it must b
‘attrbated to the harmonic slternation produced dintly by the
machine, and not 0 any superimpased vibration which might be
thonght o exist._Such superimposed vibrations e impossible
whon we work with an alteraato current machine, 1 springbe
erulully tightened and releasd, it docs not.performn Tndepend:
ont sibrations; for this & sudden relense i neccsary. S0 it
the alierate curronts from a ‘machin; the mediun.
Trmonically stsined and relessed, this giing riso o only one
Kind of waves & sudden contact or bresk, or a sudden_giving
way of tho didcctic, as in the disruptive dischargo of a Leydon
jan, are wsential for the production of superimposol waves,

T all tho last dseribed experimonts, ules doveid of any clec-
trodos oy be wied, and thero s o diely in producing by

The light effct i, Lo

i of phosphorescent bodics

A diffealty will be found

when the phosphorcscent materal i ned, for wih these power
effcts, it i carried gradully away, and it i prefersble to uso
erial i the form of a solid.
Tnste of depending on induetion nt & distanco o light tho
tube, the same may be provided with an extornal—and, if do-
ived, leo with an internal —condenser conting, and it may then
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repeated indefinitely, the et upan the coil being similr to
hat whicl would follow from movin the magnetized bar ond
from the end of the fron bar or plue,

The derice illstrated below = mewns of abtaining this
rosult, e foatares of novelty i the o g, first, the.
cnployment of an arifcal conling desice, and, socomd, inclosing
the sonreo of leat and that_porion of the magnetic circui ¢
posed to the heat and arificially cooling the et part.

“These improvements aro applieable genoraly o the gonerators
constructed on the plan alove deseribed—tlnt s to ay, we may
o an artiicial cooling deviee i conjunetion with & varisble or
varied o wniform sonree of heat,

Fig. 242 i 8 contrm vertieal long

itadinal section of the con

" = -

it appursts and Fig. 243 s crosston of (he nnguctic
Armature-core of the generator.

Lt s represent n gntizod corc or perancit maguet the
pales of whicls are:bridged by an Armatire-core composed of a
cnsing or shell n inclosing  number of hollow iron tabes 0.
Around this cone are wound the condctors 5, to form the
colls in which the currents are dovcloped. T fhe cirenit of
these cails are currout consmning devices, s ¥ ¥

ien famace or closed firebox, through whih the central
porion of the coro » extends. Aboe the fir iaa bofler x, can
tining water. The fine 1. from the firebox may extend up
thrangh the Loiler,

i & wnteraupply pipe, and 1 i the stean-exlaust pipe,
which communieates with al the tubes o fn the srmature 1, &
that stoam escaping from the boilr will pass through tho tubes.
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o suspended anysehere in the roms from a conductor canneeted
to.ane terminal of the cil, nd in this manver »soft llumination
may be provided.

“The ideal way of lighting & Il or room would, Lerer, Le

o produce such  condition iu it that an lluminatin
conld be moved and put anywhere, nd that it i ighted, no mat
ter where i s put and without eing electriealy connected
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I hesteamxhanet pipe 1 s valve s, to whicls i connectdl
the Tever 1, by the wovemeut of which the valve i opene
or close, T such & caso as this the hoat of the fire nany bo
iz for other purposes after s el of 1t s may be needod
hus been applid to heating the core w. There are. special k-
antages in the employment of a cooling deviet, in that the
anetal of e core s not o quickly oxidized. Morcover, tho
difference between the temperatars of the applicd leat and of
the steum, aie,or whatosor gus or fuid bo upplie us the conling
medium, ay e nerased or decreased at will, whereby the
Japidity of the wignetic chages o fuctantions sy be regulated.
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the i aurface of the bulls s one conting of & condonser, the
air and other objeets suronnding the bulb formiug the oher
conting.  When the alternations e very low there is no doubt
that » comsiderable portion of the anergy s given off by the clc-
trifioation of the surrounding ir

I onder to study this subject btter, T curriod an some experi-
ments with excesively high potentialé and low frequencios. |
then observed that when the land is approsched to tho bulb,—
the ilunent being eonnected with one.terminal of the coil, s
powertal vibration is felt, ben due o the attraction and repul-
sion of the molecnles of the sir which aro cloctifed by nduc-
tion through the glass, T some cases when the action s sery
futense T have boen able to lear a sound, which st be dve to
tho same cane

When the alternations are loe, one is gt to get s excessvely

powerful shock froms the bulb. T genera, whon one attachies
bulbs or objects of sowe size o the terminals of o cofl, one
honld Took ont for the rse of potentil for it may Lappen that
by merely comneeting & bull or plats (o the termingl, tho poten-
il may v to many:times it original valne. When s are
attached o the toruinals, us ilustrted in_ Fig. 119, then the
cupacity of the bulls shonld be suclh as to give the maximun

vise af potential under the exising conditions, In this man-
er one may obtain the requied potential wih fewer s of

The Iife of such umpe e dosribod abose depends, of conrse,
argel on the degroe of oxbunstion, Lot to same oxtent ako on
e shape of the block of refrctory materia. Theoretiell. it
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No_electreal inentor of the present day dealing with the
problems of ight and_power considers that he has done bimself
or his apportunities justce until b s attacked the subject of
thormomagnetim. A far Lack as the boginniug of the seven-

it was showen Ly Dr. William Gilbert, the father
dern_clctrieity, that » lowdsone or iron bar when heated

of m
o rdnes loses it magnetism ; and since that time the influnce

of cat on the magnetic metals s boen investigated frequently,
thonigh not with any material o prctical result,

For a man of Mr. Tesla's inventive abiliy, the probloms in
thi fold iave naturally Lad 5o wmall fascination, and though he
s bt glaueod at them, it i to be hopod ho may find time
pamve the atudy decper and further. For such s e, the in-
Vestigation must nndoubtedly bear frit,  Meanwhile he has
worked out one or two openstive devices worthy of note) Tle
obtaine mechanical power by a reciproeating action resulting
from the joint operations of heat, magnctism, and a spring o
woight o other force—that i to sy he subjeets & body magnet.
red by induction o otherwise o the setion of heat until tho
wagnctian i sufliiently neutralized to allow a weight or spring
o give motion to the body und lessen the setion of the heat, 50
tat the wagnetism way be suicienty restored to. move the

it iincd in i e ey sl owing 19 th oy of
fro o ol rapid chunges 1 tempratu. 1 fotrvow with e Tola
o s ubjck,th compiler Jeacd o s experien whih will ek
o, Sl oo et 4he s o of shct o bt
e fom o an I s v I contact i ov f the pols 04 pised I
o posion that i i ept T e ataction of th pposte pol delcely
Simpdo. X s anp 1 placed der 1o shet 1 pice s when e
e e L i epertone b ey st ibrion o e
iy 40 to 000 e 5 miawe T expermask s e auly pr-
ol e inteeaiog picipaly o scco of the vry o T o
i,
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wonld seemn that & small sphere of carbon enclosed in a sphere of
es would mot suffer doteriortion from molecular bombard-
ment, for, the. wattr in the globe being mudiant, the molecules
would move in straizht lince, nd would seldom stike the sphere.
obliquely.  Au interestings thought in connetion with such a
Tamp i, that i it “clectriity ™ and clectriea energy apparently

st move i the s lincs,

“Tho e of alternating currents of very igh froqueney makes
it possble o transfer, by electrostati or clctromsgnetic inde-
ion throngh the ghus of 4 unp, suffcient onergy to keep -

ot o 10

ment at ineandescenic and 50 do avway with tho leading.in wiros.
Such lumps bave been proposed, but for want of proper appan-
tus they huve ot boon sueccssflly operated.  Many forms of
an Hlaments
huve been constructed by i When
wsing 2 scondar, tho lamp, & condenier i ad-
vantageonaly combined with tho secondary. - When the transfer-
eneo i offocted by clostrostatic induetion, ho potentinls sed are,
of course, very g with froquoncios obiainablo from a machine.
For nstace, with s condenser srface of forty square centimetros,
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ad i the oppostsdirston, s agal sl the et
denngiaiing pomsr of te sk

el i o kgt 4 e
e, th het I distnd skt & body . . wmguein
oy inducion, rdhe than dircl st 8 peranent magac,
[ i o g g el

masent magact b theseion of et M. T o provide

To lomenig the olame afth hatorforerespin s s
during Ghat porio of the reciprcaion . whieh the cooll
action takes place. ! 2

e Gagram aesown soioofth Buerousaigemente
Unt iy be made e of n carrlag ot i o T 4}
o thee g Th. magnt e r ke e armats
o T bt of oo soorenof bt 1 e ek of o

ton ¢, and the s
weight —is markee

In Fig. 381 the pen
1, supporting the axi x, from whiel the
Tower end of which the armature  is supported. The stopa 2
and 3 Tt the extent of motion, and the spring  tends to druw
e armuature & wwny from the magnet x. 10 will v e under-
ool that the magnctisn of it sufiient o overcome the
Az w and. dro the armature A toward the maguet x. The
et acting upan the armature « neutralizes ts indueed et
i suficently for the spring w o draw fhe anature  avay
from the tagret x and a0 from the heatat u. The armature
o cools, and the attraction of the magnet. X overcomes the
apring w and draws the armaturo  back i above the burne

or the squivalent thereof—nanely, @

ot gt i comceted with e,
Iy, and at the
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btained—hat s to say, or exanple, the inerease of resitane of
one conductoror the dimiuntion f the reistance of the ather per
Tamplhour, Theso éwo mossurennents evidenly servo u<a check,
since the gain of one conductor ahonld qual the loss of he ofher.
‘A further chock i afforded by icasuringz botl wieo i series il
tho resstance, i whiel cass the restance of the whale should

Tn Fig. %30 tho conductors o o are connecte in paralel, the
curtent desice at x pasivig in_one branch fit throngh a rosi-
tance 17 wnd then dhrongh conduetor e, while on the orher branls
it s fint throngh condnetor ¢, and then through resistanc

Fi 2.

The resitances 1 1 are cqual, as also are he resistanees of
the conductarso o', 1t i, moreover,prefersble that the respecti
reistances of the conductons © ¢’ shold be a_known und con-
venient fretion of the cule or resitances 5 .1t will be o
sorved thatin thearrungenment show in Fig, 230 hore s  constunt
potential difference betwecn the o conductors o ¢’ throvghont
e entire lengrh.

3¢ will b seen that i both encs lsteaed, the proportionaliy
of the inerease or docroaso of resistanco to the cament. strongtly
always bo preservod, for what one condactor guins tho otlor
Toses, andthe rosiiances of the conductors o being small as
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comparod with the rusistances in serios with them. Tt
mnersond that aftor cacl messiemment or registrtion of  given
variation of resistance fn one r botl conduetors,the diection of
the enrront souldbe chanzed o the instranont roversed, o thit
the deposit will be taken from the condvetar which hus gained
and ndlod o that which bas lost, T principle i cagable of
many suificaions.  For instance,since there is  socion of the
cirenit—to wit,the conductor o or o't

propartion to the current strngel, el vasa
s s dono in many analogous cascs, to offcet. tho operation of
various sutomatie devices, <uch as registors. 1t i botior, Tow-
ver, for the suke of simplicity ( compute the nergy by tneas-
romonts of rosistance.

“The chiof advantages of this armugennent. are firt, that it ix
possibe to reu off dircetly the amonnt of the ohergy expendel
by meuns of  properly comtricted ohmaneter and withont re-
sorting to weighing the depanit; secondly it is not necesary to
cuuploy st for e whole of the current to be measured may
bo pusor throigh the nstrument ; hisd, e accuriey of e in-
strument und correetuess of the indications aro but sightly af-
feeted by changes i tomperstore. 1t sl aid that such metors
liave the merit of superior ccomoiny and compactness, s well as
of cheapnes in construetion, - Eleetrolyie meters s 10 nced.
very auiliary advantage to ke them permencntly popular aud
suceussful, o matter how much ingenuity way bo shown in their
doign,
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When an induction coil, operated s above deseribed, i use,
there s o doube it the tabos ar excited by eleetrosati in.
duction, and that cleetromagoutic induction I ltle, if
thing, t0 do with the phonormcns,

“Thi i evident from many experiments, For instance,if 1
tubo b taken in one hand, the obscryor being noas the cofl, it i+
rillanély lightod and romains 20 0o mater in what positon it i
Tuld reltively to the absorver's body.  Were the action electro-
magnetic, the tube could not be Tighted when the observer's
body is interposed betxecen it and the col,or at leaet. its la
nosity should b considerbly diminished. When the tube ix
uld oxactly ovor tho cuntro of the aoil—the latter being wound
in scctions and tho primary placod syumetrically to- the soe
ondary—it may remain complotey dark, wheroas it i rendered
fntensely luminous by moving it sightly to the right or loft
from the centre of the coil. 1t docs nat light because in the

o, 101

widlle both Tilves of the coil neutralize sach other, nd e
elactric potential ix sero. T the setion wore electromugnoti,
tho tabe should lght bt i the plane through the contro of the
ol since the eleetromagretic ffet there should be wnaximn.
Wi an are i estsblishol between the terminals, the tubes and
Tampe in the viehity of the coil go out, but light up_ sl
when the ae i roken, on account of the s of potentisl. Yet
tho cloctromagnetic offct should b practially the same in both
Ty placing & tubo at some distanee from the il and nearer to
ominal —prefersbly ot a point on the axia of tho cofl—on
iy light it Ly tonching the remote terminal with an fnsulated
body of some sz or with the hand, therchy ising the potential
at that terminal nearer to the tube. 1F the tbe i shifted searer
0 the coil o that it i lightel by the action of the nearor termi-
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rangomont sown i Fig. 235 has the advniages that the maz-
et and armataro e kopt. cool and the strength of the per-
anent magnet is better proserved, as the magnetie circit i
consantly close.

n the plan view, ¥
Keopor plate, 7, similar to. those in Figs. 235 and 237, with the
burtors w for the gus heneath the sunes but the armataro i

end to one pole o the magnet and the other end
Swingx toward and from the other poleof the magnet. Thespring
 acts aguint n lever arm that projects from the arature, and
the supply of leat b to bo parly ent off by a connection o the
J Armature, 0 s 0 Jewsen the heat neting upon the keaper.

when the armature & las been attrcted.

fuilarto Fig. 235, except that the keeper 1 s not
e e of and the armataro iself. swings into and ot of dhe
runge of he intense action of the host from the bumer u.Fig,
240 s dingrun inlar to Fig, 281, excop that i place of s
“pring. and stape, the armaturo s shown as conneeted Ly a link,
To the erank of a fy-whel, = that the iy-wheel will be revolved
e rapidly ae the armature can be heated and cooled to the
neecsary extent. A spring may be used in addition, as in Fig.
51, In Fig. 241 the armatares A o aro comneeted by a link, 50
that ome il be heating while the othor i cooling, nd o attrc-
tion exerted o move the cooled aruature is availd of 1 draw
away the bt armatare instend of using » spring.
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aul, it uny b e (0 g0 ot by Dolding, on an sl sup-
Jort,the o of & wive cometed 0 the romote terminal, in the
ity ofthe nerer il by hin mens countermoting the
action f the Inte pon o tle. These effcts are evidntly
coctostatic. Likewise when  tube i placed at 4 consderable
distane from the cai, th olservor Jing wpon an nsn.
Tntad support betwoon ol and e light the lttr by approac
g the and 15 o e aay oven ender it Tanows by imply
stopping between it and the ol This wonld be impossbl vith
Cloctrv-magneti ndvction, for the bady of the obwerver wonld

When tho coil i cnergixed by excesively wesk currents tho
oxparmentr ey Ly oueing e tomil of o cofl wih the
e extinguiah the Tter, il nny agan Tight t 1y b
aut of contact with the ternal v allwi  smal e tofo
Thi i clealy e to the espectiv lowering . sing of the
potenta at tat terminal. Tn the ahove experiment, when the
tabe i Tghted through » ol are, i may go out when the ar s
broken, becasse tho cleetrotatic mnetive cfcet alono b to0
weak, Chongh the putentil iy b e igher but when the
are i csablihod, the lectieuion of the nd of the tabo s
el greaer,and ¢ consequentl lghts

I tube v ighted by hding ¢ ear 0 the ol in the
Y i i reuote, by grasping the tube anywehere with the
afher land, tho part betweon the b i e dark,and tho
Singular effct of wiping ot the Tight of the tobe may be pro-
dnced Ly pasing the Dand quickly sl dhe tube. wd at the
e tme withdruwing it gendy fom the cofl, fulging prop-
ey the disance o tha tho ube remains dark ftervards.

Rt primary col i placad sdexie,ue i Fig. 112 for o
s, cxhaused tube e ntraced fromn he other sde

e ollor space, o tob
ho fnereasod condenser ac
st dply deiod. T allthese cxperiments deserbed, i
nany others, the acton s lsrly lctrosate

"Tho efcts of sercening o indient the clctrstaic nature
of the phenomcon and show smthing of the matare of clectr.
Heaton throngh ho e, For instance, i€ ubo s placed in the
iesion of th axs of he coll, and an alated meta plte bo

erpod, et will generaly erease n brlancy, or
e o ar o tho cofl 0 5, muay v e rendere Ty






OEBPS/images/bg44700001.jpg
THERNOMAGNKTIS AND PYROMAGNRTIS.

M. Tosla has also devoted i attention to the development of
a pyromaguotic gonorator o electricty lased upan the following
Taws: Fir, that cloetricity or cletrieal cnergy s developed fn
any condueting body by o vrying mag.
netioinfucnco; and socond, that the magnetic propertics of ron
or athor magncti substunco may be partally or antirely destroyed
or caused to sappenr by raiing it o 8 cortaa. tomperature, bt
restored and caused (o reappear by again loworing s tempern-
taro to a cortain dogreo.  Thoso laws may bo applid in the pro-
duction of cluctrieal currents in many ways, the principle of
which s in all cases the same, v, o subjoct & condictor to 1
varying magnetic nfivonce, producing such variations by the ap-
plicarion of heat, or, more strietly speaking, by the appliation or
action of  sarying femperaturc upon tho souree of the magnet.
fem.  This prineiplo of operstion may b lustrated Ly s simpl
experiment: Plaac end o end, ad profersbly in actual contact,
a permanently magnetiedstel bur and  eri or b of softi
‘Around thoendof thefron bar o plate wind ofl of nslatod wire.
Then apply to the fron betwoen the coil and the steel bara flame
or othe soureo of heat which will bo capablo of risng that por-
tion of thoiron to an orange red, or o temporatura of abont 600"
eontigrade,  When this conditon s reached, the iron somewhat
suldenly losc s magaetic propertics, f it bo vory thin, ud the
camo effect s prodnced as though th iron Jad heon moved v
Srom the magnet or the heated soction had boon remored. This
change of position, howorer, i accompasid by a shifing of the
magneti Tines,or, in other words, by o varistion in the magnatic
nfnenca to which the. coll i exposed, and a carrent in tho eoll
s the result, Then remove the fmo or in any othor way roduce
tho tomperature of the iron. _The lowering o it temparature s
accompanied by & retarn of s magnetio properties and another
chango of voagaetic conditions oceurs, ccompanied by o current
n an opposie direction in the coil. Tho samo operaiion may be.

T The it et 1 b ated i (et . Tosleaacked s probles i
way lich et o the ot o ooy, and ik of 3 caster,
e th e o i o i . i lrcion i, The
eourgmec of hu e il b fod o . e’ work o o prromag
i e, st 3 i chiptnThe Shit eort f e nvator
o conpemiz e b which wassecnplbed b nclongoiron 0 v
ot e wel it nd by conln e e of s, Wllia the
R ovor i, Tos. comractss sk permis of more Tpid magae
Chmngenpi it oftme, mealug g g
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which is ot imprcticably large, nd with gl of good quality
ok, wing eurrents alterating twenty tiowand

4 sceand, the. potential roquire i approximately 9
This may scem large, but since cach lamp, moy be
i the sccondary of  trwisformer of vory small i
wonld not b
futal injury. Tho transformers would al b prefenbly i seris.
The regulation would offer o diffeultcs, e with currents of sl
froquencies it i very essy to usintain 4 constant current.

In the socompanying engravings some of the types of lamps of
i kind are o, Fig, 190 1 such a lamp witls & brokon -

ent, and Figs, 121 & and 121 3 one with a single ontsde and
inside. conting and a single flument. 1 luve abio made lumps
with o autsble and inside coatings and a continnous loop con-
nocting the later.  Suely lamps luve been operated by me with
current impulscs of the enormous frequencies obisinable by o
disruptive discharge of condeners.

“Th disruptive dischurge of 4 condense i cspaciully sited for
operating suel Junpe—ith 1o outward lectrical conaections—
o monna of olectromaguetic induetion, tho cloctromgnatic in-
ductive effcets being excamively ligh and [ have boen ablo &
produce the desired incandescenee with only & few short furns of
wire. Incandescence may alo be produeed in this mannr in &
simple cloed Slament.

Leaving now out of cousideration the practiability of sl
lamnps, T would only say that they posscs a beantful and desis
able featuro, namely, that hey can be rendered, at will, more or
T brllnat simgly by alterug the relative position of the ont.
ide and fnside condenser contings, or inducing and indneed cir-

When & luuap s lighted by eonuecting it to one terminal ol
of tho souree, this may be faclitate by providing the globe with
an ontsde condener coating, which s at tho seme imo as i
reetar, . conneeting this to wn insulated body of some size
Luape of this kind are illustrted in Fig. 122 wnd Fig. 125,
Fig. 124 shows the plan of comnection. The brillianey of the
Tarup may, in this case, e egulated within wide limits by vary
g tho iz of the insulated metal plate to which the coating is
connected.

T lkevise practicable to Tight with ono leading wire Tampe.
cuch s llusrated i Fig. 16 and Fig. 117, by connee

wenient, o, moreover, §t wonld ot prodice
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050 that the sane i agein heated and the aperations are ro-
peated. Tho reciprocating moveents thus obiained are e
ployed s sanree of meclical power in_ uny desired mannes
Tsualy o councetingrod o n crvnk wpan a fy-wheel St wold
e i s of, a indiented

5,

o 2o,

clectromgnet s llustrated i placo of o permauent maget.
Tl opertions, harwever, ure the suni
In Fig. 233 are shown the same part as in Figs,
bt ey are diflerently nrranged. The armature A, instesd of

sing, i tutionary aud ekl by arm ', and the o x  of
tho clectrugnet is mde to sving within the helix o the
o g suspended Ly the arm - from the pivot x. A shicld,
1y s connected with the wagueteore and svings with it, s
tat afor tho lent as demagncrized the srmatnro » to such an
extont that the spring w draws the core x s away from tho aru
tare 4, the shield x comes between the flame 1 wnd armure s,
thereby intercepting the neton of the beat and wlowing the -

ture (o cool, 0 that tho wugntism, agein. proponderating,
causes the moverment of th core x  tawund the arnature A aud
the removal of the shiekd 1 fro above the fume, o hat the hest
again s to lessen o newiralize tho magnetism. A rotary o
othor wovanent my be abfaincl from this reeiprocation.

Fig. %34 cornesponds i every respeet with Fig, 235, oxeopt
that pernncat. homeshov-migznet, » i reprosented 1 taking
tho place of the cleetrougnet in Fig, 235,

I Fig. %35 i showe, u heli, o, i
g fowrd o from tho ey, T this caso there may be a soft-
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torminal of the lump G one terwinal of the source, and the
other to an insulated body of tho required size. T all cascs
the insulated body serves o give off the energy fnto the sur-
rounding space, and i cquivalent to u return wise, Obsiously,
i fhe two lastaasued casce, ineond of comneeting the wires (0
wn insuluted body, connections may be made to the gronnd.

Tho experimenta whicl will prove most snggestive an
most infenvt o the investigntor are probably those perfor
with extunstol tabes. ipated, a soureeof such
rapidly alternating potentials i capable of exciting the tubes at
 comidorable distance, wud the Tight efects produced are re-
markable,

During my nsestigations i this line | endonvored 1o exeie
P a2 Fuo 1.
tabos, devoid of any electrodes Ly clectromagotic induction,

making the tube the sceondary of the nduction deviee, wnd
passing through the priwary the dischargos of o Leyden jar.
These tubes wore made of many shupos, and 1 was able to
ot luminons offcts which 1 then thought wore duo wholly
o clectromguetic induction. But on carefully. invostiguting
the phenomens. T found that the effcts produced were more
of an clctrostatic mare. 1t may be atributed o this cir
cumstance fhat. this mode of cxcifing tubs is very wasteful,
namely, the primary cireuit being closed, the potcntia, and
conseqently the clectrostatic induetive. effct i much dinin-
ishod.
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ron earo i the e, or the ar
i core, thero Lefnz o permanent core within the heli,
30 i an end view, and Fig. 237 o phan view, illutrating
e method us applid to 4 swinging armstune,a,snd  stutomry
perment maguet, 5. In this insanco. M, Tesla applios the
eat 1o an ansiliary armaturo or keeper, , whic i aljacont fo
and proforably in direet contuet with tho magner.  This arm-
faro 7, i e form of a plte of sheetran, extends across fron
one pole o tho odier and s of suffceut wcetion to. practial
form u kecperfor tho maggnet, 0 that when the amcure 3
ool nenrly al the Tinesof force pas aver the ame and very little
froe ugnetism i cxbilited. Then the armature o, )i
Sruely om the.pivots x in front of the poles %, i very
trated and the spring w pulle the sae way from the poles into
tho pasition indicatod in tho diagram, - Tho hest i dirocted upon
tho iran plate 7 at somo distanco frou the magnet, 50 v 1o allow
the magnet 0 keep comparatively cool. - This heat is appled be-
neath the plate by mcans of thoburiers i, and dhors s 4 eon-
nection from the Armature 4 or s ot € tho guscock 6, or
other davice for malating the hear. - The leat acting upon the
widdle portion of the plate 7, the magnetic conluctisity of the
heated portion i diminished or destroyed, wnd & great mumber of
the lnes of force ave deflcted over the armature o, which s now.

.y assume the form of a

i

i 3
"0 4 §

P2 P Fo.m.
povertully ntetol and draxn into Tine,or nearly s, il tho

Polen x &, T 60 doing the cock 6 i nearly closed and the plate
 coole, the lines of force e again doficcted over the sume, the
atiraction cxerted upon the armature » s diminished, and

pring w pull the sme away from the magnet into the positi
Show Ly all Tines, and h operations are repented.The ar-
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maions per socond to excite the induction cofl for charging the
Leden jor whicl dischiarges through the primary—shown dia
rammiically v Fig. 211, in snch case, before the disrup.
five discharge takes place, e tube or balb i sightly excited and
the formtion of the luminons cincle is decidedly facilitatod.

Fo o

Bt 1 e ol

o wied & Winshurst wacline in some cxperi-
Prof. 1. 1. Thomsou's view of the phenomena mider consid
seems to be that they are wholy dne to eleetro-nagnetic

T s, at onc time, of the same opinion, but upan care
fally investigating the subject 1 was led to the consiction that
they are more of an clectrostaic nature, It
bered fhat in theee wxperiments we Lave to deal with prinacy
carrnts of an enoruous frequency or ate of chan

¢ be remen

andof high
poteutial, and that the secondary conductor eonsists of # rreiod

vt and that wder sl conditions clectrastatic offcts st ply
an frportant part

I cupport of my view T will desrilc s few experiments made
by e, To excite huminosity in the tube it s ot abiolutely
necessary that the condnetor should be closed.  For instance, if
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an ondinary exlansted tbe (preferally of Irge dinmeter) b
surrounded Ly a spiral of thick copper wire serving as he prim.
s foobly Nminons<pind ny be induced in the tube, ronghly
shown in Fig. 212, In one of these expriments o curious phic

omenon was observed ; manely, two intenely Taminons eirclon,

hof them close to # tam of he primary spind, were. formed
inside of the tule, aud 1 attribater s phenomcnon o the v
istence of nodes on the primary. - The cicles were conneeted by
 faint laminos spiral paralll o the.privsary and fn clore prox.
ity €0 €. To prodnce this ceet 1 have found it neccesary to
atrin o ja to the wtmont. Th turus of the spimi tend to
close und for cireles, but this,of conre, wonld be expeeted,
and docs ot meccwarlly inlicate un electromagnetic efcet
whereas the fuet that a glow can be produced. along the primary

i orm of an apen »pinl arnes for an electrtutc efect,

o

In using Dr. Todge's rcoil cieuit, the electrostati action i
likevise apparent. The arrangement is ilustrsted in Fig, 215.
In bis oxperiment twa hollow exhasted tules 5 n were slipped
over the wires of the reeol cirenit and upon discharging the Jar
i the wsual mianner Toninosity was excited i the tlca,

Another expuriment porforued i lustrated in Fig. 215, In
i case i ordinary Iamp-balh s snrrounded by one o two
turm of ik copper wire - and the luminons cirele . excited
in the bulb by discharging the jar through the primary. T
luapbulb s provided vwith & finfoil costing on the sde oppo-
ito o fhe primary and each time the fnful conting was con-
et to he gronnd or to  large objeet the. lominesity of the
circle was considersbly increasedl. This was evidently due to
clectrstatio action.

Tn other experiments 1 have
tonches the gl the luwinons circle is casier produced

o hat when the prinary
i
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CHAPTER XXXIL
Euvoruic Disonasar. o5 Vacto Tems!

1N The Etetrical Engineer of June 10 1l notoi the &

rpton of rome expesnent of Prf.J. . Thonaon, o1 the
trio Dicehargo in Vacuun Tubs,” and in your ssuo of June

24 Prof. Blilu Thomeon describes an exporiment of the smo

Kind. The fundamental idea in these experiments is o set up

n eleetromoive force in o vacuunm tube—proferbly dovoid of
clectrodes—by means of electromagnetie inductio

excite the tube in this manns,

As T view tho subject [ should, think tha to any oxperimentor
who hid carofolly studicd tho problem confronting w and who
attempte 10 find  solution of it, this e must present sl v
naturally as, for instance, the idea of replacing the tinfoll cout-
ings of & Loyden jur by marcfed gus and exciting hninosity in
the condenser thus obtained by repeatedly charging and discharg-
g it Tho iden boiug: obvious, whatever merit thero i in this
Jine of investigaton must depend wpon the completeness of the
study of the subjoct and the comvetness of the observations. The
following lines are ot penned with any desie on my part o put
suyself on record s one who has perforined siilar experiments,
bt with a_desie 0 asit oflier experimentors Ly pointing ont
cortin peculirites of the phetsomenn observed, which, o all ap-
pearanece, have not been noted by Prof. 1. J. Thomeon, who,
Towerer, scem to liuve gone. alout. systematiealy in his invest
gntions, 4 who s been the firet o make s results known,
Theee peculiariies noted by mo would scom to be at varisno
with the views of Prof. J. J. Thomson, and present the pheno-
e in a diferent Tight.

My investigations i this ine occupied o principally during
the winter and spring of the past year.  During thiste many dif-
forent experiments were perforied, and in iy exchanges of idens

L. Anicleby Me. Tl i The Blcrical Evginer. N. .. July 1, 1803
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on this subjoct with Mr. Alfred S, Brown, of the Western Usion
Telograph Company, varions dificrent dispositions were uggested
which wore carried ont by mo.in prctics,  Fig. 210 may serve
s an exampleof ono of the many forms of apparatus wsed. Tlis
coussted of u largo glus tubo sealed at ono end. and projocting
into an ondinary incandescent lamp bull. The primary, neually

k, wellinsulatad copper shcet was
tho tabe, tho iasido space of tho bulb furnishing
“Thia form of apparatos was arived ot after s
experimenting, and was need principelly with the view of on-
abling me o place o palishod roflcting aurfaco on the fusdo of
tho tabie, and for this purpaso the last tra of the prinary wax
covered with  thin slver sheet. - In all forms of apparatas vsed

e, 10,

thore was no special difel
eylinder in proximity to tho primary

A 1o the mmber of turn, T eannot quite understand why
Prof. 1. J. Thomson should hink that @ fow turs were quite
ufficent,” but lst 1 shonld fmpute to lim an opinion he wmay
ot ve, T willadd that v gainod s imprescon from the
reading of the publiched abstracts of bis lecture. Clearly, the

ihor of tarus whieh gives tho best osalt in any case, i de-
endent on the dinensions of the apparatus, snd, wero it ot for
Varions cansidorations, one turm would alwaye give the best
rosult.

Thase fonnd that i is proforable o o i these experiments
an alternate current machine giving o woderate muber of wter-

yin oxcting a iminons cirle or
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moro sharply defined  but T have not noted that, genernly ek
ing, the circlos induced were ery sharply defined, s Prof. J. )
Thomeon las obeerved ; on the contrary,in my experiments they
were broad and often the whole of the ball or tabe was illuni.
nated; and in one case T bave observed an intensely purplis

glow, to whicl Prof. J. 3. Thomson refers. Bt the cirles wero
abvays in closo proximity to the primary and were considerably
ensier produced when the Iatter wns very close o the glass, much
more so than would be expeeted assaming the action to Lo clc.

tromagustic and considering the distance; and dhese facts spesk
for an clctrostatio efect,

Fardhermore I huve observed that there s & molecular bom-
bardment i the plane of the luminous eircle i right anglen to
tho glass—sappasing the circl to be in the plane of the primary
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lustration. A machine was wsed giving about 20,00 alternations
per socond. Two bare wires sbont twenty feot. long and. two.
millmetres i diameter, in close proximity to cach other, were
conncted to the terminals of the machine at the one end, anl
toa condener ut the other. A small trasformer withont an
irom coro, of conese, was s f0 bring the reading within reuge
of a Cardow_soltmetor by conmeeting tho voltuctar fo e
scoondry. On the terminals of the condonser the olectromot
foroe was about 120 volts, and from there fneh by il it grvda-
aly fell until ai tho forminals of the machine it was wbout
Volts, It was vietualy as though the condenser wero & gone-
rutor, and he lno and armaturo circuit simply a rsistance con-
Dected to it. Tho writer lokod for a easo of resonance, but he.
was unable to angmen the efcet by sarying the capacity very
carcfully and gradually or by changing tho spoed of the mi-
cline. A cuwse of pure reomance b was unable o obiain.
When s condenser was connectel 1o the termivals of the -
ehine—the selfindnction of the arture being it detormined.
n the maximum wnd minimm position and the mean raluo taken
e eapacity which gave the ighest clectromarive forco corro-
epondo most nearly 1o that which just counterneted the self-in-
duction with the cxisting froquones. 11 the capacity was in-
erensed or diminished, the locttomorise force foll s expested.

With frequencies as ligh < the abose mentioned, the con-
denser effeots s of cnomous importance.  The condenser
becomes a highly ciiciont apparcus. capable of transfering
cansidersble energy

I an appendix to this ook ill o found @ desciption of the
“Teelo scillator, which it nveantor beliovos will among ofher great
advaniages give him the nooossaey high frequeney conditions,
‘while relieving him of the inconverniencos that attach to genern-
toms of the type deceribed nt the boginning of this chapter.
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CHAPTER X

i
“Massace™ Wien Comers o Hion Furqurscr.!

1 s that the present bricf comnuny
preted s un effort on wmy part to
“ patont modieine™ man, for & scrious worker eamot despise
anything more than the isuse and abuse of clctricity which
e frequent oeeasion to withoss. My semarks aro elicted by
the lvely intercst which prominent modies] praceitianers evin
i ovory real advance in lectrical fnvestigation. The progress
i recent yoars has boo s0 great that overy clectrician and cloc-
rical engincer i confident that eletriity will become the means
of accomplishing many things that have been heretofore, with
aur cxising knawledge, deemed impossible.  No wonder then
that progrusive. physicians o should expect to find in it &
powerful tool and lelp in new curative processes.
the honor o bring hefore the American Tnsitute of Electrical
ngincers oo result in wilisng alteruating curnents of high
tension, [ lave roceived many letters from noted physicians in-
qiing s to the physical ffects of such cnrvents of Ligh fre-
queney. It may be remembered. that T then demonstratod that
 body perfectly well insulated in i can bo beated by simply
connceting it with o source of rapidly alternating high potentia.
“The heating in thi case = e n al probabiliy 10 the bombard.
ment of the hody by air, or possibly by some other medium,
which i molecular or atomic in construetion, and the presence
i as 50 for escaped. our analysis—for acconding 10 1y
tho true ether mdiation with such froquencies us even 1
* fe millions per sccond muet o ery swall, This body may be.
- good conduetor or it my be a very poor conductor of eloc-
ity with Title clange i the result. The human body is, in
such a case,a fine conduetor, and it w person insulate ina roomn,
o no matter where, is brought into contaet with such a source of

1 Al by e ol n The Blatrion Bviner o Do 380, 191
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rapidly aierating ligh potential, the skin i Joated by lou-
Danduent, Tt i mero question o the dimenions and charerer
of the apparmt to prodico any degve of leating desred,

16 Tas ocenrred o me whather, with <uch spparatus properly
prepared, it would not be possible for kil plyeiean to find
in it & e for the offctive trentuient of varions types of dis
case.The heuing wil,of conrs, b supertcin, hat i, on the

and wonld roeult, whother th person operuted on e in

et or walking around & room, whether drcsed in thick clothesor

o 0 uakednos, - fact, o put it broadly, it

vuble that a person entirly mide 1 the North Pole tight
Kep bimeelf comfortably warm in lis wamer,

Withont voching for al the el which st of cone, b
Aetermined by expericnce and observation, | cau af st warrant
the foet that Leating would ocene by the e of i method of
Subjectivg the Luman body o bombandent by altormating en
ronts of high potential and frequeney sucl s [iave ong worked
wih, It is nly rewsonable to expect that ome of the novel of-
focts il b whally differnt from hose obtinable witl the ol
fumilar therapentic methods generally e, Whethor they
would al be Leneical o not remains 0 Te proved.
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CHAPTER XXX

Auteexars Comesr Busorsosramio Isoromiox Arransrca

Avour a year and a Lulf ago whilo engaged in the study of
lternate currents of short period, i occurred o me that such
currents oould be obtsined by rotsing charged surfaces in close
proxinity o conductors.  Accordingly T dovised various forms

of experimental spparatas of which two are llustrsted in the
accompanying cogravings.

T the apparatus shown in Fig 205, A s 4 ring of dry shel-
Tncked bard wood provided on s inide with two sets of tinfoil
contings, a and b, all the a coatings and wll the & contings being
conncctedtogother, respeetivaly, but independent from eacl

Thoso tivo sots of contings aro_ connocted to bwo terni-

Sy 6180
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bl 7. For tho sake of clearness ouly  few contings are shown.
Inside of the ring 4, and in close prosinity o it ther i arrnged
o rotne a eylinder b, Hkewise of dry, hellacked hard wood, n
provided with two sinilar sets of coatings, ' and B, al the cont-
ings o' baing. conneeted to one ring and ll the other, B, to
another marked -+ aud —. Theso o sets,a* and B aro chargod
108 bigh potentia by a Holtz or Winnshurst machine, and may
be connccted o jar of some cxpacity.  The inside of ring 4 1
conted with mics in order to fneresse the inducton and also to
alloe higher potentias to b ued.

When the eylinder n it the charged contings is rotated, &

cirenit conneted to the termimls i trasersed by alrnating
currents, Auother forim of apparatas i illustrated in Fig. 20
In'this apparatas the two sfs of fi-fol coatings are ghued on
plate of ebonite, and & similar plate whieh is rotated, and the
coatings of which are charged as in Fig. 205, is provided.

“Thie output of such an apparacus e very sual, but some of
the effets pecalin to ulternating currents of short periods wny
b observed. The offects, howoser, cannot be compared it
s obtainable with an induetion coil whieh is opersted Ly an
altermate eorrent mackino of high frequency, some of which
were deseibed by me a short while go.
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CHAPTER XXXIIL

Mywaon or Osrassisa Drusor Fron Avemsamv Comnrs,

Tuis method consists i obtaining direct from altsmating
carrents, or in dioeting tho waves of an aternating current £0as
to produce direct or substanialy direet carrents by developing
or producing in the branches of a o

or maguetc agencion manifesision of
encrzy,or what may b termed etive ebtances of ppote
lecrial characor, wheraby tho urent o carrnt waves of op-
it sign wil b divertd throngh diferent cret, those of
omo ign pasing ovor one branel ad those of apposte signaver
e othor

Wo may consider herin only tho case of . cienitdiided into
00 pth, inasnch s any frdher subivison nvolves merely
an extnsion of the gunora princple. Scloctng, then any i
it through which i flwing an slterating curent, 3. Tosl
disiden such cirit st sy desird it dnto oo branchos or
potie. I o of thee paths he inorts some devic o crsta
an lactromotivo foro comtor o the waves or impules of cur-
ront of ono ign and.a simlar desicein the ofbor branch which
apposen the s af appasie sin.  Atsae,for cxampl, that
ek dovicesar Dattrios, primary or sceondary, or contnuons
curtent dynama machines. e waves or fmpiiic of opposite
dircton composing the main cnrrent v a nwtar) endency o
divido etwoon tha tro brunhos; but by reacon of the appesie
clctricl carote or effctof the o branccs, ne wil afer
o cay s 0 8 carrentof  coran direton, whil the other
will offor  reacively high resistunce o the passage of the sane
carrent, Th resul of dis disposito i, that the waves of cur-
vt of one sign will, party or whally, pass over ono o the patha
or mnches, while thos of the opposo sign s avor the ther
Thers may thoe e obined fro an_ sternating curent w0 or
nare dinet. crents withontthe empleymentof ny commutaior
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el s it s been heretofors rogarded as neoessary to use, The
current i cither branch may be used in the same way and for
tho same purposes s any other direct current—that s, t may o
made to chargo secondary batterics, energize lectro magnats, or
for any other analogous purps.
Fig. 220 reprosont a plan of dieeting tho alierating currents
by s of dovices ey cloirial o chauter Fign. 221
aro dingrama llustrative of other
ention.
toxa generator of alter
At

rents tho cireit » s divided into two parhs or branches ov. In
cach of these branches s placed an clectrical generator, which
for the present we il asuime produces director continuous cur-

rents, The direction of the cnrrent. thus produced is oppesite
one braacl to that of the current in the other bruseh, or, con-
sidering the two branche as forming a closed cirenit, the gon

Fators 5  are connccted up in sorics theroin, one.generator
cach partor half of tho ciruit. The slectzomorive fores of the
current sources s and » may bo equal to or higher or lower than
tho electromarise forces i the branchs o1,or btywecn the pointa
aud x of the cireut u 5. 1F equal, it s evident that current
waves of one sign will be oppose in one branch and asisted in
the other to such an extent that all the waves of one sign will
pass aver one branch and thase of opposite ign over the ofher.
I, on tho other hand, tho clectromotive forco of the sourees &7
b Tower than that between x and v, the currents n both
branches wil be aternating, but tho waves of ono sign will pro-
ponderate. One of the generators or sources of current x or ¥
1ty bo dispensed with; but it i preferable to employ botl if
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MISCELLANEOUS INVENTIONS AND
WRITINGS.
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—this bombardment boing ovident from tho repid heating of the.
gass near the primary. Wero the bombardment not st right
agles to the glas the heating could not be 0 rapid. 17 there.
s 0 cireumforontial movement of the molecules constitating the
Tuminous cirele, T have thonght tlat it might be renderod mani
fest by plcing withn the tabe or bulb, rdialy to the circle,
in plato of mica coatod with some plhosphorescent material und
another such plate tangentially to the circle. 1 the molecules
would move circumferentialy, the former plate would be ren-
dered moro intensely phosphorescent, For want of time I have,
howerer, not been able to perform the experiment.

Another ubservation made by me was that when the specifi
inductive capacity of the modium betweon tho. primary and
secondary is inereasod, the inductivo effct is augmented.  Thia
s ronghly illustratod in Fig, 215. In this caso luminosly was
oxcited in an exhaustd tubo or bulb 5 and a glae tabe 7 sipped
between the primary and tho bulb, when the effct pointed out
was noted. Were the action wholly loctromagrotic no change
‘conld possibly have boen observed,

1 Lave likewise noted that when a bulb s surrounded by a
wire closed upon itself snd i the plane of the primary, the for.
‘mation of the luminaus cirele within tho bulb s not prevented.
Bat i fustond of the wiro a Lroud strip of tinfoil s glued upon
the bulb, the formation of the luminous bund was prevented, bo-
canie then tho stion was distributed overa greater surfuce.  The
effect o the closed infoflwas no doubt of anelectrostatie nature,
for it presented & much greator resistanee than the cloved
and produced therefore & much aaller clectromagnetic ofect.

‘Some of th experiments of Prof. J. J. Thomeon also would
scem to show some elctrosttie netion.  For instanco,in tho ox-
periment with the bulb enclosed in & bell jar, Tshould. think
that when the latter is exhaustod so far that tho gus enclosed
reaches the maxin conduetivity, the formation of the circlo
inthe bulb and jar s prevented becuuso of tho space surrounding.
the primary being highly condueting when the jaris furdher
exhasted, the conductivity of the space around tho pri
diminishos and the circles appear nocessarly inst in the bell
the rarefid gus it nearer o the primary. Bat were the i
ductive effect very pawerfal, they would probably spper in the.
bl aleo. 1, however, the bell ar wero exbausted to tho bigl-
st degres they would ery liely show themselves in the bolb
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only, that is, supposing the vacuons space {0 bo non-conducting.
On tho assumption that i thece phanomena elotrostate actions
are concerned we find it casly cxplieable why the introduction
or tho heating of the bulb prevents the formation of
the aftorglow; and also why in
some cases o platinum wire may prevent the excitation of the
tube.  Noverthclese tome of the experiments of Prof. J.
Thorason wanld seem to indicate an leetromagnetic effect, |
may add it in one of my experiments i whicla vacuum wa<
produced by the Torricclian method, 1 was wnable 1o produce
the Tuminous band, but this may have boen doe o the weak ex
cting eurrent employed.
My principal argumen:

the fallowing: 1 have cxperiment-
aly provod that if the samo discharge which is baely suffcient
0 excite  luminous band in tho buly when pased through the
primary cirnit be so dircted as fo cxalt the cloctrostatie fndne-
tive offect—namely, by converting upwardc—an exhuustod tube,
devoid of clectrodes, may b oxcited at distaneo of soversl foet.

T phenomenn of vacwum discharges wer, Pr, Thomson s, gty
i whe el pat s wholy gueou,the complictonof the dark

Space suroundle e egaie dctroe, wnd e sricaton 0 commonty
ered oy v b, bing aaers, o peoduce dbcharges

Fio. 216

e dovokd o ahtrods wae, Nowever, s ey 1 sccompl,for e cnly
Avalbl mens f prodcog 0 clcktiv foce i the dlctarge it
vy i gt ndcton.Onlnry method of profucig viatle
nincion e s, i e s B e ety isarg of

T Atrct o  aperrend efors Phyea Sty o Lodon.
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tho same would undonbiedly produes luminasity G the potential
be suflciently bigh), mnil & permaent_condition would be.
reached. Asuming the tubo to b perfectly well insalated,
thoro would be only one nstantancons flash doring the sct of
distribution. This would b due to the eloctrostaic action
simply.

Tt now, suppose the curged ephero o be maved at st in-
torvale with great speed along the exbuusted tube. The tube
would ow bo permanently oxctod, a the moviug sphero would
eauso a constant redistribution of olcctricty and collsons of the
moleeules of the rarcfied gus.  Wo would sl lave to deal with
an clectrostatie offeet, and in aditon an clectrodynamic effoct
would be obsersed. Dt if it were found that, for instnes, the
effet. produced dopended more on the specifc i
ity than on dhe magnetie permendility of the medium—which
wanld cortainly be the ease for spocds incomparably Tower than
hat of Tight—then I believe T would be justifed in saying that
tho effet produced was more of
ot mean to say, howevor, st any
tho ease o tho dischiargo of . Loyden jar through the primary,
bt T think that such &n action would bo desirabl.

It in the spirt of the above examplo that T used the torms

ore of an cleetrostatic natore,” and have nvestgated the in-
Suence of bodics of high specfic induetve capacity, and observod,
Sor instance, the importance of the quality of g1 of which ty
tube ie made. 1 also endevored to ascertain the inflenco of &
medium of bigh permealility by using oxygen. It appeared
from rough estimation that an oxygon tubo when excited under
 conditons—tlat s, as fur as could be determined—gives
moro light' it s, of conrse, may bo de to many cuuses.

Witlont donbiing in the least hat, with the care and_precan
iows taken by Prof. J. J. Thowson, the lumuosty excited was
due solly to eloctrodynanic action, T would sy that in many
xperimnents T lave obierved corious nstances of the ineffctive-
e of the sereening, and 1 hase o found that the electrifien.
tiom through the sir isoften of very great importanee, and may,
in some cass, detormine tho exeitation of the tube.

I hisoriginal communieation to the Electrician, Prot. 1. J.
Thomsan. refers t the fact tlat tho Toninosiy in o ube near a
wire through which a Legden jur was diseharged was noted by
Hitort. T think that e foebie luminous offct reforred 10 s
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been noted by many experimenters, but in my exporiments the
effcts wero mach more powerful than those uenally notod.
Tho folowing is the communication’ rferred to':

e Tl s o v the offecer e o o letsoate actio
a0 Ve 2 doub, o the deciption b e of i o f onder
o s cxprtmnts, et I T otroete. ko pige vy gt
part e, pwenr, o e iasdenood 1y oKl Wi Tt
i o of e dsclarges, Which b s, b gt bty
s withou lcrodes ol b prodeed by et action, atthat
un s b prodcd when 1is cion e cxlode. At e o fut,
ey mch or g1 1 ity when. this ot ts s
Opertin thwn whtn they 4 ok A s Ahntstion of (e ey mtion
Rttt oxprinent 1 od wilh the dichrge of . Leydeo o produced
Tumiacelty o he e, bt 1 wan ot ol s ekt oo SPen
menio that 1 was bl 1 £t » dischrge fn o cxheusted tbe which 1w
i s bt & onibarly e cectrolymansc aein, 10 si-
Sl 1 hue  clar 1a of what e vwn vy o s, 1,
prvious o e i of e u, e prary il s i -8 Wgh
il 0w foduce over the gus of (e Tube  coteion o cectrchy
When 1 petentil o s princy sty T, ik ceciriestion wil -
bt 5, iy s G0 e e £ e ooty
in dolngio. Wil the decbare of e aris g o, s il i,
ouc o which s callod e, the Aber elcacmagacic; what wecwn
v i i e b dcarge s 2 o o1 would by prded by
Glctromotine fres deid(rom » ot oo, 1 sy experhncnts b
rmary cofl vasconmcted o el nd, 5 o precasio, e priary
it e ulphric ach,am connacte 1 amh. e biotng paret 18
ooy god comductor 1 e of & atomry ettt ok thosgh
i€ ot go0denough ob o op Waves of i et ey
Wi showing he experioni 10 e Phyical Bty T cold o, ofcoune
ot o e covreh why DU, e o ey decsies e, 1 sl
precaons which had b ake ot o et To cormet
mbapphireion | may sate te 1 ok e« o apes o the Sty
v Tin. 1o, SEBII . o f (bt ok ok exbamt. The s
o of th permeta o the Klrion o 1o & Tpora's ks, v
e, o e s, by e, T hav agw amt B vl ot
Hope very ardly o pUbe, an sccou oftes o  arge uber o e
et incding e oulogous 1ot mesoned by i, Tl he
ke of Contuctons plackd Bear e Aehars e, which 1 0. In some.
a1 e diminaio, i thrt 1 e, 5 e brigines of e
g vl t At ot el of . s o ubaanees of TES
pclie e capaiy. Thesecoem 10 e 0wt af n slflcory o
i, o which. Bowever, 1 st e 10 my epes.

T Note by Pt 1.1 Tomson o e London Bitiir, 3y 7,
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coukd oy explinon o sppesition,ve.: (it vnderthecooions thenex:
g e specifc nduciz copaciy o tho ot e i B, o ko i

arc coukd s witho beiug s 1he. s b b Sl
bt e comdosisy o  vacuum tbevitbont detrodsferesed s b e
o i, il e ok s s, o ferwarts il

how o ha he b Tstunc of a aealFeiect vacuum
i h prsen o the oo, 0o ecularhy of (e deharsss
e i ol bt the s o bt bing ik more by dtied (e
van o o cxperad, They e o Tound 10 e et cs s produed whe
o ol . e dsharss wer all of e e ind. Foron:

i, v dlcarge oukd b el et hrovgh sty Tk b, bt b
ok o o smal pelle of cecary 1 the e g b dchrgs,
Aibough the condutivty o th mereary
e, T some e b b mion (et & vy i wie laced Wiin
b, h e et o e, pary i, would perens  Ninoon
g et e

i 310 choms a bt scomdar il of one Ioop contalnng bl
s b aced shon he nor s of e b, the priary o g
Phces wthin e sconiry.

\In The Hlctrical Einginoer of August 12, 1 find some ro-
marks of Prof. J. J. Thomson, whicl appeared originally n tho
London Blectriian and whiel bave a bearing upon some experi-
ments deseribed by me in your isue of July 1.

T did not, s Prof. 4. J. Thomson secms to beliovs, misunder-
stand bis position in regard o tho cuso of the Phonomena
considered, but 1 thonght that in bis experiments, as well a in

own, clectrostatie effots wero of great importance. 1t did
ot appear, from tho mengro description of Lis experiments, that
all positl precautions had been taken to exclndo these effcts.
1.did mot doubt that Tuminosity could be excited in a closed tubo.
when electrostaic neton is completely excludad. - In fact, at the
outset, T nysel looked for o purely eloetrodynamie offoet and
believed that 1 hud obtained it. But many experiments per-
Sormed at that time proved to me that the clectrosatic cffcts
were generlly of far greater importance, and admitted of & morc
eatisfactory cxplanation of most of the phenomens observed.

Tn usng the term esetrostatio 1 had reference mather to the
nature of tho action than t a sationary condition, which s tho
wsuil accoptance of tho tom. To express mysolf more clearly,
Lyl suppose that near  closed oxhausted tube b placed & small
sphere clargod to a vory Ligh pojontial. _Tho spliere would act
inductively upon tho tube, and by disributing cleatricty over

T Al by 0. ol . The Buciel Bnginer, . Y., Augwt 38,166
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hat when properly conseructed the wasium nignetic efects
both armatare and feld cofncide— condition whieh in the usual
constructon of these motor il closed srnature coils is not
eadily attained.  The wotor thus constracted o<hibits (00,
et regultion of current. from no load to lead, and there s
o difforence between the apparent and roal onorgy expended
in runming it, The true syueleonons speed of this form of motor
i that of the ganerstor when both are like—that s o say,if
the naaber of the cofls on the armature and on the field sz, the
notor eill ran ormall t the saune speed us generator driving

o

T

I the muamber of fold agnets or poles of the same bo sl .

Fig 43 shows o somewhat. modified arrungomont of cirnit-
There ixin thix case bt one armature cofl ¥, the winding of
‘whieh msintain effcts crresponding to the resaliant poles pro-
duced by the two fed-cireat,

Fig. 44 reprosents . dispasiton in which botl armature and
e e wound with o sets of coil, all in liple e to e
line or main cireut, The armature coils sre wound to core.
apond it the fild-cafls with rospect to their selfnduction. A
maodifcsion of this plan is shown i Fig. 45—that i to say, the
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O of the genersl s followed by M. Tosla in doveloping
Vs rotary plase moton: s 1o produce practically independent
curvents differing primarily in phazo and  pas those hrongh the
motorcireits,  Another way s to produce u single alteruating
current, o divide it between the motor-ircuits and to effect
artficialy n lag i one of these circuits or branches, s by
ving to the cireuits different solfinductve capacits, and
Sther wrays. Tn the former e, in which the necossary differ
enes of phaso s primarly effcto in the generation of currents,
in some instances,the currents are passed throngh the energising
ol of both clements of the motor—the fild aud armature; but
 further result or modifiation may bo obtained by doing thix
wder the conditons horinaftor specifid in the caso of motors
i the g, 4 above stated, is articially socurc
Fige 12 to 47, inclusve, are dingrams of diffornt sy
e imvention i carrod ont and Fig. 45, & side view of a foum
of wator ueed by Ms. Tesla for this purpose.

A win Fig. 43 indicato the two energiing cirenits of  motor,
and 0t cirnits on the armature. _Cirenit or coll & s co
ected in scros wih cirenit or cal o and he bwo circuits 5. are
similaly conncoted. Btwoen cofls o nd 0 a 4 contactring e,
forming ove. temninal of the latier, and n brash @, forming one
terminal of the foruer. A ring d wnd brush o smilarly conneet
coflswand . The opposite terminals of the field-coil conneet
to.0ne binding post & of the motor, and. those of the rmature.
callare similarly conneeted t the opposite binding post ; throngh
 contactring £ and brush g. T each motorcireit while
derivtion to the ofher ncludes one armacare and one fild cof
The cireits are of different selfnduction, and 1y be made
=0 in various waye. For the sake of clearcs, an artificial re-
Hetance i shown in- one of these cireits, and in the other &
colfinduction eoil & When an lteraating cnrrent s pasod
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throngh this motar it divides betseoen s to energiingcirerits,
The higher seltinduction of one cirenit produces 4 greater re.
turdation or lag in the carvent therein than in the other. The
difference of plise betvseon ho o enrrents ifects tho rotaton
or shifting of he points of maximum magnetic ffct tat secures

TR

he rotation of the wriature. [ cortain rospects this plan of i
cluding Loth armature snd fokd cofl i cireuit i 8 marked fui-
provement. Such a motor s a goud torque at starting; yet it
i al considerabl cudency to synchronism, oving to the fact
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Tn the accompanying disgnums, Fig. 33 illustrates the detaie
of the. plan abave set forth, and Figs, 30 and 40 modifcations

of the same.
Reforring to Fig. 5, lot » desgoate the fild-anagnets of

projections wonnd with coie 1 closed npon themelves, fhe
motar in fhese respects b similar i construetion to those
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describer alrendy, bt baving on scconnt of the pol projections
i the sratare <o, or other sinilar tnd well v festares,
the proportis. of n synchroviigmotor. 1. 1/ wpresents the
conductors of a lie fom an altoruatng carront generntor
Near the motor i placed  switeh he stion of which i that
of the one show in the dingraams, which is constructod as fol
st 1 are twa condueting plates or s, pivoted at their
ends and comnected by . insolating croselar, 1, %0 3 1o b
Shifted n paralleison. T the puth of the bars v 3 s the contact
2, which forus e terminal of the cirenit throngh coils o, and
e contact 4, which i one teriual of the cireuit through coils
. Tho opposite e of the wire o coils © i connocted t0 the
wio 1 or bar o, and the corresponding end of ol i s connectel
o wire 17 and Tar ; hence if the bare b shifted 20 8 to oar on
contuets 2 and 4 both sets of coils .0 will b included in the cir-
et 1/ in wultiple are or desivation.  In the path of the levers
¥ are two other contet terminals, | and 5. The contact 1
‘comnectad to conact  throngh nn aificial reistanc, 1 and con-
tact 3 with eontact 4 throngh s nduction ol 3, 20 that when
tho switeh Tovors aro shifted upon the paints 1 and 3 h cireits
of enle wand o will be connected in multipl are or derivation to
the cirenit .17, and will include the resistance and slfnduction
ol respeetivly. A thind poition of the switch i thatin which
the levers v and e shifted ont of contact with both sets of
points, I this caso the oo i entirely ont. of eire
“The porpose and manmer of operatng the motor by these de-
viees are s follows: The normal positon of the. switeh, the
notor g ont of cireuit s off the contuct points, Ase
the generstor tu be ronming, and lat it ix desired to start the
motor,the switeh i sifeod nti e lovers st upon points 1 und
3. The two motorcireite are thus connected with the generstor
it bt by reason of the presciee of the resisance 1 in one
and the seinduction eofl i the other the coineidonce of the
Dlnscsof the enrrent i disturbed suficiently 1o produce & pro
eevsion of the poles, which sarts the motor i rotation. When
e speed of the motor s mun wp to ssuchronin with the
cnersor, or pproxiaately o, the suitch s shifted over upon
e pointa 2 and 4, thus entting ont the coile 1 and 7, 0 that the
corrents in both circuits have the same plase: bt the motor
0w rusas @ synchronons motor.
T will be understond that when brought up o speed the o
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In come instances inechanical applisnces have boen uilsed for
this purpose. I otirs special and complicated forms of motor
o boon constructod. N, Tesla as discorered. » much more
imple method or plan of opernting ynehronizing matrs, whicl
requires praeically o other apparatis than the motor 1, Tn
other wonds, by  certain change in the cirnit connections o the
motor he converts it at il from a double circuit motor, or such
s ave boon already doscribed, and which will start under the
action of an afernating curront, into & synelronizng motar, or
one whieh will bo ran by the ganentor only when it reacheil
 certin speed of rotaton synehronious with hat of the geners-
tor. T this manmer lo i enablo o extend vory greatly the ap-
plcations of i system and to secnre all the wivintages of both
forms of alterating current motor.

Tho expresion “syuclironons with that of the generator,” b

d here in ts ordinary acceptation—tlat is 1o sy, b motor is
id to synchronie with the generator when it preserves corain
reative specd determined by itsmumber of poles and the number
of alterations produced per revolution of the generstor, Tt
netual speed, therefore, sy be faster or lower than that of the
gemerator; But it s mid to bo synehronons o long as it proserses
tho sune elatve speed.

In carrying out this invention Mr. Teshs constructs & motor
‘which i  strong tendency to synehronismn with the genertor
The construction preferred i lat in whicl the srmatare is pro-
vided with polar projeetions. Tho feld maygnets aro wound with
0 s of cofl, tho torminale of whiel aro connected o @ switeh
mechuniam, by teans of which the ine.current may be carred
direcly through these coile or indireetly throvgh pathe by
whih its phascs are modifid. o start such a motar, the witch

turmed on s set of contacts which inclules in one motor
circuit  desd rsisane, in tho other un inductive resistance, and,
the twa circuits being in derivation, it s obvious that the. differ
e in phissc of he enerent i el cireuits il et upa roiation
of the motor. When the specd of the totor las. thus been
brought o the desired rate the svitch ix shifted to throw the
i ensrent diretly through the motorcireuits, and.althorgh
the currents i both cirnite el nowe be of the sume. phase the

continme 10 revelve, becoming o e synchronons
ey, the armature or itx polar
0 wound wih coilsclosod on thomsclves.
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A mrscrvro s given elsewhere of # wethod of operating al-
temating current wotors by fint rotating. their wagneic poles
il they have attained synchronous speed, and then alternating
e poles. The motor i ths transformed, by n simple chunge
of creuit conneetions from one operated by the aeton of to or
more independent energizing enrrouts to one opersted cithor by
asinglo cument or by several errents acting as one. - Anothor
way uf doing this will e be desribed.

At the start the maguetic poles of one element or fold of the
motor are progressively shigted by aternating corrents difer
i phase aud passed thiongh independent energsing cireuits,u
dhos circuit the cofls of the other clement. When the motor
thus s reaches or passe the Tt of speed synehorons with
the gonerator, Mr, Tela conmcets upthe ol provionsly shorteir-
vt with  souree of direet current and by o change of the ci-
cuitconneetions prces  simple alternation of the pales, The
motor then continmes to nclronism with the generato.
“The wotor iero ehownin Fig. 41 isone of tho ondinaey forms with
fild-ores cithor lumiuated or solid and with  lindrieal lunin-
ated armatare wound,forexample, with tho cofl A ight angles.
The shaft of the armataro carries thrc collectng or contact rings
ns (Showa, for bettr ilutration, u of diffrent diameters.)

e end of coil & conncets fo ono ring, 2, and one cnd of
ol conneets with ring b, The remining onds are counected
toving . Collecting springs or brushes » 0w bear upon the.
vings and load 10 the contacts of u switel, fo e proseatly de-
cerbod.The ild-oils luve thei terminals i binding:posts &
1, an iy e cither closed wpon thenseles or connected witl,
a'source of diret eurrent 1, by means of & awiteh . The nuin
o controllng switel has ive contacts a ¢ d e and two levers /
9, ivoted and connected by an insulating crose-bar 7, 50 s 0
wove in. parilelism.  These losers aro conneeted to the ine
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wires fron @ son

 of alteruating curronts s, Contuct a is con-
et to brush o and. cofl 1 through & dead resstunco % and
wire . Cantact i conneeted with brush # and cafl & theongh
 selfinduction cof » and wire o, Contacta.cand ¢ are connected
o brushes o, rspactively, throgh the wires o, and contact
0 dinetly conmectd with brush . The lever £ has » widened
cud, whicl may span the contaets a 4. When in sucl podi
and with lver g on contact 4 the alermting eurrents divide be-
ovoon he twea motorcofl, nd by reason of ther diffrent slf-

T 41

inducton n difference of current-phase is abtained that starts tho
motor in motation. In starting, the fieldcoil are short cir
it

‘When the yaotor has attained the desird s, the switel is
ahifted to tho position shoen i dotied lines—lat i to sy, with
the lovers 7 resing on points ¢ . This conneets up the twu
armaturo il in sorios and.the.wotor wil then ran 1 & ayn-
chronous wotor. The fied-oils aro thrown into creuit with the.
direet cnrrent source when the wain switch i shifted.






OEBPS/images/bg07200001.jpg
u INVENTIONS 0F NIKOLA TESLA

toe il ran with only one of the cireuit 8 or o conneted with
e main or genemtor cireit, or the two ciruits may be con-
Dected in seres, This later plan is preferable when 4 currént
having a high number of alemations per wnit of time s ciu-
played to drive the motor, In such case the. starting of the
notor is more diffialt, and the dend and inductive. resstances
must take up a considerable._proportion of the electromotive
foree of the cirnits. Generuly tho conditions ure o udjusted
o the clectromotive foree usel in cach of the motor erenits is
that which i require to operate the motor when s circuit nre
in serics, The plan followod in this case is ilustrated in Fig.
0. In this instance the motor has ewelve poles and the arn
ture as polar projections 1 wound with closed coils ¥, The
eviteh wsed i of substautially_the sune construetion a5 that
Siown in the previons figare. There are, boweor, five contuts,
degted s 5, 6, 7, 8, and 8. The motorcireuita ¢, whieh in-
clude alterme. fekicils, axo comneeted to the terminals n the
following order: One end of cireit ¢ s conneeted to contaet §
and to contact 3 through a dead resstanee, 1. One terminal of
cicnit i connected 10 contact T and. 1o contaet § through &
slfinducton cofl 5. The opposite terminals of Loth cirents re
connected to contict .

One of the Jevers, b 5, of the switch is made with an oxton-
son, 7, or otberwise, 20 4 to cover both contaets 5 und 6 whow
SLiftad into the position tostut the motor, 1t will be observed
hat when in this position and wih lever 1 on contaet Sthe eur-
rent divides between the. two eirenits » ¢, whies from ther dif-
feronco i elcctrical churscter produce a progresson o tho poles
hat start the motor i rotation. When tho mofor s atained
the proper speed, the switeh is ifted 5o that the levers co
the contacts 7 and 9, thereby conneeting circuits 1 and o in se-
Fies. It s found that by this disposition the motor i maitained
i rotution in synclironim with the generstor, This prineiple
of operation, which conwists in_converting by 4 change of con-
nections or otherwiso a doublecireit motor, or ono opersting by
 progrusivo sifting of tho poles,into an ondinary synchronis.
ing motor may o caried ont in many other waya, For instance,
instond of using tho switeh shown in the provious figures, wo
may use & tomporary ground cireuit betweoen the generator and
motor, i order o start the motor, i substantilly the manner
indicated in Fig. 40. Lot o n this figure reprosent an ordinary
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Altermatingcurront genertor with, suy, two. poles, 3 ¥, and
armature wound with o cofl, ¥, at right angles and co
octed in serios. The motor has, for oxample, four poles wound

v cails ¢, which aro connected i serio, aud an armature
with polar projections n wound with losel cofl 3 %, From the.
common jont or wsion botween the bwo cirents of both the gon-
erator and tho mator an earth comnection s established, while
tho tormivals or ends of these cireuita are_ conmected to the
line. ~ Asuming that the motor i & synchronizing motor or one
that s the eapubilty of running i synchronism wih the gen-
erator, but not of stating, it may be stared by tho abovo-
describod apparatus by closing tho ground councetion from both
gemerntor and motor.  Tho aystem thus becomes one with  fwo-
cirenit generatar and motor, the ground forming & comman re-
tarn for the currents i th two circuits 1 and . When by
s armngement of cireuits the motor s brought 1o speed, the
ground conncction i brokon botwoon the motor or gonerator, or
both, groundaitehes vr" boing employed for this purpase
The wotor then Fans s 8 synchronizing motor.

I deseribing the main foatures which constitue this inventi
illustrations have necescrily boen omstted of the appliances used
in conjunction with the elctrical devices of similar syatems—
cueh for nstance,as diving:balts, fxed and looso pulleys for the
motar, nd the ko but fheso aro mastors woll undorstood.

Mir. Tosla belioves he s the it 10 operate cloctromagnetic
motors by alternating eurrents n any of the ways herein described
Zthat s to sy, by producing o progresive movement or rot
o of thir poles or points of grestest magnetic attrction by
the altoruating carronts wntil they lavo reached & givon spoed,
aud thon by the same currents producing a simple lteruation of
e pales,or, i ather words, by  chango in tho order or lar.
eter of the eiret. comneetions t convert a motor operating o
one principle to one operating on ancther.
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cured in posiion to surround both the armature aud the poles
6’ The aruaturo i detachable from it shaft, the ater being
o through the armature fter it has been nserted i posi-

1. The operation of thi form of motor s the sme i prin-
e s hat previonly deseribed and noeds no farther explan
tion

Ono of tho it important features fn dtarating current
mtors i, Lowevor, that they should b adapted 1o wnd capable
of rumning effently on the alternating cireuits in present we,
i which alost withont. cxcaption the genemtore yield & very
igh numbor of alternations. Such a miotor, of e type under
consideration, Mr. Tela lne dosigued by o derelopmnent of the
principle o tho motor shown in Fig. 36, making a multipolar
motor, whieh i ilusimted in Fig. 57, In the construction of

this motor he cmplogs an aumular wagnetie frame 5, with in
wardly-extending xibs or projeetions ¥, the ends of which Wl
bend or trn i one direction and are gnenly shapal to con-
form to the enrved surfaeeof the armatare. Cofl v are wound
from one part x to the one next adjacent, the onds or loops of
cach coil or gromy of wires Leing caried over tovard tho laf,
0.0 to form U <hpod groups of comvalutions t cach ond of e
armature.  The polo-pieces € €', heing substantially_concentrie
with the artare, form ledges, along which the cofls sre laid
and should projoet to same extent beyond the the cail, s hown.

rical or drum arature o s of the sume construction
1o roate within
tho anmalar fevm  and Votween the Urshaped ends or hunds of
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e eole v, The coil ¥ are connected in maltple or i series
with  fouree of lternating curronts, and aro o wound that
with  current or carren impube of given dircotion they wil
make the altermte pole-picces © of one palarity and the other
polecpicces ¢ of the opposite polarity.  The principle of the
Gperation of (s motor is the same as the other sbose do-
soribed, for, comidering any o polepioces ¢ o', 4 current
e passing in the coil which bridgos them o is wound
over bt tends to cstablish polaritios in theie cnds of opposite
g and to set up in the armature core between them  pority
of the same sign s that of the nearcst pole-picce ¢, Upon the
fall or cosation of the current impulee that estublished these
polaritiesthe magnetisu which Ings belind the cursent phase,

nd which continues {0 wanifes el in the polar projoction
o’ and the armature, produces by repulsion 4 rofation of the
armature. - The cffeet s continnod by cach reversal of the cur-
rent. Wiat ocears in the cas of ane par of pole-icces ocenrs
Simaltaneonly in Wl 50 that the tendeney to rofation of the
‘armature s messured by the sum of al the fozces exerted by the
poleioces, a5 abovo desribod. I this motor ol the mag-
netie lug or offet i intemsifiod by winding one or both coros
with closed fnducod ‘ol The amature coro i shown as thus
When losed eofls are used the cores should be

e,

T s xvident that  pulbatory ss wel as s alteraating current
might be used to drive or operata the motors abore deseribed.

Tt will be wnderstood that the degree of subdivbion, the mass
of the iron in the coras, heir size and the nuber of lternations
in the curront employed to run the motor, must be taken into
‘condderation in onder o properly constructthis motor.  In ther
word, i all such motors the proper selations between the mun-
ber of alternations and the mass, o, or quality of the iron must
bo preserceilin order to socre the best result,
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motor has s strang torque. When the desired sposi is reached,

o ahunt around the armature-cofls i opened and the current

direeted through both armature wnd. field coils. Under these
the motar s  strong tendency 1o synchronien.

4, and  dosignato the field coil of the motor. Ax

uding theso coils are of differont solfinducton,

his i reprosontod by  rositunce cofl i cirenit with +, &

om0, 50w

einduction col x The sume result may of
couree b socared by the winding of the cale, ©is the armature
crenit, the tr
on thet rings
tho st or sort ciruit arownd the wrmature, % n the switel
the slunt.
Tl e olerved thatin sueh  disposiion s i llstraed n
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Fig. 4, che field cireite  and w being of diffrent lfindnetion,
thore il aways be a greater lag of the current i one than the
other, and that, generuly, the armatare. plisses ill not corre-
<pond with ither, bt widh tho rosuliant of Loth. i therefore
impartant to olverve the proper rulo in winding the aratur.
For instanee, if tho motor v eight poles—four i cach cireuit
“there will e four resuliant palos, and hence the anvature
‘winding should be s as 0 prodce fonr poles, in order o con-
itue n trve synehronizing motor.

“The digrum, Fiz. 30, diflrs from the previons one only in
reepect o the ander of connections, Tn the present case the aru-
ature-coi,instead of bein i serie it the ild-cile, i i
tiple are thorowidh. Tho arunture-winding way I similar t0

tho ficld—tlat i 1 say, the armature iy have 1w or

and

that of
more colls wound. or adapted for different slfinduetio

o2

dapted, e o pruduce dhe s diferonce of
phuse a5 the field<ole. Ou siarting the motor the At
o closed arownd Loth coile, This is showen i Fig, 31, in
which the armture coile are . To indicate. their different
electrical.clrieter, e are showi fn circuit with then, rospeet-
ively, the resistanco  and the selfnduction cail <. The fw
armabure eoils are i sories with the fieeile and the sune die-
positon of the dwnt or shortcrenit 1 i s, 1t is of s

g i he operation of notors of this kind to cunstruct or wind
the armature in such manner dat when shortireuited o the
sart it il lave a_tendeney t reach  igher speed than that
whiel syuchronises with tho genertor, - For exsunple, n given
motor Iaving, sa, eight polos shonld run, with the armatare cil
shortireuited, a two thonsand revolutions o to bringe
it up to synchronisn. 16 will genendly lappen, hover
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oo e cofl wnd 1o srmuature caile e in derivation 0 thern-
sclves and i series with one another. The armture enile in
thix case, s i the previous figure, are wownd for diflerent self.
induction o correspond with the fcd eols

Another modificaion ix shown in Fig.
oo armuturecol,
other, s ¢, i shortcinied.

T suel v dispositon ss that shovw in Fig. 45, or wher only

recuil s eanployed, the forque on the sart i somo-

whiat reduoed, while the.tendency to synchronian i somewhat

46, T this cnse anly
cluded in the Hneciruit, while the.

==

reased. T such a disposition as showen in Fig. 46, the oppo-
site conditions wonld exist. In buth instances, lunwever, there
s the mdvantag of dispensig wich e contac

In Fig. 16 the two flokdcoils aud the amuatare-csl » aro in
woltiple e, In Fig. 47 thi disposition ix malifled, col 1 ho

shown in series with the two field-cil,

Fig. 45 i an outline of the goneral form of wot in which
s Tnvention s embodied. The cirenit. comections betweo
the wrmature and field coils are made, as indicated . tho prov
o fgures, throngh brushes and ringz, whieh are not shoven.
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L proceding chapter wo huve deseribed  mothod by whiel
M. Tesla necomplishes the clange in Ui type of rotating field
motor from  torque to 2 ing motor. Aa will bo ob.
served, the desived end i fhere reached by a change in the ci
cnit connectionsat the proper moment. We will now proceed
o desribo another way of brnging sbont the same resul. The
principle involved in this method is s follows:—

1 an alternaing enrrent be pasod through the icld cils oy
of w motor having two energiting cireite of difforont selfnduc
tion and the armature il be shortcrenited, themotor will have
atrong torque, ot Tiedo or o tendency o synchroniam with
the gonemstor: but i the sume current which energizes the fcld
e pussed also thromgh the srmatare il the tendeney to remain
o sychromian i very considembly increased.  This i du to
o fat that the maximum magnotic effcts produced in the field
and swsture more nearly coincide. On i priniple .
Tesle comstructs & mator hnsing independent feld cireaits of
diflrent. selfinduction, which are. joined i derivation to &
source of alernating currents,  The armature i wound with one
o more cofl, which e connected with the fild coils throngl
contuet singe and brusies, and sround the apature coflan shnt
s arranged it means or opening or closing the same, In sart-
ing this motor the shunt s closed around the arature cols,
whieh wil herofore bo in closed circuit, When the current
ireeted through che wotor, it divides between the two cinits,
(it s not mocessary to consdr any case where there ama more
than two circuits e which, by reason’of their different el
induction, seeure a diflerence of plase betwcen the tvo currents
in the twd branches, it produces a dliféng or rotation of the
of the poles, By the alternaions of current, other currents arc
induced in he closed—or short cireitod—urmatire cofl and th
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T following deseription deals with wnother form of motor,

el depennding n * magnetic g™ or hysteresi, it poculiar.
ity Deing that in it the attretive effcts or phuses while Ingging
belind the plases of current which produce hein, are mani-
fostod simultancousdy wnd not suecesively. Tho phenomenon
uéilizod dhos 4t an carly stage Ly M. Teay, was ot generally
Deliovod in by siontific mem, and_Prof. Ayrion was probbly
it o advocate it or o elacidate the reason of ite supposed ex-

Fig. 54 s s view of the motor in clovation. Fig. 55 i
 partcetional view t right angles o Fig. 55, Fig. 56 is
end view in elevation und gart scction of & modiication, snd
Fig. 57 i & stmilar viow of another modification.

Tn Fige, 54 and 35, » dosiguates a base or stand, aud
tho supporting frune of the Bolted 10 the supporting-
frume are two magnetic cores or polepleces o 0!, of iron o
“oft steel. Theee may bo subdivided or laminated, i whicls
case ard o or st plates or bars should be wed, or they
Sould bo wound with closel coll. 0 s & circular dise anma-
ture, built up of seetions or plates of iron wnd mountod in tho
frame between the palo-picces o ¢, eursed t conform o tho
cireular slipe thereof. Thi dise sy be wound with & nuber
of closed colls 5. v v e the main energizing culs, supporied
Dy the supporting frame, s0 45 to includo their

i infiuenco botl the pole-pieces © o and thio armaty
Tho poleieccs o ¢ project ont. beyond th coils » ¥ on op-
posite sdes, ne indicated i the druings. 1t an altoruating
rrent e pussd hrough the cile v, rotaion of e anma.
tare will bo.produced, and fhis rosation is explained by the
Sollowing apperent action, or mode of aperation: An ipule
of current in 1o caly  » establishos o poluites in the -
tor. The protruding end of pole-pioce ¢, for instanee, wil be
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and the correspanding ond of pole-picee o' will be
of the oppoeite sign. The srmature alio cxhibits tvo poles.at
Fght angles to the cails » ¥, like polos to those i dhe pale
pice being on the sane side of the eoile While the current
i Boving there is 10 appreciable tendoney to. wtation devel-
apol: Tt after cach current impube cemes or begins o fall
e mugghetin i the armatare and i the eads of the pole-
iccen ¢ g o coninues o nnifest el which produces
rotation of the armuture by the repellent force between the

ore losely approsianating points of masiniun gt effec.
Thi effet i eontinnal by the rovenal of curron, the polr
iew of fild and armatune eing simply reversed.  One or both
of the clements—the aruature or fld—nay be wound with

T, 53

clos indeed il to ntensify dhis offoct, Althongl n the
illstrions but ane of the fieds is shovwn, cach slement of the

wotor really contitntes . feld, wound with tho. cloed cofls
the currents being induced maily in those convolutions or coils
which e paralll o the cofls

A modifiod fora of this motor i shosen n Fig, 3. Tn this

form @ ix one of tw standards that support the bearings for
the armatureshaft, 1 1 ure uprights or sides of 1 frume, profer-
ably maguetic, the ends © ¢ of which aro Lent in the wanner
indicated, to couform to the shape. of the armatare o snd fon
feldamagne poles.  The constraction of the

the same as in the previous fgure, or it may be simply e
etie dise or cylinder, as shown, and & cal or coile > are so-
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i spoai. s ot ronchod, owing to the fact that_ the armature
and feld currenta do ot properly correspond, 20 (it when the
curmont s pased hrough the wrmatue (the motor not. b
o synchroniam)thereds  isbilty that it wil not “hold
as it termed. 1t s profernble, therefore, o s0 wind or
comatrct the motor that on the start, whn the smnature coils
e shorteirenito, tho motor will tend. to roach a spood. higher
than the synelronous—aa for_instance, dowblo the latter. Tn
snch eso the diffeulty above alluded to i ot falt, for the mo-
‘or willaheays Hold up o synchronisun if the ynehranons spoed—
the case supposed of o thowand revolutions—is reached or
s, This may b acconmplishod in varions ways: but for all
pmetical porposcs the folloving will suffce: On the armature
Ao wound two s of cofls. At the sart only ono of those

hrtairenited, therohy profucing & numbor of polos on tho ar
mature, which will tend to run the specel upabose the synehro

s e, When suhy Tt renchin or pased, tho corrent i
disected dhrongh the other e, which, by inereasing the nuniber
of ammatare pols tonds o matain el

motor ving,
say,eight s contains oo fold-ireuits A and 1, of differont
Tl amnature has two eale » and 0. The former.
el the atter conncte with tho feld. and T
throngh contacerings @ b, brushes o d, and & switeh v, On tho
st the coll ¥ alone s active and the motor fends to ran at x
apood albovo tho synebronons; but when the enil G is comneeted
o thcirenit the number of armture poles is inercased, vl
the motor i3 made » teuo. synchronons motor.  This disposition
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i the advantage that the closed armature cire
motar tonqgue when the speed falls of, but st the
it

s o the
e tim the
are such that the totor couss out of synchroniam
Ta fncrowse the tendeney o syneheoniem, tw
o wed on the armatare, one of which s shorti
the sart and ot commeetod with the external cirenit
aftor th synehronons specd s reached o s This dispot
iz, 5. Thore ure three contuctrings o ¢
lies ¢ 47, which conneet the armturo cirnite
with theesterul cire. O starting, the switcl 1 i turned to
Jetethe connection between onebinding:-post v and the il
colls. This shortcirenits ono of he aruaturo-oils, s . The
other coil 7 is ot of cirenit and open. When the motor i up
o speed, the switeh w in tumed back, s that the conncction
from binding:post » to the. field cofl i throngh the coil o, and
awiteh i closed, therely ncluding ol in mltiple are with
e fied cuile, - Both armatare cofl areths neive,
From the.
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n Fig. 95, Lt o reprosont u
longitudinally with insulated cafls & 4, which are connected up
i serio,the terminals of the serios beng conneeted to colletin
ings @ & on the shaft 6. By means of ihis shaft the armature
nmounted to rotate Lerween the poles of an anmular feld-nag-
et formed with. polar projections womnd with coil , that
mngnetise the sid projections, The cofl » are neluded i the
it of a generator ¥, by mesns of which the feldmuguet

rgised. 1 thus constuetod, the mackine i o well-known
form of alternating curment. generator. To adapt it to bis sy
tem, lowever, Mr. Tosly einds on armature o o seeond set of
coll w  intermedine to th fir,or, in_ other words,in such po-
itions that while the cale of onc st aro i th rolative posiions
o the polos of the fieldnagnet to produce the nuxima current,
those of the other set will be in the pusiion i which they pro-
dnco the o corrent,  The cals b are e

drieal armature core wonnd

eeted, also, in

rings, securel gonersly to the
the armature.
0 e an

hat at the opposite end

The motor shown in  feldmagnet 1,
with four e Tho armatare s con’
structed similarly to the generstor, but with o sels of o
ol in closedcienitsto cornespond with the redueed b of
‘magnotc poles i the field. Fronm tho forogoing it isevident 4
o resaltion of the amature of the generstor producing
current impoacs in cach cirenit will produce two revolutions of
the motorarmtare,

“Tho appliation of the priniple of this nvention is o, Lo
over, confined o any partilar form of machine. Tn Figs. 30
and 31 & goneratar and mator of another wellknown type are
Shown. T Fig. 30, 1 4 are magnets disposcd in  circle and
wound it el , which are i ircait with % generataf which
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Supplios the eurront that maiotains the fcld of force. Tn the
sl construction of these muchines the armatur-conductor 1. is
curvid by a suitable frum, s0 45 to be mtated in fuce of the
gt 33, or botwoen thoso magnets snd another similar sot
in front of them. The magnets aro energized =0 4 to Lo of al-
toruately opposite polarity throughout. the. serios so that 4 tho
conduetor o s rotated the current fmpulses combine or are
added to one wother, those produced by the condetor in wny
given_ positionbeing 1 i tho same direeton. To adapt such
& machine to hi system, Mr. Torl ulds  second et of inducod
conductors s, in all respects sinila t0 the first, but 50 placol

1 rofercnc to it that tho currente prodced in cach will diffr
oy quarter-phase.  With such roltions it is ovident that s the
etrrent docresses in conduetor 1.t ncreases in conductor , and
converely, and that any of the forms of Tesla motar inventod
for s in s system may be operste by such 4 gonerstor,

Fig. 31 is intendad to show a motor correspanding to the 1

Fig. 30, Tho constructon of the motor i ilentical with
that of the goverator, and if conpled thoroto ¢ will ran sy
chronously therewith. 3”1 are tho field-magnets, wd ' the
call thoreon. 1/ it on of the armmtureconducton: and ¥ the
orber.

Fig. 82 show i dingeuan ot form of machine. The gene-
Fator 3 i this s s shown as consistig of & stationary Fing oy
wonnd with tventy-fonr ecile 1, aleraato cils being connestod
i serie in two cireuit, Withih this ring i o dise o drum o,

I projoctions o' wound with energiing cuils inclulod in cir.
with n gonerstor . By driving this dbe or cylinder alter-

enrrents v produced i the coils v aud i, whi
carriod o to run tho soveral motors,

Tho motars. are compased of  ring oF annular fiokdmagnot 5,
wond with two sets of cnergiingeoila 1 7, and armatures v,
g projections t wound with cofl v, all connected in serics
i closed cireuitor cach closed independently on st

‘Suppose the twelve generstor-cole e o alernately in
ppasite diections, o that any o adjscent coil of the same set
e 10 produce a froe pale in_ the s o botween thor and the
telve cails 1 (0 bo similarly wound. A single revolution of
tho dise or cylndor g, the tselve polar projoctions of which are
of appesito polarity, il thercfoms produce welve carret -

s el of the cineits w . Henee the wmotar 5, whicl
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Wi the objeet of obtaining the doired speed in motors
opersted by moans of lteruating curronts of diffring phise,
Al Tesls. s dovised varions plans intended 0 et the prac.
el reivcanents o the case, i adapting i eystom to types of
lipolar slternating carrent machines yiekling  large murmber
of current reversal for eacl revalution.

For exsnple, M. Teela b pointed ant. that 1o adapt & given
t5pe of alternating current generator, Yo mway conple rigidly
e complete machines, ceuring them togother in such o way
that the requisie differenee i phase will be produceds o you
uy fusten two armatures to the same shaft witkin tho infuenc
of the same fickd and with the requisite angalar displacement to
yield the proper difference i plase betwoen the 6o currents;
o two armaturce sy b atached to the sme st with ther
coll symmtricaly disposed, but subjoct 1o the nfluence of to
sete of ficld magnets duly displaceds or the two sts of coils
may be wornd on the saane armature altcruately or in such
er that ey will dovelop currenta he plases of whil difer
ime sufficutly to produce the rataion of e moto

“Auother methodl included i tho seopo of tho same idos, where-
by a englo generator wy ran & number of motors either at s
o sae of speed or all at different speeds, s 0 consiruct the
motors wit fower poles than the generuor, in which caso their
specd will e greater than lat of the genortor, the rate of spoed
being bigher s the nunsber of their polo i reatively less. Thin
may bo undersood from an oxample, taking a generstor tat e
o indopendent. gencrating caile which revolve beticen fwo
pollepicces appositly magnetiod and & motor with energiring
coils it produce at any given time two magnetic poles in one
clanent hat tend t0 s up & otation of the motor, A genern.
tor thus constructed yiekls four roversle, or impulscs, in cach
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revolution, wo fn cuchs of it independent circuits; and the effct
‘apon the motar i to shife the magnetic polesthrongh three
dred and sty dogrees. 1t i obviona that if tho four roversls
i the samo order conld be produced by cach alE rosalation of
the generator tho mator wonld make two revolutions t the gen-
omtor's one.Thia would be readily secomplished by adding two
interediste pole ta the genemtor or altering it in any of the
other oquivalent ways above o sume.rule applies
o gencratars and motors i i instanco, i€ 1

rents e diected.dhrough tho indopendent. onergizing-ils of o
motor, the coile of which s s applied as to produce twelve

o o

magnetic poles . ol ties, the rotaton of the two will o sy
lronous; but if tho motor-<oils produce but six pols,the movable
clement will b otated ti whilethe enemtor rotutes once; or
i the motor have fonr pales e rotation will be thrve times as
fast s it of e generator.

Thes foatures, 0 fur i nocossary (0 an understanding of the
principle, are here illustrated. g, 2% T & dingrammatic lls-
ration of a generator comstructed in accordance with the. inven-
ion. Fig. 20 i & similar view of a corrspondingly constrcted
motor. Fig. 30 is a disgram of & generator of modifid con-
strvcion. Fig. 51 i u dingram of & motor of correspouding
harscter. Fig. 32 i o dingra of & system containg o gener
ator and sever motors wlapted o o 4 varions speeds.
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ol or ight free poles,will make one and w bl turns
o the genertor’s one. The motor ¥, with twelve coil or
poles, will ofae with tico the spoad of the generator, and
Inotor s witl eght cofl or Tour pales, will revolve three.
i st s the generutor. These mulfipolar motors live a pec
arty which sy be often uilsed to great advantage. For ex

ample, in dhe motor ¥, Fig. 19, the cight poles may bo either
lterastely opposite or there 1oy be st any given time alternsely
o ke wnd o opposie poles. This s readily attined by
making the proper electrial conmections. - The effet of such
hange, owever, would Lo the sume ss roducing the mumber of
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T procoding descriptions have nssumed the ns of aiters
current goneratossin which, in order to_ produce tho progressive
mavement of the magnetic poles, orof the resulant attraction of
independent ield magnets, the current generating cols e inde-
pendent or separate. The ordinary forns of contimans enrres
oweser, be employed for the sume work,

 methiod of aduptation devised by Mr. Tesla,
s will o soon, the. mifiation invalves Lut aight changes i
e construction, and prescnts other clencnts o coomomy

On the shuft of » given genorstor,ciher in place of or i s
diton 1o the regular commuator, e securcd t many. pairs of
insulaed collcetingrings s there are cirenits to be aperated,
Now, it wil be understood that in the opertion of any dynama
clectric gonerator the carronts in tho coils in their movement
throngh the feld of force undergo difleent pases—hat i to
ny,at different positons of the cails he currents have corsin
direetions and certan strengths—und that fn the Tesh
munsformers it s necessary that the currents i the
ol should undergo  cortain ordor of v
directon. - Tenee, the frther step —viz, the
the inducod or geneating cofls of the machine and the contact
vings from which the currents are to be taken oft—will e deter.
mined solly by what onder of varations of stregl and direetion

the currents i dosired for producing & given el in the
clctrical traslaing dovice. This may be accomplshed
varions way: butin the dryigs we give typieal instaneos only
of the bt and 1nost_pracicable wys of applsi
to three of the leading types of mac
arior to illustrate the principle,

¥ig. 25 s dingrum. lustrtive of dhe mode of applying tho
invention to the wellknown type of *closed  or continous cir-
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Shrongh the same pluses s the oofl in some of the goneritors
ready e, e it s obvionsly only necessary (o utlize them
i i o se to opemto » Tl convorter Ly extondig tho
segmenta o the commutators belonging to each pair of coils and
cansing a collecting brush o bear on the continuous portion of
cach sogment. In this way o or more cireuits may be taken
ff from the gonerator,each including ono oF more.paies or sets
of cule s may e dosirod.

In Fig, 2011 eprusent tho armaturo colle, = the poles of the
feld gty and ¢ th shaft carrying cho commntatons, whicl
aro extondad 10 forus continuons portions 4 e . The brushes

caring on the contimans partions for taking off the alternating
currents are ropresented by o’ o' @, The colleeting brushos,
o those which wuay be wied 1o take off the dircet eurrent, ure
desgmted by 3 . Two pairs of the annature coils and fheir
commutators aro shown in the figuro as being uiiizeds but al
e in  similar manner,
another well Known typo of machine in whicl threo
o wore ccile, " ' ', on the aratare have & common ot
o froe cnds heing eonmeeted 0 the segments of  commtator
This form of generwor i lstrted in iz, 7. In hiscasecach
temminal of tho generator is conneeto dirtly or in derivation
o continaons ring, a ¢, un colecting brashes, o' ¢, besring
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thercon, take off the altermating enrrens that operate the mator,
It proferuble in this case to omuploy % motor o transforer
with theee energising coll, 4* 1 ¢, placed. sfmmetrically with
those of the genemtor, wnd the cireuies from the latter are co
noctod o tho terminule of sucht coils cithor direetly—as
ey aro sationary—or by means of brnhes ¢ and contact vings
. In this, s n tho othor cascs, tho ondinary commutator may
T o on tho gonerator, nd tho current taken from it wtilizod
for exciting the generator feld-ngnts or for othor purposcs.
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ot machine. Fig. 2 is ying an arin-

fure wih soparate ol co amtricaly, o what s gner-

ally called an “openircit” machine. Fig. 27 3s u digram

Showin; the application of the invention to 3 machine the arm-
It huve-s common foin

5, lt & roprosent n Tosla motor or trans-

vertar.” 1t consiatsof an annalar core, v, wound with four inde-
pendent. coll, ¢ and v, those diamotscally oppasita being con-

[ S

et togtlor 0 a8 o co-operao in pairs in ctallisbing free
ol n tho ring, tho tendency of cnch pair b o fxtho poles
at ity dogroo from tho other. Thero may bo an armatare,
5, within tho ring, which i wound with ofls closed upon thew
sclves.Tho obect i 0 pus through cafls  » curvents of such
reative stromgth and direetion aa to prodice & progresive shift-
ing o moverment of the pointe of maximun magnetic icet
around the ing, il to there win 4 rotary mavement of
the armatare. - There aro therefore sccurel 1o the shaft 1 of the
gomerator,four insulated contactring, @ o d, upon which bear
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the collctiug brashos a1 o ', comnested by wires ., v
spectively, with the terminals o cofl © and 1.

‘s, for ke of Mlustration, that the cails b b e to -
ccive tho waaxin aud cole 0 © at tho same instat the 1
i enrront, s that the polar ino may bo midway Letween the
coila v, The ringa a4 would therefore be comnectol to the

imnois armararo-col a¢ it nontral poiats with espeet o the
fild, o the paint corresponding witl that of the ordinary
tator brashes, and between which exists the greatest diffr.
encaof potential; while rings ¢ d would be conneeted o two.
poits i dhe cofl, betwoen whic exists no difference of potential.
Tho best resules il b obtained by making these conmeetions at
ot equidistant from one. anochr, 15 shown, These conmnee-
ions o cnscat made by g wies 1. botwoen tho vings and the
Toops or wires 5, comnceting the coil 1 1o tho sogmonts of the
commutator x. When the eonvertens are wade i his wwner,
it s exident that the phascs of the cnrments n the scctions f the.
genonutor coil will be' reprodiead in fhe converter eals, For
xampl, aftor tarning throngh un are of nincty degrees the con-
dnctors 1.1, whiel boforo conveyod tho waximam carrent, will
\ curront by rowon of the chango in the
o, and s cxent . o cho e rowon

throngh the are of uinety degrecs.
g
polea of the conserter will bo synchronous with that of the.
amuataro cofls of the gencrator, and the rost will b tho sune,
whether the energiing cireits are derisations fromi 4 co

anmataro coil or from independent coils, 4 in Mr. Teaa's

the brushes 3 ¢ aro show in dotted lines in_ theie
proper normal position. T practie theso brushos may be re-
woved from the commtatr and the ficld of the generator
excited by an external onee of corrent; or the brushes iy be
lowed to resmin o the commatator and to take off 8 convertod
eurrent 10 excita the feld, or to bo usul for other purposes
T cortan wellknosen, clas of machines known us the “opon
wit” the wrmaturo contains n wunmber of coilsthe terminals of
whiel conneet o con ate, thecolls boing conneeted
across the armature “Thia 5po of machine is ropre-
conted i Fig. 20 T this machine enely pac of coils goes
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otor Vi two independent chergiring coils or st of coily
KR, One of tho cirenits from the gonerator, as+ ', includes
e ety ¥y of the anongiing eola of the motor, while the
other cireit, us %, fuelndes the prinury cils of the regultor.
The secondary cofl of the regnlator inludes the othr enle, x 1,
of the ot

While the secondary cofl of the regnlator i in ite normal pos-
ion, it produees s i current, and the wmaxiun wiary
effat i impartd to the motor: bat this effect il b diminiahecd

propartion to the angle ut which the eoil ¥ of the regulator s
tammed. The motor will aso bo reversed by reversing the o
ton of the il ith reforence to the cofl o, and thercly
versing the pses of the cnrrent prstucod by the generator. Tl
hanges the directon of the movement of the shifting poles which,
the armature follow.

O of the main wdvantigos of lis plan of regulation is ite
coomonny of power. When tho induced el i goverating it
i current, the maximm amomit of energy i the prin
ary cofl i bsorbed 5 but s the fndnced el s tured from it
ormal position the clfinduction of the primary-cofl rednees

the expenditure of energy and swves pover
It i obvions that in practice either cils ¢ or coll » iy b
e s primary or secondars, el it s well mdorstoo] hat thir
relatve proportions may be variod o produco any dosined diffr.
and induced carre

ence or similarity in the ind
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Stsov Cixevrn, Ssus-Searno Srvenmsiae Morow.

I the it chuptens of this sction we lave, bearing in mind
the browd underlying principl, considered s distnet class of mo-
tor, ey, such s require for ther operution a special genors-
tor apable o yielding currents of diffring phase. s n mater
of coure, . Terla recogriing the desiabilic of utilsing ix
motors in_ comneetion with o
dnesed sl 10 the tak of nsenting various methods and
ways of achieving this object. In the succceding cb
therefore, o witness the evalution of & number of ideas bearing
upon this important bruach of work. 1t must be obyious to
 careful render, from a number of bints encountered. hero and
here, that oven the inventions describe in theso chapters to fol-
Tow do not. represent the full scope of the work done in these
Jincs. They might, indeod, be regardod a cxemplifcations.

We will prosent these various ventions in the order wii
0 0 appeas the most helpfal o un understanding of the subjoct
by the majorty of renders. [t il bo natually perceived that
i offering 1 scris of ideas of this nsture, wherein some of the
steps or links are missing, the deseiptions ure not ltogether se-
queatil;, bt any one who follows carefully the main drit of
tho thoughts nor brought.together will find that 1 stifactory
comprebension of the principles cun be gined.

Asinwell Known, certain forms of altermting <urrent ma
ave the property, when conneeted in cireit with an alternating
current genertor, of running s a motor in synclroniam there.
with;, bt whie the olternating current will un the motor after
it s attned & rato of speed eynehronons with that of the gon-

 emtor, it will ot stat it. Teuee, in all instances heretofore.

where theko  ae they ure term, e
been run, some me wdapted to bring the wotors up
10 synehroniem witl the generator, or approximely =0, before.

the alternating carront of the genertor s applid to drive then.
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I the regulutor b in e norunal postion, or that i which its
gt circuit is most nearly closed, it delivers its maximu
indud curront, tho plases of which 50 correspond with thoseof
tho primary curvont that.the motor will ran s thongh both feld
and wagio were excited by the min current,

"o vary the spocd of the motor to any. mte letween the i
o and o rate, the core 3 and coils ¥ are tarmed in
cither dircetion to wn cxtent which prodnces the desird resnlt,
for o s normal position tho convolutions of coil » embrace the.
i vannber of T of foree, all of which sct with the.
e effeet upon tho coil; henco it il deliver ts maximun
carrent bt by trning th cofl 1 ont of 1 postion of maximum
effet the sumber of lnes of force embraced by it s dimiishod.
The inductive offect is thorefore impuired, wnd the curnent de-
Tliversd by cail 7 will contiuue to dimial o proportion to the
anglo at which the cofl » is turned el after gz throngh

an angle of
. ight. angles 1o those of coil o, and 1
duced to a minimu.

Tncidentally to.cortain constructions, othor canies may i
e the sariation i tho streugtl of tho iudnced cursents,  For
xumple, in the present case it wil b abnervad that by the firt
moseanent of el certin portion of its convolutions e carried
beyond the line of the direct inlucnce of the line of force, and
that the maguctic sl o circuit for the lines is mpaied; henee
the inductive effcet would bo reduced. Next, that after moving
throngl » cortin angle, which s obsiously determined by tho

ety dogrece, the convolutions of tho cail will be
iuetive et e

rultivo dimensions of the boblbi or il v, disgonally opposite
portions of the cal will bo simltancosly_inel
I

o in the fild,
in el postions that the T which produce & curront.
sl in ane porton of the coil in a cortsin dircetion will pro-
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dnee n the diggonally oppsite portion a corresponding impubie
n the wppesite diretion;. benco. portous of the earrnt. il
nentrize one anohor.

Ax ufore sated, e meel
may be greatly varied ; but the essental conditions o ho prin
ple will o fulfiled o o
i with respeet to ane anather offcts tho suane resnlts
¢ the induetve relaions of the two dements i u wan-
4o that descrbed.

Tty o be stted hat the coro & i not indiepensable o the
don of the rogulator: but ite presonce s obviously bene:
regulator, howover, s another valuable property
b of reveniing the motor,for if tho el b tarnesd

through n halrovalution, the pasition of it consolations rla-
tively o the two el 00 tnd o the s of for s evened,nd
consequently the plses of the current will be reversod. This
Will produce & rotation of the motar in an opposite direction.
This form of rogulator i ks applid il groa advantage (o
Mr. Teal's system of wtilizing altermuting currents, in which the

gneti pols of the el of & motor are progresively hifted
by means of the combined effcts npon the fild of magneti
ol included i independent cireits, throngh wlich pas alior.
iting corents in proper order and relacions o cach oler.

Tn Fig. 37, It » ropresent n Tesla gonerator having 6o fnde-
pendent colly, = and ", on the armature, and 7 » dingram of
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poles onedalf, and thorohy doubling 8
motar,

Tt obvions that the Tesla cloctrial transformers which have
indopondont. primary _carrents may bo wsed with tho gonorators
deserbed. 1t may o be stted with respect to the dovioos
wo now deseribe that the most perfect and harmonious action
of the gonerators s motors is btained when the nunnbers of the
poles of eachare even and not odd. 1 his i ot the case, there
Wil be a cortin nnevenness of action which i the loss appreci-
bl as the namber of poles i greator; aléhough this may bo in

sonsure corrected by special provisions which it is ot horo
necessay fo oxplain. 1t alo follows, u & mater of conrs, that
i the mmber of the poles of the motor be greater than that of
the generator the motor will revalve at o lower speed than the
enerator

In this claptor, vo may inclulo  method dovised by Mr.
Tosla for avoidig tho very Ligh specds which wonld Lo noces.
sury with lange gonerstors, Tn liew of revalving the genertor
aruaturo ot high rue of specd, he secures the dosired rosult by
a roation of the magnetic poles of one clement of the generator,
while driving the other at  difloent spoed. The efect is the
sune s that ielded Ly a very igh st of roati

T this instance, the genemstor whicl supplies the currt for
operating tho motars or trausformers comsists of & subividod
ring or amnular core wonnd with fourdiswetricaly-opposite
coils &+, Fig 3. Within the ring is monnted & eylindrieal
armature-core wound longitudinully with tno independent cofls
¥ ¥, the ends of which lead, rspectively, to two paire of e
It contact or collecting rings, ' ., on the srmature shaft,
Colleting brashes 4. g 5 bent wpon theee rings, rspectivaly,
and convoy the currenta throngh the o ndependent lno-ir-
cults . Tn the main ino there may be included ane or more
notorsar transformens, ar both, 1 motors be e, they arc of
the usunl forn of Tesls constevction with independent cols or
suts of cale 3 ', ncldod, respectively, in the ciruite ¥
These snergsing ecls e wound on a ring o snnslar ficld or o
polo picces thervon, and produca by tho sction of tho alternating
currents pusing thiough thom a progrossve shifting of tho mag-

from pole to pole. The eylindsical srmature 1 of the
tor s waund with two cole 4t right angles, whicl form inde-
pendont closd circuits.

pocd of any given
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I8 transformers e employed, one set of the primary cofls, ax
3, wound a4 ring or anmlar coro s connected (o one cirit,
s, and tho ather primary cils, 3 ¥, o the cirenit ., The
socondary cofl x &' may thon Lo willzd for running groups of
incandescent lunpe v v’

"With this gencrutor an

s of

ris cmployed, Th

Fas

60 poles A 4, of stool permauently magnetized, or of non ox.
cited by  Untery or other generator of continuons earrent, and
a cylindrical armturo core monnted on o hft, % and wonnd
with two longitadinal ol 0", One end of ench of these cals
i connected o the.colleting rings b , respectively, while the
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Rusviton sor Rorsiy

A interestng device for regulating s reversing s Deen
devised Ly Mr. Tela for tho purpase of varying tho spood of
polyphase motors. 1t consists of & form of consertee or trune
former with one clement. capable of movement with respect fo
the other, whercy the induetive relations may be altered, cithor
mmaly o wutomuienlly, for the purpoce of varying th
stremgtl of the induced carrent.  Mr. Tesla_ prefors o comsruct
i deviee in such munner that the induced or sccondary clo-
et way be movable it respect to the other : sl the inven-
on, 50 far as rolates merely to the construetion of the deviee it
i, consists, cmentially, i the combinsion, with two opposite
agnctc poles, of un arimature wound with an insolted coil and
mounted on a shaft, wherchy it may be tumed to the dosired
extent within the field. produced by the poles.  The normal po-
it of tho core of the socondary clement is that in which it
most. complotely eloses. the magnetic cirenit hetwcen the poles
of the primary clement, aud i (his position it coll is i it
ost effetive. position for the nductive netion upon it of e
primary eoile; but Ly turving the movible core 1o cither side,
the indueed corrents delivered by te coil become venker wntl,
by a mosement of the sid core. and col through 907, thero will
be o cuprent dolvered.
ig. 34 i 8 viow in sde clevation of the regulator, Fig.35 s
 brokon scefion on line = » of Fig. 31, Fig. 3 is n dingeun
llutruting the most convenient manner of applying the rogalator
of motors, and Fig. 3 is similr diagram ilns-
trting the application of the device to the Tela alteruting.
coment wotors. The regulator ey be constructad in many
ways 0 sceuro.tho dosired rasul; bt that which i, porhape,its
st forus i o i Fig, 31 and 35
'\ reprosents a frame of ron. 1 5 are the cores of the indue-
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s on theside s,

g or primary caile 0. o i 0 e

cened . cctional iron cor, 1, wound with
M wry il ¥, the convolutions of which are
Tl with the axis of the sbaft. The- ends of the coro are
o off 20 s t it closly i he space between the wo poles
nd permit the core 1 o be turned 1o and held at any desirad
Do, A andle 6, secaned ta the projecting eud of the shaft
e provided for this purpose.

I Fig. 30 ot represent an ardinary olieruting current gen-
ermtor, the fildmngets of which are excited Ly a_ suitable
Soniee of eurrent, 1. Lot s dosignate an ordinary form of elctro-
Tgnctic motor provided with an amature, X, comuniator i,
o feldmagnets x. It i well known that <uelt o motor, if e

o

fekdamagnet. cores b 0
practially operated by wn alteruting current; bt
regulator with such  motor, Mr. Tesl includes one sl
the motor onls—say the arnaturo-cile—in the wain cireit of
tho gencrator, making fho. conncetions throngh the brushes and
tho commutator i the sl way. He alao ineludes ome of the
clements of the regnlator—say he sationary cofle—in tho same
cirenit,and in the eirenit with the secondary or movable coil of
the regalator e councets up the fed-ils of the motor. He
also profors t e fexible condctors to. make the conmections
from the secondary eoil of tho regultor, s o therdby avoids
erfering witl the
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ather ends are both comnected to v ring, @, Collecting brashes
¢ boa on tho. rings b o, respectively, and conductors 1. 1. o
vey the cnrrunts therefrom throwgh the cofls ¥ and :of the gen-
erator. 1/ is  common roturn-wire to brush o', Two indepen-
dent cireuits are thas formed, ane inchuling coll o of the exciter
3 of the generor, the other caile o of the exeiter and ¥
1 of the generator. Tt rosnlt from this dhat the operation of
tho wxclter prodices . progrosive movement of the magnotic
poles of the smular fleldcore of the generator, the shifing or
Fotary moveunent of the poles being synehronons with th rota-
fon of the cxciter annatare.  Conidering tho operstive oon.
ditons of  systom thus cstablished, it will bo found that whon
the exciter i driven s 48 o cnersize the field of tho gonerstor,
the ammatare of the later,if lft froo to tum, would roato at
speed practiclly the same as that of the exciter. 1 under suel
conditions the cwils ¥ of the generator armaturo be closed
‘upon themselves or short-circuited, no currents, at lest Chooreti-
ey, will be gonersted in these armature ol Tn practice
the prosence of light currents i olserved, the existence of whicl
e attibatable o more or less pranouneed fuctuations in the in-
temsity of the magnetic poles of he generator ring. S, if the
amuuture-ils 3 »” b cosed through the motor, the latter will
ot b turned s long as he movement of the goucrator armature
oo with that of tho exciter or of the magntie poles
of s feld. T, on the contrary, the spec of the
ature e in any way checked, 5 that the shifing or rotation of
the s of the feld becomes relatively more rapid, currents will

e e e f e
JEESEi i p st i magante po L

1o thntof the armatare the more myialy the currents developed
i the cailsof the latter vl follow ane snother, and the.
gy the motor il rosalv in rsponi therto, and dhis con

i the armature generstor i stopped entin
brake,when tho motor if properly constrcted, runs . the speeil
‘with whictho mgnoti poles o fhe genertor rofat,

Tho efeetive stremath of the currents developod in the arms-
ture cofl of the genertor ix dependent upons the strengeh of the
currents onergisng the generstor and vpon the wuber of ot
tons per it of time of the magnetic pales of the generstor;
e the speed of tho wotor armaturo il depend in a1l e
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npon the olaive spoods of the ammatare of the generator and of
it mugnetic poles. For exunple,if the poles are turned o
thonsund timos por unie of time and the armaturo i turned cight
Indred, the motor will urn tclve hundred times, or nearly .
Very ligh ifferonces of specd way bo indicated by  delcately
Lalanced motor.

Tet it now bo assoed that power is applod to the gnertor
armatare o tarn i n & divoction. opposite o that in w
magnetic poles rotate. - In such aso tho result wonld bo. similar
o that produced Ly  generator the armaturo and ficd maguets
of which are roted in opposite dirvetion, and by reason of thoso
conditons the mator arwatnre il tam at & mto of spood equl
0 the sam of the spoods of the armature and mugnetic poles of
tho generator, < that 1 comparuively low speed of the generstor
rmaguro will produca a high spoed in the motor.

Tt will bo obeervol in connoction with this syster that on
dimiishing the rosstance of tho oxtcrnal circuit of the gonerator
rmature by checking tho spood of the mator or by udding.
tranlatng devices in nliple are i the scondary cirenit o cir.
it of the trnsformer the treng of the current in the armu
tare cirenit is greatly inereased. This i duo to two cansos: fint,
o the great differences n the specds of the motor und genertar,
and, secondly, to the fuct that tho spparatus follows the anslogy
of  transformer, for, in proportion sa the rostance of tho ammi-
ture o secondary cireits i rduced, the strongth of the enrrents
in o fiold or primary circuits of the generutor s fucreased and
the curments in tho arwsturo aro angmented correspondingly.
For similar easons the. carrents in the. armaturecoils of the
generator iercaso very raidly when the speed of the armature
ia roducod whon vunning in the sume direetion ss the magnutic
poles o conversely

It will be wndentood from he sbove deseription that the
eemerntoranuature tuay be ran in the diseeton of the shifting of
e mgnetic poles, but more rapidly, and that i sl e the
speed of the mator il Le equal to the difference betwoen the
o rues
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of e component, These s then rspectvel ho sine and
e o gl a benwecn . radins and ane f fhe es
0 Refortg 10 Fig, 11, we have 7 = 2+ 4% whero
s gy and y =

cming the mag
ramformer fo e propardonal 10 the current—wii
it fo weak dogrees of magetsaton—then.»
o, whare I i s constant and 2 o the carrent n bt
wppodin, furher,the i o the

i o bavd for coustantsecd & = Al
" con oy wlere K i consaut

e effot of ench set of cils i the
h may be

ruor to be wa
K (30

KKl
KRVl

o

That i, for » wiform fed the disposiion of the o eoll at
right angles il e the theorotieal osult, and the intensty
of the slifing poles will be constant. Bt from 7 = a7 it
Sollows that for y — 0, = it follows that the. oint wagvet-
ining effct of both ses of coil should be oqual to.the effet of
ne et when at tx maximum etion. Tn trusforuers and in 8
cortin clss of motors the fincruation of the polea s not of great
muportanee, bt n another el of those motors it i dosiable fo
obiain the theoretial result,
In applying this principlo to the construction of motrs, 68
typiel fomms of motor have boen developed.  First, o form has-
¢ comparatisely snall oty offortat thestar bt naifainivg
s mmifora specd at ol loads, which motor as boen
ronous, Seeond, o form possesing & great rotary
offort a the start, the speed being dependent on the lod.
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hosplorescent sulphide, for_cxample, which could be finely
powden withont iz the phosplorescence, but ther ke
powdered ruby or dianuond, and therefore € would Lo necsars,
n onder to make 8 decisive.test, 0 obiain it ina large lomp and
polish up the surfuc.

1f the cxrbormdmn proves wefal in conection with these
and similar exporiments, s chief value will be fomnd in the
production of contings, fin condnetors, buttons, ox other elec-
trodes capalle o withsianding oxeremely Ligh dogrees of heat.

“The production of & sTall eloetrole, capable of withstaudins
cnormon. tempertares, 1 regund us of the greates importance
fu the manafuetore of light, It would cnable s to obtai, by
means of currents of very high froquencies, certainly 20 tince
ot more, tio quantity of light whiel s obiainod in the present
incandescent am by the s oxpenditare of energy.  This
estimate may appesr to many exaggerated, bt in reality | think

s far from cing 0. As this sitement might be misunder-
stood, 1 think it i necosiary to expose clearly the problem with
whiel i this i of work, w are confronted, and the mauner
fch, n 1y opinion, a solution will o avived at.

e who legins & sudy of the problem wil be apt to
think that what s weanted i o Janp with an clectrode i o very
high logree of incanduscencs of the loctrode, There he wll be
mistaken. The high incandescence of the a nocwsary
exil, bt ehat i really wanted s the high incandescence of the
e surronuding the button, Tn other words, the problem in
Sucl s 1o bring s of s o the highest possible in-
candescence. The ligher the ineandescence, the quicker the
ncan vibration,the greate i the coonomny of the ight production.
Bt to maintai 8 s of gus at  high degree of inesndescence
in a gl vosel, it will ahvays be necessary to keep the incande-
scant mas vy from the ghoas that i, 0 confine it s mnch as
possible to the central portion of the globe.

In one of the experimenta thia ovening & brash was produced
at the ond of & wire. The brush was o flume, & soures of hent
and Tight. It 00 wot. emit wach percoptiblo’ heat, nor did it
glow wil an intense light but i ¢ tho los & flme ‘becavse it
doos not scorcl my hnnd ¢ Te it the less & e becanse it does
ot hurt my eyes by its brilliauey . The problem is precisely to
Droduce i the bulls auel » e, el awller in sze, bt in-
comparably more poverful. Were there meass at hand for
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These motos
e alternate currents of the souren o
ion of these aud of induced currents.
alternato and contimons curronts.
“The smplest form of a synelironons wator i obained by win-
it ring providee with pole projeetions with fonr
1 connecting the sane in the mamner befors ndicatod.
s hasing & sgment cut awsy o cach sl vy be nsed

The dise
g arranged to otate fecly within thering i close proximity
0 the projoctions, it i evident that as the pales are slifted it
will, v to its tondency o place Helf in such a posiion as o
cubrace the greatcst nuber of the incs of forco, closely folow
tho smovement of the poles, and it motion wil e aynchronons
with that of the armaturo of the genentor; tha i, intho poculiar
disposition shown in Fig. , in which the armature produces by
Jsos in each of the cireits, It
i evident that f, by oo revolution of the urmature, b greater
mber of impuos s produced, the speed of the motor il b
cornspoudingly inereased. - Considoring that tho aftrction
vt wpon the dise i greatest when tho sue i in closo proximity
0 tho poles, it follows that such & motor ill maintain cxactly
tho same specd at all loads within the Finits of s capacty.
“To fuclitute the stating, the dise nuay be provided el coil
closed upon itelf. - The advantage secured by such a col is evi-
dent.” On the start tho curronts st up in the il trongly ener:
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producing electrie impulkes of a suficiontly bigh frequency, and
for trnemitting thenn, the bullycould b done wway with, unless
it were usul o proteet tho elotrode, or to cconomize the energy
Iy confining the hest. Bt as such means aro notat disposl, it
becomes nocosary to place the terminalin the bulb and rarefy
tho ar n he e, This i done merely to onable the apparatas
o perform the work whicl it i not capable of performing at or-
dimary i prosure. In the bl we aro able to intensty
aetion o any degroo—so far that the brush emits 8 powerful
light

Tho intonsity of the light enitted dopends principally on the
froguoney and potenial of tho inpulses, aad on the clectric den-
ity on tho surfaco of tho clectrode. [t of the greaest mpar.
tanco to owploy tho smallest possible utton, in onder to push
the density very far. - Under the violont mpact of the molecales
of the g surroundin it the smal lectrode s of course brought
o extremoly bigh tomperuture, bt round it is & mase of
Highly incandozeent s, n e photosphere, many hundred
fimes the volme of tho cloctmde. - With  diamond, carborun-
dum or ireonia bton the pliotosphere can be as mueh s one.
thonsaad s ho vohume of the buton. Without much re-
Heetion one would think that in poshing o fa the incandescence
of the elctrodo it would be nstantly volutlized. Tt aftor &
exreful consideration ane wonld find tha, theoreticall
1ot oceu, and in this fact—which, morcovor, i exper
demonstrted—les principally tho future valuo of such a lamp.

At it when the bombardment begins, most of the wark ix
performed on tho surface of the button, bt when  bighly con-
dueting photosphere i formed the bution is comy
oved, The higher the incandescance of tho photosphers, the
wore it appronchos in condueivity to that of tho cloctrode, and
the more, therefore, the. salid and the gus form one conducting
oy, The consequence i that the further the incandesconce i
forced the more work, comparatively,ix performed on the gus,
and the less on the dlectrode. The formation of & powerfol
photosphere i consequently the very means for protecting the
elcctrode. This proteation, of course, i a relative ono, and it
“hould ot be thovgh that by puebing the incandeseenc
the eleetrodo is actially Jew deteriorated. Sl theorotically,
with extreme frequencies, tis rosult s bo reached, but prob
bl at  emperture too bigh for most of tho refractory bodics
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ally the same. Instead of usi four wires,
three wires uay be nied, one forning  comn
cirenits.

Thi rotation or i of the poles wanifosts scl i  erios
of curions phenomena. 14 delieately pivoted dise of steel or
other magnetic metal is approachod 1o the ring it i set i rapid

varying with the position of

b tike resulte
roturn for Dol

e die. For fnstanee, voting the direction outsido of he g
Sound that imide the ing 3t turns fn an opposite diree-
it it muaffctad i placed in  postion semmetrieal o
e ving.  This iscasly explained. - Each time that 4 pole ap-
roncn it nduces an opposite pale in the nearst point on the
i, and an atenerion is prodnced wpon that points oviug to this,
s the pale i hifted further sy froum the disen tangential pull
s cxerted upan tho sane, and the ation being constantly repent-
o, & more or ess rapid rotation of the dise i the result, Asthe
pull i exerted oainly upon that part which is et o the
orright and lef,respectvels
s in opposie dirceions, Fig. 9. When placed syt

otho ring, the pull on the opposite sides of the dise being cqual,
o rotaton esult.The aefion s based on the magnetic iertin
of iron; for dhis resson & dise of hard steel i much more af-

fected than . dise of soft iron, the latter being capable o ver
rapid varistions of tuagnetian, Such a dise has proved to be &
vors_ usoful instrament in all these fnvestigwtons, u it as o
abled e o deteet any irregularity in the action, A curions ef-
foc s also produced upon iron flings. by placing some upon 1
and holding them esternally quite close 0t ving, they
are sotin  vibrating motion, remaiving n the sane place althongh
the papor may be moved back and forl; but in ifting the paper
10 certain height whieh seems to be dependont an the intensity
of the polos and the speed of rotation, they are thrown away






OEBPS/images/bg27400001.jpg
=0 INVENTIONS 0F NIKOLA TESLA

Then, if a metal be in  arge measur, or perhaps entiely, de-
prived of hat property, i ould be capable of plosphoresen.
Therefore it i quitc posible that at some extremely bigh fre
queney, when belaving practically s no-eonductor, & metal
or any other conductor might exkili the qualty of phosphoree-
nce, cven thongh 1t b entely incapable of phosphorecing
nde the mpackof . low-frequeney diclarge. There i, bow
over, another possble way o & conductor might at et agpear
‘o phosphoreice.

Considerable dosbt st oxist s 1o what ey phosphor:
cxccnce, i 48 10 Wheter the vasions phenomena comprised

er thi head ae dc o th stme cause.  Suppose hat {nan
cxhausted b, nder the moleular fmpac, the surface of
pico of metal or oher conductor i endered strongly Iuminov,
Bt the s time i i found.that i romaing comparatively
o, would ot this Tuniosity be called phosphorescence!
sl el theortialy ¢ lea, i possblesfo it mere
esion of potencal o speed. Asume the patential of the
lectrode, and consequentls the speed of th profected stams, to
e sfficntly i, the surfuce of the metal piect, agains which
he atoms are projeted, wonld be renderod bighly imcandescent,
o the proces of boutgencration would b fncomparably fster
it of mdiaing o conducting wway from the st of
b calison. T tho xe of the oberver  singlo inpac o the
ton ol canse an inscancancous s, bt the et ere
repated with sufcent rpidit, they wohd produce  co
ons mpresson spon bi reina. o him then the sarface of tho

ctal wonld appea continmonsly ncandoscent and of constant
nminans inteniey, i Tight woud b ither
interuiten, o t et hanging. periodically i fnensty. The
et pice wonld rise in temperataro il equilirivm wia
otaned—that i untl the energy continmonsly it would
cqul tht intermitently supplid.  But the supplicd cnergy
night under such conditions not b suflient (o rin the b
oy mare than 3 vory moderute mean temperatur, spocilly
38 the froqueney of the atomic impacts e vy love—just enongh
Wt the Muctuntion of the intensity of the light et could
w0t be detcted by the ey, The body vould o, v to the
manner i whicl the energy s supplad, et  strong i, nd
ot be at s compurtively sery low moan tempertare. Tow
Should ho bserver name the uminosty s produced ¢ Byen if
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 direction ahweays apposite to_the supposed mosement of the
poles. 1 & paper with flingix put ac upon the ring and
carrent tumed on suddenly, the existence of o magnetic whirl
iy cusily be abserve.
monstrte the complete mualogy between the ring wad 1
uagct, n strongly onergised clectro magnot was totu-
ted by mechanioal power, and plenomena identical in every par.
it o those monioned abose were observed.

Obsionsly, the roation of the polcs produees corresponding
ndvetive offects and may b wilized to generate enrrents in 1
close conductor placed within the. influence of )

i purpose it ix convenicnt to wind » ring

euperimposed cofl foring respacively the prin
ary cirenits, asshown in Fig. 10, In onder o securo the most
economical vl the magneric cirnit shonld b compltely
clased, and with thi objoct in view the construetion may be
moife at il

“The induetive. offoct exerted wpon the secondary coi

il dne to the shifting or movement of the magnetic action
Dt there mny-also be current set up in the ciruies i con
quence of the varis ity of the poles, Howeser,
by properly designing the gemoator and determining the magnet
g effct of the primary coil, the teer el wie
to disppoar. The intensity of the poles b

will be

T Fio b

stant, the acton of the appamscas will e prfct, and tho same
resnlt will be secured s thosgh the slifting were effected by
s of wcommmatator with wn infiite number of bars.In sucl
ense the theorodie elation botwrcen the energizing et of el
st of yrimary cofls and their rosultunt magnetizing effct may
e exprossed by the cquation of a cirle haviug its contre coi-
ciding with that of an orthogonal system of ase, and i whieh
the radine represents the resultant and the eo-ordinates both






OEBPS/images/bg27500001.jpg
G FREQUENOY AND IO POTENTIAL URRENTS, 230

the analysis of the ight would teach him somotbing dofiit, sl
he would probably runk it under the phenomena of phosphor-
escence. 1t is eonedieablo that in snch a way both conducting
‘and non-eondueting bodies ay bo maintained o & cortain lumin-
ous intensty, bat tho energy roquired would very greatly vary
with the matare and properticsof the bodies,

Those aud some foregoing remarks of 4 specalutive muture
wero mado wmercly to bring out curious feutures of alterate
currontsor lectric fupnlsc. Ty their help we may eanse a body.
to omit wore light, while st certin mean tomparature, than it
would emit f Urooght to that tomperatare by a stendy supply ;
and, g, we may bring a body t0 the point of fusion, nd eavse
10 euit s ight than when fused by the applicaion of nergy

ondinaey ways, 1t all depends on how wo supply the energy,
ud what kind of vibrtions we set p; i e cace the vibations
are more, in the other less, adapted to affeet one senc of visior

Some ffeets, which 1 bad not observes before, abtsined with
carborundum in tho fis trials, T attibuted to phosphorescence,
but in subsoquent oxperiments it appared that it was devoid of
tat quality. The erystls posses & notowordhy feature, I &
bally prosided with a single. oleetrode in the shap of » small
irenlar metal disc, for fnstance, at a certain degree of exhanstion
the aletrod s covered with  milky. s, which i epnued by
 dark space from the glow Blling th bulb. When the metsl
s is coverod with carborundun crystals, he Sl s far wore
intense, and snow-white. Thia [ found later to bo merely an
lfet of the bright surface of the crystals, for when an aluminam
cloctrodo s highy palshed, it exhibited more or s the sumc
Plienomenon. 1 made a mmber of esperiments with the sumples
of erystals obtained, principully bocaase it would have len of
pecinl interest to i that they are capable of phosphorescence,
o aecout of their being conducting. T could ot prodace phot-
phoresconce disinedly, but [ st romuark that a deciive opinion
cannot.be.formed uniil other exporimenters v gone over the
o gromnd.

The powilor bebiaved in some experiments 1 thongh it con-
tained alumina, but i did not exhibit with soficiont distvctncss
the rod of the atter. 1t dead color brizhtens considerably wn-
ler the molecalar impact, but 1 am now convineod it docs ot
phosplioresc. St the tests with the povwder are not conclusive,
nocanse powred exrhorandumn probably docs not behave liko
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tha quantiy of the it
magnets are not properly sullvided.

"To abiain o rotary effot in these motors was the subject of
Jong thought. Tn order to sccure thia rosult it was necessary to
ke such » dispoition that while the poles of one element of
the motor ar shifted by the altcruate carrents of the souree, the
poles produced uon the ofhe clements should abways bo main-
fained in the proper rlation (0 the former, rrespective of the
apeed of the mator, Such a candition exiss in oo
ourrent motor; but i a synehronons motor, aucl s deseribed,
i condition is ulfled only when the speed i normal.

“The object hus been atained Ly plucing within thoring o prop-
erl subdivided eylindriea ron core wound with several ndepen
dent cofl losed upon themselves.  Two cails at right angles a5

magnetisns constant, espeially if the

i Fig. 14, are soficient, but o greater nummber may bo advas-
tageonly cmployed. 1t resuls from thi disposiion that when
the poles of the ing are siftad, currente are generated in the
cloed armatare coil. These currents aro the most ntense ot or
near the points of the greatest density of the ines of force, and
the effct i to produce poles upon the amnature at rght angles
0 hok of the sing, u least theorcicaly s03 s since tis ctior
s ontroly independent of the spoed—lat i s far as the locaton
of tho pole i concernod—a continous pull i exertod upon tho
periphory of the armature. In many respocts these motors are
il (0 the continuons eurrent wotors, 1 load is put o, the
speed, and s the resistance of the motor, i dimiished and
‘morecurrent s mad o pas throngh the energizing cofl, thus
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e the i wid increase th ttraeton exertod upon the e by
o ring, and currents being gonerated in the el u long as the.
epecd of the anature s inferior to that of the poles, consder
able work nay i performed by such a motor evon it the spoud
e belons normal. The inensity of the polcs being: constant, no
curvent will b generated in the il when the motor is tursiug
at it noraal speod,

Tnstad of losing the cofl upan tsef, 1 cnds oy b conneeted
1o two fnsulted sliding rings, and a contimons cursent supplied
1o these from & sufable generator. Tho proper way to start such
 motar i to close the cofl upon ielf until the normal spocd s
reached, o nearly so, and then tum on the continuous cur-
reut. I the e e very strongly evergized by  continons
eurvent the wotor iy ot b able o start, but f it be weakly
energine, or generlly w that the sagnetising effct of the

P o

@ motar il mntain absclutely the sne speed at all fouds, [t
uthat i the motive power of the generator s
texcesive, y eheeking the motor the speed of the gencrator i
i in synelironisin ith that of the motor. 1 s churac.
teristic of this form of motor that it cuuno be reversed by revers
ing the continnons corront hronigh the co
he synchranism of these motors my b demonstrated cxperi-
entally in & variety of ways.  For ihis purpose it is best to
mploy a motor conisting of & sationary ficld maguot aud an
armatune armngol 0 rotste within the sune, a8 indicated in
Fig. 13, In this cas the shifing of the poles of tho armature
producs u rotation of tho lattor - the opposito diretion. It
reslts.therefrom that when. the normal speed s reached the
poles of the arimtare asume fixed positions relatively 1o the
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Known,_Given, then, an loctrode whick can withstand 0a ver
high Tt the offect of the bombardment and ontwand. stain,
would be safe, no mtter o mu foreed beyond fhat
limit descent Jamp quite differont considerations
ot at ol coneerned ; the whale of the
and the the life of the lamp
th the increase of the degree of incan
1 reacons compal us £o work it ata low
But if un incandescont lamp i operated with
e the nction of the gus cannot. b
elected, and the rules for the most cconomienl working. st
e considérably modifiod.

I ondr 0 bring such & lamp with one or o eloctrodes to 1
e petocton i s ncsemy tocmpl s of vy bigh
frequency.  The high frequetey socurcs, among othirs, two c
gt fag bt Lo ]
cconommy of the light production. _Firs, the deterioration of the
cltrue i reduced by season of the fuct that we cmploy a great

‘nall et st of  fes violent ones, which quickly
shatter tho sructure ; socondly, the formation of » lange plioto-
Shore i fucltted

I onderto reduee the deterioration of the clectrode o the.
i, it s desirble that the vibration be harmonie, for wny
suddonness bastens the process of dostraction. An electrode st

el longer when kept at incandescence by currents, o
obiained from a Ligh froquoncy altemator, which rie and fall
more or lews Tarmonicaly, than by imprilses obtained from & dis-
Fuptive discherge coll. T the later case there s no doubt that
nost o the nddens i

e of oss in such a lanup i e bombard:
A the potential e very bigh, o woleculen
aro projeced with groutspeed; theytriko tho s, and usualy ox.
citenstrongz phospliorescence. - The effect produced i very prets,
bt for cconomial reasons it would be perbaps preferable to pre
vent, or at owet reduce to @ winimum, the bomlaruent against
the globe, us in such cae it i1  rule, ot the abject to excite
phospliorescence, and as some Ioss of energy results from the
bombardmnt. This Tos in the bull s principally dependent
on tho potential of the impulecs and on the lectic density on
the surface of the eletrode. - Tn employing very i
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g, uad he s s magetized by
a distince pole on aach of the pole-picccs.
i approsched to the fold magnet, it will st tho start be attreted
‘with & rpid vibrating motion produced by the resersls of polar.
ity of the magnet, but a the spocd of the ammature fnereases, the
vibratons become essand los froquent and fialy cntinely cense.
Then the iron i weakly bt permanently attrcted, shovwing that
eynclironisn is reached and the field maguet. cucrgized by in-
duction.

The dis nuay also bo nse for the experiment. 1€ bekd quite
cloce o tho armaturo ¢ will tur as long s he spese of rotatio
Of the polos excceds that of the armature; but whon the normal

peed s renched, or very nearly s, it censs to rotate wnd is per-

rativo. cxporiment s made with an ncandes
cont . tho lamp in cireut with the continnons cur-
rent generator and in serien with tho magncr cail, pid fuctun.
lons are observod in the light in consequence of the indueed cur.
renta et up i the eoil at the strts the speed inereasing, the
nctuntions ocenr at longer intervals, wtl they ontiely disap-
pea, showing that the motor hns atained. s normal specd. A
talephone. receiver affords & most sensitve nstrument s when
conneeted o any cireuit in the motor the synehronism way be
ensily dotected on tho disappearance of the induced currents

I motors o tho synchronons £ype it i desirable to mai
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white light projected ngainat the top of the globe, where it
produces n irogularly onclined phosphorcscent patch, When the
polnt of the ruby fuses, the phosphorescence bocomas vory powor.
ful; but us the atoms are projected with much greater specl
from tha surfacs of the drop, soon the glas gets hotand tirod,”
and ow only the ontor edgo of the paich glows, In this manner
an intenselypliosphoreecent, sharply dofiee lne, £, corrospond-
ing to the outline of he drop, is produced, w
over the globe as the drop gots arger.  When
0 boil, snall bubbles and easities are formed, which cause dark
colored. spots to sweep acros tho globo. The bulb may bo
furned downwand without foar of the drop falling off, a the
s possesscs considerablo viscsity

T may mention here another feature of some intercst, which
1 balieve to have noted in the conrse of these cxperiments,
thonglh the alsersations do not amaunt to @ certtude. 1t ap-
eaned that under the molecalar fmpuct cansed by the rupidly
ltornating potential, tho body was fused and mainaiucd in that
Sato uta lowor tempersture in & ighly eslwusted bolh than
wa the case at normal pressure and application of heat in the
ontinary way—that is, at low, judging from the quantiy of the
lght emitted. One of the experiments performed may be men-
toned hore by way of il
stome was stuck on o platinum wire, and first mltod 0 it in 4
g Dumer, Tho wire was next placed between o pieces of
charcoal und & burner applied, % 14 to produce au intense heat,
eufficent to malt down fhe puni stone into & small glisslike
button. Tho platinum wire had to be taken of sufcient thiek-
ness, to prevent ite melting n the fire. While in the charooel
fire, or ehon held in & lurner to got u btter iden of the degree
of e, the button glowed with great bilianey.  Tho wire with
the buttan s then mounted in 4 bulb, and upon exhausting the
sum o bigh dogroe, the current was turmod on slowl, &0 s 0
provent the cracking of the button. The bution was heated to
e point of fusion, and when it melted, ¢ did not, apparently,
o with the saane brillincy us bofore, and this would indieate
® lower temperuture.  Learing out of comsideration the olsar-
' possble, and oven proable, rror, e question s, can a body
nder these conditions o browght from  solid to a iquid stato
with tho evolution of Les lightt

‘When the potential of » body israpidly altornated, it scertai
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¢ beiug il since these coll are ineluded i the cireuit of

il .
I Fig. 2, the armature cofls aro down in a more advaneol

position, omecightl of ane rovolution Leing compleed.
S ilustrates the comresponling magneie condition of the ring.
At this 1om

Fon .

ection as proviansly, bt weaker, producing the poles % upon
e ring3 the cal o 4 gonerates & current of the same diree-
ion, an tho conncetions may be sueh that the cofls ¢ ¢ producc
the poles 5, s shown in Fig. %. The rosuling polarity is

featod Ly the leters s, and it will bo obeerved that the.
polen of the ring have becn dlifted one-sighth of fhe periphery
of the same,

Tu Fig. 8 the anuature has completed one quarte of on
revolution. Tn thia phase the current in col o s & wnximum, nd
of suc diretion as o produce the palesx » in Fig. 3, whereas
the current ucol ¢ i i, his cofl oing t its nentral pasiton.

Ft T

The pales x5 in Fig. % are thus sifted ane quaster of the
cireumerenco of the rin

Fig. 4 shows the cils ¢ o ina still more advanced positon,
the urmature baving completed throo-ighths of one Tevolution
At that moment the el ¢ sl goncrates a carrent of the same.
dinecton s Lefore, bt of less steugth, producing the. compar-
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agoins themn they at st form  cake of some compactuoss, prob-
ably in consequence of the fusion of impuritiosthey contain, The
mies withstands for a very lov time the blast without further
fusion; bt sl careying off, or buming, oecurs, ond, nally,
 small quantity of & glasslike rsidue is oft, which, T suppost,
s melted luminn. W hen compressod strongly they conduct vory
well, bt ot s well s ondinary carbon,  Tho powder, which i
obtained from the erystals in some way, is prcticlly non-con-
ducting. T aflonds  magoificent polisking matorial for stones.

“The e lns been ton short to make o satisfactory study of
e propertios of this product, but onongh experieuce Las been
el e T
it dovs posscss some remarkable propertics in ects, Tt
witlatunds excestvely igh dogrees ofheat,t s ie detorioatod
by molecular bombardment, it docs not blacken the glabo ax
andinary carbon doce The only dificaly which I havo oxperiences!
i i e i comneetion with these experiments was to find some
binding material which would resit the heat an the effct of the
bombandent as succesefully as carborundun sl doce,

Tlive here o wmber of bulbs which T e provided with
uttons of carborundun. o make suelt & bution of earborun.
dun erysals 1 proceed in the following. Linke an or-
iy Tanp flament and dip it point in- tar, or some other
ik sulstance or paint which may be readily earbonized. 1
et pas the paint of the Hlament throngh the crystals, and then
o it vertially over a ot plate.  Tho ta coftens and forma a
drop on the paint of the Hlament, the erysals adbering 10 the
aurfaco of the drop. By regulati the distance from the plte
e tax i slowly dried out and the button becomes sclid. 1 then
more dip the buton in tar and hold it again ovr  plate
until the ta i evaporated, leaving only a bard mas which fmly
binds the eryetale. Whon a lasgor button s required 1 ropeat
the procas sevoral times, and 1 generally ao cover the flament.
 cortan distanco below the button with crystus, The button
being mounted i & bulb, when a good vacuuin s been renched,
it weak and then a strong dischargo s passed throngh the
bulh to carbonize the tar aad expel ll gases, and Iater it is bovght
0 very utense incandesence.

T make  thick paiut of carborundum wnd tar,
 lamp flemont. through tho paint, Taking then mast of the
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tively weaker poles 1+ in Fig. 4
i af the sme strongth, but opposite dircetion.  1ts effct is,
therefore, o produce upon the ring the poles 4,  as indicate,
and a polarit, x & resuls, the poles now being lifted three.
cightle of the poriphary

I Fig. 5 one balf of ane revalntion of the amuaturo fs cour-

ploter, and the resulting magnesic condition of the ring i i
eated fn Fig. 0. Now the current in coil o s uil, while th cofl
o yiclds it maxivmum curvent, whicl i of the sume direction as
previondly ; the mgnetizing offct s, therefore, e to the cils,
ey ¢, alone, and, refersing 0 Fig. da, it il be obsorved that
the poles s ard sifted ome Talf of the cireumforouce of the
ing. During tho noxt balf revolution the operations e ropeated,
as ropresented in the Figa. 6 to Sa.

A roferonce to the dingrans will make it clear that during one

revolution of tho armaturo tho polos of the ving are shifted onco
o ts peripliers, and, each rovolution producing like effcts,
 rapid whirlig of the poles in harmony il the rtation of the
anmatare i the rosult, 1 the conncerions of cither one of the
cirenits in the ring are roversed, e shifting of the pole s made

o progeee u the opposite divcesion, but che operation s identi-






OEBPS/images/bg27300001.jpg
IGH FREQUENOY AND IIGH POTENTIAL OURRENTS. 385

puint off by rabbing the Hlament sgainst a piece of chamois
leather, T hold it over u Jot plate until tho tar ovaporaies and the.
conting Lecomes irn. 1 repe this process as many times a it
s necossary o obiain  ccrtain thicknes of continz. On the
point of the couted flament [ form & button i the same.

Thore s o doub that such  button—properly prepared under
great pressure—of carborundunn, especinly of povedr of the best
quality, wil withstand the offeet of the bombardment faly 1s
well aa anything we know. The diffalty is that tho binding.
material gives vy, and the carborundun is slowly thrown off
after som time. A it does not seem to blacken the globe in the
st it might bo found s for coating the flumentsof ordinary
ineandescent I, 1 think that it s even possible o produce
thin thread or sicks of carborundun whicl il replace the or-
dinary Aluents in an focandoscent Jamp. A carborndum cost.
g scems o b more durable than other coutings, not only
becanse the carborunduon can idhstand high degrecs of heat, bt
also Lecause it seoms o e with tho carbon better than any
other waterial T lave tried. A conting of sirconia or any other
oxide, for nstance, i far tore quickly destroged. | prepared
Duttons of diamond dust u the sune nwuner v of carborundum,
and these came in durbility vearest 1o thoso propared of ear-
Dorundum, but the Linding peste guve wiy mach more quickly
in the diamond buttons; this, Lowoser, T attrbuted 1o tho sise
and irvogalarity of the graiua of the diamond.

T was of nterest 1o find whedhor carborundum possesses the
quality of phosplorescence. One i, of course, prepared o en-
counter two difcaltcs: fit, as rogards the rragh product, the
erysale™ thoy are.good conlucting, wnd it is u fuct thut con-
ductors do not plosplioreses socond, the povwder, Loing oxevel-
ingly fine, would not e apt to exbibit vory prominendly thic
quality, since e know that when crystal, oven anel as dsmond
o nuby, are fincly powderod, they lose the property of phos-

o to n comsiderytle dogres.

15 telf Bere, ean  conduetor phosphor.
a sucha body asia el for instanee,that
would deprive it of the quaity of phospliorcsenoe, unles it i
that property which claractorize it s conductor?For it s
fnct. dhat st of the phosphorescent bodics ose that quality when
ey are suffceutly lieated 0 bocome wore or loss condueting
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that the stractare i jarred. When the potential i very Jigh,
althongh the vibrations may be fow—say 30,000 per second—the
effnt upon thostrutaro s be consderable. Suppose,for v
anple, that a ruby is malicd. into n dvop b
of energy. When it forme a drop, it wil omi
sl waves, which will b in # dofinte ratio,and to the eyo tho
drop will appear to be of a cortain briliancy.  Next, suppose v
diminish to any degree we choose the energy steadily suppliod,
nstend, suply encrgy which rises and falls conding to o
cortain - Now, when the drop i foraed, thers will be emit-
e from it thrce differont Kinds of vibrations—the ondinary
e, anil two kinds of invisible waves: that i the ordinary
durk waves of all lenzths, and, i dditon, waves of a well de-
fined charseter, The latter would not exist by & steady supply
of the energy § still they help o jar and loosen the struoture, 1f
s roally o tho caso, then tho ruby drop will it relativly
s isblo and moro fuvisible waves than before.  Thus it wonld
cem that when o platinn wir, for nstunce, s fused by currents
aleraating with extrowe rapidity, it omits at tho point of fusion
Jose lghtand more viible radiation than it doce when melted by
& stondy current, thovigh the total enorgy e up in the process
of fusion i the same i both cases. O, t cite another exumple,
 lunp flument 3 not capable of withetanding v long with cur-
Fonts of extrome frequency as it does with stendy cnrronts,
aseuming that it b worked at the s luninons intensity.  This
means it for rapidly altornating curronts the flamont should
e shoror and hicker. The higher the freqaeney—that s, the
rater the departure from the steady flow—the worse it would
b for the flament. But if the.trath of this remark wore do-
monstrated, it wonld be erroneons ta conclude that uch o refre-
fory button a= wsod in these bulbs would be deteriorated quicker
b cursenta of oxtremely bigh froquency than by stcady or low
froqueney curronts.  From oxperienco | may sty fhat just the
opposite_alds good: the button withstands the hombardment
bester with currents of very high frequeney. Bot thisis due to
the foet that  high froqueney discharge passes throngh o rarefled
v with much greater freedom than o steady or low froquency
ischarge, and this will mean that with the former we can work
with  lower patential or with # Jess violent impact. As long,
hen, us tho gas s of o consoquence, @ steady or low froquency
cursent s bttor; but s soon s the deton of the g is desired
and imaporcant, high froquencis are preferabe,
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Shifing of the poles of one of its lements, und the question
prescnted telf—How to.pecforu this operstion by the direct
action of alteruate carrents? 1 will now proced o shorw how
his esult e ecomplished,

T the first experiment « dramarare was provided with

0 cals at right angles to cach otier, nd the ends of those coile
were conneeted o wo pairs of nsulated contaetrings s usial,
A ving wae then wade of thin iusulated plates of shectiron and
wound with four coll, each two opposite coils being connected
together 0 a8 1o produce free polea on dismctriealy opposite
sidesof the ring. The remaining free ends of the coils were then
cvnnected to the contactrings of the generator sruature s w
o form two. independent cireaits, us indiested in Fig, 0 It
iy now be scen what rosalts were socured in this combination,
and with thia view [ would rofer to the diagrams, Figa. 1 to Sa,
The idd of the generstor being independently exeted, the rota-
tion of the armatare sets up curronta in the cofl 0 ¢, varying in

e o

e md et i th welvown naaoe. T o it
o lie eurrent in coil ¢ is nil, while coil ¢, is
ey 4t oo g b
i b th ol 0y iand
Catos 4 1 i, ot kgt ot of o ol
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In the course of these experiments a great many trisls were
made with all Kinds of carbon buttons. - Electrodos made of or.
dinary carban buttons wers decidedly more dunble when the
buitons woro obtained by tho application of cnormous prossure,
Elsctrodes propared by depiting carbon in well known ways
did not show up well; they backened tho globe very quickly
From wmany expericnces [ conclude that Jamp flamenis obtained
i this manner can be adsuntagoousl used only with o poten
il low freqeney currents. Some kinds of carbon wihstand
20 well that, in onler to Lring thom to the point of fusion, it i
ocessary to employ vory suall buttons, Tn this aso tho obsor-
vation i rondere very diflenlt on account of tho intenso heat
produced. - Neverdheloss there can bo no doubt that all Kinds of
carbon e fused under the molecular bombardment, bt the

Tiquid stae must be one of great nstablit. - OF ll the bodies
tried there were two which withstood Dot —diamond and car.
borundum, These two showed up abost equally, but the luter.
s preferablo for many reasons.  Aait i moro than likely that
i body is o yet.gonerally knows, 1 il venaro o call your
attention o it .

It has been reendly produced by Mr. E. G. Acheson, of
Monongabela City, P, U. 8. A. 1t is intended 0 replace ordi
nary diamond poreder for palibing precion stones, ot and
have been informed. that it accomplishes thix object quite st
coseflly. T do ot kuow why the name carborondum ” has
been given to it, unles there i something in the procoss of s
mamufacrure which fuifesthi sclction.  Throvgh the kindness
of the inventor, 1 obtained n short whil agosome samples whiel:
T desied to test in rogard to their qualiies of phosphorescence
and cxpabiliy of with-tanding izl degroos of heat.

Carloruniun can be obiained i two forms—in the form of
“orystale” and of povider. Tho former appons t the naked oyo
dark ealored, bt aro very briliant ;. tho lattr i of nearly the
same color us ondinary diamond povder, but very much finer
When viewed under o microscape.the samples of erystals givon
o me did not appear to have any dofinite form, bt rather ro-
sembled pieces of broken up egs coal of fine qualiy. The
wajority wero opaque, but thero were some whieh were trnis.
paront and colored.. The cxysals aru a kind of casbon eontining
somo impurition: they aro extromely hurd, and withstaad for &
Toug time even w oxygen bask, When the biast is directel
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ton,  Fig. 92 i @ disgrammatie illustation of a gonerator aud
singlo motor constractad and clctrically connectod in accord-
anco with th invention. Fig 23 is # diagram of tho systom
i s i opering motors or convertors,or both, n paralel,
while Fig. 21 illutrates dingrummatically the maamor of operat.
g w0 o more motors o convortors, or both, i serics. Refor.

22, 4 dosignate the poles o the feld magnets of
an alternating-cnsrent generstor, the armature of which, being in
i e cylindrical in form and mountod an & shaft, , s wound

P

Py o

ongitudinally with cols 1. The shaft o carres throe fnsulated
contactrings, @ b ¢, to two of which, v b, ono terminal of ench
ol s, is comoeted. The remaining torminale /g, aro both
conneeted to the thind ring, 4.

A motor i this caso s shown s composed of a ing, w, wound
with four el 1.4 5, elctrically conested, 50 a6 10 ew-operate

e, with & tendeney o i the polesof the ring at fonr points
ninoty degroes apart. Within the magnetic ring i o dise or
exlindreal eor wound with tw el o o', which may be con-
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prosents tslf hore.  Tow doos tho carth behavo! The earth i
anair condensor, but is i a porfoct or a vory imporfoct one—
mero sink of oncrgy! Thoro can b litlo doubt. thatto such
mall distarbnco as migh be cansed in an esperiment, the card
chaves s an almost porfoet condemser, Bt it might bo difer
ent when it elirgo i sot in vibration by some sudden disturh-
anee ovcuring in the henvons. I such case ne before stated,
probably only it of the enerzy of the vibutions st up would
e Tost into space i the form of long echor radiations, but most
of tho anorgy, [ thiuk, would spend isel in molecular impacts
and collisions, and. pass of into space iu the foru of short heat,
and possibly light, waves, As both the frequeney of the vibm.
tions of the chrze and the potential are iy all probalilty exces-
s, the enerzy comvarted fto Leat may be considemble, Sine
the density mast be mmevenly ditributed, either i conequence
of the irogulariy of tho cart surface, oF o necount of the
condition of the aumosphere in various placcs,the effct prodced
wonld sccondingly vary from place o place. Considersble vari-
o in the temperatare and pressire of the stiosphere may in
s manner b caused at way point of the surface of the earth,
Tho varinton 1ty bo gewdual or very suddon, aecording to tho
ure of die gonoral discucbenco, and iy produco ran and
torus or loally modify the weather i any way.

From the remarks beforc made, one ey sec what an fiport
ant fetor of loss the sir in he eighborhood of » charged surface
Decomes when the cleetrie densty i great nud the frequeney of
the iuapulies excoive. Lt dh action, 4 explained, implios
it he aie i nsulating —chat i, c it composed of ndepeand-
ent earviersimmersrlfn an inaulaing wediun,This s the case
nly when the s i at sometling like ordiuary or greater, or ¢
extromely sl pressure. When the air i lightly rarfiod and
conducting, the true conduetion losecs occur o, I sk e,
of cone, considerable energy way bo dispated into space ever
with  stendy potential, o with impulss of low frequeney, if the
dewsity i very great,

Whon the s s at very low pressure, an clectrode is heatod
more. beeanse higher speeds can be rachid. T tho gas around
the clectrode i strongly comproscd, the displacements, and
consequently the speeds,are very sl ad e hentng e

fennt. Bt i s cuse the frequency: could be sl
ently increased, the clectrode wonld e bronght 0 1 kigh tenn-
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et 10 form teo clasel cirenits. The terminalsj & of the twra
scts or pains of cofl are conneetee, respectively, o the binding.
0 ', and the other terminals, 47 aro conneted 1o u single
Dinding-post, . To aperate the motor, three line-wires are used
o connect the terminale of the generator with thoso of the mo-

So far astho apparont action or modo of operation of this ar
rungement i concernad, the single wire , which i, % o0 speak,

Vo
& common retamin for b e, may e regardd as e
ndepondent wire. T he Sastaion, wih th onler of con
et shoves, il ofth gonrtor & produciv s masimn
cumet and el s i e (he sy whih pasen
g in o ring v B, e oo i,
il 1 vin o i) ), W wie ', g o
i, s he ol e o he ot ey benesen s
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perature as well as if the gue were at vory lovw pressure; in fact,

xhausting the bulb is oy necossary bocanse wo eanot prodee,

(and possibly not comve) enrrents of the required frequency
Retaraig to the subject of electrode

amps, it s obviouly of
ible the heat

advantage in such & lump to confine a mnch 14
o the clectrode Ly preventing tho cireulstion
Dl 1F  vory small bull be faken, it would

better

an  lurge one, Dot it might mot he of sufficient capacity
o be operated from e cul,or,if %0, the gluss might

hot. A simple way to iwprove in ths dircction i to ciploy a
lobe of the required sie,

o place & small bl the dinmeter
of whieh is

od in tho globe. This arrangement i illustrated i Fig
"The globe 1 has in this case  Iarge neck s, alowiog the small
bnlh b to slip throngh.  Othersise the construction i the sune
a5 shown in Fig. 147, for exam

Je. - The small bnlb is convent-
eatly sapparted upon the stem % careying the rofmetor

e Tt soparated from the aluminam tube a by reveral layers
of miea w, in onder to prevent the creking of the neek by the
Fapid e

ing of the aluminum tabe upon o sudden ting on
of the current, The nside bulb should be as small us possible
when it ix desired to obtan I

ight only by incandescenee of the
cloctrode. I it i desivd to prouce phosphorescence,the il
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“coondary el will o proportional o the mumerical
varitions in th stromgtl of the exeiting current por
wheneo it follows that for a given variation any prolongation of
the priruary eurrent will recul i proportional los. [n onder
o abtan rapid varitions n the strength of the current,csential
to clficent induction, a great nunber of undulations aro employ-
e from this practice various disudvantages result,  Theso are
Tncreused cost and diminished efieieney of the gonerator;, more
wisto of onergy in heating the cores, and also diminished output
of tho transformer, sinco tho core is not properly uelizod, the
roversal being to0 rapid.  Tho induetivo offet a alao very small

certain phtscs, 5 will e apperent from o graphi representa-
tion, and there may e periods of imution, if there are intervale
between the succecding eurrent impulies or wavee. In producing
abifing of e poles in u transformer, aud theroby inducing
currents, the induetion s of tho ideal character, being slways
Imaintined u¢ its maiman action. 1t ia also ressonablo o ue-
snme that Ly a shifing of the.poles less enrgy will bo wstod
than Ly reverle
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o the molecul is proportionsto to that densit. 1 conclude from
his that the total energy lost must bo proporiionato t the pro-
duct o the frequency aud the square of the cleetric density ; but
this Jaw noods oxperimental confination.  Assuming the pre-
coding considerations to be true, then, Ly rapidly alternating the
potentinl of u body immersed in an insulaing gasoous wedium,
any amount of euergy may be disipated into space. Most of
that onorgy thon, L beliosc, i ot disipated in the form of long:
ether waves, propagate 1o consdernble distunce, a is thought
mostgonerally, but i consmmed—in the case of an insulted
sphere, for exaimplo—in impact and collional losees—that s,
et vibrations—on the surfice and in the vicnity of the sphere.
To reduee the disipation, it is necessary to work with » small
cletrie dansity—tho suallor,the lighor tho frequency.

Bat. since, on the asumption before made, the loss i i
iahed with the square of the donsity, aud since currents of very.
high froquoncies invalve considersble waste whon transmitted
throngl conductars, it follows that, on the whole it is better to
employ one wire than two. Therefore, i motors, lumps, or de-
viees of any Kind aro porfoctod, capabl o bing advantagooudly
aperated by currents of extremely bigh frequeney, cconomical
reasons will mako it advisablo 1o use only one e, speciall
the distaness are grat.

“When energy s absorbed i n condenser, the sume beleves as
though s capacity were nereused.  Asorption always exists
more o los, bt genenuly it i sl and of o consequonce s
Tong as the frequencies ar o very gret. In wsig extrenely
High frequencies, and, neccsaly in s case, wleo bigh poten-
tial, the absorption-or, what is here moant moro particulusly
by this terun, the lows of energy e to the prescnce of a gascons
mediam—is wn mportunt factor to be consderad, a tho energy
absorbed in the i condenser may L any fruction of the supplied
energy. This would seem to make it very diffalt o tell from
the messared or compated capacity of an s condenser it actual
capacity or sibration period, especially if tho condenser is of very.
sl surfuco s i chargoi to 8 vory bigh potential. - As many
important. rosults are dependent upon the cornectnes of the
etimation o the vibration period this subject demmunds the most

digntors. T reduco the probuble
u experiments of the kind alluded t,

omor as much s posille
it i advisable to e sphercs o plates of lurgo surface, 0 s (0
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Monmcatioss axo Exeaxsioss op mas: Testa Pos
Svenne

I b earlcr papers and patents relaive  polyphase currents,
r. Tesh devoted himself hiofly o ciation of the brond
e e Iy a the basis of
nted this immedinely by o scris of other striking

e rogunled 4x modifcnions and expaasions of
These we shall now pro-

In the preceding chapters e have thy
the Tela elctrical eystens for tho trun

converson and distribution of clectrioal enorgy, in which tho
wmotors and the transfortners contain (o o woro coils oF sets of
ol which were connceted up in- independent. cirnite with
cornisponding cofls o w alternding current generntor, the opers-
tion of the aystem being brought abaut by the co-operution of
the aternating corrents in the independent cirenitsin progres
sively moving or aifting the poles or points of maximn mag-
e cffect of the motors or converters. Tn these systorna two
independent conductors aro evaploged for cach of the indopend-
ent cinauits connecting the gonerstor with the deviccs for con-
verting fho tranemited eurrent into mechanieal energy or fnto
cletric currents of another character, This, howover, ix ot
ulways noccssary. The to or more circuits may have » single
retum path or e in co th  oss, if any, ehich i s0.
extrmaly dlight that it may be disreganded eutinly. For the
ke of illastration, i the generator have two independent cals
and the motor two il o two sets of il in comvspanding v
ious to s operutive clements one terminal of cach genersior
ol s comnected to_tho corresponding terminals of the motor
ol througl two independont. conductors, while the opposite
terminals of the respective cofl are both connected to one
retur wire, The folloving deseription deale ith the sodifien-
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ok the denity exeocdingly small.  Otherwise, wh
practicable, u

ol or otler
asin guseous Tt being impossble o exclude entirely the
gut i condensers with solid dielcotries, sueh condensors should
o fomerso o, for econoieal reasons, if nothing el ; they.
can then be strained to. the utmost and will rewain eool. |
Leyden jare the lose e to ar i companively sl a t

£l contings are Targe, close together, and the clarged surfuces
ot direetly oxposed bt when tho potentis bigh, the
Toss may b moro or loss considerable at, or near, tho upper cdge
of the foil, where the ar s principally acted upan. 1 the jar
be immersed i bofledent oil, it will bo caable of perfor
four times the amovnt of work whic it can for any length of
e when wed i the ondinary way, and the los will be inappre-
iable

It should not e thovght that the losa in heat in
Aenser i necossarily asociated with the
streums or brushes. 16 o snall electrode,
exlmasted bulh, is commecte to oue of the fesinas of the coil,
Strouuns cas o soen to s from the eleetrode, aud the si i the
bull i et i insead of » sl lectrode  arze sph
nelosed in the b, o streame e obsersed, sl the air i
heted.

Nor should it be thonght that the tempersture of
denser would givo oven an approximate idea of the los in heat
ineurred, as in such exse heat must be given off mch more
qickly, since there s, i addition to the or
very aetive carrying away of hent by independent carries going
on, and since not only the apparatus, but tho air at some distanco
from it in heated in consequence of the collsions which must

i

w experiments with such il » rise of
pernture can be distinetly abserved only when the body connected
o the cal is very small. But with apparatns on o langor seale,
ven a body of consideratle bulk would be heatod, s fo intance,
tho body of a porson; and 1 think that skilled physicians might
make observati el experiments, which, if the
apparntu were udiciously desgned, would not precet he light-
st dangr.

A question of some interest, prineipally o meteorologists,
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w0 enle 11 but as tho il i moses from the posiion indicatod
it genertes s cursent, while cofl , movin into the field, gon.
erates more. The current from eoil 1 s throvigh the doviccs
nl wires desiguated by the loters ¢, , ¥ £y 33,7, 0, D, @y
4,0 g, nd the positon of the pales of the motor wil Lo due
o the resltant effect of the carrents in he two sets of coile—
it i, it will b advanced in proportion to the advanco or for
wad movement of the armaure cofls. The movemont. of tho
gonernior-annature through one-quarter of 4 rovolution wil oh-
Viously bring cofl 1 into its neutral.position and eoil u
positon of maximun effer, und e hifs tho poles ninety de-
e, as they are fixel solly by coils . This acton is repeatel
for cach quarter of a complote rovolution.

‘When moro than one motor or orher device i cuployed, they
ay be. run-cithr in paralle] o scrics, I Fig. 23 the formor
armngement i shown. The clectrical devico i shown aa & con.
verter, 1, of which the two sts of prinry cols p 7 are co

o, epetivl, 0 the e i e iy co
‘wo cale of the generator. Tho eroseciren
i these connceions, ar.thon connocted {0 the
common veturu-wire . The scoondary coils 7/ o i cireuits
0o, including, for cxumple, incandescent lump,~ Only one co
Verter is hown entiro. in- his figure, he others being Hllmstrated
Prn—"

‘When motors or convoricrs aro fo be run i sories, the two
wires & 5 are lod from the generstor to tho coils of the fist
motor ar eonverter, then continued on 10 the @ on
throngh the whle series, and are then joined to the single wiro
1, which complotes both cireuits through the genertor.  This s
Shown in Fig. 21, i which 1 1 represent the two il ar sets of
cols of the motors.

“There ur, of course, other condi s which the sume
den wy bo carried ont. For cxunple, in cise the motor and
onorator cach s thrve independent cirenits, one terminal of

ewire, and the other lrce tor-
inals 1o a common retam-conductor, This arrangement will
lar results to hose nttined vith a generator and wmotor

Iaving bt 6o ndopendont ciruits, 1 bove doseribed.

When applied to such otors s have.three o
more indaced ciruits it & common clctrieal oin, the three
or more tarminala of the geuerstor would bo siply connceted

et o
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o those of tho motor.  Mr. Tela states, howover, that th ro-
suls obtained in this manor show s lowor eficency than do the
forms dwelt upon more fully sbove.
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cies the loce of enengy by the lowbarduent i gratly redneod,
fur, fist, the potential necded to perforn given amannt of work
i e analler; and, socondly, by producing n highy conduet-
ting phiotorphere around the clectrode, the sme rosult i obtsined
2 though the lectmode wore el Inger, which s equivalent to
wamallerclectric density. Tiut be it by the dination of the
iy potential or of the density, he gain is effeted in the
sume mawer, waely, by asciding violent shooks, which stmin
o glass maeh beyoud it Tt of elutiity.  1f the frequency
conkd i brought high enongh, the los e 1o the imperfect
clstcity of the glass would be ontirely negligtle,  The loss due.
o bombardment of the gl may, however, e reduced Ly tsing
w0 cltrades intend of onc. In xuch case cach of the olec-
tnods ay be connected to one of the terminals; or ele,
proforable to nee only one wire, one cletrode 1y be connected
0 one termiaal wnd the ofler 1o the grond or to an inulated
oy of somo surface, w, for instance, o hade on the lup. T
the atter e, inlosk some. jodgment ix wed, ane of the clee
s might ghow wore el fhan the orhor
it on tho whole I fin it preforable, when nsg snch hi
froquencies, w0 employ only one clectrode and one connecting
wire, L covineed dhat the fluninating dosice of the near
faturo will not require for it aperation more thwn one lad, and,
at any mte, it will Dve o T e snce.the cnergy re-
quied can be s well transnited through the s, In cxperi-
mntal bl eho ledingin wire i ot generaly vl on neconit
uf eonvenience, us in employing condenser coating i the manner
oo in Fig. 131, for example, thero is some diffealty in
g the parts, but these diffenldn would not oxit £ great
saay Dl wert manafuctured s otierwise the energy can be.
conveyed throngh the gl as well 4 throngh & wire, snd with
b froquencios the lossee are very small. Such flustra.
g dvices will necosarlly fnvolve the e of very bigh
‘potentials, and thi, in the eyes of pructical men, might b an ob-
Jectionable feature. Vet, in seality, high potentinks are ot
bjectionblo—certaiuly wot in the least 20 far o he sfety of
the devices i concerner.
There are two vays of rendering w clciric applisnce sfe.
One s o e Tow potentials, the othr i to dtermine the dimon-
s of the upparatus =0 thut it ix xfe, no watter Low bigh o
potentialis wed. O the two, the Jatter scews o e the better






OEBPS/images/bg28000001.jpg
- INVENTIONS OF NTKOLA TESLA

. tor then the safety i absolate, wnaffeted by any posible
ion offrenmstue which might rendereven a low-poten-
il applinee dungerons to lfe wnd property. Lt the proctical
conditions require not anly the judicions dstermination of the
dimensions of the apparsius; they likowiso nocessitate tho on
plogment of enorgy of the propor kind. 1t is sy, for instance,
to construct  transformer capuble of giving, when openuted from
an onliary alteruate eurrent machine of loe tension, say 50,000
volts, which might be required to light  highly exlausted phos-
plorseent tube <0 it in spite of the bigh poten
perfectly safo, tho shock from it producing 1o inconvenience.
Sl sl transfore would e exponsive, and in it inefl
cient: and, besides, what energy was obiained from it would not
be cconomenlly wsed for the production of light. - The economy
dewmundethe anplonent of enery i the form of extremely rapid
vibmions. The problons of producing ight hius been likened to
that of mainiaining a cortain Ligh-pite note by moans of @ bell,
It shonld b ~id 8 harely i note ; and oven these words
‘wonld not expros it, 0 wonderfi i the enstivencss of the eye.
We may deliver powerful blows ut long intorvals, waste a good
e of ey, and sl not. ot what e wunt; or wo may keep.
p the wote by delvering froquont. tape, and ot nesrer to the
abject sanght by the expenditure of el lese energy. In the
producton of lizht,as far us the lluminating device s concernd,
there can Lo ouly one rule—that i, 0 uso ue igh foqonios s
can b obrsined : bt the means for the production and convey
s of such cliracter fmpose, . present. at. leat,
erent limitations. Once it i docidod 1o 1w very. high froquen:
i, the roturn wire boconios wnnecessary, and il the applisnees
e shplificd. B the i of obvions means the sme result
obtined s dhongh the retarn wire wero used. It is suffient for
i purposo to.bring in contaet with the bulb, or morely in tho
vieinity of the sawe, an insulated body of some surfuce. The
enrface need, of eones, be the swaller, th higher he froquency
and potcntial v, and necsariy, lso, the higher the ceonomy
of the lamp or othr device.

“Thi plan of workig hns been resorted o on several ocensions
s evening, S, for instance, when the incandescence of &
button was produced by grasping the bulb with the land, the
body of he oxporimentor merely sorved to intonsify the acton.
Tho bulb wsed wns similae to.that llustrated in Fig. 148, and
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maner or alteraaiely in opposition; in the latter case n motor
‘with half the mumber of polos will rosult, and itsaction will b
correspondingly modifil. The Figs. 15, 16, il 17, show
three different phises, the magnet cofl n each cireuit being con-
ncetedalernasely inapposition. In this cae there will b shways
four poles,as in Figs 15 and 17 four pale projections will e
nentral; and in Fig. 16 6o adjacont pola projoctions will have
e samo polarity. 1£ thecolls o counceted in o sane maner
here will be eight alioruaing poles, a indicated by the letters
' in Fig. 16.

“Tho cmployment of multpolar motors sccures i his ystem an
dvantage much desired wnd natiinable in the continnous cur.
rent system,and that i, that a motor may be made to run exactly
At prodetermined spred irrespeetive of imperfections in con
struction, of the load, and, within certsin Timits, of electromotive
foreo and eurrcat strongll,

T geeral diseibution systen of his ki the ollowing plan
hould b adopted. At the contral station of supply  generator
Shonld be provided having & considersble namber of poles. The
‘motors operatod from this gronorator hould Lo of the ynelironons.
type, but possesing suffciont rotary offrt toinsure thei starting.
With the observance of proper rales of construction it may be
admitted that the speed of cacls motor will be_in some inverse
proportion t i sire, nd the nurmber of polesshould be choser
econdingly. Sl exceptional dormands may modify this ol
In viow of thi, it il bo advantagoous 1o provide oaclk motor
with 1 greater mumber of pole projections or colls, the mumber
Deing profersbly a muldple of twoand three. - By this moans, by
simply changing the connections of tho caile, the motor may be
adupted 0 any probebe demands.

I the nanmber of the pole i the motar i even, th neton will
b harmonions and the proper result will e obiwined if this
i ot the ease, the bt plan to b followed s to make &
wotor with & doublo mumber of poles and connoct_the sume in
tho manner before indicated, =0 that Lalf tho nuamber of polos
ol Suppose,for nstance, (it the generator s twelve polos,
it eould e desir to obtain  speed oxaal 0 % of the spood
of the generator, This would require & mator with seven pole
rojections or magnets, aud such » motor could not. be properly
conncted i the circuits unless fouriccn armature cofls would 1
provided, which would necosstate the crmploymnt of aliding
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neithor i the gaseous medivn nor through it acion elewhere,

This i far from being 50, b, fortunately, the losees may be re
duced to anything desined, A fow remarks are necossary on
i subject, i order o mke the expericnces gotbered in the
conrs of thoso investigations perfoedly cloa.

‘Suppose
experiment Fi

wull helix with many wel insulated turns, s in
146, has one of its ends connected t0 one of the
torminals of the induction cail, and ¢

other to n meta plate,
or,for the sake of simplicity, u sphere, nsulated in space. When
tho coil i set 10 work, the potential of the sphero is altoraned,
and & small holix nowe bebaves as thovgh is frc cnd wero con
neeted 1o the other terminal of the induction coil. T un fron
rod e held wihin & sl e, it s quickly brought to o high

temperstare, indicating the passge of & trong current through
the helix. o does the insulated sphere actin thia case? It
ean be » condenser, storing and roturning the cvorgy supplid to
it o it can be a mere sink of ensrgy, and the conditions of the
experiment determine whother it is rathor ono.than the other
The sphere being charged o & high potentia, it acte nductively
‘apon the sursounding sir,or whatover gscous edim thoro might
be. The molecules, o atoms, which e near the sphore, aro of
course more attracted, and a grenter distance than
the farther ones. When the nesrest molecnlos siriko the spher
they are repelled, and collisons accur a all disances within the
indutive sction of the spher. 1t i novw clour that, i the poten-






OEBPS/images/bg04200001.jpg
o INVENTIONS UF NIKOLA TRSIA.

conacta, To avaid thi, the motor should be provided with four-
o magacte and seven comnocted in each cirnit, the magnets
in onchcircuit. alternating mong_ themsolves. The armatare
ol Have fourieen elosed cofls.  Tho acton of the motor will
ot e quite 4 perfect 4 i the caseof an oven number of poles,
bt the drawback will not bo of a erions natar

“However, the disudantages sesuling from ehis unsymmetrical
fomm wil b educed in the same proporton s the mumber of
the poles i augmentod.

I the generator s, say, , and the motor #, pals, the speesl
of the motor will e equal o tha of the generstor sultipled by

“The speed of the motor will generally be dependent on the

of the poles, but there may Lo exeoptions to this rule.

pecd may i vdified by the phase of the eurronts in the
or by the churcer of the currontmpulses or by inter-
vals betwveen each ar between groups of impuleee. Some of th
possible case o indicated in the dingrams, Figs. 13, 19, 20 an
21, which ure selfexplanstory. Fig. 15 ropresents the cond
tion genersly existing, and which secures the best rosult. In
such & cas, if the typical form of motor illustrted in Fig. 9
s emplayen, ane complete wave in onchscireit will produce one
revolutian of the wotor. In Fig. 19 tho sumo rosult will be
effcted by ane wava in ench cireui, the mpulscs beng suceee-
s in Fig. 20 by four, and in Fig. 21 by oight waves

By such means any desired specd may e atiuined, that i, at
Teast it the limite of practieal

A¢ Tl lowd the motors shovs an effeiency
the continuons curent wotors.. The trnsformers present an
sdditional sdvantage i their capability of operuing motors.
They are capable of similar modifcaions in construcsion, and will
facilitate tho introduetion of motors e their adupiation to prac-
tieal demnds, - Theiroffiency should be bigher than that of
e prsn o, a1 e my amerin on e fol-
joing :

Tn o transtormer, as constructed at present, we produce the
currents in the sccondary cireit by varying the strength of tho
primary or exciting currents. 1f we adinit proportionlity with
respeet o the iron coro the nductive effct exerted upon the
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il be steady, bt it Lows of cnergy ean b cunsed i his way,
‘which e nearest 1o the sphere, baving had an
them Ly contact, are ot atractel

for the molecul

wlditional charge imparte
unti they have parted i not with il ut losst with mostof the

wditional clarge, whieh can he secomplished only after » great
many. collions, From the fact, that with o steady potentil
there i bt Tittle Tose i dry air, one must come o such u con

nstend of Leing steady,

cluson. When the poteatil of & p
is alteruating, the conditions wro entively different. Tn his case

the imparte

cules, after comiz i contaet with the sphere,

Po 3

whit i more, i el chargo s ot s

are only the moro violent.” Sl if tho fraquency’ of the i
by the impacts and collsione

pulees e very sl the los
wonld ot e ~rious, unless the potential were excessve, Bt
when extremely ligh frequencics aud more or es high potentials

o may very great, The total onergy lost per usit
of time i proportionate to the product of the nurmber of Hupscts
per second, or the frequency and the energy loct in ench fapac,
it the energy of an impact st b proportionate to the squars

ity of the splere, since the clargo fmparied

of the electric. dens
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inereasing the effort. Upan the Joad heing taken off, the
comnter-lectromrive force inereases and less curment passes
througls tho primary or energising cofls.  Without any load the
speod s very nearly oqual o tlat of the sbifting poles of the
el maguot

Tt will be found dhat the rotary effort in these motors flly

ofe \o%m &s\f‘;

BB a~k
EYRJETRS Fad

quals that of the continnions current motors.  The effort secns
o be greaest when both armature und field magnet are withot
auy projoctions; but e in suel dispositions tho field cannot bo
concentrated, probubly the bes reeults will be obtained by leav-
ing pole projections on ono of tho clewents only. Genersly, it
may bo stated the projections diminish the torque and produce u
tendency to synehronism.

A claracteristic feature of motars o this kind i ther property
of being vory rapidly rovorsed. This follows from tho poculiar
action Gf o motor. Supposo. dic armature to bo rotating and
tho direction of rotation of the poles to bo reversed. The app-
rutus then ropresents a dynamo machine, the power to drive
‘machiue being the momentum storod up in the armature
speed being the sum of the speeds of the armature 1 the
poles.

16 we nove consider that the power to dsive such n dyimo

) [V v

would e vory. nesrly proportional to the thind power of the
apecd, for that reason alone the armatare shonld be quickly re-
versed. Tt simnltaneouely with the roversi asother clement i
brought into wetion, namely, s the movement. of the poles with
respeet o the armatare i reversed, tho motor et ke a trans-
forme in which the reistance of o secondary crcuit would be
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tha coil was excited
the button to incandescence when the bulh was hasging from

sl potential, ot sufiient to bring

the wire; and. incidentally, in onler to perform the experiment
i more suitablo uanner, the biton was taken o largo that
pereepible time had to clape before, npon geuspins the bl it
conld e rendered ineandescent, The contact with the bulb vas,
of course, quite wncecsary. 1t is ey, by us

dey o adjust the o

bulh it an exesedingly sl el
o that the ltter is browght to bright incnndeseence Ly the mere
upproseh of the experimentar within n fow fee of t

that he incandescene subiides upon Iis receding

simil ol vus e, e agein, originlly, the potential was
lceut to excite phosphorescones i the cton w i
tenstied—in thi e, lwever, 0 proseut  difforon festure, by

touehing the soeket with  metallic abject held in the hand. The

elestrode.in the bulb was a carbon itton s lrge that it could
1 the ofect

sence, and. thereby sp

b brought to ncan
prodiced by phospls
Again, in another of the carly experients, o bulb was sed,
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abmormally diminished Ly producing in this cireuit an additional
Cletromotive foree. Owing o thoso causes the roversal s in-
santancon.
T i i desirble 10 secur  constant speed,and a the samo
o eriain cfort ot the sttt result nay bo casily atabned
ina vaiety of ways. For instance, o armaturs, one for torque.
and the other for ynchronisu, may be fastened on the sane shaft
ani any desred proponderuio may bo given to ither one, o an
‘armature sy be wonnd for rotury efort, but o more orles pro-
Douneed tendeney to synchroniain may bo given o it by properly
conetruting the fron cores and in wany oher ways.

eanploged.  Any of the dynamos ot prosnt in uso may bo oasily
adapted for this prpose Ly making conneetions to proper points
of the geneating cofl. I closed ciruit armatars, such as sed
i the comtinuon current ssteme, it s best to make four deriva-
ons from oqui-istant points or Lars of the commutator, wd (o
comnet the sumo to four insultod siding rings on the shaft. Tn
thi casc cachsof the motor cireaies i connected to two d

lly opposite lars of tho commatator. Tn such a dispos
motor may alio bo operstd at baf the poteutial and o the th rec-
e plan, by couneeting the motor cirniés in the proper ordor to
three of the contact ringa.

Tn molipolar dynuno machines, such as wied in the converter
systens, the phis i convonfently abtained by winding upon the
rmture o serics of colls n such & munner that while the cole
of ane set or series arat. their maximam prodction of current,
the el of the other will be at their nentral position, or nearly
o, wherely Loth sutsof coils may be subjectod simulancously
or suecessvely to the inducing acton of the field magnets.

Genendly tho cieuits . the motor will be sinilaly disposed,
and various arragoments may bemadoto il tho requirements;
but the smplst and taost prcticable i to arrnge primary i
it on stationary parts of tho motor, herely obvising, at least

n certain forms, tho employment of sliding contacts, Tn such 3
cases the magnet coil avo_conneeted alternatly in both the cir
enits; hat i 1,3, 5....in one, wnd 2, 4, 0.....in tho odher, and
e coils of cach s of seria may bo connected all n the e
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ostrutd n Fig. 141, T this instanee, by touching the bully
with one o two fngers, one or two shadones of the stem inside
were projecte agains tho glass, o tonch of the fiuger produciig
e same results as the application of an external negative elec:
trode wnder ordinary cireumstances.

I all these experinents the aetion was ntensied by gy
g the capacity at the cnd of the loud connected to the terminal.
‘A a rul, it i ot uecessary to resort o snels snenns, and would
o quite ‘wuncecssary it stl bighor frequenci; but when it
e desired, tho bl or tube, e be casly adapted to de pur-
pose.

In Fig. 155, for cxample, an oxperimental bulb, 1, i shovwen,
‘whicl i provided with a nock, s, on the top, for the applicaton
of an extomal tinfil conting, which may le counected t0 8 body
of langor surfuce. Such n Tamp s llwtrued fn Fig. 154 may
s be lighted by conneeting the tinfoil contng on tho neck
1o the terminal, and the leadingin wire, ¢, to an insilated pate
16 the bull stands in o socket upright, s shown in the cut &
shide of condueting waterial may b slipped in the ek, 1, and
e action thus magitid.

A moro_perfectod armangement vsed in some of theso bulbs i
Mustrate in g, 135, I this case the constrneton of dhe bulh
s us shown au deseribed before, when referones was e to
Fig. 145 A sine sheot, 7 with  tubular extension, 7, i applied
ver the motallc scker, & The balh hangs dowmeard from the

il £, the sine sheet,  porforiing the double offce of -
tensfier and reflcetor, Tio rolctor a soparated. from tho ter-
i, £, by an extension of the fnsulating plug, v.

 disposition ith  phosplhorescent tube i uatrated
in Fig. 136, The tabe, 7, is proparcd from two short tbes of
diffrent diaseter, which are sealed on the ends.  Ou th lower
end s placed an insle conducting costing, ¢, whieh couneets (0
the wire 1n. - The wiro has a hook on tho pper end for susper
sion, il pscs hrongh the contre of the insdo tube, whicl is
il with some good and tightly prcked insulator. On the ont-
e of the upper end of the tube, 1, i another conducting coat-
ing, c, upon whicl s slipped » metalic refcetar 7, which should
o faparated by  thick fusultion from the end of ire e

Tho cconoueal us of sucl  rflctor or intensifier woukd -
quire. that ol onergy supplied to an air condenser should be re-
eoverable, or,in other words, s there should wot be any loses,
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ot novel - Men have bocn lod to it ong ago by nstinetor roason.
It has ben exprese in many ways, and in many places, in cho
bistry of old and new. We find it in the delightfol myth of
Anthens, who derives power from the carth: e find it among
the subtle speculations f one of Your splendid mathematicians,
and i many Lints and statements of thinkers of tho present time.
Throvghout space thero s cnergy. 1 thisenorgy static or Kinetiet
I satie our hopes are in vain; i Kinotio—and this wo know it
i, for certain—then it i & mere question of time when men will
suceeed i attaching their machinery to the very wheelvark of
nature.OF all living or dead, Crookes eame nearest to doingt.
Hie mdommeter will turu in the lght of day and in the darkness
of tho night; it will tam everywhere where thero is liat, and
Heat 31 everywhere,  Dut, unfortunately, this beautifol
wachine, whil i goes dow, o posterity a the most interesting,

st likewie e put on record as the. most ineflicient machine
ever fnvented !
The proceding experiment i only one of many equaly inter-

esing experiments which may bo porformed by the uee of only
oo wiro with altornations of Ligh potential and frequoncy. W

iy couneet. an insulated line t % souree of el currents we
iy puss an inappreeiable eurrent over the lie, and on any
poiat of the same e are able to obtain o heavy corrent, capable
of fusing a thick copper wire. Or o may, by the help of some
artifce, decompose o solution in any electrlytic cell by con-
neeting only one pole of the ccl to the ine or sourco of energy.
Or we may, by attaching to the line, or only bringing into it
viinty, ight up an incandescent lamp, an_ exhausted tube, or o
phosplionscent bulb.

Howerer hupmetiable this plan of working may sppear in
many casos i certainly scoms practcable, and oven recomumend-
able,in the prodoeion of light. A perfoctod lamp would roquire
but it onergy,and i wire were usd st all we oughe 1o be able
o supply that energy withaut a return wire.

Tt now o et that  body may be rendered incandescent or
phosphorescont by bringing it ither in single contaet or merely
i the vicinity of » source of cloctrc impulses of the proper
chasseter, and that in this manner 4 quantity of ight sullicent
toafford o practcal iluminant may be produced. It s, thore-
fore to say the least, worth whill 10 aiempt o dotormina the
best conditions and 1o, invent the best appliances for attaining
his abjoct.
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PP et proins. of the prsen dy i g
ceonomical transmision of power and i the
provouent of the wmeans and mothods of illuination. To many.
workors and thiukors in the domain of eletrical invention, the
apparatos and dovices that are familia, appear cumbrous a
wasteful, and subject to severe Tinitations. They believe that
tho principles of current. goneration st be changed, the arca
of curtent supply b enlarged, and the appliances used by the
consumer e 4t once chespencd und simplificd. The brillaut
Succcsses of he past jusify them in overy oxpectancy of stil
more gencrons fraitior

Tho prosont. volum isa simple rocord of the pioneer work
done in sueh departments up to datc, by Mr. Nikola Teel,in
whom the world hus already recognized one of the foremost of
‘modern lectrical invostigators and fnventors. No attempt what-
ever as becn mude here to. emplasize the fmportance of
rusenrchos amd discoverics, Groat ideas and.rosl nventions
dleir own way, determining their v place by intrinsic meri
Pat. with the eonviction that Mr. Tesls. is blusng a path that
elostrical development mast folow for many sears to come, the
compilor s endeaored. ring togother all that bears the -
prossof M. Tosa's o, and is worthy of prescrvation.  Aside
Trom e value as showing the sopo of bis invontions, fhis
volumo may bo of service as indicting the rungo of his thovght.
Thore is fnolloctual profit . studying the push and play of &
vigorous and original mind.

“Althauigh the lvely interst of the public fn Mr. Tesa's work
s porbiaps of rocent growth, this (lume covers the resuls of
full ten yoars. 1t ineludes bis leetures, miscllancous artiles

527164
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Some experionces have already been gained in this direction,
and T will dwell on then briefly, in the bope that they might
prove useful.

“The heating of & condacting body inclosed in a bulb, and con-
nected to u sourea of rupidly slternting cletric impulses, i
dependent on %o many things of u different natare, tht it would
be diffeult to give o gonerally applicable rule uader which tho
mosiumum Loating occurs.  As rogans tho size o the vosscl, |
o lately found thac st ondinary or only sightly diffeing
atmospheric prosures, when tir is & good snlator, and henee
practially the same amonnt of cnergy by & cerain potentil and
frequency s given off from the Dody, whther the bl be small
or large, the Ty is brought to a bigher temperature if eilosed
in a sl bulh, because of the better confincment of et in this

“AtTowor prossues, when s bcotne wore o o condtig,
onif the it bo sufieently warmed 0 bocome. conducting, the
ady i rendored more intenely nandecent in a lange bulh
B Vo, it e oo of Pt
ncngy aay e givo. off fom ch hody when the bl v ange,

“Axvery high dogros of cxbmntion, when the gt n she
ol becomes ruliant”  arzs bl s sl an vantge, bt
 comparatively light one, aver the sl

Fialy, a excwiely ligh dagroof exhasston vlich on
oot e ez by i wmptayment of spcal i therd
o 0 b, beyom  cortai and. Tther sl sise of vl 0
pereptible difrenc i tho honing,

“Thesoouersaions wereth rext o  nanber of experimnte,
of whih oneyhowing the et of th sz o the bl at o bigh
grec of oximasion, may b dosribd and shown hers, as it
rsent fotarmof itameet. . Thrs sphorical blbe of 3 et
b3 € o G wers f e ) . ko sttt
anlh s ot an equal o of an iy incandescent
amp et o wiform thicknce, T <ach ol the oo of
ament vae fastened o the Jeadingin vir of platinim, con-
ainod in 3 glw st ssld in the bulh;cre e ke, of
coure, 0 make vorything ak meary lko o possble, On ench
‘lns st i the nde af the ol was lippot  highly plished
abo mudeof aluninu shee,which it (st and was held
onit by st e, T fantion of
i e 8 i1
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Show yon is that this motar rtates with oue single connetion be-
tween it and the generator 1 s 1o sy, one terminl of the

pectsd to one terminalof the gene i s e
the secandary of a ligltension induction sofl—the other.term.

inals of motor and genemtor being insulated in space. To pro-
dnee rotation it s generaly (but ot aliolutely) neoesry o
conneet the free ond of the motor cail to an insalated body of
Some size. The experimenter's body i more than suficent. Tf
e toucles the free terminal wil an object Leld in the land, n
current passe throvgh the coil and the co

tion. T1 an exhauste] e i put nseris with the ol the tube
Tighta brillanls, showi

por dise s st i ot

e s of w strong curent, - Inc

stad of the experimenter’s body, o swall etal sheet suspendad

on cord may be used with the same result, I fhis caso the

plate et us & condenser n serics with the cafl. 1t countoracts
the sl induction of the latter and allows a strong current to
pase. T such  combination, the greater the selfinduction of
the cail the smaller need be the plate, and tismeans that a lower
froquency, or eventually a lower potentis, s roquired to operate
tho motor, A singlo coil wound upon  core Ias a high self
indnction for thix resson, principall, this 5pe of motor was

chosen 10 perforn the experiment. - Were & secondary closod
coll wound upan the core, it would tend to diminish tho self.
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induction, wnd then it would b nocosary to omploy & e

hor feequency and potential. - Noithor wonld bo advisable, for
a ligher potontial would ondanger the insulation of the small
primasy col, and u bighor froqueney would resultin & materilly
diminished torgue.

Tt should be remarked_that when such o motor with o
closed. secondary is used, it ¢ not at all ensy to obiain rota-
ton with oxeesive froquencics, wt the secondary cots off
almst. complotely the ines of the primary—and this, of
course, the more, tho higher the froquency—and allows tho pase-
o of but a minnte current. T sl » case, unless the sccond-
any i closod throngh & condensor, it abimost essental, i order
o produce rotation, (o make the primary and secondary cofls
verlap cach other tore o los.

But there i an additonal feature of interest abont his motar,
nanoly, it is ot necossary o ave oven a singlo conncetion be-
oweon tho motor and gonerator, excapt, perbaps, through the
ground; for not only s an insulated plate capabls of giving off
enerzy fnto space, but it is likewise capable of deriving it from
an altemating cloctrosatic field, though in the lnter case the
avilable enorgy is mneh swaller, In this instance one of the
motor terminals s connected to the ineulated plte or body
Iocated wikin tho altoruating cleotrostatie ficld, and tho oher
torminal preforably o tho ground.

Teia quite possible, lowover, that sl “no wire ” motors, s
they might be called, conld bo operatod by conduction throngh
the marofed air at considerable distanees,  Altaruate eurronts,
especially of ligh froquencics, pus with. astonisbing frcedon
through even slightly rarfied guscs. The uppor trata of the ir
aro rarfiod. To roach o nunnbor of mils out it space requires
the overcoming of diffenltios of & merely mechanical wature.
There i 1o doubt that it the enorinons potentils btainato by
the e of igh frequencies and il insultion, luninous dischrgos
might b pased through many wiles of rrefed i, and hat, by
s divocting tho anergy of many hudreds or thousands of hore-
power, motors or lamps might bo oporated at_considemble
distancos from stationary sources.  Bat such sehiemes are men-
toned merely s possbilites, Wo all have 1o now to trunsmit
porwer n this way. We shall have no noed 0. tranemit power
atall. Ero tany gonerations pass our mackinory will o driven
by a porwer obtsinable at any poiné of the universc. This iden i
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For many ressons,the refractory bods is placed fa the contre.
of tho bl and it s vsully supported on a glas stem containing
the lending-in wire. As the potential of thi wire is altornated,
tho rarofied gas surrounding the stom i acted upon inductively,
and the glass stom s violently bombardod and. hented. Tn this
manner Ly far the greater portion of tho enorgy supplied o the
bulb—cspecilly when excecdingly Ligh froquencies a0 tsed—
may be loet for the purpose contemplated. o obviate this loss,
o at east t0 rduce it 0 o inimum, L usually sercen the rureied
assurrounding tho stem from the ind ctive etionof theloading
iding the stem with o tabe or coating of condueting
It scems beyond doubt. that the best among metals to
eamploy for s purpose is laminum, on account of its many re-
markable propertics, T only fault i that it s oy fusible,
and, therefor, it distance from the incandescing body shonld be
properly estiated.  Usually, a hin tube, of » dismeter some-
what smallor than that of the glss stom, i wado of the fincst
aluminm shect, ud lipped on the stem. The tube is conven:
‘propared by wrapping around b rod futened in o lathe o
plece of aluminum sheet of proper sie, grasping the eheet fimly
il clean chamis leather or blotting pager, v spinning the
rod vory fast. The shoot i wonud tightly around the vod, nd o
Highly polished tube of ono or throe layersof the sheet i obinined,
When lipped on the stem, the pressure s gonerally suffcent to
prevent it from slipping of, ut, or safety, the lower edge of
tho dcet may bo turmed inside.  Tho upper insido comer of the
St —that i tho one whiel is noarest to. th rofrctory incan
descent body—should bo cat out diagonally, s it often happens
that, in comsequence of tho intense liat,this corner furns toward
e insde nd comes very near to, or in contaet i, the wire,or
flament, supporting the’ refractory body. The grester pact of
tho cnorgy supplid to tho bulb is then need up in heating the
metal ul, and e bulh is rendored usolss for the parpose.
The aluminun sheet sbovld project above the glassstom moro o
Tese—one inch or so—or else, if he glss be (0o close t0 he -
candescing body, it may be strongly heated and become more or
s conducting, whereupon it may be raptured, or may, by it
‘conduetivity, tablish @ good eloctrial omnection etween the
metal tube and the leadingin wie, in which case,
tho energy will be lost in bowting the former. Pes
way it to make the top of the gl tube, forabout an inch, of .
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and disousions, and makes mote of all his inventions thus far
knowe, partialarly those bearing on polyphase motors and the
effects abtained vith currents of high potontal and Ligh fro-
quency. 1t will be seen that Mr. Tesla has or prossod forward,
barely puasing for wn intant to work out in detl tho utilizations
that Tave ut once been obvious to kim of the novw principls he
b clucidated. Whereser possble his own language has becn
employed.

Tt may be added that this volume is sued with Mr. Tela's
sanction and approval, nd that permission has ben obtained for
the re-publication in it of such papers as have boen read before.
varions tochmical socitios of this country and Ewrope.  Mr.
Tesha s Kindly fasored the author Ly looking ovor the proaf.
shects of the sections cmbodying his latost rescarches.  The
ork lue also_enjoyed tho carctul revision of the authors
friend wndeditoril wsociate, Mr. Joseph Wetzer, throngh
whaso hands sl the proofs have pasee

189 oM

Drerso
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nent potruded abovo the mtal tabo. 1 s suficint o ay now
hat under theee conditions squal lngth of Sament of the s
hickness—in ater words bl of qual bulk—ere bronghé
o ncandccsnce. The thrce balbe were saled 103 ghse tabe,
which wascomnected o Sprengel pump. When o igh vacuom
Yo boen reached, te las tn caryi the blbs e seelod
ofl. A current was thon turned on suceessvely on each bulb,
and it found dint the Slaments came-to sbont.the same
Drightoes, and, i anything, th st bulb, which vaa placd
midwny bebeeen ho two rgor onc, nay have b sightly
righter, This roslt s expacted, for whan sither f tho bl
s cgnected o the el (ho Taninosity sproad through the
atherthen, b the throo bl canstitted rally one vl
When all the thrce bulls wero onnecte n mulipo e o tha
il i the rges o then th lment gloved brightost, i the
et sl ¢ was Tl o bright, i the smallst it anly
came 0 rdnes - The bulbs wore then seled of nd separately
trid..The brightnessof the Slaments wus now sueh ae would
Have been expected on the uppeniton hat the nergy given off
e proportonats 1o the surfuco o the bl tis surfck n cach
cue represnting o o the coaingsof  condemer, Accord-
4, thero a T dflernce batwoon. the argest 1ud tho
‘nidle iz than between the later and tho snallst bulh
"An inereting alnervation wat made n s experimnt, Tho
hro bl ers suspanded from » siraight bare wire connectd
o' terminalof  colthe. lrgest bulb peng placed a¢ the end
of tho e, som istancs o the mabet b, and o
il dtance from the attr the middlo-dzed ane. Thocurbann
lowed then i both the larger bulbe abovt  expesed, bt the
St did ot gt e v by o Thisobervation fod me to
xchange the pesiion of tha ulbs, and 1 then observed hat
whichever of the bulb v i the middla was by fa e bright
than it s n any other positon. This mysiying et vas,
of conre, Tonnd o be due 1 the lectrostatio netion etween the
bull. When they wero placed at 3 considerstlo diance, or
when they vere atiched to the cororsof wn oqulaterl trianglo
of copper vire,they glowe in sbaut the order determined. by
i sueces.
"Astothodiapeof te v, it ko of sone mpartance, spec-
ally ot bigh dogroes of exhamston, Ofall the pasible onsine-
ions, it soons that  sphericl glabe wih the reretory bedy
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monnted in its contr i the best {0 emplay. By experience it
lne boen demonstrtod that in such v globo . refretary body of
A given bulk i more casily brought to incandesence than wh
ifferently shaped bl are wsed, There i abo u advantage
iving to the incandescant. body the ehape of  sphere, for elf-
vidont reasons. Ty caso the body should bo mounted in the
contre, whoro tho atoms rebounding from the glasscollde. _This
objeat fa host attind in the spherieal bulb but it i oo at-

 eplindrical vessel with ano or two siraight flaments
ding with it axia, s ossibly also in parabolicalor spberi-
cal ulbs with refractory. body or bodics placed in tho focus or
foc of tho same; though the Tattr i not.probable, as tho clo-
ifod atoms shoull o all cases robound wormally from e
“urfaco.they. strike, wnles tho spood wero excessive, i which
enso. they wwowld probably follow the goneral I of refleaton.
No mater what shape the seseel may have, if the exlanston be
low, a flment mounted in the glole is brought to the sume
dgree of ncandoscence fn il part but if the exlwstion be
bigh and tho bull b spherical or pearshape, ne usua, focal
poiats form and.the e s heated 0. lighor dogree at or
Dear such points.

“To ilustrato the effeet, T luve hero éwo sl bulbs which are
alike only one i cxhaustd to's low aud the other to a very high
dagree. When connected 10 the cof, the flamont i the former
owes wiforaly throsghont al it length : whereas in the latter,
that portion of the Hlament whicl isin the centre of the bulh
glows far more intensely thun tho rest. A curions point is that
tho phenomenon oceurs even if to fluents aro wounted in o
bl ench leing connecte to one terminl of the cil, and, what
i till more carious,if they e vory near tozther, provided the
cuum be very bigh. | noted i experiments with such bl
that tho ilauents wonld give sy usually at & certin point, and
in the fit triae T attributed it 1o 1 defoct n the carbon.  But
hen the_phenomonon occurred many times in_ succosdon
recogaised ts real cans

T onder o bring & refretory oy inckosod n s bulb o o
candescence, it s desirble, on account of cconomy, thatall the
cnengy supplid tthe bull, from the sanree shonld ronch without
Toss the body to b et from therc, and from nowhere clse,
it should be mudinted. 1 i, of course, out of the question 0
ronch thi theorotical s, Lt € i posble Ly a proper oonstruc-
on of the illuninating device to approsiuate it more or les.
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ide, und close to it an nsulated metal plate. The statc sercen
‘may, howerer, be omitted, and sinply & thickness of insulating
matrial fustoiod 0 one of the sidos of the fan.

To show the behavior of the coll, the fan may bo placed upon
the ferminal and it will readily rotate whon the coflis operated
by onrrents of very ligh froqueney.  With o steady potential,
of course, and sven with alternating currents of very low fre.
auency, it would not turn, becanse of the vry slow exchange of
i and, concoquontly, suller bombardment; but in the latter
cuse it might tur if the potential wore excesive. With & pin
wheel, quite the opposite rule holds good; ¢ rotates best with
a sicady potential, and tho efort s the smaller tho highor tho

Now, it s sery casy to adjust the conditions so that
cutil i normally not suffent to turn the fan, but that
by conneeting the otler terminal of the coil with an neulated
boly it rises to  much greater value, s as to rotate the fan, and

Hkewise possible to stop the rofation by conmceting {0 tho
tarminal a body of diforent size, theroby diminising the potent-
il

Tustend of wsing the fan in this experiment, e may uso the

cleetic” radiometer with sl effct. Bt i thiscase it will
e found that the vanes will otato only at high exbaustion or at
ondinary prossares; thoy il ot rotate  modorate pressares,
when the air is bighly conducting. Thia curious observation was
‘made conjointly by Professor Crookes and myself. I attibute
tho result to the high conduetivity of the air, the molecnles of
which then do not act s independent carriers of loctrc charges,
bt act ll ogether a5 o single conducting body. - In such case,
of course, i thore isany. ropulsion at all of the woloeules from
tho vancs, it mut bo very swall. It i posible, however, that
tho reeult i in part duo fo tho fact chat the groater part of the
dicelarge pusces from the leadingzin wiro throvgh the ighly con-
ducting gas, nstead of passig off from the conducting vanes.

I trying the preceding experiment with the eleetric radiometer
the poientil shonld ot execed  cortain Timit,us then the elec-
trostati attraction between the vanes and the glass of tho bulb
may bo 5o groat as o stop the rotai

A most curions feature of alteranse eurrents of high froquen-
cios and potential s that they enable us to perform many experi-
ments by the use of one wire only. In many respects thi feat.
e i of great interest,
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In a type of altemate curvent motor favente by me some yesrs
ago T produced rotaton by inducing, by means of @ single alter
nating eurvont paseel througl a motor direuit in the mas orother
ireaitsof the motor, secondary currents, which, joinrly with the
primary or indueing current, created a moving Seld of fores. A
simple but erude forn of such u motor i obtained by winding

o core o primary, and eloso to it a secondary coil, join-
s of the laticr w1 placing a frecly movablo metal dise
‘within the influence of tho Sold produced by botl.  The ron core
i emplayed for obvious ressons, hut it i not cssentil fo the
aperation.  To ftprore the motor, the fron core s made o en-
cirele the armature.  Again (0 improve, the secondary eol is
made to partly overlap the primary, %0 that it cannot free itself
from  strong indutive action of the latter, repsl its linee s it
may. Onca moro to fwprove, tho proper diffrenco of phisse
obiained botwaen tho primary and sccondary currents by i con
denser, sl induction, resistance or equivalent windings,

L diseovered, However, that roation i produced by meuns
of  singlo coil nd core; my explanation o the phenomenon, id
leading thought in trying the experiment, being that there st
bo a tru time lag n the magactization o the core, 1 romember
the pleasure T ad when, in tho writings of Profesor Ayrion,
which came later to my hund, 1 found the iden of the time lng
advocated. Whether there i  tru time lag, or whether the re-
tandation s e to ddy carronts circalating in minute paths, must

i open question, but the fuct ix that  coil wound upon
n cora and traversed by an altornacing current cruates a
‘moving fied of force, eapable of settng an armitare n rotation.
Itis of some interest, in conjunetion wit the Lixorical Arago
experiment, to wention that in lag or plase motors 1 have pro-
duced rotation n the opposite diection t the maviag field, which
smeans that in that experitent the maguet ey ot rotate, or may
‘oven rotato in tho opposita dircetion to the n
then,isn motor (dingrammatically llustrated in Fig. 148), o
prising  cofl and iron core, and a feely movabl copper

5 to the later,

"To demonstrate a novel and. intereting feature, 1 have, for s
reason which 1 will explin, selected this type of motor. When
the ends of the coil are cannected to the ferminals of au alter-
mator the dse is st in rotation. Bt
now well knows, which T desio o porform.  What I wish to
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1 have boen wnable o produce the pheuomenon with the dis.
ruptive disharge cofl, althongh every ofhor of these. phenomens
can b wellprodueei by it—many, in faet, macls better than
with coil aperated from an alternator.

Tt way bo posible o produce. the brush by impulses of one.
direeton, or evon by  stondy potentia, A case it wonld
e aill more snstive 0 mugnetic

I operating w indretion coil with rapidly slternating carments,
we renlie with aetonishmaent, for the fist time, tho groat mport.
aneo of the olation of eapacity, sclfnduction aud froquency ax
rogurds dho genernl results, Tl uflcts of capacity are the ot
siking, for in these experiments s the sef-nduction and
frequeny both ar high, the sviticn enpacity s very smll, nd
e be bt lghtly varied to produee u very consideruble change:
“The experimenter way briug Vix body in contace wid the tor-
minals o the sccondary of the cal, or ttach 0 oue or both for-
ninals nsulated boics of very small bk, snch 1< bulls, and he
uay produce a considersble sioc or fall of potcutial, d greatly
affet tho flow of the corent thrungh the prinay.  In the ex-
perimont bofore shown, in wlich 8 brodh appears 4t 0 wire
attached to one terinal, and the wire is vibruied when tho ex-
‘perimoutor brings lis in-uluted body in coutact vith the other
orminal of tho oo, the sudden i of porentisl was ade evic
den.

T ruay shov yon the belavior of the coil in aother manner
‘ehich posesset o foatre of ome nterus, 1 lnve here alitllight
fan of abuminn sheet, fustened 1o 4 ueedle and arranged to
otate froely in » motal pove serewed to ave of tho forminals of
the coil. When the eofl et t0 work, the mleeles of tho air
are rhythically attracied and repelled. As the foree with
‘which they e repelled i grater than that with which they aro
attrctad, it roslte hat there s 4 repulsion exorted on the s
faces of the fan. 11 the fun were made inply of & mtl sheet,
the repulsion would be wqual on the upposite sides, and would
produce nooffeet. Bt if ono of tho opposing surfaces s sercon-
o, or i, generlly spenking, the bombarduont on this side is
wotkened in some way o othet, thero rewins the repulion ox-
arted wpon the other, and the fan s et in rotution. The seroen-
fng s best offced Ly fustnisig npon one of the opposing sidos
of the fun insulaed conducting cotings, or, i the fan ic nade
i th shape of s ondinary propeller screw, by fstening o
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v nventons to dovelo, M. Tasla conld Jong renan n oven
ho most dlighttal ampl and, i wrk nv streting st
ton, e e the Fdan rnk 10 jon 8 company intende fo
ki an sl e ighting apsoe b o g f i invon.
on it brancl o thg . With wnesding allgones ho
e 0 Sttt s e i m et
Kt tho thing which e oceuped it nd thonghte, bov-
vl chrongh i o, wa 16 old dsovoryof the rtaing
ek princpl for alleraing enrent work,md he appiaton
of it i molosthet iaws nr b Known tho workd over

Strong e i convicion on th subjet hen wore it s  fct
ot o' st very e los, ot aersaing corent ad
o ol roogrised plare, Few il anginees had over
e t, and the mmjrity e ntinly anfunilar wic o valus
or even i untn eutres. Even Mo ool sl did ot
antl aftor rotmctod offort and expermentation,larn how 6
comtruct alerating currnt sppari of fle ofceney. Bat
Tint b b acomplsd i phrpoen was s by the Jos of
Prof. Anthons,made i th of winer 15575, when Tosla motors
0 ek f i diigishnd sgert gove s sy o
o that of et corrnt moton. - Nothing o stood i the way
o tho commarcn development and ntroduction o sch motos,
axeapt that they had t b consiractd it  view fo penting

s cirene thn: e, whih i i oty were A1
ek frneney:

“Tho it fll publction of s work i dircton —ontide
Lo putnts—wn a puper e befoe the Amoriun Tstiateof
Elotionl Enginecrs in New York,in May, 155 (o ot the
nggeston of Pro, Anthony and the prosent writr when ha
xbited mators that had e in opoation o prviont, and
it whil i L (hat. brsls and commuipors sonkd ba
Glpetaod ity was tizmpiantly proved o bo sorec, The
B s o 1o i T s e
alition of polyghase currents will i o thoronghly from
o outet b st he Fundanen) e and applid i
in the grones ity of vy

Having mted for yars. Gh nany advantages obainable with
toaaing urrets, i, Toda was wtnly T on fo expoi-
et with e at Figher potenil and Tigher frquencie tn
ero eoumon r approvd of. Ever proing forvard o deter
B e i Tt et oo o i kg, b
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ducting materinl, s, for nstace, in the blh described before in
Fig. 150, in which & thin ineandescent lamp flament i contod

with & now-conductor, and supports o button of the sune yterial

on the top. At the star tho bombardmen. zoes o by indetive
netion hrongh the non-conductor, unil the same is suffciently
Heated to booome condieting, when the bombardment. continues
in the ordinary way

A different armugemont s in some of the bilbs constructed

s illustrated in_Fig. 152, Tn this instance s non-conductor 7 is
mounted in a picce of cotumon are Tight carbon 10 8 to project

wica, Au sl tube o s
Itis o arrunged that it reaches

i wrapped with sevel layers

employed ss waual for srcenivg

very nearly s ligh s the carbon and anlythe non-conduetar m
projects  ltle above it. The bombarduent gocs ot st against
the upper surface of carbon, tho lowor parts beng protocted by
e aluminun tube.  As som, howerer, 1 tho now-conductor

and then it becomes the

s heated it s rendored good conductin

centre of h b

abardnient, being most exposed o the sune.

T have also constructid daring these experiments many such

‘with o withont interual clectrode,in which the

singlevire bl
rudiant matter e projected aguinst, or focreed upon, the body
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was revearded very quickly in this fild with rosuls of the wost
Surpricing nature. A sight scquaintunco with some of these
experiments lod the compiler of this volumo to urge Me. Tosha
o repeat them before the American Tnstitato of Fleetrieal En-
incers. This was done in May, 1501, in & lecturo hat marked,
beyond question, a distinct dopartur in cloctical tloory and
practice, and all the results of which lave not yot made them-
selves fully_apparont. The New York lecture, and its sue-
cesears, w0 i mmber, o also included i this volume, with &
fow supplementary note.

M. Tesa's work ranges far begond tho vast dopartments of
‘polyplase cnrrents and high potential lighting. The  Miscol
neous” socton of this volumo includos u great many ofhr n-
ventions i e lighting, transformers, pyro-magnetic genertors,
thermomagnetic motors, third-brush regulation, improvements
i dynamos, now forme of incandoscent lamps, cleerieal meters,
condensers, wripolar dynamos, the conersion of altornating inty
dirent curnents e, 1t is noedloss to say that at this moment
M. Tesl i engagod on & namber of interesing ideas and nvon:
tions, to be made public in duo course. The present volume
el simply wieh L work secomplished to date,
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0 bo rendored incandescent. Fig. 158 (page 260) illustrates one
of tho bulbs used. It consits of a spherical globo 1, provided
‘with a long nock , on top,for ineroasing the aetion in Some caios
by the application of an extornal conducting coating. - The globe .
i blown ont on the bottom into o very amall bulb , which serves
0 hold it frmly i a socket s o nsuiating material fnto which it
s cemented. A fine Jamp flament f, supported on & wire e,
pusses through the contre of tho globo 1. The flament is
derad incandescent in_the middle portion, whero the bowbard-
‘mont procceding from the lower inside surface of he globe
most intense. The lower portion of the globe, as far as the
socket s reaches, is rendered condueting, cither by a infoil coat-
ing or otherwise, md the external clootrodo s conected to
torminal of the coil

‘Tho arrangement disgrammaticaly indistod fn Fig, 138 was
found 1o bo an inferior ono when it was desiod o render fnean.
descent a flament or buton supported in the centr of the globe,
but it was conveniont when the object was to excite phosphor.

In many exporiments in which bodies of different kind were
mounted in the bulb s, for instance, indieated in Fig. 13, some
observations of inferest wre mad.

1t was found, smong other hings, that in such cases, 10 mat-
tor whero tho bombardment hegan, ust a5 soon 44 8 bigh tem.
perature was reached thero was gonorally ane of the bodies
hieh seemed t take mostof the bombardment upon el the
other, or thers, being thereby relieved. The quality appeared
to depend principaly on the point of fuson, and on the faclity
with which the body was “ovaporated,” or, gonerally speaking,
disintegrated—mesning by tho latter term notonly the throwing
off of atoms, but likewiso of large lumps, _The obervation made
was in socordance with generally secepted notions, Tn a Lighly
exhusted bulb, lectricity is carried off from the clectrods by
independent casriers, which are partly the atoms, or molecules,
of the residua stmsphere, and partly the atoms, moloenles, o
Tumpe thrown off from tho eloctrodo. I tho clotrode s com-
posed of Lodics of different charmotor, and if ome of those s more
euily disontegrated than the other, most of the elociricity sup-
plid is caricd off from that body, which s then. brought to 8
higher temperataro than the others, und his fho more, 8 upon
an fnerease of the temperataro.the body i stll more casly dis-
intregruted.
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CHAPTER 1.
Buocuarcas, aso Ixtsosvcrony.

At & introduction o the recond contained in this volume
of Me. Tedl's fuvestigutions and discoverics  few words of'a
biogrphical mature ill, it s decined, not be ant of place, nor
other thun welcon. o

Nikla Tesla wos born i 1557 at Stiljan, Like, @ bowdorland
region of Austr-Hungary, of the Serbian race, which I main.
i againat Turkey anid il comers =0 unceasing @ struggle for
froodom. s family ixan o snd ropresentative one smong
those Switaens of Bastern Enrope, and b fther was an cloquent
clergymun in the Greek Churd. An unele i to-day Metropoli-
tan in Boenia. T mother was 8 woman of inlerited ingenniy,
and delighted not only i Kilful work of the ondinary household
charscter, but i he construction of such mechanical applisnees
aa looms and churns and other machinery roquired i & rurl
community. Nikola wus ducated at Gospich in_the public
wchoal for fonr cars, and then spent three years i the Real
Schule, e was then sent to Cantte, Croati, where he
timed Vi studies for three yeurs in the Higher Real Schul,
There for the it tune b s a seam locomotive. e grud-
ated i 1873, wud, surviving an attack of choler, dovoted bi
o experimentation, especill in clctriity und magnetism
His facber would have had him maintin the fansly tradition by
otering. the Charel, but wtive genine v (0 strong, and he
v allowed to enter he Polytechiic School st Gratz to finiah
i studics, and with tho object of becoming & professor of math-
canntis and plysice.  One of the machines there experimented
with wan & Gramane dynasmo, used as  saotor,  Despite his in-
siruetor's perfect demonstrtion of the fct that i was impossble
o opernve. a dyuamo without comuuiator o brusbes, Mr. Tedla
conkd ot e convinead that snch acecuories wer nosary o
ddeirable e had already seen with quick tuition tha a vy
conbd e ol to dispense it therm. and from tht tme be may
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or nstanee—and. the space Letween ought to be filled out with
come oxeellt ineulator, Amongz many inslating powders |
Have found that wien powder i the b

1o cmploy. 1 this pro
eantion ix ot taken, the.tube 1, protruding into the balb, will

f the heating by the brashes
e part of the tube, near the ex
Hansed glole, eepecilly if tho sacwum heeseallent,and theroforo
the potential necessary to aperate the lump he very bigh.

Fig, 151 illustrates n sl arvangeniont with a large tube ©
protruding into the pare of the bl containing the refractory
button . this ease the wire leading fro
the bulh is mitted, the energy sequired. i

arely e erucked in consequenc

‘which are apt to form in the o

2 the auteide into
copplied through

o e The malating pucking r should in

through the wire

> the inennder.

eht avoid passin

i, which connects the inside condencr coi
cont bt

“The moleeniar osnardment against he glasstem i the bulh
s soura of great tronble. A% an llstration | il it  pho
vomenan only t0o frequiently and nwilingl lsersed. A bulb,
preferably a large ont, way be taken, and a good condueting
Tody, uch i e of earbon, may bo mountod in t upon s lati-
num wire sealod in the glas stom. Tho bull may bo exhansted
toa fuirly high dugree, nearly to the point when phosphorcscenes
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b said 0 e g wark o the idens that fruetfed ulfimatoly
i i votating feld motors.

I the sceond year of his Gtz coure, Mr. Tesla gave up e
notion of becaming & teacher, ad touk up the engincering eur-
Feulam, This studics ended, ho roturnod lome in time to o his
uther e, aud then went 4o Prague and Buda-Post o study
Taiguages, with the objct of qualifying himsclf broadly for the
practice of the engincering profesion. For . short time bo
ferved s an assistant in the Government Tolegraph Engincer-

v Department, nd then became. associated with M. Punkss, a
personal and fanily fiend, and other explaiters of the feleplone
in Hungary. 1o made & number of telephonic inventions, but
found his oppostanities of benefiing by them linited in varions
waye. o grin & wider feld of action, he pushed on to Parix
and there secured cmployment as un clectrical engineer with one
of the arge companics i the new industey of clectrie lighting.

1t was during his period, and s carly as 1852, that he begun
cerons and continued effort to cmbody the rotsting fld prin-

e in operative spparstas. Ho was entlsiatio abont it be-
leved it to mark & new departare in (e clectrial arts, and conld
think of nothing clie. In fact, but for the salcitations of a few
Srionds in commercial circlex who urged bim o form & compan
0 expleit the invention, Mr. Teda, then o youth of ltle worldly
experience, wonll Iave onght an fmediste opportuity to pul-

his idoas Ll y
radical advanco i clectrical theory as well as destined to have
& profound infinence on all dynamo clctric machinery.

“At st ho determnined that it world Lo bt to try his fortunes
in America. In France b had ot many Americuns, aud in

learned he desiabilit of taring every new
iden in cletricity o practical v, Ho learned lso of the reudy
encouragement given in the United States to any inventor who
conld actain some new and valuable result, The resobution ws
cluracteristie quicknes, nd abandoning Al Uix

prospectsin Burope, e a ance set Ui fuce westward.

Arrived in the United Stats, Mr. Tedn took of 1is cont the
day e arcived, in the Edison Works. That place had been
0l of s ambition, and one can oadily inagine the beneit and
simulus derived from associston it M. Edison, for whom
M Tosls i abways had the strongest wdmiration. It was i
posl e that, it His own s to carry ont, and his
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Degins 0 appear. When the bulh s connected with the cal, the
ploce of carbon, if small, may beeome highly ineandoscont. st
it Ut s Lrightnees fmmedintely diminishes, and then the dis-
churge may slass somewhere i the middle of
of the faet that
s in good clctrical connection with the rare-
e goa throngh the piece of carbon or motal at the top. The
st sparks are singularly bright, reealling those dravr from 1
cleur surfuce of mereury. Bt as they heat the glass rapidly,
thoy, of course, loso thir brightness, and cease when the glass st
the rapeared place becoms ncandeseant, or generally suffeiently
ot o conduct, When obsersed for the firt time the phenome.
non must appear very curiows, and shows in a striking manner
how madically different alternate cnrrents, or impulses, of bigh
frequeney beluve, a compared 15, o currents
of low froquency. With snch currents—uamly, dhe lattor—the
phienomenon would of conrse not ocenr. When froquencies such
o, T thik that the rup-
uro of tho glacs is moro or e tho consoquenco of tho bombard..
ment, which warms it up and impaies it insulating power  but
with froquencies obsinable witl condensers T hse no_doubt
that the gl may give way withont previons heatn
this appears most singalar at frst, it s in raliy
expect to oceur.  The energy supplied to the wire lowding into
the bulb i given off pardly by direct sction through the carbon
button, and pardly by induetive setion throngh the gass surround-
fng the wire. The ease i thus analogons to that in which & eon.
denser shunted by o conductor of low resistance s connected o
a souee of alternating current,  As long 1 the frequencios are
Iow, e conductor gets the most and. the condenser is porfeetly
cafe; but when the froquency becomes exeessise, the role of
conductor may become quite insiguifioant, I the atter case the
difference o potentis at the terminale of the condenser may be-
come so grest a to rupture the dielectric, notwirhatanding the
fact that the terniaala aro joined by & conductor of low ruse
tance
Tt i, of course, not necesary, when it is desired o produce
the incandescence of u body inclosed in » bulb by means of these
currents, that the body should be » conductor, for even & perfoet.
neondictor may e quite o readily heated. For this purpose.
s suffcent to surround s condrcting electrode with o non-con-
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CHAPTER 111

Tur Trata Roramiso Macstio Fiscn—Morors wimn Ciosi
Coxpuonons.—Svxounosass Morows,—Rorsmixe. Fisun
Taavsronuss,

T best deseription hut cun b given of what he attemptod,
nd sueceedod in doing, with the rotsting wagnetic fild s to be
Sound in M. Tesl's brief paper explanatory of his otary cur.
rent, polyplace system, read boforo the American nstinto of
Eloctical Engincors, in New York, in May, 1555, wnder the
titlo * A New System of Alternate Current Motors and Trans.
formers” As a matter of fct, which & perusl of the pupor
will estbiich, Mr. Tela made no attemptin that paper to do-
seribe all bis work. 1t dealt i reality with the few topics emn-
merated in the eaption of this clapter. Mr. Tedx's reticence.
was o doubt e largely to the faet that bis action was gov-
orned by the wishies of others with whom b wis wsacated, but
it may b worth mention that the compile of 13 valumo—wlo
i secn the motors running, and who was then chairman of the
Institute Committee on Papers and Mostings—bad grest
eultyin induing M. Tesla to give the Institute any paper atal.
. Tosla was overworked and il and wanifested the greatest
relictanee to an exbilition of s motors, but i objections were
at last overcome. The paper was written the wight previous to
the meeting, i pencil, very astily, and under the pressure
just mentioned.

I this paper casual reference wax ade o two spocial forms
of motars ot within the group to bo considered.  Theso two
forms woro: 1. A wmotor with one of s cireits in serion with &
transformer, wnd th other i the secondary of the transformer.
2. A motor having s armature cireit. comeetad to the goner
sfor, nd the field coilsclosed pon themselses, The paper. in
it asce s as follows, dealing with & foe leading featores of
the Tesla system, namely, the rotating magnetic e, motors
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with closed conductors,
trnformors—

"The sibjet whie 1 noxe avo the plesure of bringing o
Jour notce i a novel systen o cloctrie disxbation and trns-
o of power by meas of altrnate carrents, affoding pecn
Tiar advaniagu, purticuarly in the way of wotors, which I am
contident il onee xablishs th superio adaptabiity of theso
currons 0 tho tmnenion of pover and will show that many
ool herctofors anttainable cun b renched by their o o-

N wlich are very munch desired in the practcl operation of
el sy s which cunot be accomplished by moans of
contimions chrents

Before going ino u detaled dscrption of 1
it nceosry o ke o o romarks with rofore
diions exieing i continuons current. gencrtors ind motors
“which, lthough generlly known, aro frequently diregarded.

T ar dyvano machines, it wel Known, vo genersto aler.
o carrnts which wo it by means of # eommtator, a con-
plicated devioo and, i my b jusly id, tho sourco of most of
the trables xperionco i the operation of the machines, Now,
the currnns 1 dircetod canot b iz n he motor, bt
they mnst—aguin by means of o simiar wnrlible dovie—
b reconverted into. their origial sate of et enrrents.,
Tl function of the commtator s corirely extersal, and n o
vay doce it affct the faterml working of the machines In
mality, thercfoe, <l wchines are alernate curment sachine,

wonly . the extornal cireit
during hoi tanse from generator to mator. T view simply of
i St alemnat currnta wonld conmond thenmslos s more
it applction of clctrcal cnorgy, and the employment of
continons carronts would anly b usifid i wo ad dynamon
Wi would primarily gonere, wnd motors il vould b
dircty actuated by, sul curente

B th aporaton. of tho commmutator on  motor i twofold
fint it rovem tho carrents hrovgh fho motor, and secondlyy
it s atomasclly,  pogrosiv sbifting of the poles of one
of te magnetic consiuants. Aseuming, therefors, tat bt of
e s aperaions i the yatrns, has st say, the diveting
of the altruts carsents o the goneratorand revering he dinet
curnnts on the wotor, b almimted, i would il be necssary,
i onder to cate  rofation of he motor, o e progreive

schronizing motors, and rotating fekd

yatem, 1
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CHAPTER 11

A Now Svern or Avrowsarso Comuasr Motons axo

Tuaxsroms,

Tux prsent scetion of tlis volaue deals with polyplise cur.
rents, and the inventions by Mr. Tesla, made known thus far, in
whieh e lns ombodied one feature or anather of the broad
principle of rotaing field poles o reeultant attraction cxerted on
the armatare, 1t is needles to remind clectricians o the great
interest aronsed by the first enunciation of the moating feld
principl, or t dwall upon the importance of the adance from
 snglo altornating curront, o wothods end apparatus which doal
wih moro than one. Siuply prefucing the considerion here
attempted of the subject, with the romark that in nowise is the
abjeet of this volume of & polemic. or controversial nature, it
may be. pointed ont that r. Tesl's work has not at ul been
fully wnderstood or realizod up to date. To many readers, it i
belioved, tho analysis of what ho las donc in this dopartment
will be  rovalation, while it will at the ssmo time illustrto the
beausiul flexibility and range of he principle involved. 1t
will be son that, u just suggested, M. Tesla did notstop short
ata mere rotating feld, bt deult brosdly with the sbiftng of
the resultant attration of tho magnets. 1t will be seen that

wont an to evalve the * wltiphsse” system with many ramifir
tons and turas; that e shoveod tho broad idoa of motors em-
ploying currents of differing phiase i the armaturo with dircet.
currents in the ield; that he firs. described and worked out the.
idea of an arnature with  body of iron and coll closed upon
henselven; thut he worked ont both synelwonising and torque

wotors; that I od and lustratod how machines of ordi-
nary constraction might be ndapted to lis systm; that he em-
ployed condensen i fld and armature cienits, and went to the

battam of the fundamental priociple,tetig, spproving or eject
ing, it would appesr, evory detal that fnventive ingenuity conld
it apon,
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It saem 0 me guite probable thata similar process takes place
in the bulb evon ith a homogeneons clectrode, snd 1 think it
t be the principal cause of the disintegration,  There is bound
o bo some imegularity, oven if the surfce s bighly polished,
ehieh, of course, i impossible with mst of the sefractory bodiss
employed as electrodes. Assune that a point of the clocirode
g Rottor; instantly mast of tho discharge passcs through that
poiint and a minato pateh ¢ probably fosed and evaporated. Tt
i now possible that in cousequence of the violent didntegration
tho spot attackod sinks in temporature, or that 4 connter foroe is
ercated, s i an are; at any rate,the local tearing off mets with
the imifations incident to.the experimeat, whereupon the sume.
process occurs on another place. To the oye the electrod ap-
pears uniformly brlliant, bt there are upon it points constantly
Shifing and. wandoring around, of a temperature far above the
mean, and this materially hastens the process of deterioration.
“That Some such thingocenrs,a st when the leetrodeis ta lower
temperature, sufcient experimental evidence can by obiained in
the following manner: Exhaust a bl to 1 very high dogree, 0
that with  furly high porential the discharge caunot puse—that
s, not & Zuminoa one, for & weak invisiblo discharge oceurs
always, inall probability.  Now mise slowly and carefally the
‘potentia, leaving the pritnary current on no more than for au
nstant, At a cortuin. point, two, thrve, or balf 8 dozen phos
phorosccnt spots will appear on the globe. Thse.places of the
gl ar exidently more volently bombarded than others,thix
Deing du to the wnevenly distributed electic density, necos
tated, of course, by liarp. projectons, or, gencrally spouking, ir
rogulaities of the.cleetrado. But the luminous patches are
constantly changing in_ position, whicl i cepeeially well obsers-
able i one manages to produce very fow, and thia indicates
the configuration of the cleetrodo i rapidly chging.

From exporiences of this kind I aan lod (0 infer that, in order
o be most. durable, the refractory Lution in the bulb should be

e form of u splore with a Lighly polished surface. - Such a
small sphere could be manufaetured from & dismond or some
other crystal, it better way would be o fuse, by tho canploy
ment of extrome degrees of temperacure, somo oxide—s, fo
instance, sirconia—into o anall drop, and then Keep it i the
bl a & temperstare comewhat below ts point of fusion.

Tateresting and nsefal reelts ean, no doubt, b reached i the.
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dineetion of extreme degrees of beat. How can sueh high tonn-
peratures be arrived att How aro the highest dogroes of heat
reached in natare¢ By the impact of stas, by high speeds and
In & collision any rate of heat genoration may be.
attined. T a chemical process we are limited.  When oxygen
i hydrogen combine, they fll, metaphorically speaking, from
wdofinite height. We cannot go vory. far with u blast, nor by
confning heat i a force, bt in an exhansicd bulb we can
concentrate any amon  upon o minate button.  Lear-
i, e, would e the
¢ to each the highest
culty when proceeding in this way
s cncountored, nemely, in most eases e hody s carried off be
fore ¢ can fuse and form s drop. Thi diffenlty exists prinep-
ally with an oxide, el ns ziconia, becatie it cannot be com:
press in =0 land o cake tha it would not b carried of quickly
Thave endeavored repentedly to fse irconis, e eupof
are light carbon,as indiented i Fig. 152. Tt glowed with a most
intense light, and the streans of the partele projeeted ont of the
earbon enp vas of & vivid white bt whether it was comprossed
in . cake or mude juto o paste with carbon, it wae carried off
before it conld bo fused. Tho carbon cup, contaaiag sirconia,
Had to be mounted very low i the nock of & lrgo bull as the
Tieating of the las by’ the projeeted partiles of the oxide was
0 rupid that in the frt tril the bulb was eriskesl alouost
nstant, when the current was tumed on. The heating of the
dase by the projected particles was faund 1o b always greater
when the carbon cup contained a body which was rapidly carriod
L1 presune, bocanso i suels cases, with the samo potential,
Higher speeds wore.reached, and. also bocans, por unit of time,
moro matter was projocted—that i, more partcles would strike.
tho gass.

“The eforementianed diffeslty did not exist, however, when
the body mounted in the carbon cup offered great resistance to
deteriontion. - For instance, whon an oxido was fist fused in
wn oxygen blast, aud then mounted in tho balb, it meltod very
readily nto a drop.

Generall, during the process of fusion, magnifcont light
effets were noted, of whiel it would be diffelt 0 give an ade-
quato dea.Fig. 159 i intendeed to llustrue the offct obsersed
with & ruby drop. At fist one may sco & narow fonnel of

temporature. But s great.
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bardmont €0 oseus against the.condueting tubeo by roson of it
mperfoot. acton as  sereen, it cortainly must. huppen that some
moleeules, or atoms, etrike the tubo sooner than others.  Those
which oome st in contaet with it give up fheir superfuous
charge, and tho tube is clectrifed, the electrifieation instantly
spreading orer its surfuce. Lt this must diminiahs the cnergy
Tost in tho bombardment, for two reasans: s, the charge given
ap by the atoms spreads over o

density ot any poin and the atoms ure repelld with lse
energy than they would b if thoy struck ngainst a good insu
Tator; secondly, 4 the tubo s electrifed by the atoms which first
come in contact with i,

reat area, and hence the clectri

the progres of the following atoms
ins tho tube i moro or loss checked by the repalsion which

he electrified tabe must exert upon the sinlly clectrifiad
atoms, This repulsion mey perhups be suficient to provent o
large portion of the wtoms frum striking the tubo, but t any rto
it mut diminich the energy of their impaet.  Itis clear that
when tho exbanstion is very low, and. the rareied gus well con-
ducting, neither of the above effets cn ocear, and, on the other
end, the fower the atams, with the greator freedom they movo
i other words, the bigher the degrec of exhaustion, up to &
limi, the more teling il be both the offects

What 1 have just sid muy afford an cxplanation of the ple-
omenon obserced by Prof. Crookes, namely, that a discharge
thvongha balh is estalished with much groator faclty when an
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insulator than when  conductor s prosent in the same. Tn my
opinion, the conductor acts s » dumpener of the mofion of the
atoms in the two ways poiuted out: henee, o cunse . visible dis
charge to pass through the bulb, a much ligher potential is
needed if & conductor, cspeciall of much surfuce, be present.

For the sake of cuchdating of som of tho renarks beforo made,
T st now refer (o Figs, 147, 145 and 149, which illustrate
varions arngements with  t5po of bulls most gonerally sed.

Fig, 147 ix 1 section throngh  spherical hulb 1, with the gl
stem %, conteins the lading n wire r, which li & lanp flament
1 fusened t0 i, soving to support the sefractory button n in the
cente. i sheet of thin iiea wound in sevoral ayors around
the st 5, and 1 i the aluminnn tube

g, 143 st such & bl i somewhat wmore advariced
st of perfoction. A mellc tube » i fastened by weans of
“ome cument to the nck of the tube. I the tube i screwed
Dlng v, of insulating material, n the contre of which s fastoncd
& metallc terminal &, or tho conuection t0 the leadingn wire e,
il st be el usulated from the metal tube x;

hould be Sl wih sonte good nsalating i,
el s ien powiler,

Fig. 140 show n bull ade for experimental pirposes, In this
Tl he auminun e s provided with an exteri connection,
which rerves to investigate the effect of the tube under varionn
conditions. Tt i referved o chiefly to suggest & line of cxperi-
ment folowed,

Sinee the bowbardment agast. the stom contaivivg the Joad-
g wire is e to- the inductive action of the Jatter upon the
rareied g, it is of advantage to reduce thi action as fur
practicable by employing a very thin wire,surrounded by a very
thick slation of glaesor other matorial, and by making the
wire pasing through tho rareied gas asshort 1s pricicable. To
combine these fentures L employ & large tubo 1 (Fig. 150), which
protrudes nto the bulb to som distanee, nd caries o the top s
very ahort. gass stem & into which f sealed. the leadingin wire
16, nd 1 proteet the top of the glassstem sgninist the heat by
mall alusminun tabo @ and  lyer of mica vnderneath the sane,
s wsual. The wirc 1, pussing throvgh the Jarge tule to the
outside of the alb, shouldbe woll inrulated—vil u ghss talx,
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much smallor dismeter. To stll furthor reduco the danger
arising from tho heating of tho glass stm, and also with tho viow
of proventing an eloctrical connection between tho metal fube
and tho cleatrodo, T proferably wrap thestom with soveral layers
of thin mica, whih extends ol east s fur aa tho metal tbe. - In
somo bulbs { havo alio wsed an onteide inslating cover.

“The proceding remarks aro only made to id the experimenter
in th fis trials, for the diffcultics whieh ho encountors bo may
coon ind meaas to overcome in bis ovn way

To illstato tho efect of tho sercen, and the adveniago of
using it, 1 have hro ewo balbs of the samo sise, with their stems,
leadingin wires and incandescont lanp Slaments id to the latter,

s possible. The stem of one bulb s provid

im tube, th stem of tho other has nono.  Origh
nally tho two bulbs wore joined by & tube which was conneetod
to Sprengel pump. Whon a high vaeuum had boen reached,
it the conneeting tube, and then the bolb, wero ealed off
ey are therefore of the same degreo of cxbavstion. When they.
e separately conmected to the ol giving o certin potential the
carbon et in the Dol provided with the sluminum sereen
is rendorod. highly incandescent, whilo i flament in the other
bull may, with the smo potontal, not even come {0 rodness,
althongh i realiy the latier bulb takes gonerally moro energy
than the former. ~ When they aro both connceted together to the
terminal, the differenco s oven moro upparent, shoreing the impor-
tance ofthe serocning. The metal tube placed on thestem contain.
ing tholeading.in wire porforms eally o distiet functions: First,
itacts more or less 03 an olectrostatie seroen, thus ceonomiring
tho encrgy supplied o the bulbs and, second, t whatever extent
may fail o act clctrostatiealy, it ets meebanically, prevent-
ing the bombardment, und conscquently intense heating and
‘possiblo doterioration of tho slender support of the refructory.
candesoent body, or of the ghassstem contsiing the leadingn
wire. L say lender support, for it is ovident that in onder to
anfine the heat moro completely o the incandsscing body its sup-
port should be very thin, s as o carry away the smllest possible
amount of heat by conduction. OF all the supports used T have
found an ordinary incandeseent lump flament to be the best,
principally becsue sunong conductors it can withstand the bigh.
st degroa of .

Tho effctivencss of th motal tube a5 an cloctrosttic sercen
depends lsgely on the degeeo of exliaustion.
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At oxeusivoly high dogocs of exhanstion—lich are reached
by using great care and spocial means i connection with the
Sprengel pump—when the matter in the globe i n tho uliin.
rudiant sate, it acts most perfectly.  The shadow of the upper
edge of the tube is then sharply defined upon the bulh,

“At somewlat lower degree of exhuustion, which is sbout the
ondinary “non~triking” vacuum, and_gonerly as Joug as the

witer moves precominantly in straight lincs, tho sercen a6l
doas well. I lucidation of the preceding remark t is nesessary
o state that what s & “non-triking” vacuum fora coi aperated

pulss, o carrents, of low frequeney, is 1ot
3 o coil i operated by eurrents of vory high fre-
quency. T such exso fhe dischargo may pase with great frodom
through the nctied gus throngh whieh a o frequeney die
charge may not pass, even thougl: the potential be
At ondiuary tmospheric prossures just the everse rule holds
oot o lighor the froquoncy, the ose tho spark dichargo i
ble to jaup betwecn the termiuals, cspecialy i they are knobs
or spheres of some size.

Finally, at vory low dogrees of oxliwustion, when the gus s well
conducting, the metal tube ot anly docs not sct e an clectro-
atic sercen, but oven i & drwback, aiding 10 8 conslerable
extent the disipation of the energy laterlly from the leadingin
wire, This, of conrse, i o be expected. I this case, namely,
the metal tube i in good clectrical conneetion with the leading.
i vwire, nd ot of the bommbardont is dirceted upon the tube.
A= Tong s tho elctrieal comneotion i ot good, the condueting

abe i alway of oo adsantage, for aihonglh it may not. greatly
economize energy, sl it protects the support o the refractory
btton, and is the means of soncentrating more cnergy upon the

To whatever extent the alumiauun tabe pesforins the function
of a seren, s ofulness s thereforo limitod 1o vory high de-
g of extanstion when it s insulated from the elctrode—that
i when the g am @ wholo i non-condueting, and the molecn-
16, or atoms, act s ndependont carrors of cloctrie charges,

T addition to aeing 4 more or Tos effetie screen, in the
true meaning of the word, the condueting tube o coati
oo et by reason of s conductiviy, as u sort of cqualis
dumpener of tho bombardment aguins tho stem. _To be oxpl
T asanuo the action to b s follows: Suppose 4 Fhythumieal bom.
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conider the conditions imposed by the sssociation i inductive
relation with tho prinasy coil, of 4 ceondary cail. Tho cursont
genorated in tho socondary cafl will roaet upon tho primary eur.
rent, modifyingz the rotardation of the sme, socording {0 e
wnownt of solfinduetion and resistance in the secondary cireuit,
1 tho secondary cireuit s Ut it seltinduction—us, for in-
ctance, when it contains incandescent. lamps only—it will i
ervase the actual difforence of plase between ite own and the
primary carrent, firs, by dissiniching the lag between the pri-
ary_eurront and the iprossed clectromoiva fore, and, sec-
ond, by s own lng or rotardation blind tho impressed cleetro-
motie force.On tho ot hand, if the sccondary cirnit
w high selfndution, it g bebind the eurrent n the prinsry

P75

Aircetly inerosod, while it will be scill further inercased it the
prinary have o very low seltinduction. The better result are
abtaind when the primary has a low sl induction

of & Tesla motor embodying this princ
far dingrum of » modification of the sam.
75 lot  designate tho fold-magut of a motor which, s
s all haso motors, i bl up of sections or plates. 5 0.0 po-

us upon ehich the cofls are wound. - Upay

olos, 18 ¢, e wound primary coil 1,
ety connced to he cirenit of an alternating current geners.
tor 6. On the sune poles aro also wound sccondry coils v,
cithe side by side or over or wnder the primary coils, and these
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The enrrents in bt prinsary and secondary coil in nch & mo-
tor il b retardod or will lag behind. tho improssed clctro-
motive forcc:, bt to scenre u proper differonce i phaso between
the primary and secondary cvrrents themsclvas, M. Teela in-
ercasce the rosistuce of the cirenit of the socondary and reduces
e el as practcable it selfndnetion,  Thia is done by using
forthe scoondary cireuit, pastienlarly in the coil , wire of coni-
puratively emall diameter i baving bat fow tnms arownd the
coress o by nsng some conductor of highor speciic rsistance,
slvers. or Ly introducing at some point in the
by

with the el of decrcasing the lug betwoen the fpreseed
cleetromative force and tho curront in the primary coils and in-
ercasing the diflerence af plue betwoon the primary and secon-
dary carrents
I the disposition shown in Fig. 6, e g in the secondry
s neronsed by increasing tho selEnduction of that ireuit, while
cresivg tendency of the priary to g s connteracied Ly

the
ncerting therein a dead rosistance. Tho privaary cols » iu 1

ense e a ow s induction and high reitanee, while the cofls
1%, includd in the secondary cirnit, have a bigh solfndnetion
i low restunce. Thic may be o Ly the proper winding of
the cale; or in the cireit including the socondary cofl 3 %, W
ey intrduci @ sl nduction coil s whil in tho prinary

from the generator o and including cils v, there way bo
sorted 4 dead rsistanee . By thin weans fhe diffr
plinse betwoon the primary and sceondary i ineressed, 1t is v
dent hat oth means of increasing the diference of pliso—
amanely, by the special windig sa well us by the supplemnental or
external inductive and dosd resistancenay be employed con-
joinly.

T the operation of this motor the curent frpulsc in the pri-
nary cole induce curronts in the socondary cofle, and by the con-
Joint action of the two the puints of greatest mugnetic attraction
e shifto or rotated.

I practice it is fon
close cailein which carron
of the primaric,

deinible o wind the arutare with
o indnced Ly the action thercon
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throngh a condensor o of anall eapaciy, and the otler diroetly.
Tho primarics aro provided with secondaries s, and % which are
n series with tho onorgising cirenit, o, end. by and & motor 3,
the condenser o again sersing to prodice the roquisite dilfarence
in the plase of the cnrrents traversug the motor cireuits,  As

e phse motors wih o or moro circaits are nose well known
tho art,thy havo been herellustated disgrammatioally. No
diffeulty \hatovor i found in operating 4 motar in the maner
indicated, r in sinilr ways; and althongh uch oxperiments up
1o this duy prosent only seintifi itorest, they may at  poriod
ot for distant, b carried out with practical objects in viow.

It thought wsofl to dovoto horo a fow romarks to tho sub-
Joct o operating dovicos ofall Kinds by means of only one lead
wire, Tt quite obvions, that when bigh-froque
mad use of, ground conneetions ure—at loast when the - . 7.
of the curronts is grest—better than o return wire, Such gronnd
connections are abjectionablo with steady or low frequency cur-
Fonts on aceount of destructive chomieal actions of the formor
and disturbing infuonces oxerted by both on the neighboring cir
enits; bt with high frequencies these actions practieally do not
exiet, Sl oven ground conncetions bocome superfluoas when
tho i 3. v, I vory bigh, for soon a conds
curront may bo passed more oconomical
throngh closd, conductors, Itemote s
applieation of such single wire trunsmissic
expericnced in such lines of experiment, it il not seom f0 to
anyono who for somo timo has carvied on ons of such
nature. Indeed I eammot sce why such a plan shoold not be
practicable. Nor should it be thought that for careying ont such

reots of very high frequency are expressly required,
for just a5 soon as_potentials of say 50,000 volts wwe used, the
ingle wire transmisson may be efected with low froguencios,
and exporimonts have been made Ly mo from which theso afor.
enoss are made.

When the froquencios are vory igh it has beon fonnd i lab-
eratory practie quite essy to regulate tho afocts in tho wannor
chowa n diagruan Fig, 151, Here two primariesand v, are shoven,
ench connectod with ane of its ends to the line 1 and with tho
othor end to the condenser plates © and ¢, respesively.  Noar
thoso aro placed other condenser plates , and 6, the former be-
g eoansetod to tho line 1. and the latier to wn Insulated. larger

of energy to ane not
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folowes i s s, These cores are wound with ofl v, which
aro connected n the s cireu,either i paralel or sercs, wnd
Suppliod with an ateruating or & pubating current, preforsbly
the former, by & genertor v, roprusented dingrmmatically. T
ceen the s or their polar extensions s monnted  eylindrical
or smilar armature ¥, wound with maguetising coil o, closed
apon themselves.

The opernton of this wotor i as follows: When a current
pubo or aleraation i directed throngh the eofls v, thesoetions
3 of the core, Leing on. the surface and in closo proxiuity to
the cails, are immotintely energizod. The sections ¢, on tho ofhor
uwud, axo proteeted feom the magnetizing iufuence of the col
by the interposed layers of irou 1 8. As. tho magnotian of 1 1

nereases, lowever, the scetions © are al energired; but they
i strength until & cortain e subsc.
uent o the exhibition 1y the scctions » » of their maximun,
Upon the weakening of the current the magueti strength of
it diminishos, while the seetions © lave <] their maximum
bt a4 1 1 continge {0 woaken tho intorior scctions e
weakened. 1 1 may then begin to exhibit an opposito
ty, which i followes Iutr by @ similar change on ¢, and
i aeton continucs. s and o wytherefors bo considered 1
scparnt fiold-magnets, g extended 5 u to uct o the arn.
faro i tho most offciont positions, and tho effct s similar t0
that in the othor forms of Tesla motor—viz, a rotation or pro-
gression of the. taxitmuun points of the field of force. Ay
rmaturo—such, for instance, as o dise—mounted in this fold
would rotae from the pole it o exibi s magnetism to that
which exbibits it luer,

Ttisovidont that the principle horo deseribed may bo carrod
outin conjumction with ofher mcans for socuring a moro fasor.
able or cllcient. action of the motor. For oxaiuple, the palar
xtonsions of tho setions o may Lo wound or surrounded Ly
closed cils. The offect of those coils will be to sl more
effetively rtard the magnetizatin of the pola oxtensions of
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of the plate may diminsh the capaciy effoct with relaton to tho
primary of the later coil to such an extent, that tho curront
through it is diwinished, thogh the potentia a the termina] 7,
of the fnduction cail may be the sme or even bigher. Or the
roslt might have been produced by the chango of phase of the
primary and socondary curronts and consoquent raotion. Bt
tho chief dotermining factor s the elaion of tho selfindction
and capacity of coil 0 and plato r, aad tho froquency of the car.
Fents, The greator brighiness of the Slamont in Fig. 1704, i,
howerer, in part due to tho heating of the rarfied gus in the
Iamp by electrostatie induetion, which, a5 Lefore remarked, i
greater whon the suspendor plato i disconnected,

il another feature of e interest 1 may here bring to your
attontion. When the insulated plto is disconncetod and the see-
ondary of tha coil openad, by approsching a small object {0 the
socondary, but very small sparks can be drawn from it showing
. theelectrontatie induction is small in this case, ot upon
tho secondary being closed upon itsclf or through the Jamp, the
Hlament glowing brightly, strong sparks wro obisined from the

induction is now much _greater,

determinos a greator love of current.

through the primary aud prinipally throngh that alf of i which

cotd o the induction coil.  1£ now the bulb be graspod

2, the capacity of th sccondary with referenc fo the

primary i augmentod by the experimentar's hody and the luni.

oty of the Hlament i increwsed, the ineandosccnee novw being.

due parly to the flow of current through the flament and

partly to the molecular borbandment of the rureied s in the.
Db,

“The precding experiments wil have propared ono for the next
Solloweng reslts o fnterest, obesiaod in the conrse of these in-
vestigtions.  Sinco 1 can pass & ourrcnt. hrough wn inculatod
wire merely by connecting oneafts ends to the source of cloo-
tricalenery, since T can induce by it wother curre
an iron core, and, in short, porform all opcrations as though a ro-
tumn cirnit wore vsed, lesrly 1 cun alo drive a motor by the nid
of only one wire.On & formor oceasion 1 huse described a st~
Flo form of motor comprising a singlo excting eal, an iron core
and dice, Fig. 150 Mlustrates » modifiod way of gperting s
an altornate carrent motor by carsonts fduced in o transformer
connicted to one lead, and several othir arrangementsof circuits
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CHAPTER XIX.
Asoms Teen or Trsia Ixoreriox Moror.

I wia, havo been gathered by all who are interested in the
advanee of tho clectrical ars, and who follow carcfully, step by
tep, he work of pioncers, hat Mr. Teela Ind boen foremst to
il induetive effcts . pormancn the
operation of alternating motors. In this ohaptor one simplo typo
of such & motor s doseribed wnd Hlustrace, whih il sorvo s
an exemplification of the princip

Lot it bo ascumed that an ondinary lterating e
toris connocted up fn a cicuit of pr

I, for example, s 4 ciren
only.On the operation of the machine, altemating enrents will
b devoloped in the cireuit, and the plos of these cnrrents will
theoretically coineide with the phases of the
mosivo force.  Such cu
the “unrotarded cormente’

Tt will be understond, of course that in practce there is
ways moro or lss slf-idetion fn the cirent, whicl modifies to
a corresponding oxtent these conditions; bue for convenienco

cgandod in the consderation of the principle of

operaton, since the samo laws apply. Assamo next that a pa
of currents o formod seross any two_points of the abovo cir.
cult, consistng, for example, o the primary of an induction de-
vice, The plases of the currents pasing through the primary,
orwing to.the selfinduction of the sne, wil nat coineide with
the plases of the fmprosed electromtive foree, but will s
belind, such lg being direetly proportionsl to the sl induction
and inversly. proportional to the resistance of the s coi
Tho inertion of this coil wil also cuuso n Iagging or retardation
of the currents traversing and delivered by the generator bebind
the impresed loctromotiva foree, such lag being the mean or
resultant of the g of the current throngh the primary alone and
of the “unretanded curveut™ in theentire working cirenit. Next
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for operating a cortain chssof alternatng motors founded on the
action of currents of diffring phase. I view of the prosent
state of the art it is thought suflcient o doseribe these wrrnge-
ments in o few words only. The disgeu, Fig. 180 1L, shows
a primary col 7, connected with onoof tsend o tho ine . lead-
g rom  igh fension. transformer terminal 7, In inductive
rlation to i primars 1 i secondary s of coaree wire in the
it of which is v il . The corronte induced in the second
any cnergize the iron core , whicl i profersbly, but ot neces-
carily, subdividod, and sot the matal diso € it rotation. Such
motor », a5 dingramatieally shown in Fig. 150 1L, has boon
enllod a “magnetic g motor,” but.this expression oy be o
jocted to by those who ttribute the rofation of the dise to eddy
‘urrents circulating in minute paths when the coro i is finally
“nbivided. ~Tn order to operate sucl & motor offetively on the
plan indicatod, tho froquencios should 1ot be {00 ligh, not 1nore
than fonr or ive thowsand, thongh tho rotation s produoed even
il ten thonsand per scoond, or more.

In iz, 150 L o motor x having tvo energising cirnits, s and
s, disgrmmmatcaly fndicated.  Tho circuit i+ connceted to
tho line 1. and n seris wih it i primary v, which may bavo ta
fre0 end connceted to an nsulated phte r, such connection
being indicated Ly the dotted lines. Tho other motor cirenit
i conneeted 1o the secondary « which is in induetive rlation to
the primary r. When the transformer terinal , i alcrnately
clecirifed, curronts traverso thoopen lino . and alo cireait o and
primary ». Tho curronts throngh the latier induco secondary
currents i the cireuit s, whiel s througl the energizing coil
5 0f the mator. The currents through the secondary » wnd those
through the privry » diflrin phase 90 degroos,oF iowly s, ind
e capuble of rtating an armture placed in inductive relation
to the circuits » and .

Tn Fig. 130 111, a sinflar motor s, with two energiring cir-
cuits o, and i ilustrated. A primary 7, conneeted with o
of its ends o the e 1. hus o secondary s, which is preferably
wound for  talerably high 5 x. v, and to which the two ener-
giing cireaits of the motor are connected, one diretly to the
ends of the secondary and the other throngh s condenser g, by the
action of which tho cursenta travorsing the cireuit 4, and. 5, ar0
made to differ in phis.

- Tn Fig, 150 IV., stll another armngement is shown. In i
ease o primaries 1, and v are connected o the line 1, one
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e motar cirerit n dead resist.
induction coil, by which maans &
ifforence in phase betwoen the two divisons of the current i
socured. 1 both motors havo.tho semo mumber of ild polor,
the torque motor for & given number of altermations will tend o
Fun at donble the speed of the other, for, asuning the connee-
tions to e such 4 to give the bust esult, it polesare divided
inta o seris and the mumber of pole i vitually rednced one.
il which being neted upon Ly the sume nuunber of alernations
teud 10 rotato tho armature  twico tho speed. By this moans
the i armature s more casily bronght 0 o abov the reqired
“pecrl. - When the spoed necessary for synchronism i fmpartod
o the main motor, the cursest is difted from the torgue mator
into the other.

- for canyiug ont this invention i

Shown i Fig. 80, in which s s are_dhe field colls of he sy
chronizing, and 1 1 the field coll of tho torgue motor, 11 are
tho conductors of the main line. One ond of,say, cofl 1 ixcon-
neated ta wire 1. throvgh 4
ot sct of coil i conneeted to the s wire throngh 1 deal
resistance . The opposte ends of these o circuits are con-
ected to the contact 1 of 4 svith, the bandle or lover of which
i on ith o ¥, Ono end of the feld ci
1 motor s connectad 10 tho wire 1. T
(o in tho switelcontact . From the dingrann it
il b eadily seen that i the lever v bo furnee upon contact
tho targuie motor will tart by reason of the diflrence of phiuse
betscen the currents in it two energizing cireits, Then when
" the desiel specd i attaied, i the lover v e shifted upon con-
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condenser discharges throngh an adjustalle gap d dss wl. By
establishing o rapid vibraton it was foand quito casy fo porform
the following ewrious expariment. The bars wand b wore oinod
at tho top 1y n low-voltage Tamp 7 u it lower was placod by
means of limnps ., 50-volt lunp 1y and sl lower another 100-
anp 4,3 aud finally,at o ortain ditance below the lat

lasnp, un exhusted tube 1. By carefully deternining the po-
sitons of these devices it was found practcable to waintain them

Fion 1600, 1690 s 15

all ot their properilluninating power. Ve they were all con
ieted in tltiple ar to the ta stout copper bars and required
widely diffeent pressurcs,  This experiment.requirs of conrse
“ome time for adjustment bt is quite casly performed

In Figa, 163 and 1550, w0 other experiments are illustrated
‘which, unlike the previous experiment, do not require very care-
Ful adjustments. In Fig. 1553, two latps, {,and G, the former a
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it e nire current will s through the field il of the
“ynehronising motor and the orher wil bo doing 1o work.

Th torque motor sy be constructed and operatel i various
way, many of which e already beeu toncled upon. It isnot
cceseary fhat one motor b cat out of cirenit while th other s

Tor both nay be acted upan by curron at the same time, and
Al Tosi e devised various dispositions or arrangements of the
o oo for aceomplishing his. Some of these arrangements
are llstted in Figs. 81 to %5,

Referring to Fig. 1, lot 7 dosguate the forgue or mltiple
irenit motor wnd  the synchronizing wotor, 1.1 being the Bue-
vire fram & source of altornating current, The o ircuits of
the torque wotor of diffeent dogeees of selfnduction, and de-
ignted by x %, are connceted i derivation o the wire 1. They
are then joined and ¢ e energisng cirait of the

synelr
o vire

¢ uotor, the opposite terminalof whil i connected
" “The tia motors are thus i series. To sart
M. Tesla dhortcirenite the synehronising motar by  sitch o
throving the whole current throngh the torque motor, T
wh

the deired spee i resched the switch ' s opened, =0
that the current pases through both wotors, T such un arrange-

ent e this it s obviously desimble for cconomical and other
rensons that . proper relation betwoen the spoods of the v
‘motors should e checrved.

I Fig. 82 anothor dispositon i llstrate. i the synchron-
fag stor 1 he orque motor, the cirents of bot)
puralll. W i 4 cireuit alo
and containing n switeh
wotor cirult, On the start tho switel « is opaned, cutting ont
tho mator =, Then s opened, throwing the entire current
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100-volt and the later s 50-volt o placed in certin posiions as
indiented, the 100-volt lammp baingbelow the 50-volt lmp.  When
tho are s playing at o d and (ho sudden disclargos aro pasiod
through the bars b, tho 50-volt armp will b3 v, burn brighly,
orat lost his resalt is casily socared, while the 100-volt lamp
will burn very low or reuaiu quite dark, Fig. 15%. Now the
s 115, may be joined ot the top by a thick cross bar 3, and it

juite sy 10 maintain the 10-volt lump at full candle-power
whil the 50-volt lamy romains durk, Fig: 183, These resalts,
a5 T have pointed ont proviously, shoald ot o considered o be
auo exactly to froquency bt rather o the time rate of change
which way be great, oven with low frequencies. A great many
other results of the same kind, equally interesing, especialy to
those who aro anly used to manipulate. steady curnents, may be
obtained and they ford precions clucs in investigating tho s
ture of electric currents.

In the procoding oxperiments 1 lavo alreads had occasion o
Show som light phenomena and it would now be proper o study
those in pardoular; bt to make this investigaton more. com-
plete 1 think it nocessary to make int a fow remarks on the
subject of cloctrial resonance whicl has to b alwaye obsorvad
o carying ot these experiments,

“Theeffots of resomnce are befng more and re noted by engi-
neersund are becoming of great importance in the practieal pern
tion of apparutos of all kinds with shernating currents. A fow
gonem] remarks may therefors be made concerning these effcts,
It clear, that i wo sucoced in amploying he effetsof resonance
practielly in the oporation of eleetrc devicea ho rotarn wire will,
as 0 matter of course, beeome unnecesary, for the cletric vibra.
tion may be conveyed with one wire just s well as and sometinies
oven batter than, ith two. Tho queston it to amswer i, the,
‘whether pure rotonance effcts are produeible.  Theary and ex.
periuent both show ha sucl s impossibe in Nature, for s the
ascilltion bocomes moro and moro vigorows, tho losos in the vi-
brating bodicsand environing modis rapidly ncrease and nocesss-
ily check tho vibration which othersise would go on increasing
Sorever. It i a fortunate cireumstance that puro resonanco is
ot producible, for if it were. there is o telling what dangers
might ot lie n wit for the innocent exporimenter. Bt to
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I proceding deserptions reltive o syuehronizing wotors
and melods of operating them, rforence has been made o the
plan adoptod Ly Mr. Tesla, which consists broadly in vi

o motor in such manner dut by mows of
rted e . soulipl-cieuit motor, o one
g by & progrossion of it naguotic poles, and the, whon

,or nearly s0, converted into an ordinary syachron
g motor,or one i which the magnetic poles wore simply aler.
o I sotme cwos, as wheas a Jarze motor ix wied and when
the number of altorutions i very igh, there i more or los
liffcalty i brnging the motor to specd v & double or wliple-
cironit wmotor, for the plan of construction which reuders the
motor best adupted o 7 s synchronising motor mpaies it
elficioncy as o torque or double-cirenit motor under the asunel
conditions o the start. This ill bo rowdily wnderstood, for in
Targe syneheonising miotor the longtlh of the magn ot
tho polar projections, nd heir mass, e w0 great that spparenly
considerable e is rquined for maignotization snd dermagnetizn

Hene with & currn of  vry bigh muber of altor

tho wotor may ot respond properly. o avaid this objoction
and to start up & synelronising motor i which these conditions
biain, M. Tesl lis combinea o motors, ne & synchronizing
mator, the other & multiple-cireuit or torque otor, and by the
ltter o brings the fistaamed up o specd, and then cither
o the whola cusrent nto the synchronizing motar or operstes
joiutly both of the motors.

T invontion. involves soversl novel and usofol features. 1t
Wil bo olserved, in the fist place, that both wmotors aro s,
withont commutators of any Kind, and, seeondly, that the speed
of the torque. motor may be bigher than that of the synehroniz-
g motor, s eill L the case when it contain  fower mumber of
poles o st of polos, =0 hat the wotor will be moro readily and
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plate r,._On the primarios aro wound socondaric s and 5, of
oo wire, connected 1o tho deviees @ aud £ rspectivly. By
‘arying the distances of the condenser pltes 0 and G, and ¢ and
o tho currents through the socondarioss and 3, are varied in
intensity. The curions feature s the grat senstivencss, the
i the distance of the plates producing consid-
or strengtlh of th curronts. Tho
wonsitvencss may be rendered extreme Ly making the froquency
such, that the primary itslf without any plato attached ta iis
freo end, stisflos, in conjunciion with the closed secondary, the.
conditon of rosonanco. In such condition an extromely tmall
chango in the capacity of the fre terminal produces great varis-
tous, For natance, 1 have becn able 0 adjust the conditions so
that the mers approneh of & person to the cofl produces 4 con-
iderable chnge.in the brightness of the lamps attached to the.
cecondary.  Such obscrvations and experiments posses of course,
at present,ehiefly scntife interest, bt they may so0n become.
of practieal impartuace.
Vory bigh froquoncies are of cowrso not practicablo with
oging ron cores. But
ane may vse sudden discharges of low frequency and thus bisin
cortan adantages of high-frequeney currents without rendering
incapable of following the changes and
‘withot entiling a very grea expenditure of energy in tho core.
practicable to operte it such low fro-
quency disraptivo dischanges of condensers, altornatig carront
motors. A coriain chuss of such motors which T advunced u fow
years ago, which conain closed sccondary cicuits, will rotato
vigoromly when the discharges aro dirceted through the.
exclting cails.One reason that. such & motor oporsics o0 well
with these discharges i that the difference of phase betwoen the
primary and secondary currents s 90 degrees, which i
Dot o ease wih Larmonicall rising and fuling eurren
frequoney. It ight not bo without interest 1o show an experi-
ment il & simple motor of this kind, insmuch v it is com-
‘monly thovght that disruptise discharges sre unsuitable for such
purposes. The motor i illutrated in It comprises a
ruther lage ron core  with lots on the top
bedded thick copper washers 0 0. In proximity to the coro s
 frooly-morable metal disc b. The core is provided with a pri-
mary excitug il , the onds a and § of which aro connectad to
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the same. “The prefersbly larger synehronising motor hac
polur projoctions an it armature, which rotate in very closo pros.
ity to the poles of the feld, and in other respeets i conforms
o the conditions that aro necessary to securo synehrunous acton.
“The pole-pices of the srmature v, bowerer, wound with closed
coil 1, s s obviates the employment of sliding contacts, The
“waller or torque motor, on the othor land, has, proferably,
eylindrieal armatare 3, without polar projoctions and wound it
close el . The fieldofh of the torque motor are connected
apin bwo series 1w and 1, nd the alternting current from the
genorator s dircted throngh or dividad botween these b cir-
cuits in any manner o produce a progresion of the polet or
pointe of maximun magnetic cfect, This rosult s socured by
eonnocting tho two. motor.irenits i derivation with the ciruit
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Js of the sccondary & of an andinary transformer, the
primary » of the latter being comneetod to an alternating distri-
Dutioncireit or generator o of Jow or modernte froquen
The terminals of the secondury s are attached to @ condensor
which disehargos through wn i gap d d whicl way bo placed
in scries or sbunt to the coil ¢, When the conditions o
properly chosen the dise  rotates with considerslle ffort and the
rom core  docs not getvery percepibly hot. With currents from
@ bighfrequeney alternator, on the contras, e core gots rapidly
Dot and the dise rofates with o much sualier effort. To porform
the experiment properly it should be frst ascertained that the
dise 1 is not set in rotation when tho disclnge i not. oceuring
atal . Tt ia prefersble to use o large fron core and n_ condenser
of large capacity 20 s to bring the superimposed quicker ol
Iation' to a very low piteh or to do svay with it entirely. By
olersing cortain clomentary rules 1 bave alio found it pract-
cable to aperate ondnary or shunt direct-urrent niotors
with e disruptive dischunzes, wnd this can be done ith or
eithont & retr wire,

Among the various earrent pheromens observod, perhaps the.
most intereting are hase of impodunce prescnted by condctors
to currents varying at  rpid mte. In my fint puper Lefore the
Ameriean Tnsitute of Eloetreal Enginecrs, 1 have deseribed o
fow: striking observations of this kind. Thue 1 showed that when
sucl curronts or eudden discharges aro passed throngh a thick
netal bar there may be points on the Lar only a fow inches apart,
which lave a suffcient potential differenco between them to
maintan st bright incandescence w orlinary lament lamp. |
lave slso describd the curious belarior of rarefied g surround-

‘ conductor, due o such sudden rushes of current. These
Plienomena havo sinco boon moro_carefully stadied aad one or
w0 novel experiments of this kind are docmed of sufielnt in
torest to be deseribed here,

Referring to Fig. 1584, 1 and v, aro very stout copper bars
connected at theirlower ends to pates o and o, respectively, of
condansor,the oppoeite pltes of the ltter beinig conneeted o the
torminals of the socondary = of @ lightension tmniformer, the
primary v of which i supplied with alternating currents from .
ondinary low-froquency dynamo o or distibution cireuit. The
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To demenstrato anotber interesting feature, 1 luve adjusted
tho cofl ueed in a corain wry. 1 fnt conncet bth the terminals
of tho lamp to tho secondary, onc end of the prinary being con.
neatod to-he terminal 1, of the indetion cal and the other to
tho nsulatod plate , s before,  Whon the current is tarned on,
tho lamp glows brightly,as shoren i Fig. 1785, in which ois  fne.
wire coil and s  coarse i socondary wouad upon it I the
nsulted plate v, is disconnectod, eavig on of tho cnda @ of the

»

=

-

primary insulated, the flument Uecomes dark or generally it dim-

hos i brightnss (Fig. 175).  Connectng again tho plate 7,
and rasing the froquency of the current, [ make tho Hlament
quite dark or barely red (Fig. 1707).  Once more T wil diseon-
et the plate,  One wil of eourse fufer that when the plao is

onnected,the current through the primaey will Lo weakenod,
that therefore the v, 3. v. will fll in the sccondary s, and that
the brightness of the lamp vill diminish.  This might bo the
cass and the resul can b sccared by an onay adjastment of tho
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ol also by varying the froquency and potentil of the cur.
rents, Jut it is perlaps of groster intrest o nots, that the lump
increases in brightness when the plate i disconnected (Fig. 170)
Iin his cas all tho enrgy he primary receives i now sunk into
it ko the chargo of a battory i 40 ocean cable, but most of that
cnergy is rocovored. thraugh the socondary and wied o light the
lamp. The current traversing the primary is strongest at thoend
B which is connecto to the terminal 5, of the induction cil, and

diminishes i strength towards the remote end 0.

ot the dyn-
e nduetivo offct exertod upon the secondary s s now greator
than_ before, when the suspendod plate was conncctod to the
primary. These resuls might Lave been produced Ly a mumber
of canes, For instance, the plte r, being connectod, the reac
tion from tha col  may be such s to diminiah the potontial at
the terminal %, of the induetion cofl, and therefore weaken the
current throngh the primary of the cofl . Or the disconneeting
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of this core, he makes it of thin stris, pltes, or wire of soft
ron cectriall insalated s far s praticable.  Upon this core
e womnd, suy, four el 11/, s s primary cofl,und for
which longg lengtls of comparntively fne wire are anployed.
Over these il ane then wound sharter eils of courser wir, 0 ¢
ente the indnced or secoudary coili. The constrne.
‘or any equivalent form of converter way be erried
further, a above. pointed ont, by inclosing these cols with fron
s, for
The devi

pl, by winding over the coils Iyors of insulted

i provided i snitable inding posts, o whicls

e w2 o

are e, Th dinmetrially apposite coils
0wl o are comnected, respeetively, in series, an the fonr
mials are comnected 10 che binding poste, The induced
ol are connected together i any desired manmer. For ox-
ple, e shown in Fig. 4, 0 0 ay b connested in multiple
ity curront is desired—as for running & gronp,

T ps—while oo’ may be independ
et in serics i cieait ncluding ave lnps or the ke, The
zemerator in.this systom ill e adapted o the eonverter i the
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onds protruding from tho boxea 3.~ Assumo that the motion im.
partcd bo such s to move tho piston to the left (when looking at
tho dingram) then the sir rushes hrongh the slot ” and tube 7
into the chamber ta the left. The pressure now drives the pis-
ton towands the rght and, owing to its nertis, it overshoots the
position of equilibrinm and llows the air torush through the
Sl 5 and tubo rinto tho chambor to the right, whilo the com-
musieation to the loft hund chamber is eut of, tho air of the
latter chamber escaping through the outlet o on the left. On
tho return stroke a similar operation fakes place on the right
land side. This oseilation s maintained continuosly and the
apparatn performs vibrtions from a seareely percepible quiver
amonnting to no morethan * of an nch, upta vibrtions of a itle
over  of an inch, according to the air prossuro and load. It s
indeed fnteresting to ses hov an incandescent lampis kept burn
img with the upparatus shoving a searcely porcopible quiser.
“To perfeet the mechanical part of the apparatus so that oscl-
Iations are maintained cconomially was one thing, and Mr. Tesla
inted in his lectave ot the great diffenties he had firt enconn-
tered to sccomplich this. - Bt to produce ascilltions which wonld
e of constant period was another task of no meun proportin.
As alrady pointod out, Mr. Tosla obtains the constancy of poriod
in three disinet ways. Thus, he provides properly ealeulated
chambers,as i the case lvstrated, in the osclltor el or b na-
cociates with the oscilltoran ai pring of constant reilience, Bt
the most interesing ofall, perhap, i the maintensnco of the con-
stancy of oselltion by the reaction of haeloctromagretic part of
tho combination. Mr.Teslawinds hiscoil, by preforence, for ligh
tension and assocates with them a condonr, making the atural
periodof thecombination fiely approximating o the aserage period
at whichthe pston would ascillae withont any partieular provision
being made for the constaney of period under vrying pressuro
and loud.  As the piston with the coils is perfeetly frve to move,
it is xtromely suscopible to the nfluence.of tho natural vibra:
on et up in the cirenita of the coflaw 1. The mechanical offii-
eney of the sppartus i very high owing o the fact that frietion
i reduced to & minisaum and the weights which are moved are
emall; the outpat of the osellator i therefore a very large one.
Theoreticaly consdered, when the various advantages which
Mr. Tesla holds out aro xamined, it is surprieng, consdering
he simpliity of the arrangemenst, that nothing was done i this
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direction before. No doubt many inventors, a¢ oue tine o
other, e entertuined the idea of gonorating currents by at-
taching o cofl o a magnetic core o the piston of & steam cugine,
or goncrating curronts by the vibrations of & tuning fork, or
imilar dovices, but o dicadantagos of such arrangements fron
a emgincering standpoint mut bo obrious.  Mr. Teda, however,
n the ftroductory remarks of L loctare, pointed out how by &
scrie of conclusions ho was driven to aka up this now lino of
Work by the necessty of produciag enrrents of constaat periol
s result of Lis cndoavors to maintain. eloctrical seillation
in the most siwplo and ceonomical maaner.
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“Th setion of this motor and the effeet of the ylan followed
are as follows: Tho wotor Leing started in
operstion and the coils of the ficld magnets bei
alternating eurrents, carrents are
by e s of fild coil,as 1, and the poles €
acted upon by the other set, s c.The armature coils, however,
lave necesarily n high self ndtion, which opposes the flow of
the curvents thus st up. The condeuser » not only permits the
s or tranferonce of these currents, but also counteruets
tho effcts of sl Einduction, and by » proper adjastument of the.
expacity of the comdenser, the sel-nduction of tho cole, and the
perios of the currents, the condenser may be made to overcome
entirely the effect of s nduction
1t s preferable on acconut of tho andosirbilty of using id
contata of any Kind, o wsociate the condensor with tho rmature
direely, o ke it & part of tho arnature. Tu some casos Mr.
Tosln s up the armature of wunvdar plates ¢ %, held by balts
1 Detaseen heads x, which aro. socured o the driving shaft, il
in th hollow space thus formed e places w condenser 3, gener-
ally by winding the two ineulated pates spirally around the
shut.” Iu other cases ho utilizes the plates of tho coro itselt
s the pltes of the condonser, - For example,in Figa, 85 and 8,
i tho driving shat, % x are the hewds of the armaturc-core,
and & & the iron pltes of which tho corois bt up. These
plate e insulato from the shaftund from one amother,wud are
Tald together Ly sods or bolt 1. The Lolts pas throngh o large
Tl in one place and a suall Ll in the one nest adjacent, and
50 0n, conneeting lectrically all of plates %, 1 one armatare of
condenser, and all of ylates ' s the other.
To cithér of the condensers above deseribed the armature cols
be conneete, us explained by reforonco to Fig. S6.
T motors i whicl dho armature cofls are clossd upon thein-
selves—us, for example, in any form of alternating current motor
i which one. armature cofl or st of cofls i in the position of
Juction with respee 10 the flold
the other i in tho positon of inimumm indu
bestconnoeted in one. series, and two pointe of the ciruit
thus formed aro bridged by o condenser,  This is illustrsted in
Flig. 00, in which 5 rprosents one s of armature coils aad ¥
points of nion. are joined throngh u con-
b oberved that i this disposition the selt






OEBPS/images/bg36400001.jpg
o INVENTIONS 0F NIKOLA THSLA

cusly recognized by bserving the  poten

e 1 near to the cc
Tn connction with resomnco offots and the problen of trais-
fseion of onergy over a singlo conductor which was previously
considered, 1 would say . fow words on a subject which constantly
il my thonghts and which coneer the welfare of all. 1 mean
the truusmission of inteligible signals or perhaps even power o
any distance without the we of wiree, 1 am becom
more convinced of the practicability of the scheme ; and thogh
Tknow full well that tho great majority of sientific men will
ot believe that such results can be. practically and immedistely
vealized, et 1 think that all consider the developments in recent
yeurs Ly nommber of workens to have been such  fo eacournge
thonglt and oxperiment in this direction, My convietion s
grown 50 strong, that 1 no longer look upon ihis plan of energy

Migence transnision a n mere theoretieal possbility, but s
wserions problen incletrieal engincering, which st be earried
ont some day. The iden of transmitting intelligence withont.
‘wires i the naturl onteome of the most. recent. results of elec-
trical investigations. - Som enthusists havo esprossed o be-
T that telophany to any distance by induction thrangh the air
s possble. | cannot siretch my imagination 5o far, bt 1 do
iy beliove that it i practiable to disturb by meansof power-
ful machines the clectrostatic condition of the carth and ths
traneuit inteligible signals and perhsps poer. Tn fuc, what i
thero againt tho carrying out of such o schemo! Wenovw know
that clectric vibration may be tranemitted throngh u single o1
ductor, Why then ity to vl onrsclves of the carth for
this purpose £ We nead not be frightened by the idea of dis-
fance. T the woary wandoror counting the ile-poss the earth
nay appear very large, bu to that bappicst of all men, the e
tromomer, who gazos at tho beavonsaud by their standard judges
tho magnitude of our globe,it appears very small. Aud =0 [
hink it st seem 1o the electician, for when he considers o
<pece with which an cloctri disturbance s propagated. throngh
the carth all bis idens of distance must conpletaly vaniah.

A point of great importane would be first ta know what is e
capacity of tho earth? and what charge does it contuin if electri-
fed? Though we have no positive evidence of & chargod body
exising in space withont other oppositely clectified bodies being
ear, thero ia a far probability that the carth is cuch a body, for

1 of a point on the






OEBPS/images/bg12300001.jpg
ronyPiASK CoRRNTS. s

ucton of the two ranches  and ¥/ varies il ther position
reativly to the feld magnet, and that cach braneh is slternately
tho predomivating source of the induced current, Hence the
effct of the condenser » s twofold. s, it ineroases the cur.
rent ineach of the branches alternately, and, secondly, it aliers
the pluse of the currents in the branches, this being the well.
knawn effect which results from ench  dispositon of 5 con-
douser with a cieuit, s bove doscribod. — This effet i farorable
o the proper workin of the motor, because it nereascs the flow
of curtent o the armature cireuis due o 4 givon inductive

elfct, wnd also becase it brings mare nearly into coincidence
the maximum magnetic efects of the concting field and armatore
poles.

Tuwil be understood, of course, that tho causes that contr-

e 10 the eficiency of condensers when applicd {0 such uses
the above must be'given due consideration in dotermining the
practiability and. oflcency of the motors.  Chief among these
i, e is well Known, the periodicity of the current, and lence the
improsementa deserbed aro mgre particulary adaptod to systems
in which o very bigh mée of altcraation or change i main-
ained.

Althongh s invention hus been ilustrted in connection
with & special form of motor, it will bo wnderstood that it s
equally appliable to any other. sternating current motor in
which there s a closed armature coil whercin the currents arc

wuced by the setion of the fld, and the feature of utiizing
tho plates or sactions of & magnotie core for forming the con.
denser s applicable, generally, to other kinds of lternating cur-
ront upparatus,
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by whatoser process i was separatel from other hodics—and tlis
i the accepted view of it origin—it must have rtained s charge,
s occurs in 4l procosses of mechnical eparation. I it be o
changed body insulated in space it capacity shanld be extremnely
sl s flan one-thowsandth of a farad. lat he upper strata
of the i aro condueting, and =, perbaps, i the medium in frec
space Leond the ntmophers, aul these iy contain an oppesite
charge. Thea the eapacity might be. incomparably greater, In
iy case i s of the gretest iporiance {0t an idea of what
quentity of clecticity tho earth contains, 11 s diffcalt 0 sy
‘whethr wo shall evor aequire this necevary knowledge, ut then
i Bopo that we saay, and that i, by moans of loctrical resonanee
I ever we o ascevtain i what period the carts clarge, when
disturbed, ocillates with repect o an oppusiely lectrifed system.
ar known cirenit, ol know & fct. posibly of the greatost
fportance to the welfure o the homan race. 1 propose toseelc
for he period by waeans of an clectrial seillator, ar a source of
aliornaing loctric cwrronts. One of the ferminals of the souree
wonld b comnecten to earth a, fo instance, to th ity water
maing the other to an nsulated boly of largo srface. 1t s pos-
bl that the outer conducting it i, or oo space, contain
an apposite charge and tha, together with the carth, they
condenser of very large capacity. In such easo the period of
vilration tay be very low and wn altornating dynamo machine
might serve for the purpose of the exper T would then
transforin the current to a potential s high a it would be found
posible and connect the end of tho bigh fension sccondary tothe
{ground and o he insulted bods. Ty varying th frequoncy of the
curentsand carefully observing the potentia of tho insulated body
and wateling forthe distarbance at varions nefghbaring poiats of
the earth's surface resonance might be deteeted. - Should, s the
majority of cientfi men i sll proablit beliove,the poriod bo
extremely sul, then a dy achine would ot do and
‘proper lectricnlascllator would bave o be produced o perlaps
it might not be possiblo to obtain such rupid vibratione, Tiut
whether this be posible or ot, and whether the earth contains:
charge or not, nd whaterer may:bo it poriod of vibrution, it cr-
tanly is possible—for of this wo b daily ovidence—o pro-
duce some elstrical disturbance suffcently powerful 1o Le per-
coptible by sutable. instrumenta. at sy point of the earlls
surface.
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howeser, posssses cortuin novel feature of practical value and -
Volvesa knowledgeof factaless generally undenstood, Itcomprisos
the useof 4 condenser or condensors i conneetion with tho indced
or armatire ciret of & wotor and cortain detaile of the con-

P o, T, Vo

strction of suel motors. T an aternating eurrent motor o the.
type partenlaly referned to abose, or in any other whieh s
v amature il or cienit losed wpon i, the Jater repre-
Senta ot only an. indctive rsistance, bt one which i period-
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‘conbinations thero will e, for givon froquoncy, and considering.
only the fardamental vibration, values which will give the hest
result, widh the condonser in shint to the selfinduetion coil; of
conrse mare such values than with the condenser in scries,  But
practical conditons determine the selection.  In the latter caso
in performing the experisments one may ke  small el induction
and a lurgo capacity or  swall capacity and a lurgo salf:

tion, but the latter s proferale, bocause it

just alargo capacity by amall stepa. By taking  cofl with a very
Targo sl induction the eritial capacity s reduced o very small
value, and the capacity of the coil itelf mny be suffciont, 1t s
eusy, ospocially by observing certsin. artifces, to wind a coil
hroragh which the impedanco will e redced 0 tho valu of tho
olmicresistance only s and for any coil there i, o course a fre-
quency at which the maximum eurrent will be made 1o pass
throrigh the coil. The abservation of the relation Letween selt

o, 164

induction, eapacity and froqueney is Lecoming important in tho
operation of alternate current apparatu, such s transformers or
‘mators, because by a dicious determination of the clementa the
employment of an oxpensive condenser becomes nnnccesry.
Thus it is possile to pase throngh the cofls of an alternating
urtent moor under the normal working conditions the required
eurrent with a low . x. 5. and do away entisly with tho falso
‘curtent, and the larger the wotor,the easer such » plan becomes
practicable; but it s necessary for this to employ eurrents of very
high potential or high frequency.

In Fig. 154 1. is shown a plan which has ben followee in the
stady of the resonance cffects by means of & bigh froquency al-
tornator. o, i s coil of many turas, which is divided nto small
scperaie sections for the purpose of adjustment. The final od-
Justment was mado somtimes with a fow thin iron wires (thouglh
i s not always sdvisable) or witha losed socondary. The eail
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that for o givon inductive cifct upon the amature there shonld
e the greatest. possible enrent through the armutar: or induced
coil, ), sccond, fhat there shoald ahvaye exist botween the
curnents in’the energizing und the induced circuit u given rela-
tion of pluase. Honco whatovor fouds o dcercase tho selfinduc-
tion and. inerease tho cnrront i the indneod cirenits will, other

s being cqual, ineresse the ontput and clicieney of the mo-
tor, and the same il bo truc of cuuses that opurste to maintl
the matual attmetive effct between the field mgnets and arma.
fare at s wmaxinn, M. Tesla soenres these. resalts by con.
ecting with the fnduced cirenit o cirenis . condenser, n the
mer doseribed elow, and e also, with this purpose i view,
constretsthe motor in & special manner.

Reforring to tho dravings, Fig. 86, i a view, muinly din-
gruatic, of an lteruating cverent wotor i whidh tho present
principle i applicd. Fig. T ix a contral section, in line with
the shaft, of n special form of armature corc, g, 5% is
lar secton of  modifcation f the sme.  Fig. 80 i one of the
soctions of the core detached. - Fig 90 i u disgnan showing
wodifed disposition of e armature or induc circaits,

“The gonoral plan of the investion i ilustrated fu Fig. 36
A i this figure reprosent the the frune and fiold magnets of
a alteruating cursent motor, the poles or projections of which
are wound with coile 5 and ©, forming ndependent. onergising
cirenits comnecte cither o the same or to independent source:
of alteruating curtents, s thes the cnrrents foving through tho
cireite, respectively, will have o difforence of phase.  Within
the influence of this ek i armuture core v, wound widh coils
2 In moto of this description heretofore: these culs have beon
closed upon themseles, or comnostel i x cosel serios; but
tho prosont caso cach cofl or tho comnocted soris of cofls tomi-
mien in the opposite phics of n condenser v. For his purpose
the ends o the sercs of coil ure brought out through tho shaft
o collocting rings o, which wre comnoctel 1o tho condenser by
contuct brashos 11 wnd switable conductons, thecondenser being:
ndependent of the machine. The armature ecils are wound or
conneted in sl manner that adjcent coils produce oppositc
poles. .
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o is connested with one of it ends o the line 1. from the alter-
nator  and with the other ond o one of the plates ¢ of & con-
denser o , the plte (2) of tho later being connected o uch
larger plate . Tn Bis manner both cxpacity s sel-induetion
wore adjusted to suit the dynamo froquecy.

s rogavs tho riso of potential thrangl rescnant aeton, of
‘course, theorctically, it may amount to anything since it deper
on selfinduction and resistance nnd since these may have wny
valtue. Bt in pracice one i limited in the seltion of these
alues and besides these, there are othor imiting cuses. One
may sart with, say, 1,000 volts and raiee e % w. 7. to 50 imes
lat value, but one extmot start with 100,000 and rase Jt 0 ten
fimes that value hecaueo of tho Tosses i the medin which aro

tho frequeney i bigh. It should o possble

Tor instance, two volta from a high or low fre-
y cireuit of o dynamo and aise the 1. X. 7. o many hua-
dred times that ‘alue. Thos coils of tho proper dimensions
might be conneeted each with only one of its ond to the
anaius from u machine of low x. . ., and. though the cireit of
o machine would not be closed in the ordinary scceptance of the
torm, e tho machine wight be burnod out f & proper resouance
effoct would bo obtained. I havo not becn able to produce, nor
havo T observod with currenta from & dynamo machine, suel
great rses of potential. 1t is posble, if ot probabe, that with
cnrrents abiwined from apparatus containingziron the diturbing
nfluenco of the lattor is the causo that theso thooretieal pos-
ibilitos cansot be reaized. Bt if sl s the e 1 attribute
it sololy to he ystorosi and Foucaule current loss n the core.
Generlly it was noccsaary to trnsforn. upreard, whon o 5. 3.
. waa very low, wnd wsually an ondinazy form of induction coil
was employed, but sometimes the arravgement ilustrated n Fig.
184 1L, ha boen fouad to Lo convenient. T this cazon coi o
made in & great. many sectons, n few of these befg used 28 &
primary. Tn chis manmor botls primary and secondary are ad-
justable. Ono end of tho cail i comnacted to the Tine 1, from
o alteruator, and the other e 1 conncetal o the intermedi-
ate point of the coil. Snch a cofl with adjustable primary and
sccondary will be found also convenient in oxperiments it the
Asruptive discharge.  When truo rosonance is obiained the fop.
of the wave must of counie be on the froc ond of the cal u, for
nstance, a¢ the torminal of the phosplioresconeo bulb .~ TIle
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i ol a Ly the prinary fnspulee. This condiion i indicared
by the charseters ' .

" the circuit formed by the to st
ducod a condenser 1 otherwiso this circuit is closed upon
tslf, while fhe froe ends of the cirenit of coila  aro conuocted
fowcoure of alterming currents.  Ax the condenser capacity
which i needed i any partienlar notor of this kind i depend-

 upon the mte of aiternation or the potentia, or bath, is size
or cos, 45 before oxplaned, may be brought within cconomical
Jimit for use with the onlinary cirenite if the potentia of the
secondary cirent in tho motor be suficiently high, By giving
o the condenser proper salucs, wny desired diffarence of phase
etween the primary and sccondary energiring circnits may bo
abtained

of cale and o fotro-
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portant clement han the frequency. When both of these are
Suffciently ligh, the beating may b almost ontirely due o the
presence of the rarefied gus. The experiments to follow will
Shor the importance of the ranfod gas, o, ceneraly, of gasat or-
dinary or other prossure s regunls the incandescence or other
Iuminons effcts produced by corrents of this ki
Ttake two ondinary S0-volt 16 c. v. lumpa which ar in every.
respect alike, with the excepion, that ane s beon opened at the
top and the i s lled the bulb, while the orher i at the or
nary degree of exhaustion of commercal lamps. When 1 attch
the lanp whih s exhaasted to the terminal of the secondary of
the coil, ehich 1 luve alrendy usod, s in experiments llastruted
in Fig. 1700 for imstance,and tarn on tho carrent,the Hlument, i
son lave before seen, comes to ligh incandoscence. When |
ttach the second Janp, which i filed with air, instend of t
former, the filment i1l glows, but much Jos brightly. Tl
experinuent illastrutes only in part the teuch of the statoments
Defore made.  The imporiance of the lament’s Leing immersed
n rareied gus s plainly orceable. but not o such & dogrec ax
night e desirabl. The reason s that the secondary of this coil i
o for low tension, having only 150 turue, and the potential
difference at the teraitals of the lamp i therefore small, Were
Tto tuke snother coil with many more turns in the secondary,
the effeet wonld be.increased, snce it depends parialy on the
potenial difference, s beford. remarked. Jot since the offect
ke depends on the frequence, it may be properly stated that
it depends on the tine rate of the variation of the potential dif
greater s variation, the moro important becomos
e gs s an clement of eating. 1 can produce a 1much greater
rate of sarition in wnother way, which, besides Laa the advan-
tag of doing awny with the objections, which wight be made in
the experiment st shown, even if both the lamps were con-
nected i series or wnltple arc o the cofl, namely, that in con-
suquence of the reactions existing betwoen the primary and
cecondary el the conclusions ure rendered wicertain. - This re-
e Lsocare by chargiog, from an ordisary trnsforer which is
cursent supply station, a Luttery of cou-
densers, and discharging the latter directly throughn ciruit of
dvetion, us befare illustated in Figs, 1830, 155,

Tn Figs, 1504, 1585 and 1565, the heasy copper bars ns, are
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CHAPTER XXIIL

IR TR r—

Avewxisa the polyphuse prvciple 1o the constmetion of o
formers s wel o i motars aleady noticed, Mr. Tesh i i
vented somo very inforcstng fors, which o coneiders free
from the defoets of carlcr and, at prosent, more funliar forms.
In these transformens e provides a sercs of inducing cofl sl
corresponding ndneed cale which are genernlly wound npon
cans clowesl npon telf, wally  ring of lnsinaed inon,

“The two sets of il ane wound sde by side or superposed or
otherwise placed i well-know waye to bring then into the most
efftive relations t0 one miother aud to the core.The idueing
or primary euls wound on the core e dvided fnto paies or sia
by the proper_ sleetricn cunmections, w0 that while the coils of
e pair or st co-operute fn fixing the ngnetic polos of the
care at two given diametrially apposite pons, he cofl of the
otber pir or set—wsuning, for sake of ihatration, th ther
Ao bt two—tend o fix he poles ity degrocs from sucl
poinga, Wit thi idueion device i wed an alerming current
zenerntor with cails or st of coil o correspond with those of
the converter, and the correspondin cofl of the gonerator and
converter are then comeeted up in independent. cirenits 1t ve-
uls from this dhit the diflernt cletriea plases i the gener
tor are ttended by comesponding nugnetic changes in (he con
vortor; or, in other words, hat as the gonerstorcoll revolve,
the point of greatost wgnetic infensity in the convertor will be
rogressively shifted or whirled around.

Fig. 02 i & dingrumnatie lvatrtion of the convorter snd th
clectricnl conneetions of the sune. Fig, 15 i & horizontal cen-
trl croswicetion of Fig. 02, Fig, 0 i dingram of the cirrite
of the entir systen, the generstor being shown i soctio

M. Tesh s  core, 4, which i closed npon itelf—that s to
cay, of sl eglindrical or cqivalent forn—und as the

Heicnoy of the apparatu i gl ncreased Ly the suldivison






OEBPS/images/bg00200001.jpg
Y RS i
DS i
oy, sorouoy
FVAYEIYAY
T z
H EE

)

S

s

sz,

£
s%
B

s
i

He S

£
Iion®

gy

NG, SAGIE,
§“ g,

Fimowva
o
St %

UG, ARG,

o

g,

2 £ 2

£ ]
ot
oy
H
“orwans®

i
o,

T
gy,
150)E

3 g
i

et
S

%, &z

ey

ViR,






OEBPS/images/bg12400001.jpg
CHAPTER XXIL

Maron vt Cospmsae 15 oxi o ax Fistn Ceurss,

I 1 fied o encrgisng cireuits of & rotary phase wotor b
oth derivel o the same souree of alternating currents and
condenser of pevpe capacity be inelulod i one of the same, ap-

pately, the desied difforence of phase may be obtained be-
e carrents fowing diretly from the souree und those
Howing throngh the condeners but the great size and expene
of condensers for this pryuse that would oot the requirements
of the ondinury aystems of comparatively low potential are par-
Henlarly probibitory to their cmployment.

Another, o wellknown, metod or plan of securing  diffr-
ence of phaee betwoen the anorgsing currents of motors of this
i i o induce by the enrrents in ome cireuit thoso i the other
cirnit o cirenits: ot ms o meana bad heen proposed that
would secure in this way betwoen the phases of the primary or
indeing and the scondary o indced currents that differenco—
theore it i best adapted for practicsl

. Tosl devised n means which ren-
dors pactiable ol the abave deseribed plans or methods, and
by whicl b is cuable 1o bt an cconomical and officient al
temating corrent motor, i invention conssts in placing
condenser in the secondary or induced cirenit of the motor aboe
deseribed and rasing the potental of the secondary carrents 1o
steh . degree that the capacity of the condenser, which s in
part dependent on the potential, need be quite il The value
of this condenser i determined i el l-andonstood anner with
referenee to the slfndnetion aud other conditions of the cirnit,
0 0 to s he currents which pas through it 10 difler from
the primary cuerents by & quartor phise.

Fig. 01 llustrates the invention s onbodied in & motor
i whil the induetve. reltion of the primary and secondars
cireute s securcd by winding them fnside. the motor partly
apon the sne cores: bt the fnvention applies, genenily, to
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Assume that & souree of atornating currentss bo connectod, as
in ¥ig. 155, with one of it terminal to eurch conveniently t the
water maing) and ith the other to 4 body of large surface 7.

P8,

When tho slectic osilltion s sct up thero il be
movement of clectrieityin and out of , and lter-
nating corrents will puss through the carth, con-
vorging to, or diverging from, tho point o whero
the ground conncotion fa mad, [n this mavnor.
neigiboring points on the carth's surfuce within &
cortain mdios il be disturbed. But the distar.
banco will diminah with the distance, and the dis-
ance ot which the efft. il &l o poroptible
will depend on the quantity of clectrcity tot in
motion.  Since.the body v is insulated, in order to
displace  considerablequantic, the potential of
the source must bo excessive, sinc there would be
Jimitations ss to the surfuce of v. The conditions
might e adjusted so that the generstor or souree
& will st up the smmo eloctrical movement as
though tscireuit wero closed.  Thusit s certainly
practieable to mpress an cloctri vibration ot least
of  corain low period upon the curh Ly means of
proper machinery. At what distance such # vibra-
o might be made perceptibls can only be conjec-
tured. [ liave on anothor occasion considerod the

question howe the. carth might behave to cloctric
distarbances. There i no doubt that, sines i such
an experiment the electrcal sty st the surfuco
could b but extramely small considering the s

of the earch, the tir would not act as o very dis-
turbing factor, and there would be not much enorgy.
lost through the action of the air, which would bo
tho case if the density were great. Thearstiealy,
then, it could not require a great amout of energy
o produce a disturbanco porcoptiblo at great dis-
tance, o oven all ovor tho surfuco of the globo.
Now, it is quite certan lat. atany point within o
certain. rudius of the source s a properly adjusted
sclfinduction und capacity devico can b et n ction

oy resonance, Bt not only can this be done, but another source
s, Fig. 185, similar o 5, orany namber of such souree, can be s
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other forus of motor in which one of tho energ
indneed i any way from he other

Lt 1 represent the poles of an lteruating current motor, of
which o i the armature woun with caile b, closed upon them-
sl o] practice in motons of this kind. The
poles 4, which altormate with polen s, aro womad it eoile of
ondinary or coarse o 5 i sl direetion as to_ make thom of
altermaic north and sonth polrity, as indicated in the dingram
by the charseterx s, Over these ail,or i ather fnduetive -
Tation to the sume, ure wonnd long fine-vire cofb » v, and i the

o

sune direction thromghont us the cofl v, These cils e secon-
arics, i which eurrent of very bigh potontial e induced. All
tho cule 1 in oo erios aro connectod, and il the sceondarics
n another

On the intermedint pales 1 wre wound finevire evergiring
el , which ar connected in serics with one. anather, and alo
with th serios of sccondary e, he diveetion of winding be-
g snch that o currentimpue induced from the primary colx
 nparts. the same magnctisn to the poles n 4 that prodced
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to work in synehroniam with tho latte, and the vibrtion thas
intonsiied and spread over o large arca, or & fow of elec-
ety produced to or from the souree s, if the sme bo of
opposito phase to tho source s.” I thinlk that. beyond dobt
it s possiblo to operate cloctieal devices i & city through
tho_ground or pipe system by rosonance from an_electrcnl
oscllator located at & contral point,  Bat the practical solntion
of this problem would be o incomparably smaller benelit to man
than the reaization of the schemo of tranemiting intelligence, or
perhaps power, to uny distanco through tho carth or cnvironing
modiuim. I thi i at all poseible, distance does not men any
thing. Propor apparatus must st be produced by means of
whi tho problom can bo attacked snd [ Lave dovoted much
Hhought to thia subjoct. T am frmly convineod that it can bo
Aone and Lope that we shal live o sce it done,

TReturning now to the light effcts which it Ias Loen the chisf
objoet to uvstigate, it s thonght proper to divle these offects
o four elases : 1. Incandescence of  solid. 2. Phosphoresconce.
escence o phosphorescence of & rarcied g and

y pressare, The first

question nouseffcts produced ! Tn order
to answer this question us satisfctorily a1 am able to do in the
Tight o acoepted views and with the experience acquied, wnd to
add some interest o this demonstration,  shal dwell hero upon
a featuro whicl I consiler of great importunce, inasimuch as it
promies, beside, o throw a betto light apon the nature of most
of the phenament produced by high-froquency cloctre curronts.
T have on ather oceasions painted out the great importance of the
presence of the rarefied gas, o atomic mediumin genora, around
the condtar throngl which slterso cursentsof high froquency
are pased, us regurds the heating of the conductor by the cur-
renta. My oxperiments, deseribed some time ago, have shown
hat,th ighor the freguency and potentialdifforonce of the cur-
rents, the mors mportaat becomes the rrcfed g in which the
eondrctor s immersod, as o factor of e heating. The poten-
il difference, however, i, o5 1 then pointed out, s more im-
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eal comnection through the are formed. Now thisare is formad
whetler thoro be resonanee or nat. Bt even if the spark wosld
ot bo prodnced, il thore i an aliernting 1. .. st p botween
the bodie whn the plate i bronghtnearone o i herofore
thoapproncof the plat, it doce notabvayaaetall, wil,a any
e, fend o bresk down he i aace by indetiseacton. Totead
of he sphoros or pates A e ay take the contingaof a Ly-
e ja with the sme realt and i laceof the mac
o Digh frgueney altmator profonil, bocase it
ablefo the experiment sl ko forthe angument,—ve
‘anothe Layien fa or attry of fum. When s jare v dix

arging throngh it of e restance tho sune i travorsed
by current of very bigh frequeney.  Tho plate may vow e con-
nected tone of the coainga of the sccond far, and when it is
Dronght noar o the fist jar just previonly chargod to 4 bigh
potential from an inficnce machine,the resalt s tho s s b
Tor, . the frst jur il dischargo throngh a sl s space
wpon the sccond being cawed to discarge. But both urs
Ui cirnit e ot be taned uny closr than & baso profindo
10 the note producod by & mosqito, as small sparks will b pro-
e throughthe aie space, o ot lestth It will b conider-
by more stwined owing 1o the tting pof an alter

Ly indution, wlich takes plico when ane o the ar be-

ins o discharge. Aggin another orror of a inilar nature s quite
culy made. 1 the cicuit of the two arsare v parlel and
close together, i the exporiment i hewn performed of dis-
Charging on by the otber,ad now  cofl of i bo added fone
of ho crcuits whoreupon he experimont docs not succeed, tha
conclusion hat s i due 1o the fact that the cirui are sow
ot taned, would bo far from being sae. For tho two ciruita
et 13 condenser coutings and the addition of the cof t one of
them i oquivlent o bridging  them, at the point whero the el
e placed, by & sl condonr,and the ffct of tho later might
ot prevent the park from fumaping throngh th discharge space
by dinoiling tho altemating . %, ¥ scing nerose tho e,
A1 thoso remarks s many mora which might b addd bt for
foa of wandering to far frmn the subject, aee e, wih the
pardonabl intontion of cantiong the wneuspectin tudent, who
night guin an encirely. unwarranted opinion o i skll . so-
ngeveryexperiment sucoed . butthey ar n oy thrst upon
the experionced a3 novel olervatios
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CHAPTER XXI.
Moror wrti & Coxvrsa 1x 1 Awxrcis Cunovre

W sow come to mevw class of motors i whiel resort s had
0 condensers for che purpose of developing the required diff
e of phase o neatrlizing the effcts o relfinduction.  Mr.
Tesla eurly bogun to apply the condenser to ateruating sppans-
s just Tonw smuny e can only be learned from 4 pernsal
of other portions of flis volume, capecially those dealing

i high froqueney work.

Cortain law govern the setion or effcts produc by & con.
douser when connceted o an cleerie cireit. through which an
lernaing or in genersl an undlting curront i de to pas,
Same of the most. important of such effcts e s follows: Fire,
3 the terminnla or plate of 4 condenser be conneoted wih two.
pointa of & cirouit, the potentials of which e made fo riso
fall i upid smecession, the condenser allove the passge, o mor
stritly spenking, the transference of w cnrrent, although
plates or armatines may e exrcfully insulated e to preves
lmost complotely the pussage of  current of wnvarying strngtl
or diseoton and of moderste lectromorive force. Scoond, i 1

renit, he.terminala of whichs aro conneetod with fhe plates of
tho condenser, posss  cortun solf-ndneton, the condenser will
oxercome o counteraet 10 & greater or les degree, dopendo
upon well-undorstood conditions, the effcts of such relinduc-
tion. | Thind, it two points of n clod or complatecirouit
throngh which & rupidly rising and fallng carrent flows b
Shunted or brdgod by & condonser,  variation i tho strangth of
the eurrents i the brunches and sl  differonce of phse of the
curnents therei i prodneed. These ffect Mr. Tela s tlized
and upplied in  variety of ways n the construetion and operation
f his motors such s by producing » difference in phase in the
w0 energiing cireita of an alteruating current motor by con-
nocting tho.two cireits n derivation and comecing up & con-
denser u serion in ono of the cireuits. A further dovelopumont,
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In anler o make rolisble observations of clectric rsoumuee
effets it very desirble, if not necessary, to employ an alter-
nator giving enrrents which sise and fall harmonically, as in
working with make and Lreak currents tho obscrvations aro not
always. trustworthy, sinco wmany phenomers, hich depend on
o rate of change, may be produced with widely differont. fre-
quencics. Even when making auch observafions with an lernator.
one gt 1o bo mistakon.

altermator there arc an indefnite
eelinduction which, in conjunctio
resomance. S thers are in mechunics an nfinite mumber of tun-
ing Sorks whicl wil rspon 0.4 note of »cortin piteh, o loaded
springs which Lave a definito period of vibration, But the reson-
‘nce will bo most perfoetl atained in that o o which the mo-
tion i effctod with the greatest froedom. Now in mechanics,
considering the vibration i the common medinm—that s, ir—it
i of comparatively Title iportance whetber one tuning fork bo
somerhat lurger thun. another, Lecause the losses i the air are
ot very consderabe. 0o way, of counse, encloe o wing fork
i an exhaustod vosl and Ly thus roducing the e resistanca o
 minbnnm obtain better rosonant action. Sl tho difference
wonld not b very great. But it world make a geeat difforonee if
the tuning fork wero fimersed in wercury. In th cletrical
ibration it i of enormons frportanee fo wrrango o conditions
0 that the vibimtion is ffected with the greatest froodom.  Tho.
agnitude o the rosonance effct depends, under ofberwiso oqusl
conditions, on the quanity of clctriity st in motion or on the
strougtl of the current driven through the cireui.  But the cir-
it opposes the passago of the currents Ly rowson of its Tmped-
‘ance and therefore, o scenro the best acton it i noccssary 10 re-
e the impedance to  minimun, 1t is ipossible t overcome.
it entirely, but moroly in part, fo the ol reistanco canot be
overeome.  Batwhen the frequeney of the fpulss s very great,
the flow of the current s practically determined by slfindnetion.
fow selfinduction can be overcome by combining it with capue-
{5, 1f the relation berween these i such, that ¢ the froquency
wed they annul cach other, that is, have such values os to.
fatisty iton of resonance, and e greatest quantty of
eletriity is made to flow through the external cireuit,then e
best result i obtained. It i simplerand sfer to_join the o
denser in serics with the selinduotion. 1t is clear that in such

will satisy the condition of
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eortain degree resonunco s producible, the magnitude of the
effets being Timited by tho imperfect conductiity and imperfect
elastcity of the mediaor, genorally stted, by frictionalloses, The
el theso losse, the more striking are the oflcts. The sme
o the ca in meclanical vibraton. A st sec] bar may be et
rution by drops of wator fallng upon it at proper ntervale;

s, which is more porfectly elatic, the resonance
moro remarkable, for u goblet may be burst by
inging ino it e noto of the proper pitch. The clectrical esonance
tho more perfoetly attuined, the smaller the resistance or the
puch and tho more perfec the diclee-

e discharging through ashort stranded cable
of thin wirus theso reguiremants are probaby best fulfled, and
o resomanco offts are thercfore very prominent. Such i not
the case with dynamo wachines, traneformers and the cireuits,
or with commercial apparatus in general in whicl the prosence
of ron corcs complieates the seton or renders it impossible.
o jar. with which resonance cfects are

Srequently demonstrued, 1 would say that the effets obscrved
are often attributed bt swo scldom due to troe esonance, for
ly mado in e rocpect. Thia may bo

andoubiedly demonstrated by the following experimont, Take,
for instanee, two largs insulated motallic pates or splirs whicl
I shall designstc & wnd 3 place them & cortain small dis-
tnce apart and clargo them from a frctional or influence
machine 1o 8 potentil 20 high that just » slight inercasc of the
diflrence of poteatial between them will cse the emall g or
ineulating space to break down. This ie sy reachod by mak-
g a fow proliminary trials. 1f now another plato—fustened on
an insulating handlo and councetod by & wire to one of the ter-
minals of a high tonsion socondary of an induction cil, whiel
s maintsined in sction by an alteruator (proferably igh fre-
quency)—is approached to one of tho chargo bodies 1 or , 50
o be nearer to cither one of them, the dischargo will invariably
cear between them; ut et it il f the potential of the coil
in counoction with the plae is suffiently high. Bt the expla-
aation of this will oon be found i the et that tho approsched
plate sets indactively upon the bodics A and 1 and canses  spark
o pas between themm.  When tis spark oceurs, i chargos which
wore proviously imparted to these bodis from the infloence ma-
chine, mast noeds bo lost, sno the bodiesare brought i electri

and with
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CHAPTER XV.
Moross e ko ov Disyist Risisraser,

A i e pointed ot lsehers, the Tag or retardaton of
the plases of . lteruating curen is dirsely proportional 10
tho slinduction and invorly proportional to tho resisanee of
tho cienit dhrogh which the enerent flows, Henee, in order
o ssonre the proper differences of phase between the i notor-
cireuits it is dosirablo o, make tho solfinduction in ono mucl
Higher und the resistance el Tower than the slfinduetion and
Feistanece, rospectively, fn tho other. At tho same
magnetic quantiiesof the two poles or sets of poles whic
o cirouita produce shonld e approximately oqual. Thew
Fequirements e o Mr. Tesu o the invention of 4 motor
lving the following goversl charuteristics: The coils which
aro included fu that energizing cirouit whil ix to have the
bigher selfinducton wre made of coatse wire, or & conduetor of
elativly low ristance, and wih the greatest. posibie length
or mumler of turms. L the other et of cofls & comparively
fow turu of finer wive ave e, or s wire of higher resistunce.
Fusthermore, i order to approxiate flo naguotic quantites of
tho polen excited by thess caile, Mr. Tesla cmploya in the scf.
induetion cirenit cores muel Tonger than those i the other or
rsitanee cire
ig. 65 is a part ectional view of the motor ¢ right angles t0
tho shafi. Fig. 6 is & diagram of tho iold cireuits
T Fig 60, let & represent the ool in one motor cireuit, wd 1
fhoso i the ofher. ‘The cireuit 4 ix to_uve the highor self-
induetion. - Thero are, therofore, wsed & Tong lengtl or a large
imber of tume of coure wire in forming the cole of thi
For the circuit 1, & maller conductor s employed, or u
conductor of a higher reistanee than copper, such s Germun
lver o iron, and the ool are wound with fower s, [napyly
ing these coils to o motor, Mr. Tesla bl up a ild-magnet of
Pltes ¢, of iron and stol, sceared togothr in the wsual manner
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development chicly intorosting as showing M. Tesla's efforts to
adupt L system 10 the existing high frequencics,

On the right side of the table, at, 7, arc shown, on separate
cupports, larger and more. perfocted Armatures of commercial
‘motors, nd in the space around the table & variety of motors and
generators sapplying corrents to them wis exhibited,

“The high froquency exhibit cmbraced M. Tesla's first originsl
apparatus used in s investigations, Thero was ohibited &
glas tube with ovo layer of silk-covered wire wound at the top
nd o coppor ribbon on the inside.  This was the firt disruptive
discharge eul constructed by him, At v i shown the disruptive

discharge coil cxhibited by him in his lecture before the Awmer
can Institute of Elootrcal Engincrs, in May, 1801 Atvand w
aro shown somo of the first high froquency trasformors. A
‘mumber of varion ficlds and armatures of swall models of bigh
froquency spparatas as shown st x and ¥, and others not visible
i the pleture, wero exhibited. In the annexed space the dynumo
then wsed by Mr. Tesla ot Columbia Colloge was exhibite ; aleo
another form of bigh froquency dynamo used.

In this space sl was arrangos a battory of Leyden jars and
e large disruptive discharge coil which was nsed for exlibiting

T S Par I, G, XYL page 195
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by bolts . Each plate i formed with four (more or los) long:
cores %, around which i n spce to roceive.the cofl and an oqanl
‘mmber of shoet projections o receive the coil of the resitance-
drcuit. The plates aro gonendly_mular in diape, having an
open space in the coutre fo receiving the armature o, which Mr.
e profors o wind widh closed coile. An altornating curront
dividod etween the b cireuits is retardod s o it phises i
the cicuit  to 8 ol geater extont than in the cireuit . By

T

renson of the relaive sizes and disposition of the cores aud coils
the Tungnetic effct of fhe poles:nd » wpon the armatare closel
approximat.

“Au importantresulé ~ceured by the constraction shown here
i that thowo cails whicl aro dosigned to havo the higher slf-
induetion are alunost completely surrounded by iron, wnd that the
rotandaion i thus very materially ncreased.
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the lght phenomons i the sdjoning dark room. The coil was
opernted at cnly a emall fracton of is capacty, u the necessary
condensors and transformers canld ot be had and as Mr. Tesa's
etay was Timited to ono wock; notwithstanding, the phenomens
wore of o striking charsctor. In the room were armnged two
large platos placed at 8 dstance of about cighteen foet from each
other.Tiotween them were placed two long table with all sorts
of phosphoreseent bulls wnd tubes; many of these were propared
with grent caro and marked logibly with tho names whieh would
chiae with hosphorescent glow.  Amang them were some with
tho names of Helubolts, Fardey, Maxvell, Henry, Franklin,
ete. Mr. Tesla bnd aleo not forgotten the groatest living poet of
his own country, Zmj Jovans twoor three were prepared with
nseriptions,like  Welcome, Electricians” and produced o besi-
iful effect.” Each represented some phse of thi work and stood
for some individual experiment o importance. - Ontsido the oo
was tho swmall btory soen in Fig. 311, for the xkiition o some
of the impedance and other phenomens of interest, Ths, for
instance, & thick copper bar bent in arched form was provided
it elamps for the stachment o lunps, and a number of Inups
wero kept atincandescenc on the lar; chere was also a itle mo-
tor shown on the table operntod by the disruptive discharge.

“As will be remembered by those who visted the Exposition,
the Westinghosa Company made « fine exkili of the various
‘commercial motors o the Teslneystem, wlilo the twelve gunern-
tore. in Mackinery Hall were of tho two-phaso type constructod
for distributing light and pover.  Mr. Ted, lso exhilited
“ome wmodels of bis scillators
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sue, Fig 4 ina contrl crosesection of the sune, the ar-
faro oing shown waialy i lovation
Lot x & designate two plates bl wp of fhin sections or
o of soft iron nsalated morc or less from ane another and
il together by bolte @ and sceurod 1o u Dse n. The inner
faces of these plates contain secsese or groaves i which  coil
o coll b are secared obliquely o the direction of the i
tions. Witk the cofls v ix & i 1, proforably composod of
a apiallyvound iron wir or ribbon o a series of coneentric
iz and mounted on a sliaft ¥, having bearings in the plates
Aa. Sl dovice when seted upon by wn lternating eurre
s capable of rotation and constitutes  muotor, the aperstion of
iy may be explained in the followiug manner: A cnrrent or
apulio traversig fhe cofls 1 tends fo mgnotizo the

Fio. oo
con a2 and 5, all of whicl are wit
fiekd of the cols, The poles thus cstablished would naturaly
Tiein the sume Fine at right angles fo the cofls b, but
plates & they are deflectad by renon of the.direction of the

inatons, ol appear at o nea the s of these plate,
In'the dice, hovwever, wiono theso conditions are ot prosent,
Pl or pints of groatest attraction arc on 4 fine At
ngles o the plane of the cofl; honeo there will be  forque o
tablished Ly this angalar displacement of e poles or magnetio
Tines, which start the dise in rottion, the magnetie ines of the
armature and ficld tending toward ' position of paralcisn,
Thi rotation s coutinued and maintsined by the reversils of
ho curront in coils b b, which
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pessos theough the rublicr colums. The sparks ectso when the
metal in my hand touches tho wire. My s i now traversed
by o powerful lectrie cursent, vibrating ot about the rate of one
millon times a socond. Al axound me tho clectrosatio force
ks el felt, and tho aie moleeulesand partilos of dust fying
about are acted mpon and aro hammoring violently against my
ody. So great i his agitation of the particles, hat when the
lights are turaod out you may s stroams of fochle Tight appear
ot some part of my body.  When such  strousner breaks out on
any part of the body, it prduces o sensation lke the pricking of
 nole, - Wore the potentinls uffiiently bighand the froqueney
of the vibration rather lov, the skin would probably be rup-
tured undor tho tremendovs strain, and the blood world rush ot
with great force in the form of fine spray or jet 0 thin 4 to be
invisible, just aa il will shen placod on the positie termiaal of

a Holte machine, The bresking through of the skin though it
may seem fmpossible atfist, would perhaps occur, by rotion of
the tsues undor the skin b incomparubly bettar conducting.
Thi,at Teast, ppears plaasibl, judging from some olwervations,
T can make these srvaune of light vidble ta al, by tonching
with the metalic abject ane of fhe torminals a Lefore, and
approscling my froe hand 1o the Lrmss sphere, which i con-
nectad to the second termiaal of the coll.  As the hand ix
spprosched, the aie between it and the splore, or fn tho imun-
diate neighborlood, is more viclently agitated, and you seo
stroams of light now break forh from my fingor tips and
from the whole hand (Fig, 169). Were T 1o approsch the hand
closer, powerful sparks would jump from the bruss sphere (o
ny and, whicl might be injorions, The streamers offer no
jeular incomvenience, exeept. that in the ends of the finger
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Tun Tussa Mecasucas asn Exorsoss, Osertrarons,

O tho evening of Friduy, August 25, 1503, Mr. Tesa do-
ivered o loctare on his mechanical and clectrical osclltors, bo-
fore tho membors of the Elocirical Congross, i the lal adjoin-
ing the Agricultural Building, a¢ the World's Fai, Chiengo. Bo-
siles the apparatus in the roorn, ho employed an it comprossar,
which was driven by an electric motor:

Mr. Tosla was introduced by Dr. Elisha Gray, and egan by
tating hat the problem he hud sct aut o slve was to construct,
first, & mochanisin which would produce.oseillutons of & por-
foly constane poriod indepondent of the pressuro of steam or
air applied, within_ the widest. Timits, and.also independent of
Srictional loses and load.  Secondly, to produce electric cur-
ronts of  perfectly constant period. independently of the work.

i conditions, and to_ produce theso enrents with mechaisn
which should be reiable and positivo fn itsacton withont rosort-
ng to spark gaps and breaks.  This ho suacessfally accomplidiod
i i upparatus, and vith ths apparatus, now, sientifemon will
be provided with the necesaries for earrying on inesigations
with altemnating currents with great preciion.  These two in-
‘entions Mr. Teel ealo, quite appropritely, & moeharial and
an electrical csclltor, respactively.

“The former is subetantially constructed in the following way.
Therois a piston in a eylinder made to_rociprocato automatiealy
by proper disposiions of part, imilar to a reciprocating {ool.
M. Tesls pointed ont that h had done u great deal of work in
perfecting his apparatas so that it would work eficiendly at such
high froqueney of reiprocation as he contemplated, bt he did not
dwellon the many diffinltios encountered.  He eshibited, how-
ever, the pisces of & steel arbor swhich had_been sctually torn
apart whilo vibrating againet a mivato air cushion.

"With tho piston above reforrol o thoro s asociated i one of
his models in an independent chamber an ar spring, o dash pot,
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inereased by widing the dise with conduetors , losed upan
themselves and having o radialdirction, whorely the magnatic
intenity of the poles af the dise will bo gratly nereased by
the encrgising effct of the currents induced i tho cils @ by the
alternating curents in el v.

The cores of the dic and fickd uay or may wot be of diflerent
mignetic susceptibilty—that i to sy, they 1y both b of the
<aune Kind of iron, 0 13 to be magnetized 1t approximately the
same instant by the cofl s or one may bo of soft. iron and the
other o hard, in onder that 4 certain time may clapse hetwoen
e poriods of their magnetizaton. In cither exse rotaton will
e produce Lt unloss the dis s provided with the clossd eu-
ergiring cofl it i desirable that the above-deseribed difference of
miggnetc susceptllity be utilized to ssest in it otetion,

Th core of the fiehd and armature may be made i sarious
ways, as will b well mderstood, it boinz anly requisite that the

sations in ench b in such diroction as o socure the necer-

sary angular displacement of the points of gratest atretio
erod = wade up of

e, it s obions dhat what is trao of
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tips & burning sensation i folt. They should not be confounded
with thowo produced by an influonce’ mashine, bocauso in many
respectathoy beliave differeadly. [ havo attachod tho brass sphcre
and plate to one of tho ter orderto provont the formation
of visblo streamers on that termina, ala in onder o prevent
sprks from jumping ot considerable distanee. — Besides, the
aitnchment i favorable for the working of the coil.

“Tho sireams of light which you havo obeorvod isuing from my
land ure due 0 & potential of about 300,000 volts, altemating in
rather irrgular intervals, sometimes ike. willion imes s second.
A vibration of the samo amplitude, but four imosna fast,to main.

i which over 000,000 volts wold be roquived, would bo
moro than suficent (o enelop my body in a complete sheot of
fame. Bt this fiame would not burn mo up; quito contrarily,
the probablity s that T would not be injured n the lowst. Yet o
Indredth partof that energy, otherwizodirected, would be amply
sufficient to Kill u person.

“The amonnt of energy which may thus be pased into the body
of & person depends on the frequency and poteutia of the cur.
rents, and by making both of thoso vory great, a vast smonnt of
energy may bo pasod into tho body withont cansing any discom.
fort, excopt porbaps, in the arm, which is traversed Ty  true
conduction eurrent,  The reason why no paia in the body s elt,
and o injurions effct noted, i that avery where, i a current bo

gined to flow througl the boty, tho dircetion of its flow
wonld be st right angles {0 tho surface; hence the body of the
exporimentr offers an enormous seeton to the current, and the.

ity s very small, with the exception of the urm, perhaps,
where the density may be consderable, But if ouly @ suall
fraction of that energy wonld beapplicd n such  way thata cur-
ront wonld travers the Lody in the sume manner as & low fro-
quency corsent,a shock would be received whi
A dicet or low froquency alternating curront is fata, T think,
principally beesaso its_ distribution through the body

form, a it must divide tslf in minoto strowmlet of great
demsity, whereby somo organs aro vitaly injared.  That such &
procossaccars 1 have ot the Teast doubi, hough no evidonco
might apparently exist, or be found upon examination. The
surcst t0 injure wnd dostroy lf, is a continuous current, but tho
most puinful s wn_alternating current of very low frequency.
The exprossion of these viows, shich aro tho result of long_con-
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o else he obtains the spring within the chambersof the oscilaor.
itslf,To appreciate ihe boauty of this it is nly necessary o ey
that in that disposition, as he showed it no matter what tho
rigidity of the spring and no matter what the weight of themov-
ing part, in other words, no master what o period of vibrations,
the vibrations of the spring are hvays isochranous with tho ap-
plied prossure. Owing to his, tho rosults obtained with theso
vibrations are traly wonderful, Ms. Tesla prosides for an sir
spring of tremendous rigidity, nd Lo is onabled to vibrate big
weightsat an enormous rate,considering the ineris,owing to the
recoil of the spring. Thas,for nstance, in one of these expri
ments, e ibrutos & weight of approximately 20 pound at the
rate of abont 80 per socond and with astroke of sbout  nch, but
by shortening the stroko tho woight could be vibrated many hun-
dred tones, and s boen, in other experiments,

To star the sibrations, a powerful blow fs atruck, but the ad-
justment can b 0 wado that ouly a minute cffort i roqired to
art, and, even without any special provison it vill start by
‘merely turning on the pressere suddenly. The vibration being,
of course, sochronous, any change of presure merely produces o
Shortening or lengthening of the stroke.  Mr. Tesu showed &
munber of very elear drawings, Mnstruing the eonstrution of
the apparats from whicl it working wae plainly discernible.
Special_provisions are made s as to cqualize the pressurs
within the dash pot and the outer atmosphere. - For this purpose.
the nside chambers of the dash pot are armnged to comman-
cato with the outeratmosphereo that no mattor how the tempora-
tare of tho cnclosed air might vary it stll etas the same mean
density as the outer atmosplere, and by this means & spring of
constant. rigidity is obiained. Now, of course, tho pressure of
the atmosphere may vary, and this would vy the rigidity of tho
epring, and consequently the period of vibraton, and thisfoaturo
constitates one of the great beantics o the apparatus; for, as Mr.
Tesla pointed out this mechanical systom acts exactly ko
tring tghtly strtehied betwoon 6w poinis nd with fixed nodes,
<0 that slight changes of the tension do not in the less alter the
period of oscillation.

“Tho applications of such an appartus are, of conrse, numer-
ous and obvions. The st i, of course, to produce. olecric
curronts, and by a aumber of models and apparatas on the loctuzo
platform, M. Tesla shawod how thi cauld be carred out in
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stration before the Sofety of Arts in Boston, by Prof. Asithony.
“Another eurions eshibit i shown enlarged in Fig, 301, T

‘consst of hick discs of wrought iron placed lengtlvise, with
mass of copper east around them. The dises wers arnged
Longitudinally to afford an casir taring by rosson of thoinduced
current. formed in_ the iron_ dises, which differed in plase from
those in the copper.  This smatare would start it  singlo cir-
cuitand ran in synchronism, and represcnts one of the carlest
types of suchan armatare. - Fig. 305§ another striking exhibit.

-

o8-
—E- g g
B =P

This i one of the caristtypes of an armature with holes beneatl
the periphery, in which copper conductors aro imledded. The
armature has cight closed cirenit and was used io many diflerent
wuye.  Fig. 304 i a type of aynchronous armaturo consising of
 black of softsteel wound with a cal losed upon iealf. Th
armatare s wied in connetion with the feld shown in Fig. 295
and gave excellnt resuls.

"Fig, 302 represents n synchronons armatare with a large col
around a body of fron. Thoro i another very smal eoil at right
ngles o the fi. - This small coil was used for the purpose of
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reasing the stating forque and was found very effecive in
i connection. ~Figs. 506 and 308 show a fuvorite conetructon
of armatare; the iron body is made p of two ses of dics cut
wway and placed a¢ ight anglos to each other, the intertics be-

g wound ith caile. The one shown in Fig, 908 is provided
with an additional groove on cach of the projeetions formed by
the dise, for the purpose of inereasing the siartng torque by
wire wound i these projections,  Fig. 30
ioilarly constructod, but with fourndopendont eails wotund upon
the. four projoctions. This armatmre ene used 1o reduce the.
speed of the motor with referenea to that of the generator.  Fig.
300 i 6l another armature with a great number of independent.
ciruits closed upon themselves, o that ll the dead points on
the srmatare are done away with, and the smnature s a large
starting torque. - Fig. 503 i snothor trpo of armature for 4 four.
pole motor bt with cofls wound pon & smooth surface. A
‘number of these armatures havo allow shafts,us ey have b
used in many waye. Figs. 309 and 310, ropresent armatures to
whil either_alternating or direct eurront was conveyed by
means of sliding ringe. i of  soft iron body
with a singlo coil wound around i, the ends of the col being.
conneeted o two diding ringa to which, waally, direet crrent.
was conveyed. Tho smmature shown in Fig. 310 has three nsa.
latod.rings on o shaft and was wsed i counection with two or
three plase cireuits,

Al those models shown represent carly wark, and the an
largod ongravings are made from photographs taken carly in
1855, There i a great number of other modls which wers ex-
Hibited, but which are not Lronght ont sharply in the engraving,

ig. 207, For cxamplo 4t i 8 model of 4 motor comprising
an armaturo with a bflow shaft wound with two or thre cgilsfor
w0 or three-phase circuits; fhe armatire was arranged to be st
tonary and the generating cireuits were connected direly to
the gonerstor. Around the armature is arrunged to roate on
s laft a casting forming six closed cireuits. On the outside
i casting was turnod staooth and tho belt was. placed on it for
Arving with any desired applisnce. This also is & very carly
modl.

On the left side of the tablo thore aro scen » large variety of
models ¥, o, , e, with fieds of various shapes. Each of these
‘models involves some distinet idea end they all reprosent gradual
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Suteapise.

I that class of mofors n whiel 60 or more setsof energising
maguets aro cunployed, and n which by artificial meuns u cerain
nterval of time ix made 1o clapse between the respective ax.
i or i periods or plases of theis magnetic attaction
o affet the intorval or difforanco in phace botwoon tho b ots
o magncts i lmited i extent. 1t is dosirable, howoser,for the
oconomial working of sueh motars tht the strongth o atraction
of one et of magnets should be maximum, at the time when that
of the oher ot e i, and convrsly ; but these conditions
Iuve ot heretofore been renlzed excapt in cases where the o
carronts lave. been obiained from independent sources in e
same or difforent machines, Mr. Tesla has thorefore devised &
Imotor cabodying conditions that approach ore nearly the theo-
notenl requirements of perfoct working, or i other words, he
prodiuces astifcialy » difference of magnetic phase by meunt of
a curront from & single primary sonrce. sufient in extent to
meet the requirements of practioa and cconomical working. He
cunplags a motor with o sts of energiringz or fiold magnets,
el waund with il connceted with & souree of lterm

rupidly-varying currents, but forming v separate. patha or
cireuis.The magnots of ono sot aro protecte to u corain ox-
tent. from the energizing action of the currunt by mesns of
wagnetic sicld or srcen inorposed between the magnet and te
energising cofl. Thi ahild i proporly adapted to tho conditions
of partcular casos, 0 1 to Ahcld or proteet the wain core from
agnotizat el saturatod and no longer

tion wit] it has becon
eapable of containin ol the ines of forco produced by the cur-
et Tt ill b scen that by his moans the energizing action
begins in the protected st of wagnets & certain srbitrril-
dotormined priod of timo lator than in the othor, and that by
i means alone.or in conjunetion with other mewns or devices
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sped.On the inside of tho_palley, but disconnected from the.
came, was supported a thin dise & (whiel i shown thick for the
cako of elearness), of hand rabbor in which thore wero ombedded
o motal sugments ¢ with metallc oxtensions ¢ ¢ into which
woro serewed condaeting terminals ¢ ¢ covered with thick tubes
of band rubber ¢£. T rubbor dise & with ts metalle segments
4, was fnished in & nthe, and its entire surfac lighly polished
200 t0 ofer the smallst possible frictional resistance to the mo-
tion.through a fid. In the hallow of the pulley an inslating
Tiquid sl s thin ol was poured s0 asto eacl very nearly to
the openinz leftin the funge,7, which was screwed ightly on the
front sido of the pulley. The forminals £ woro connectad fotho
opposte contings of » battory of condonsors s0 tha the dischange
occurrod through the liquid. When the pulley was roated, the

id was oroed agaiaat the rim of the. pulley and considorablo
fuid prossure rosulted. In this simple way the discharge gap

¥ 160 T 1

was illed with a medium which bobavod practealy lke a slid,
whiol possossed tho quality of clsing instantly upon the oseur.
rence of the break, and which morcover was circalating through
the gap st a rapid rate.  Vory powerfal effocts wero produced by
discharges of this kind with liquid intereuptors,of whicl a mum-
ber of difforent forms were made. Tt ws found that, s ex.
pectad, a longer spark fora given length of wire was obiainable
in his way than by wsing air 4 an interrupting dovice. Genor.
ally the speed, and therefore also the fluid preseure, was Tinited
by reason of the fuid fieton, intho form of discharger deseribed,
but the practiealy obiainable spocd was more than suffcent o
produce & number of broaks suitablo for the cireuits ordinarily
wsod. T such instaneos the motal pulley » was provided with a
fow projections invwardly, and a dofinite number of breaks was
then produced whieh could bo computed from the spesd of
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heretofore

i difference of magnetic phas

sployed & prict

+ may readily be scured.

Fig, 55 is u view of a motor, pardy in seetion, vith u -
grun llstrting the invention. ~ Fig. 50 3 a similar view of a
‘modificaion of the s
55, which exkits the simplest forus of the invention,
& i he feldmngnet of & motor, hasing, soy, cight poles or
imwandly-projecting cores 1 and c. The cores  for one set of
nagnets and are onerghod by coile n. The cores , forming
the other st are cnergized by cuile ¥ and the cols are
conneeted, prefombly, i sorce with one another, i two de-
Fived or mnched cifeuits, » , respectvely, from  suitable
“ouree of current.  Each coil s surronndod by m
S, which e proforably composed of an anuoalod, i

oy Fo,

or oxidized iron wire erupped o wound o the cile in the man-
ner indicated 50 as to form a closed magnetic cirenit around the
coils and between the same nd the magnetic cores . Do
veen the. pole pieess ar cores 1 0 s mounted the anataro x,
which, a is vl in this typo of machives, is wouwnd with co
& cloxcd upon themselves.  The operation. resuling from th

position i . follaws: 1€ 4 current impule be. dirocted
through the two cireuits of the motor, it will quickly energize
thecores 1, but not 0 the cores ¢ for the. reason that in
passing throngh the coils ¥ there i enconntered the uffnence
of the closed magnetic cireuits formed by the sbields 1. The
it effect it 10 reand effectively tho cursunt fmpule in ciruit
&, whil at the same time the proportion of current which doss
P docs ot magnetize the coros ¢, which aro shiolded or
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rotation of the pulley. Experiments were aleo_ carried o
Jliquids of diflerent insulting poser
theloss in the are. When an fnsul
warmed, che los in the are s diminished
A poiat of some importance was noted i experimonts with
various disclrgos of this Kiud. Tt was found, for insane, thet
whereas the conditions maintained in these forms were favorsble
for the production of o great spark length,
tained wa ot beat sute] 10 the production of lght effcts.  Ex.
perience undonbtedly s chown, that for such purposes  bar-
monie rise and fal of the potondal s preforable. Bo it that o
sl 5 endored ineandescent,or phosphoresccn, or b it that o
gy i transmitted Ly condenser conting througly the glas, it ix
quite certain hat o barmonially ising and falling potential pro-
ducos lss destrutive action, and that. tho vacuum 3s moro por-
maneatly maintained. | This would be ensly explaioed if it were
ascertined that the process going on i an exlausted vessel i of
ateal keteh, Fig. 103, whicl has been already
referto to, the eascs which are most Hkely to be met with in
practiee are lustrated. - One has at bis disposal either direet or
lerating carrents from & supply statan. 1t is conveni
an oxporimenter in an olated laboratory to cmploy a mac
uch s llutrated, capablo of giving boil Kiuds of currents.
euch case it fnalso preferable o use & machine with multiple
ciruits s i experiments it is weful and_consenient to
Dave at on's disposal corrents of different phases, In the
ehetel, » represents the direct aud a the ateruating cirenit. In
ench of these, three brusch cirenits are shovw, all of which are
providod with double ine switchos s 4.4 # s, Considor first the
direet corrent conversion 1 ropresents the simplot case. 1f
the 2. . 1. of the gonerator s suficion fo breik through a suall
i space, a lesst when the atter is warmed o otherwise rend-
ered poosly insulating, there i no diffealty in maintaiving &
vibration with feir cconomy by judicious adjustment of the
eapacity, selinduction and resstaio of tho cireuit 1. containing.
tho deviees 20m.  Tho magnet x, 5, can be in this case advan-
tagoously combined with the ir space.  Tho dischargor d.d with
tho magnet may be placed oither way, a indieated by the foll or
by the dotted line. - The cirnit 1 with the connections and de-
vice i supposed. to poseess dimensians such as o suitable for
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clearly notthe best medivm through which o disrapsive dis
charge should oceur.  Air or ofher gus under great prossure isof
conrse & mach mor
have carriod on long-continned experiments in this direeton, -
fortunatal less prasteable on account of the diffcalics and ex-
penso in_gettng air under great presure, Bt even if the
i in the diseharge space is sold or liquid, sl the same
losses tuke place, though they sre generaly smalle, for jush as
oo us the are s esteblishod, tho solid or liquid i volatlizod.
Indood, there is w0 budy kuown which would not be disintegrated
by theare, and i is an open question among scienific mon,
whothor an are dischargo conld oceur at all in the s itelf with.
out the particles of the electrodes leing tom off. When the
curront through the gup is very small and the are very long, 1
belfove that o relaively considersble amount of et i taken up.
i the dintegration of the uletrodos, which pardaly on this ac-
count iy remain quite cold
“The ideal medium for » discharge gup should only erack, and
el clectrodo shonld e of some material whicl cannol be
disintograted.  With amall currcnts thronzh the gap it isbest o
cmploy aluminum, but not when the currentsare large. Tho dis-
break in the air, or moro or lss in any ordinary met
e mature of o crack, but it i ather comparable to the
morablo bullts through & 1ass offring great
ces o the motion of the ullts, this involving.
considemble loss of onerzy. A wmedinm whielt would merely
cruck when sz ustatically—and this possbly wightbe
e case it a porfeot vacuum, that s, pureother—would involve
a very sl los in tho gap, 0 small 3 0 be ontirely nogligible,
at least heorecealy, beeavze  crack way bo. produced by an
in ing anoblong alb
provided with two aluminum tcrninals, with tho groatest are, |
rodcing s & vacvum that tho secondary
discharge of a disruptive dischirge coil would break disrap-
tively throngh the bl in the form of fine spark streame.  Tho
curions paint was that the discharge ould completely ignoro the
terminale und star fur bebind the two aluminan plates which
corved w cicotrodes, This oxtracrdinary bigh vaeuun could only
e maintained for a vers short To roturn 1o the idenl
nediun, think, for the ske of ilustration, of a picce of glass or
imilur body clamped in & vic, aud tho lattr ightend mors and
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more. At s corain point  minuto fnercaso of tho pressuro will
cane th glse o erek.The losof energy involved n splitting
the glas may bo practcaly nothing, or though the force i great,
the displacement neee be but extremely small. Now imagine
that the glass would posiess the property of closing agin por-
foctly the erack upon & minute dimintion of the presure,
This s tho way tho dicketric in the dischargo spaco should

€ ome lossinthe.

1g example, the
lass eing perfectly closed, it would mean that. the dicleetri in
the disehargo space possescs a great nsulating povor  the glass
being eracked, it would sgaify tha the mediun in the space
 good canductor. Tho diclectrie should vary enormowly in
resstance by minote variations of the 7. N. 5. seross the
sclurge spice.  This conditon is attained, but in an extromely
imperfect. manner, by warming e sir space to 4 cortain
crtial temperuture, dependent on the . . 7. neross the gap,
or by otlorwise impairing tho nsulating power of the air._ But
aa @ mattor of fact the air docs never break down disruptively,
i this term be rigorously intorpreted, for bofore the suddon
rush of the current. occurs, thero is sheays 8 weak current
prceding it which rscs first gradually and then with comparn-
tive suddenncss, That i the reason why the ate of change i
vory much greator whon gl for instanec, s broken through,
than when the break takes place through an ir space of equive.
Jent dicletrio strength.  As  mediun for the disehargo space, &
sald, or even a liquid, wald be preferble therefor, It some-
what difeul 10 conecive of a slid body which would poscess the
proporty of elosing instautly aftor it lias boon crckod. Buta.
Tiquid, especialy mnder grest preseare, behuves practically like a
L while it possessa the property of closng the erack.  Henee
it wns thovght that  liquid insolator might be moro suifablo a n
dictetric than ir. - Following ont this idea, .
forms of dischargers in whicl 8 variety of such
timee under great preseure, wero employed, bave. boen experi-
mented spon. 1t is thought suficient o dwell in  fow worde
‘npon one of the forma oxperimented upon. Ono of thoso dis.
chargors is ilustrated in Fig. 165 and 165
A hollow motal pulley » (Fig. 16%), was fastoned upon an ar.
bor a, which by suitable mesus was rotated at & consderablo
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termined by various conditions, such ss o strength of the cur-
rent. to be cinployed, the mase o eze of the cores to which they
e applid, wnd other fumliar conditions.

‘Coils » surronnd the pole-pivces s, and other el  ar wonnd
on the pole-pces . These cile avo connceted in series in to
cireuits, which aro branchos o  cireult from a gonerstor of alter-
nating currents, and they may bo 30 wound, or the respective
cirouits in which they arc included may be s arranzed, that the
cireuit of coils G will ave, independently of the particalar con-
struction deseribed, u ighor el nduction than the other cireuit
or branch.

Tho funetion of the shants or bridges 1 is that they shall form
i the cores 0 closed magnetie cirnit for s curront up to &
prodetermined strength, 50 that when sutursted by such enrrent
and wnable o carry more inos of foree than euch & current pro-
ducs they will t o forther appreciable extent nterfere it
tho dovelopment, by a stronger current, of free magnetic poles at
tho ends of tho o ¢.

I such & motor the eurrent i s0 retarded in the cals o, ad
tho manifestation of the froe magnetm n the poles o1 o delnyed
beyond the period of maximum magnetic effect in poles , that 1
strong. torque s produced and the motor operstes with approx-
mately the power developed in  motor of this kind energiaod
by indopendently gonerated carrents difering by a full quartor
phase,
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auced without the diseharge gap,and thers might even not bo any
quicker superimposed vibration; yet the diforences of potontialat
tho various points o tho cireut, o impodance and other phono-
‘mena, dopendentupon the ratoof change, will bear nosimilarity in
th two cas. Thus, when working withcarrents discharging dis-
Fuptivoly,tho clewont chicfy o baconsiderod ianot he froquency,
a8 stadent might bo apt to belore, but the rute of chango por
it of ime. Witk low frequencios i cortain measure the sume
effots may be obtained a with bigh froquencio, provided the mto
of clungo is suflcently great. o f » low freqency curront i
rusod 0 a potential of, sy, 75,000 volts, and the bigh tansion cur-
rent passed throngh o cores of

houstnd amperes s pusod throngh & metal bar, ariking phe-
Homena of impednes are observed, jost s with enrents of bigh
froquencics. Bt it it of coure,evident that with low frequency
cuerents it i upossibl to obtsin such rates of ehango por wit of
s with igh froquencios, honco tho offcts produced Ly the
lattor aro mach more prominent. Tt is docmed advisiblo ta
mak tho precoding romarks, nasmuch a5 many moro roeently
dosribed effets havo been unwittingly identifed with ligh
Sroquencios.  Froquoney alon i reality does not mean nything,
except when an undistarbed larmonie osellation s considerod,

Tuthe brunch 1 sl disposiion tothat i 1 5 llustraad,
with the diffrence that the curronts discharging thrvagl the gap
ddaro neod to induco currents 1 tho secondary 5 of  trans-
former 7. Tnsuch cass tho soconday should b provided wid an
adjustablo condenser for the prrposo of tuning it o the prinary.

b llustratos a plan of altoruata curront bigh froqueney
conversion which 1 most froquondly wd and which i found o
be mst consenient, This plan has boan diwolt wpon i dotal on
provions occasions and necd not be doseribed here.

‘Some of these resuls were_obisined by the s of o high
froquency alteruator, A description of such mackines il bo
found i my original paper before the Ameriean Insituo of
Electrieal Enginoers, and in periodieals of that period, nofably
in Tue Exsormons. Exarses of March 15, 1501,

L will now proceod with tho experinients.
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practies by combining an clectrie gonerator with his oseflator.
He painted out what conditions must bo. observed i order that
the period of vibraton ofthe clctrical system might not disurb:
the mechanical osclltion in such a way as toalte the periodicity,
but menly to shorten the stroke, He combines a condenser
with a sl indetion, and gives o the eleetrieal system tho sumo
period as that at which the machine itself oscllates, 0 that both
together then fall n step and alctrical and meehanical rosonanee
i abtained, and maintained absolately unvaried

Next he showed a model of & motor with deliate wheelwark,
ehich was driven by these currents a o constant speed, no mat-
ter what the air pressure applicd s, o that this motor could
e employed s  clock. Tle tlso showed » clock s constructed
that it could be attached to one of the oscilators, and would
Keap absolutely corrcet time.  Another curious and interestng
featuro which Mr. Tesla pointed out was that, instead of con.
trolling the motion of the reciprocating piston by means of o
spring, 50 4 to obtain isochwnons vibrution, e was setually sble
to control the meelanical motion by the natoral vibration of the
eleatromagnetic system, and he sid that the case was a very
simple one, and was quite. anlogone 1o that of & pendulum
Thu, supposing wo had  pendulum of great weight, proforsbly,
which would be maintsined in vibmtion by force, periodically
pplicd ; now that forco, no mattor hore it might var
it wonld oxillate the pendulum, would have no control over its
period.

Mr. Tesla also deseribed a very interesting ph
he lustrted by an expert

i, e i able {0 produce an slternating current in which the
230 7. of the impulsee in one direction preponderstes over that
of those in tho other, so that thore s produced the offect of &
direct current. Tn fact lie expressed the hope st these cur-
renta would bo capable of appliation in wmany instanees,serving
s direet currents. The principle involved in this preponderat.

& % . ». he explains in this way: Suppose a conduetor i
moved into the maguetic field and then suddenly withdrawn, 18
the corrent s not. retarded, then the work performed will b &
more. fractional ono; but I the ewrrent is rotarded, thon the
‘magnetic field acs as a spring. _Tmagine that the motion of the
conductor i arrested by the current genersted, and. that at the
instant when it stops 1o move into the fed, there is a6l the
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Tyre o Tesua Sixars-Pusss Morow,

Ur 0 this point two principal typos of Tesla motors
Deen deseried : Fi
cirenits throngh wehich are cansed to pass alternating curreuts
dieing from one anodicr in phaso to wn_extent cufcint o
produce o continnous progresson. or shifing of the. poles or
points of greatest magnetic effect, in_obedience o which the
ovable lement o the motor i maintained in rotation ; sccond,
thoso contuining poles, or parts of different magnetie suseepti.
by, which uader tho energiring influenco of tho sme current
or two curronts coinciding i place will exhibit differences in
their mgneti periods or phises. T the fint class of motors
the targue i due to the magnotism exablished in diflerent par-
tioms of the motor by currents from the same or from inde-
pendont soures, and cshiliting timo difforonces in place.  In
the sl el the forque. resuts from the energizing effects of
 current upon differon parts of the motor which differ in mag-
notic suseeptilility—in other words, parts which respond n the.
same rlave degroe to the ution of  eurrent, notsinliancouly,
bt after diffrent intervals of

T mnother Tesla motor, lowover, the torque, nstead of being
salely the resal of a time difforencs in the wagnetic periods oF
Dhasesof the poles or attractive parts 1o watover cavse due, i
Droduces by wn angular displacement of the parts which, thongh
povable with respec 10 one anorher, are mugnetized simultane.
oy, o approximately =, by the same currents, This principle
of aperntion Las been enbodid practically in « motor in which
the necosary angalar displacoment between the poiatsof greatest
magnctc attracton in the to elements of the otor —the arma-
tare and field—is obtained by the discetion of the Ianination of
tho magnetic corc of the clements

Fig. 02is a side view of such & motor with & partion of ts
armature core expased. - Fig. 1 i an ond or edge view of the
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Tho st el of effects 1 ntond to show you are offts pro-
ucod by eleatrosati force. Tt i the foree which governs tho
the mortion of he atoms, which causes them to collde aud de-
velop the lifesustaining enengs of heat and light, and which
canse them to aggaregate in an ifinte varioty of weys, secording
to Nature's fanciful dosigns, and 1o form all these wondrone
sructurcs we porceive arounid s it s i fact, if our presont
Views be true, the most important forco for ua to consider in Ne-
tare. As the term lsctrostatio wight fmply a steady eleetrc
conditon, it should e remarked, that in these experiments the
forco s not constant, but varies t 4 o which may bo. consid-
ered moderste, abont one million times 1 second, o thereabouts.
This euablos me. 1o produce. many ffects whiell are ot produ-
bl with an vusarying force.

When two condueting bodics are fusulated wnd_clectifed,
we suy that an electrstati force s acting between them. This
Sorce anifets el In attctions, repulsions and streses inthe
bodies and space or i withont. So greatmay be the strin
exerted in the air, or whateser separates the two conducting
borics, that it may break down,and we abaerse sparks or bundles
of Tight or streaers, v they are called,  Those streamers form
abundautly whe the force through the sir i rapily varyiog. |
ll Lo thic acion of eloctrostaic ore in & ovel oxperi
ment n which 1 ill employ tho induction coil before roferred
to. The cofl i contined in & tro9gh filled it of, and placed
under the twble. The two ende of the secondary wire pase

e of land rubber vlich protrude
to some height above the table, 1t i necessary to insulate the
euds or torminals of tho secondary oasily with lard rubler, be-
cance oven dry wood a by far t00 poor an inaulator for thse cur-
Fents of enorimous potential differences. - On one.of the.tern
als of tho coil, 1 have placeds larzosphere of shect brss, which
i conneeted to'a larger insulted brass plate, in onder to enable
we 10 perform the experiments under conditions, which, as you
willtec, are more suftable for this experiment. 1 now et the
coflto work and approach the froc. terminal with & metalic ab-
joct beld in my hand, i simply to avoid burus, As  approach the
metallic objeet o distance ofsight or e inchee,u torret of furi
e spark breake fortlfrom the end of the secondary wire, whicl
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carsent lowing in the conductor; then this current

12 0 Lews' I, drive the conductor out of the field
tho conductor Has no resitanee, then it wonld leave
the flld with the velocity i entercd Tt Now it i lear that i,
instead of simply dopending on the current to drive the conduc
tor out of the ficld, the mechaniealy applied force s so timed
that it helps the conduetor to got out of the fed, then it might
Teave tho fild with ligher velocity than it entered it, and
thus ono impulic ix made o proponderste i 1. . . over the
other.

With a current of this nature, Mr. Tesla energizod maguets
strongly, and performed many infersting exporiments bearing

Among ther was one in which he attached to bisosillatora ing.
magnet with s sl i gap between the poles. This magnet v
cscllted up and down S0 times  scond. A copper dise, when
inserted within the sir gup of the ring maagnct, was Lrovght o
rugid rotation.  Mr, Tedla remarked that this experiment alio
cecmed 1o demonstrute that the ines of flow of carrent throvgh
& motallic s aro disturbed by the presonco of 4 maguet in o
manner quite indepondendly of tho so-alled Tall effet. He.
showed alo a very intoresting mediod of making a connoction
with the oseillating gnet, T} wasaccomplishd by attaching.
o the magnet small nsulated scel rods, nd comneeing to thoss
o the endsaf the energiingeal. A the magnet was vibrated,
stationary nodes were produe in the stecl rods,und. at these
points the terminals of & dinvet current souree wero attachod.
. Teslaslso pointed ont that one of the wses of corrents, suel
s those produced i s apparatus, would bo to sloct any given
one of & munnber of deviees connoeted o the samo ciruic by pick-
ng out the vibraion by resonance. There s indeéd ltde doubt
that with Mr. Tesl devices, harmonio and synehronous tale-
ruphy. will reccive a frsh ios are.
aguin opened up.

"Mr. Teela was very much elatod over bis Itost clievements,
and wad hat he hoped fhat in the hands of practial, us well s
it men, the deviee described Ly him would yiekd important
results, He Td special tres on the facliy. now afforded for
investigating the effct of mechanical vibration i all dircctions,
and also showed that e hd observed a sumber of facts in con-
nection with iron core.

potus, aud vast pos
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soreend by the shicids . As the ineronsing clectromotive
foree then urges wore current throngh tho colls ¥, the iron wire
n boeomes magnetically stnrted and ineapable of earrying oll
the lnos of foree, und hence cosses to protect the cores ¢, whiel
becormes magnezed, develo s effet after wn
norsalof e ot o e i st of gt

ed. by tho thicknee. of the shicld 1, and ocher well-n.
dorstood conditions.

From the above it will be scen that the aparatus or device
aetain two waye. Fin, by retarding the corrent, and, second,

appear
dons of the principle of this in
able. Ono sl and cffcient application of the.
abown in Fig. 30, In this fisare o motor is shown similar
Fespocts tothat bove deseribed, except that the ron wi
s wrapped arotnd the colls s in this case comectod in sries
with the cofl . Th ironeire il ,are comnected and wound,
5085 to have litlo o no solfnduction, and. being sdded to the
rusistanco of the cireit , the sction of the curront i tht cir-
it will bo necclorated, while in the ofher cirenit o it will he
rotunded.The shicld 1 may be wade in wany foris, as will be
undenstood, and wsod in_ different ways, e appeans from the
forogoing description
A modifation of b type of “ shiclded  fields
Mz, Tesla s construted & motor with o fiekd-maguet having
w0 sets of poles or imwandly-projocting cores and placed sido
o side, 50 s practically to form o filds of foree wnd alter-
nately disposed—chut i to suy, it the poles of one st or fild
oppasite th spaces botween the othor, 1 then conneets th froo
onds of oo set of polos by means of laminated. iron bands or
bridgo-pioce of considersbly smaller erossscetion than the coros
thomselves, wheraby the coros will all fornt parts of complete
sagretic cirenits, When the colls on each st of migiets re
connceted i mltple cireuits or brasches o o souree of al-
curronts, clectromotive forcas aro sot up in or -
presed wpon_each eireuit simaltanoously ; but the cofls on the
magnoteally bridged or shunted corca will lnve, by season of
tho-closed magneticcireuts, a high sclfinduction, which retards
tho current, permitting ut the beginning of cach impube but It

otor
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the maintenance of a vibration. But wsually the x. . v, on the
eireit or branch 12 will be somthing like s 100 volts or 50, and
s case it i ot auficient to. Lreak through the gap.  Mony
diflrent means may Le wsd to remedy thia by raising the 1. . .
aeross he gap. The simplost is probubly to fsert a arge. slf-
induction coil in series with the cireait .. When the are i
establised, as by the discharger lustraod in Fig, 105, the mag:
et blows tho are out tho inatant it formed. Now the extra
curront of the break, being of high 1. . v breaks throvgh the
zup, 0 a path of low resistance for_the dynsmo carrent being
agin provided, there is a sudden Fush of corrunt frow the
‘upon the weakening or subsidence of the extra carrent,
enccession, v in this manner [
a5 low 50 s, or oven less,
across the gap. Bt conversion on thi plan s not ta be recom.
mendod. on account of the t0o leavy currente throngh the gap
and consoquent heating of the cleetrdos; bosido, the froquen-
i abiained in his wy are low, oving o the Liz
tion necessarly asoiated it the cirerit. 1t i very desimable
o have the 1. x. . us igh s possble frt, in ordor 1o inerease
the oconomy of the conversion, and, secondly, to cbtain high
frequencies. The diflrence of potental in this lectric oseill-
o is, of course, tho equivalent of tho stretehing forco in the
mechanieal vibration of {he spring. To obiain vory rapid il
o i a ireuit of some inertia, b great stretehing force o difer-
ence of potential s noccssary. - Incidentaly, when the . . v, i
very great, tho condense whiel s usually employed in coniee-
o with the cireuit need bt havo & mull cpaity, sod many
other advintagos o gained.  With  view of rbing the 1. ¥. .
toa many times greater value thun obtiimable from ordioary
distribution cireuits, & otating transformer g is used, us
cated at 114, Fig, 15, or ele & separato high potentil machine
s driven by mewns of # motor operated from tho genortor G.
The atter plan i in et proferable, as changos are casior made.
The connections from the high tension winding are quite similar
1o those in brunch 1a with the exception that s condensor ¢,
whicly should be adjustable, i conneeted to tho bigh tonsion
cirenit. Usnually, also, an sdjustable selfinduction coi in serios
with the circuit has been employed in these experiments, When
the tension of the cursents is vory high, the magnet ordinarly
wsod in onnection with the discharger is o comparatively small
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The engruving, Fig. 312, shows, in perspective, one of the
Sorms of npparatus used by 3ir. Tesla in his eulir investigations
in this field of work, and its intorior construction s mado plain,
by the seetional view shown n Fig. 313, Ttwill benoted that the
piston i fttdinto the hollow of  eylinder o+which is provided
with channel ports 0.0, and 1, extending all around. the inside

curface.  In this particula spparatus there are (vo channels 0.0

for the ontlet of the working fiuid and one, 1, for the inlet,
The piston  is providod with o slos &' at a carofully deter-
‘mined distance, ane from tho other. The tubes 71 which are
serewed nto the holes drilled into the piston, establish communi-
cation betwcen fhe slots s ' and chambers on cach side of the
piton, cach of these chmbers connecting with the lot which s
remote from it. The piston » is serewed tightly on a shaft &
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e cursent t uss. O h other land, no such oppoition being.
cncountered it the other st of cofl, the current pass frocly
Hirough thenn, magnetiing the poles on which they are wound.
A soon, hoverer, u the laminatod bridges become saturated
and incapable of caring ] the lines of forco which the risng
Ceetromotive. force, and consequently increased currout, pro.
luee, free poles ave developed a1 tho cads of the cores, which,
et i onjunction it the athes, produce rotation of the
armature.

“The constructon fn detai by i
i shown in the aceon
 view in side clvation of n motor embodying the
principle. Fig, 01 i verticl erosescotion of e motor. o s
the frame of the motor, which should be bl up of sheets of
iron punched ont to the desred shae

rted

et the frume makes
il projecting pole-pioces n and ¢, To

it of this partialar case these pole-
picecs aro ont of i ith one another, thoso marked » surron
g one ond of the wrmature snd the others, 2 ¢, the opposita
end and they are disposed alteraately—that i to ay, the pole-
s of one ot ocen n ino with the spaces between thoseof the
other s,

The armature b i of eylindrial form, and i aeo Iaminated in
Oheusual vy and i wound longitudinally
themscives.  The polo-icees o are conneeted or
bridgepieces . Thso may be made independently and atached
1o the pol-piccs,or they may bo parts of tho forms or blanks
stamp or punched out of shoctiron. Their size or s s de-
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quite easy to adjust the dimensions of the cireait
‘maintained. Tho employment of a steady
530 7. in the high frequency conversion affords some advan
tages over the employment of alernating 3. x. ¥, 4 ho adjust.
ments are much simplor and. the action can bo oasior controlld.
But unfortunately ono is liitod by the obisinable potenial dif.
forence. Tho winding also breaks down casly in conseqcnce.
of tho sparks which form betwoon the seetions of tho armtire
or commutator when a vigorous osclltion takes place, Ticsides,
these transformers are expemsive to build. 1t has been found by
experienco that it is best o follow tho plan llustrated at 1.
I this arrangement a rotating transformor g, is employed to
convert tho low tonsion direct currents nio low frequency alter-
nating currents, preferably also of small tension.
of tho currents i then raised in & stationary transformer 7. The
cecondary s of this transforme is conncetad o
densorc whieh discharges through tho gap or dselargor dd, placod
in eithor of the ways indicatod, through the primary r of  dis-
Fuptive discharge col, the gl frequeney earront beng obtained
from the secondary s of his coil, a deseribed on prerious ocea-
sons.This will undoubtedly be found the chespest and mostcon-
eiont way of converting direct currents.
Tho throo branches of tho cirent & reprosent the sl cases
met in practice when altermading enrrents are converted.
Fig. W condenserc. zenerallyof arzecapacity, s connecte o the
circnit 1 containing fhe doviees . mrm. The deviess man are sup-
posod to be o high sqlfnduction =0 s to bring lo froquency of
cuit more or lss to that of the dynauno. In this instance
tho dischargor @ should bost bavo s mombor of makos and broaka
per sceond oqual to twice the froquoncy of tho dynamo. I not
0, then it should bve ot least o munber equal io & maltiplo or
even fracton of the dynama frequency. 1t should be observed,
roforing to 1, that the eonvension o & ligh potencial is also
effcted whon the dischurger d d, which s shown in the sketel, s
omitted. But tho ofects which are produced by currents whieh
o nstandly to high valuos, as in a dieruptive dischargo, aro
entirly difforent from those prorducel by dynamo currents which
ke and fall barmonically. o, for instance, thero might be
iven ease & namber of makes and breaks 4t @ 4 oqual to just
‘v the fraquency of the dynamo,or in othor words, there may
be the same number of fundamental osellations s would bo pro-
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whih pasos throngh icing boxcs st the end of the eylinder .
Tho boxes projet o & carefuly determined distance fntothe hol-
o of the eylinder ¢ thus determining the Jength of the stroke.

Sursounding the whalo isa jacket..Thit jacket ctschifly to
minish tho sound produced by the osilltor and s ket when
tha oeilatoria driven by steam, in which caze a somevhat difer-
ontarrangement of the magnats s cmployed. - The apparstus hare
llstrated was intended for demonstration purposes, air being
wsod a3 most convenint for this parpose,

A magnetic frame.x ¢ i fastened 0 s to closely surround the
oscilltor and is provided with cnergising coils which establl

s

mo srong maguotctldson appodeido.The magrtifuma
o up of thin shet ion, o the ntensly conconrted
k] s rodaced ther s srrasgd o pis of ol -
porte i el frames il are seewd on the st of
T piion and havo addicona] besrings n the boxe . an cch
ide! Tho whle is mounted on . metalic base. esiog on tvo
oodn sk

T poratin of the device i st ollova: The working id
g e throngh s ot pipe o the ot 1 and tho pon
eing mpposd 10 b n the. pottion e, i s uficient
Gnogh nonocmary, b give A gt tap on no of tho shae
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of s attendod by a subserues
wenkening of . Assumin tho current 0 be an uternating one,
il now e s, while 1l contines of the firt mparied
olarity.  Thi nction continnen tho wagneti condition of 4 fol-
Jowing that of a in the mauner abose doseribed. 1 an armature
tor inetance, » simple dise 5, mounted to rotato frooly o an
ey o the core, & movoument of rota-
on will Lo imparted to.the dise, the directon depending upon
te position rlatiely to the core, the tendeney being to twen the
portion of the dise newret 0 tho coro feom.a o b, s indiated
n Fig. 72

“This aeton or principle of operation has boen embodied in &
practiatle form o mtor, which s lustrted in Fig. 78, Lot

bt the continned weakeni

el brought into prosi

in hat figuro ropresent  cirenlar frame of fron, from dimetric-
ally oppite points of the interor of which tho cores projoct.
Each core i composed of three main parts , 1 and o, and they
aro_ similarly formed ith a stright portion or body ¢, sround
whieh the cnergizing el is wound, & cnrved arm or extension £,
and an imwardly projocting pale or end d. Each core i made

of w0 parts 33, with thoie polar oxtensions eaching.

ireeton, and a pat o botwoen tho other two, and with it polar
extension reacing in the opposite dircetion, T orer to leson
i the corestho cireulaion of currontsinducd Eheren, th seversl
sctions are inaulated fron one anorher i the manner vually
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indicated b he full or dottod Vines, Fig, 305, The difference of
potential between a_point on the shaft and & point on the peri-
phory will i unchanged, n sign s well s in wount. The
only diference wil b that tho ressanee of the disc will Le wag-
mented and that there will be  greater full of potential from &
it on the shaft o  pointon the periphery shen the sme cur-
ront is traversig the extormal cireuir, i since the current
foreed to follow the Tine of subdivision, we sce hat i will te
cither to energize or deenergize the field, and this wil depend,
other things being oqual, upon the diroction of the lines of sub-
division. If tho sublivision be as indicaed by the ful lines in
. 205, it i ovident that if th curront i of the same direction
s Dofors, that i, from centre to periphery, it cffet will be to
strengthen tho feld magnet; whereas, i the subdivision beas in-

Fuo. o0,

dicated by the dotted Tines, the eurrent generated will tend to
weaken the magnct. Tn the former case the machine il bo
capable of exciting telf when thedisc i otated in the direction
of arrow b in the lattor eae tho direetion of ratation must bo
revened.  Two such dises may e combined, however, as indi-
cutod, the two discs rotating in oppasite fclds, and in the same.
o appasite directior

Similar disposition may, of course, b made in 4 type of
chine in which, instead of o disc, a eylinder is rotated. T
b wnipolar machines i the maner indicated, tho usual field
coils and ol muay be omitted sud the machine may be made to
consis only of & cylinder or of two discs enveloped by & metal
casting.
Tnstead of subividing tho discor eylindor spirally,as idicated
in Fig. 205, it is more conveniont to interpase one of more turns
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betuseen th dise and the contact rig on the. periphery, a1 i
trated in Fig 200,

“A Forbes dynama ay, for instance, be excite in sueh s man-
er.In the experience of the riter it bas been famnd that in-
Stead of taking the cument from two such dises Ly sldi
contacts, s usaly & flexible conducting bt may be employod
to advantage. The discs are in such case provided with large
Aungo, afonling a very groat contset surface.The balt should
b made o bear on e flanges with spring presure to ake up.
the expansion. - Soversl machines with belt contact wero con-
structe by the writer two years ago, and worked stisfuctril
bt for wantof time the work in that dicction has been tempor.
arily suspended. - A nuaber of features painted ot shove have
also beon used by th writer in_ comnection with some types of
alterating enrrent motors.
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Morone Basyp ox v Disssasxes or Piast 1y 1oy Maoxeriza-
o o 1 Ik ax Oure Pasers or ax iox Conr.

Tr 1 well knowen that if & mgnetic core, oven if lnniaatod o
subdivided, be wound with an insulatod coil and a eurront of
Sleetriity bo dirceted throngh the coil, the magnetization of tho
entire coro does not imeditoly enso, the magnetizing effect
ot being exlibited i all parts simultancously. - This may be at-
tributed to the fuct that the action of the curront is to energize
fint those Iamiae or part of the core nearest the sarfaco and
adjicent to the exciting.ofl, and Srom thenee the action pro-
s toward the interior. \ certin fntorval of ime thorefore
clapece between the manifetation of magnetism i tho cxternal
14 the intornal scetions or ayers of the core, 1€ the coro be
thin or of sull mas, this effct may bo inapprociablo; but in
tho case of  thick core, o oven of & comparatively thin one, it
tho wmber of alermtions or rate of change of the cursent
strngth o very great,the time interval ocenrsing between the
wanifestations of magnetisn i the nterior of the core_and
those parts adjucent to the coil is moro marked. In the oo
Kretion of sneh spparatus ns motars which are designed to be
run Ly altomating or equivalent curronta—such as pulsatng or
ndulating currents gonerally—Mr. Tosl found it desirable and
oven nocessary to v duc consideration o this pheriomenon and
0 mako spocil provisions in order to obiate its conseqences.
With the specific abject of taking advantago of thie action or
effct, and to ronder it more pronounced, e constructs 4 fleld
magct in which the parts of the core o cores that oxh
diflernt tervals of time tho magnetic ffot impartod to th
by alternaing or oquivalent eurveats i an cnergising cofl or
e s0_placed with relation to & rotating armsture u fo exort
thereon theie attractive offoet secessively in the order af €
magnetiation. By this means bo seeures & rosul similar to that
‘whieh i had proviously attiucr in other forms or types of mo-
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Tustea of the_platinnn wire | now take un ordinary 50-volt
e, p. lamp. When Tsct the indution coil in operstion the.
Taanp lnent s bronght o high ncandoscence. 1t s, horwerer,

ot neccssary 1o ws the insulacel plate, for the lawup (, Fig. 177)
i romlored fwcundoscont oven i th plato v, be disconnoctod.
The socondary way also b conceted 0 the primary s indieated
by the lotted T i Fig. 177, o do away more or lss it the.
clectrontatic inducton or o ity the action otherisc

1 iy ore el attntion to & mumber of interesting observa-
tiows with tho lamp. Fine, 1 disconneet one of the terminals of
the lanp from the socondary <. When the induction il playe,
a glow s noted whieh il the whole Jalh.  This gl is due 0
clectrmtatio indverion, 11 nereasedighen the bull i grasped
with the land, and the capacity of the cxperimenter's body thus
dded 0 thesceondary cirenit. The secondary, n flet, ix oqui-
valeut to  metalli conting, whicls would bo placod neat tho pri-

mary. T¢the socondasy,or tsoquivalont, tho coating, were placod
symmericaly to the primery, the clotsostatie induction would
e il wnder ardinary conditions, t i, when  primiry return
cireit i v, s both atves wouhd nevtralize each otber. Tho
socondary ixin et placed synmetriall o he primary, but the
cton of oth halves of the latter, when ouly one of s ends is
connected to th induetion coil, ix notexietly squnl 3 hene eloe
trotatic induction takes place, and hence the glowin the bulb, [
cau nearly cqualize tho acton of botl lalves of the prisry by
connecting the other, éree nd of the sune to the insulated plate,
s in the preceding oxperiment, When tho plate is comnectad,
the glow dissppears,  With a smaller plae it would not cutirely
disappear and then it wonld eontribute {0 tho brightnes of tho

when the secondary is losed, by waring tho ar i the






OEBPS/images/bg49300001.jpg
PART IV.

APPENDIX.—EARLY PHASE MOTORS AND THE
TESLA MECHANICAL AND ELEC-
TRICAL 08

LATOR.
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torin which by mesn of one or more alteruating currents e
as produced he rotation or progresson of tho magnetic poks.

This now modo of operation will now bo deseribed. Fig. 72
i side lovation of such motor.  Fig. 73 s  side elovation of
 more practicable and offient cmbodiment of the invention.
Fig. 74 i o contral vertieal scetion of the sune in the plane of
the nsis of rotaton

Referving to Fig. 72, lot x ropres
iy bo composed of & mumbor of shoots or lamine of softfron
or stool. Surrounding this core s 4 eoil v, which is connocted
it sonree 1 of rapidly varying currents, Let s consider now

om0

the magnetio conditions exising i this core at any point 4 &y
ator near the centre, and any other_point, s a, nearer the sur.
Sace. When & currentimpuis i sarted in the nagnetizng coil
¥, the secton or part at 4, being close o the cof, i immedintl
enengised, while the section or part t 4, which, o use u

out oxprossion, is “protoeted” by tho intorvoniag setions o
Iayers between @ and 5, does not at once. exibit its magnetian.
However, as the magnetization of a increases, b becomes sl
affetod, renching finlly it . strongth somo tine ater
than a.” Upon the wenkening of the current the wngnetization
of  first diminishee, while b el exbibits s i strength;
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feld nearest the axi, and the cofl in the Held fusther from it.
Assume the magnets lightly onergized at the start they could bo
strengthened by the uction of tle oddy earreuts i th solid dise
50 85 {0 aford a stronger fed for the peripheral cils. Althongh
thero s no doub hat under proper conditions o mscline might
b oxcitod in this or s similar manver, there being sufleient ex
perimental evidence to warrant such n asertion, uch o mode of
excitation would bo wasteful.

But & unipolar dynamo of motor, such us shown in Fig, 202
nay e excited in an cficient maner by simply properly subdi.
viding the dise or eylindor in which the currents are sot up, and
it s practieable to do away with the feld cofls which are sually
cmployod. Such 4 plan is llstraed in Fig. 205. The dise or

Fo.om, T

eylinder b is supposed to bo arrangod {0 rotato betwoen tho two
poles x and 5 of 4 magnot, which completaly corer it on both
e, the contonrs of tho dise and poles being represented by the
cirlos d and.  respectivly, tho uppor polo being omitted for
the sake of clearness, The coros of the inagnet are supposed to
be bollo, tho shaft © of tho dise passing through them. IF the
wmmarked pole bo below, and tho dise bo rotated serew fashion,
the current will bo, s bofore, from tho contro to tho periphory,
and may be taken off by sultablo liding contacts, 5 ¥, on the
bt and periphery respectively. In this arrangement the car-
ront flowing throigh the dise and external cireit will have 1o
appreciable effoet an the fcld magnet

But let ws now suppose the dise to bo subdiided spirally, as
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The convention] fizure of & motor lers
will give w idon of the sol
pocific probl

oduced, Fig, 67,
M. o for the
1. Referring to tho dmawing, A i the field -
ety  tho aratire, o the feld cofl, and b he aruature-coils of
the motor.

Generslly spesking, if the mass of the core of armatare wnd
fied bo equal, the wmount of copper or ampero turns of tho
energising coile on Loth should also be oqual; bat theso e
tiona will o modifed u difforent forms of machine. 1 will bo
understood that these rsults are most advanageons when exist
gz undor the conditions presented whore tho mofor i runsing
‘with it normal Toud,  point to be well borue i wind.
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Such & damaging broak would not oceur with n stcady force,oven
 tho samo were many times groater. Tho broak is duo to the
agitation of the molecules of tho gas within the bulb, and outside
of the same. Thia agitation, whiel is gonorally most violent in
the narrov pointed channel hear the seal, causes o heating snd
ruptare of the glass, This rupture, wanld, however, not cecu,
ot even with n varying foree, i the medivn flling the inside of
o bulb, and that Surrounding it, wero perfeetly Lomogencous,
Tho break ocours much quicker if th topof tho bull s dravn
out nto afine fbre. Tn bulbs wed with these cofl such -
Fow, pinted ehanncls must therefore be nvoided.

When a conducting body is immersed in i, or inilr insulat-
ing modium, consistig of,or_eontaning, sunll frocly morall
particlos capablo of being clectrifiod, and when tho clctrifiation
of tho body is mado to undorgo  very rapid chango—which is
equivalent to sayiag that the cloctrosiate force acting around
the body s varying in intensity, —the smll partilesare attracted
and repelled, and their violent imprets against the body may
eawso & mechanical motion of the latter.  Pienomena of this
kind are noteworthy, inssmach as they have not been observed
beforo widh apparatus such as bas been commonly in use, [f

ory lght conducting sphero besuspendad on an execedingly fine

and clarge to o steady potental, however high, the sphero
will e at rest. Een if the potential would e rupidly
varying, provided that the small partcle of wmaster, molecules or
stoms, aro ovenly distributed, no motion of the sphere shoukd ro.
sult. Bt f one side of th conducting sphro is covercd with a
ik insulating layer, e impaets of the partcle will eauso the.
ephere to move abou, gonerally in irregular curves, Fig. 172,
In like maner, s  Lnve shown on a previons occason, & fa of
sbeet motal, Fig. 1723, covored partilly with insolating matcrial
a8 indicated, nd placed upon the terminal of the coil 0 1 o tam
frocl. on it is pun around.

All thesc phonomena_yon have wituossed and others which
wil be shown later, are due to the. presence of & wediam ke
i, and wold not oecur in o coutinnous medium.  The action
of tho air may be illustrated stillLettor by tho folloving experi-
ment. 1 take a glass tabe £, Fig. 173, of abont an inch in di
amoter, which s o plainun wiro 1 tealed in the lower end,
and 0 which is attachod o thin lamp Slamens 7. 1 connct th.
e with the terminal of tho coil ad set tho coil to work. The
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of the otating feld in one o the elements o the motor Ly car
rents differing in pluse and enorgising (he other clement by
direct currente. The annatures are of the two and three phase
fpe. X is & model of n mator shown i an enlarged view in Fig.
205, This machine, togetber witl that shown in Fig. 200, vas
exhibited at the e locture, in May, 1555. They wer
the fint rotating feld motors which were independently tested,
having for hat purposo bocn placed in the hands of Prof. An.
thony in the winter of 1857-55. From these test it was shown
that the efciency and output of those motors was quie saisfac-
tory in overy rospect,

Tt was intended to exbibit the model shown in Fig. 209, but it
was wnaailuble for that purpose owing to the fct that it was

Fio. 0.

com tie ago handed over to tho caro of Prof. Ayrton in Eng-
Jand. _This model was originally provided with twelve ndepend-
ent coils; his namber, as Mr. Tosle pointed out in i st Jo-
tare, being divisiblo by iwoand three, wasslected in order to make.
various conncetions for two nd throc-plase operations, ud during
M. Tealas experiments was uec in many ways wih from two to
six phases. The model, Fig. 205, consista of a magnetic frame of
Jaminated iron with four polar projections between which an arm-
aturo is upported on brass bolts passng through the frame. A
grent varioty of armatures was usod in conncetion with heso éwo
and other filds. Somo of tho armatores are shown i front on
the table, Fig. 207, und seseral arc also shown enlarged in Figs.
300 t0 510, An intorestng exhibit s thet shown at 1, Fig. 907,
Thi e an armatare of hardened secl which was wsod i 8 demon-
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Moross Ween Corscrora Masnes or Massenic Evvver ix

Ansarin axn Fivan,

I s forin of wmotor, Mr. Tesa's objeet is to design au
0 michines whervin the maxin of the magnetie efects of
the armature and fed will more nearly cofnide thau in some of
e tpes proviously under consderation. Thoeo types are: Fin,
otors having tio o maore energiing circuit of the same clec.
trical charuetor, and in tho operation of which the cursents wsod
differ_primarily in phase; sceond, motors with a pluralty of
cnorgising cireuits of difforent olectrical charueter, in or by
means of which the difleronce of phise i produeed aifcally,
nd, thisd, motors wih a plurlity of enorgising cireuite the
curfonte i ono being induced from corsents in wnother, ¢

Silering the structurnl and operative conditions o any one of
thom—as for example, that firs named—the srature which i
ot to rotate in obedicuce 1o tho o-operstive infiuonco or
setion of tho cnerring cirenits v coils wound upon it whieh
aro closd upon themselves and in which currents re induced by
the cnergiing eurrents with the object and sl of energising
the ammture-core; bt under any snch conditions 4 must exist
in dheso motors, i is obvious that u cortain v must clpec
betwoen tho manifestations of an caorgiring curront impulso i
tho feld cofl, and the corresponding mageti sato or phace in
the armature established by the current induced thorcby'; conse-
quently a given magnetic inflience or effet in the feld which e
the diret rosult of 4 primary carrent. fmpulee will have bocome
‘more or lss weukened or lost before the corresponding effet
ly produced lus reached it maximum. 71
worable tocfiient working i ccrtai cases—us,
for stance, when the progress of the rosulant poles or points
of waximuu attraction is vory grcat,or whe 4 very Ligh nun
e of altormations is cmploged—for it i apparcut hat a stronger
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platinum wire s now eloctrifid positively and negatively
in rapid succession and ho wire and air inside of the tube.

rapidly heated by the impacts of the partiles, which may b
20 violent as to render tho flament. incandescent. Bt if | pour
ol in the (e, Just as soom 1 the wire i covered with the oil,
all acon upparently ccaces and there is no marked evideneo of
eating, Tho reason of this i that the ol s a practically con-
Gnuons medium. The displacements in suck & contimuons medium
are, with these froquencios, o ll appearance. incomparably
cmaller fhan i air, henee the work performed in sueh & medium
i nsignificant. Bt oil would el very differently with fre.
uencies wany times us great, for esen thongh the displacements

Fo. 1, o,

b small, i the frequency wore e greater, considerable work
might bo performe in the oi

“The clctrostaic nttrmections and ropalsions Letween bodics of
measurile dimensions ar, of all the manifestations of tlis force,
the first so-called letrioul phenomena noted. Tt thongh they
have been knows s for masy centurie, the precic nature of
the mechanieus concerned in theee stions s stll un
and s ot boen oven quite stisactorily explained.  What kind
of mechanism must tlat bo? We cannot help wondering when
e observe w0 magnots attmeting and repelling onch ofhioe widh
a foreo of hundreds of pounds it apparently nodhing bebween
them. We bave in our commercial dyamos magnets capable of
sutaining in midair tons of weight. Bt what are oven thosw
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they ahways exit, consuming onergy and modifying the nction
of the apparatus. When intense, as they aro at present, they
produce ozone i great quantity, and alo, as Professor Crookes
e pointed nt, pitrows aeid. o quick is the chemical ction that
if 8 col, such o this ane, i+ warked for  very long tiue it will
ake the atmosphere of » small room wnbearalle, for he eyes
and throat are attacked. Bat when moderatel produced, the
streames refresh the atmosphere wondrfully, ike o thinder-
atorm, and exerciscs unquestionsbly  beneficia cfect,

T this oxporiment the force acting betwoon tho lates changos
i intensity and direetion at a vory rpid rate. 1 will now make
the rate of change per unit time moch smaller, This [ offcet by
rendering the dichiarges through the. primary of the induction
ol less froquent, and 1o by diminishing he rapdity of tho vi.
hration in the secondary.  The former reeul. is convnien
cured by lowering the = x. 5. over the aie gap in the pr
circuit, the lattor Ly approaching the two bruss plates 1o  dis-
tance of abont throe or four inebes, Wi the cofl i st 10 work,
ou sce no strcamers or light between the pltes, yetthe sedium,
betucen then is undet a tremendous strain. 1 <ill furthor aug-
ment the st Ly rusing the . ¥. . n tho primary cireait, and
soon yon see_tho air give way and tho hall ia luminated by o
hower of brillant and noisy sparks, Fig. 1707, Thesesparks could
be produced also with unvarsing foree they have been for many
yeans  fumiliar phenomenan, thovgh they were usualy obtsined
from an ontirely diferent apparatus. In describing theso two
Phenomens zo mdically differont in apperance, | lave advicdly
spoken of  * foree ™ seting between the platee. It wonld be in
aceordance with aceepted views o say, hat there was an “altor-
nating 5 x. 3, nting between the plates This torm i quite
‘proper and applicable in al cases where there s ovidence of at
Jast 8 possbilit of an ossentia iter-dopendence of the olectric
sato of the platos, or cletric ation in ther neighborhood. But
i the plates were removed to an infiite distance,or f t n fnite
distance,there i o probbilty or necessty whatever for sueh
dependence, 1 prefer to us tho torm “ lectrotati forco,” and
tosy that such a force s aetiug around ench plateor clectifed
sulated body in general.  There is an nconvenience in using this
expraxgion us the torm neidentally means a steudy electric con-
diions bt proper o
Bty
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Nomw Wern Bqoa. Maoxsmc Exsionss 1x F
Ansiarons.

Lioe it bo asunned that the encrgy as roprosented in the magnet-
i i tho fd of a given rolating fild wotor is ninety and
thab of tho wrmature ten. The sum of these quantites, whiel
roprosonts the total onergy expended in driving the motor, i
one hundrod; b, assuming that th motor be so constructed
Ut tho cnergy in the field i represented by ffey, and that i
the armatare by fty, the sum i it while in
the frst nstance the product s 1

P .

o thonsuud five Tundred, und as the energy developed s in
eoportion to these products it i lear that those motors wr the
most effiient—other thing beinig cqual—in which the magactic
energios dovcloped in tho armaturo nd fild aro ol Those
rosulte M Teshs obiains by using the same amount of copper or
mpere turns in botl oloments when tho corve of Loth are oqual,
o wpproximately s0, and the sune currunt cnergizos boths or in
cases where the currents in ono clement are indueed to those of
o othor bo usc in the induced cofls an oscoss of copper over
that n tho priary clement or conductor.
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1 now return o the experiment 1o which T have slready sl
Tuded, and with which I desire to llustmute v stiking offeat pro-
uced by a rapidly vrying eletrostaie force. 1 attuch tothe end
of the wire,  (Fig. 171), which i in comcetion with one of the
terminalsof tho socondary of the fuduetion col, an exhausted
bully . This Dl containe o thin carbon Alament 7, which s
fastened toa plaimun wire 1, sealed n-tho glus wnd ending
ontside of the bulb, where it coneets to the wire 4. The
bull sy e exhansted o any dogree attaiable with ondinary
appurutue, Justa moment bofore, you bave witnessd he bre
ing down of the xir betwoen the chargod brus plates, Y ou know
that a plate of glus,or any other insuluing material, would break
down i like manner. Had 1 therefore 4 metullic coating at.

tuched to the ontsde af the bl or placed near the sames and
woro this conting conncetee 0 the other terunal of the il ou

would bo prepared to see the gl give way if the strin wero
cufficiently tnercused. Even were the coating not comeeted to
the other termina, but ta . insuated phte, <l i yon have
follow rocent developments, yon wankd nataraly expect & rup.
ture of the gla=.

B il ey sy yon o e ot e e sosion

of the varying clectrosatic foree, the ghes i
other bodies uro removed from the bulb. T fiet, all the sur-
it be removed to s nflite di-

o coil

e v g ot n e it Wi
o i okt gl s Sl bk g o Wal
ool mackow chaviel . the v s quiekly mpered.
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tat a the ajocnt pale-pieces of either cireit are of lke palar.
ity they will Tave a cor & effect upon one another.
i Texln therefors profors to remove.the sceondary poles from
the direct influcnce of the others, This may be doe by ot
structing  motor with two. independent sot of felds, wnd with
ther one or two armatires clectricaly oo

w0 armaturs and one fil. - These modifcations aro
further on

s dis

anmatic Mustation of & motor and system i
the diference of phase i artiflcally produced.  There are
o il 1 in one branc ik 3 1 in another ranch

Fig.

P .

of the st o thegeneaor o, These o et o
Grans ar of difleent st indulon, ey e, being Higher
i the o, Thi s rahically ot by aking o
bl aser than o . Ty e of e difarense
ol chractr o th (v e the phacs ofeurnt
o e rtnied o 3 et cxiont tan e o Tt
iflaonce e iy degrss, A mor s et Wi
ot der the ackon of i earet ot o bppoms
b e prviowly G e toaponding et of
ot of e amtore and ek do ot st owiog v dhe i
din i oo iven gt olfet e st and
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hall prsently endeavor to ilustrate, Tn presenting hia scond
el of electrical effects, 1 will avail myself principally of such
s are producible withont. any roturn cirenit, hoping to intarest
you the more by presenting these phenomens in a more o less
novel aapect,
ns been  long time customary, ovwing to the imited

exporience with vibratory eurrents, o consider aa cloctrie cur-
rent os something cireulating i a losod conducting path. It
ihing at frst o reaiizo that a curront sy o through
path even if the latter bo interrupted, and it
was.still more surprisng to learn, thut sometimes it may be
oven easier to make a ourrent flow under such conditions
than throngh o closed path.But that old ideais gradally dis
appearing, even among practeal men, and will soon bo entiroly
forgotten,

T£1 connoet an insulated metal plto v, Fig. 175, @ ono of the
termisals T of the induion coil by ms o

Fa. 1,

plate be very well insulated, & carent pases through the
wiro when the coll i sot to work, First T with to give you
eridence that thoro is  curront. passng throngh the comceting
wire.  Au obvious way of domonstrsing this i o fnser hetwoon
the terminal of tho coil and the nsulated plte a very thin plti-
am or german silver wiro @ and bring the attr to incandes-
conce or fusion by the earrent.  This rquiresa rather largs plate
or elso current impulses of vory high potontial and froguoncy.
Auothor way is o take a ofl o Fig. 175, containing many turns of
in insulaed wire and to insrt the same in the path of the eur-
rent o the plate. When T conneet one of the ends of the cofl o the
‘wire leading to snother insulated plate x, and it other end to the
terminal 7, of the induction col, and sot tho lttarto work, acur.
ront passcs through tho insorted coil ¢ and tho existencs of the
cursent may bo made manifost in various ways, For instance, |
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CHAPTER XLIL.
M. Trst's Prusocar. Exiser x . Woniw's Farm,

Wit the exhibits of firms engaged in the manacture of
15 of overy deseiption st tho Chieago World's
Fi, afforded the viitor ample_opportuity for gaining an ex.
collent knowledigo of che slateof the at, thera were o numbe
of exlbits which brought out in stroug relicf the work of the.
entor, whicl lesat the foundation of el
el porsonl exiiits was that of M. Tesn, whoso appamt
pied pat of the space of tho Westinghouse. Company
eotricity Buiding.
This apparatns roprosonted tho.rosults of work and thovght
cosering a poriod of ten yoare. It embraced a larze number of
diflernt altornating wators sud Mr. Tesl's carir high fro-
quency apparatus. Tho motor oxhibit conssted of o variety of

fieds and armatures for o, threo aud multiphae cirnits, and
gave a far iden of the graduad cvolution of the fundwmentaliden
of the rotating magnetie fld. The high frequency exi

cluded M. charge cil

i nvent-
His papers prined

iz 207 shawa a siew of part of tho oxhibitscontaining the
motor apparatns. Among theso i shown at x a large ring n-
tended to exibit the phenomena of the rofating magneti fed,
The field produced was very powerfal and exhil

offets, rovolv

dhapes at cons
s wound for two-phase cireuits, nd the winding was 5o d
tribute that a prctieally uniform ficld was obtained.  This ring
s prepared for Mr. Tes's exhidit by Mr. C. F. Seott, clec-
trician of the Westinghonze Electrie and Manfacturing Con-

pany.
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the condition of the field that produces it The secondary or
plemntal poles f ¢’ are therofore. availed of. There being
ity dogrees diflrenco of phaso betwoen the cnrente in cofle
1, the mguetic ffet of polas o’ shonld correspond to that
prodduced by & cursent. diflri from he cursent i cofls b or
by fiftoen dogrecs. This wo can astain by winding cach supple-
vental pole w ¢ ith two. eofls 1 1. The coil 1 e included
- derived ciruit Javing the same sl induction as irenit n,
el 1 eirenit having the sune selinduction as ireuit
1,20 i i theso clrenit difler by thiry degrees the magnetism
of poles o will comuspond to that produced by w current. dif-
Sering from that in cither o or 5 by fifteon dogrees.  This i true
u ll other cues. For example i tho cofls & be
replacod by the cails 1 1’ included
magnetin of the poles o will correspond i efect or phase,
i may be o tommed, o that produced by o current diffring.
from that in cither cireuit p or 5 by foty-five degrees,or e
cighth of  periol

“Thi invention s sppliod to a derived circnit otor is st
ted in Figs. 0 and 71, The former s an end viow of tho motor
it the armature i section and a diagram of connections, and
Fig 71 u vertial section throngh the field. Those figaros are
b drwn 1o show ane of the dispositions of two flelds th ruay
b adopted in carying ont the principle. The poles » .00 aro
in ono.feld, the romining pole in the other. Tho former are
wound with priviary cofls 15 and secondazy coil 1 ', the latter
with cofl x 1. The primary eoil .1 are in derived cironits, b
twoen sehieh, by reasen of their diferent selfindetion, there i+
w diflerence of phas, sa, of thirty degrees. The coil ' x are
in clrenit with oo another,as also aro cofl £, and there hould
be a diffrence of phase between tho cnrrentsin cofls x nd 1 and
their corrosponding prinwrics of, say, fiftoen degroos. 1f tho
polos 1 c o at right angles, tho armaturecaie bould bo oon
ooted direetly aeros, or  single armatare core wownd from end
o end may be e butif the poles 0 bo n Tine thero should
o an angular displacement of the armatare cofl, s will be well
nderstoad.

The operuton il b understood from the foreging. The
i magaetic conditon of 4 pais of poles s’ ', crincidos
ol with the maximum offet in the armatnrs, which lage
ind he correspanding condition in poles » .
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insertan iron core { within the coil. The current Leing one of
‘very high frequeney, vl i i Lo of some strongeh, soon bring tho
iran core to  noticably bigher temperature, s

enrront Jossesare grea with such high freqencies. - One
tako a core of some size laminated or not, it wonld mater
bt ordinary iron wire Jgth or §th of an ineh thick i suitable
for tho purpase. While'the induction el is working, & curront
ravorscs the nserted cofl aud only a fow moments are suficient
o bring tho fron w7 {0 an elevated temperature suficont to
Soften the sealing-vax , and case a paper washer p fstencd by
it to the iron wire t fall off. But with the apparatus such as 1
Liave here,other, mich iy intersting, demonstration of this
Kind can Lo mude. 1 have secondary s, Fig 175, of coars wir
wound upon a cal similar to tho first. In the proceding experi-
ment the curront throngh the coil ¢, Fig, 175, was very small, but
thore being many turus  strong hedting effoct was, nevertheloss,

producsd in the fron wire. Had T passed that urrent througha
conductor in order to shorw tho heating of the later,the carrent
effct desived. Bt with
i cail provided with n secondary winding, | can now trnsform
the fesble carrent of Ligh tension which pasos chrough the prini-
o s strong sccondary curtent of low fension, and this
iy do what | expect. T o small glass
tube (1, Fig. 176), | have onclosed n coled platimum wie, 1, this
merely in onder to protee the wire, On cach cnd of tho glass
b is sealed  torminl of stout wire to which ne of the endsof
the platiaam wire 1, s conneted. L join the terminals of the
cecondary el fo those torminals and nsert the primary ,
Detween the ineulated plate 1, and the torminal 7, of the fdu-
tion coll s before.  Th latter being set to. work, instantly the
platinun wire v i rendered ineandoscent and ean e fused, even
it b vary thick.
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endency 1o roation wil be wwintained if the masivnn wag:
netic attmetions or conditions i both srmature and fild cofuide,
the cnorgy developed by u motor beiag measured by the produet
of the magnctic quentitios of the armatare and field.

To secure this enineidence of maximnn magnotie offcts, M.
Tesh T devised varions mean, as oxplained below.  Fig. 65
« disgrammatic llustrtion of a Tesla motor system i which the
alernating currents procced from independent sourees and diffr

et or gnetic framo of the motor

5 5, oppositaly located .
anc encrgining eircuit; and

jocos ndapte to ruceive the coils of

 imilr pale-pieces for the colls
of the other cncrgiring ireuit, Thoe cirenits sre dsignated,
respoctisely, by b 1, the conductor b° forming & common return
0 the gonerator 0. Betuwoen these polos is mowuted an aruture
—for_example, a rng or aunular armatare, wound with a serics
of caile v, forming 1 closed cirenit or ciruits, The action or
operation of a motor thue consteneted is now well understond
16wl be observed, horwover, that the magnatiem of poles 1, for
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forcos acting betwoon wingnets whon compared with e trom)
dous aitructions and repulsions produest by clectrosttic foree
which thero i apparently no it s to fntensity. In lightning
dischrges bodie are often chargod to 50 igh » potential that
oy aro thrown awray with inconceivable force and torn acunder
or Shattered into fragents.  Sel oven such offets cumnot com-
pure with the attrueions and repulsons whicl exit betwoen
charged molocales or atoms, and. which aro suffciont o projeet
o with specdof many Klowmetres sceond,so that undor their
violent et bodies e rendered highly incandescent aad acc
volatlized. 1t i of spovial inter-t for tho thinker who inquires
ato the ey of these forces 1 wote that whereas the setions
botuseen individual molocalon: - stouss oseur scemingly wndor any.
conditons, th attractious and vpubions of boics of measurablo
mensions fuply & e posossin insulaiug properics

i i, cither by beini rurcied or heated, s rendered moro of low
condeting,theseactions between two clectrifid bodics practially
conse, il the netons between the individual atows continnoto
manifost theuslves,

An exporimont way serve s mn illustration and a3 o weans of
Uringing ont other foature of inerest. Some fime tzo I showed
that a lap lament or wire wonnted in x bulb and connected to
oneof the terminal of  high tension. secondary ool s set. 4
ning, the top of the flament gonerally doseribing 1 circle. This
vibration s very evergetc when the air in the bulh was at
oniinary pressure and became les cnerzetie vhen the air in the
bl was strongly compresed. 1t cousr ltagether when tho it
i exlausted % 6 o bocome comparatively good condetng. 1
found at that time that no vibration tack place wl
was very ighly exinsted,  Dat T conjoctured that tho
which T seribed to the eloctrostatic aetion batween the wallof
tho bulb and tho Hlament should twke place a0 iu a Lighly
oxhausted bl To test thix undor conditions which were imoro
favorable, & bl like the.ane in Fig. 174, was constructod, Lt
comprised a globe b, in the neck of which was sealed  platinum
wire 0 carring o thin unp fluanent f. Lo th Tover part of
the globe  tube ¢ was seaed o e tosurround the flament, The
exkaastion was carriod as faras it was practicable with tho uppe-
rutns emploed.

This bulb verifid my expoctation, for the fluent was cot
spinuing when the current was tarned on, aud became.incandes-
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A sl ving, vt o e ikt ome exlitod
a1t decgned gl to bt fhe ruaton of
Arumcare i soning fid, o connetion wih (hse v
ings thore wat s et ot shown by . T whil
comie of ot i il the gt g gl {0
oo i e Wi i mignet b s demonie the
ety bt oting i A oiuting gt (h it
e inin, exhibited he mime phenomers et g whe
ey vere enéngned by ement 4f diflring e, noher
prominent xhibit vae  modl e 1 vhih ety
s mor, s well e an ndation mtor . oo, 1
o of & e owtor ring.of laninated i ¥owd it
v supaimpora, ey windings whic ca a cometod
i vty of g T I e of tho B okl el by
3. Toa 1 10 for and i srencormor. The
aratars v e el o erenght Jon i i losed
il Whon th msor vas pemtad from & vy pas gosrnoe
Tl windags were conmcid In o grone ot s, When
v 1 n o uoir he aren 1o i, om0 of 159
Vindingsof the ring a paed. rongh the aler vinling o8
the ving nd s the sitor peratd with onlytwo wirs. Wben
acd A tranformes the ower winding soreed or inance,
S ccondary and tho o 4 primar.The ol <o o
5 e o h s Rt Bld ot oncing o1
iro ring wound with o et of coll andan armaarsconin
of m e ofsiee s urly cut sy and gl cn  small
on

AC i showr e of th it oating e o et
s for the Plation of anar amp d for ather pueese.
oo o e it of sl g Glernt
i eton o st Vo f German e i 1 e of
opper wire. - Th atur s womd wilh tvo losod.cireniod
o i vight g 1o sah oen, o tho aratur Anf re
e ovors i st doicos b offct th regunton. At »
e shown o odelaf & et g moto  hiscmbotih»
ing Wil ol pejetons ptrading from teo enl hecwean
Wi 1 gl Tolate . ol o, When a alien
ing current s snt thrngh fh two ol he ple prjetions
ot 5 and aratare i ¢ e sty gtz wid
upon th comtion o revonal of fhe corent he emtare and
BRI rupel eul ofher . rotatin s poducad . this wey:

otore
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oxample, establishod by a coment impule. in tho cails theroon,
procedes e

dneed curren Consoquently the
between the amistare and fiold-polos = considersbly roduced.
“The same conditons will be found o exist f instend of sacumings
tho poles 1 or o 4 acting indopendently, wo rogard the ideal o-
sultant of both acting tagotber, which i tho real condigion. To
remedy this, o otor feld i constructod with secondary poles
¥, whicl are situated betwoen the others. These.pole-picees
are \cound with aile ' ', the formor in dorivation to the coile
1y the later to eofl x. Tho

win or prinuy cails b and 1 are
wound for & diffrent selEinduction frow th of the coiléo’ and
1, tho relations boing o fixod that if tho enrrons in v and &
aifor, for example, by  quarterphase, the currents i etels
secondary coll, s ' 57, will diffr from those in itsapproprinte
primary 1 or ¥ by, s, forty-five degrees, or one-eightl of

period,
Now, sssuming that un impulse or ateruation i cireuit or
brancs i just beginning, whilo i the branch v it is just falling.

from maxinmun, the conditions are those of @ quarter-phase
difference. The ilealresulant of the attrctive forees of the two
ot of pols 1 therefore may be considerel s progresing frur
3 risng to masimm,
. The polarity et up
tho armature, however, laga bolind the manifostations of field
magnotiam, and hence the maxinum pointsof utructon in s
taro and feld, instend of coineiding, sre angularly displaced.
This efoct is connteracted by the supplemental poles ' ', Tho
nagetic phiasos of thoso polos succood thoso of poles » ¢ by the
Same, or nearly the suno, porio of tim 1 clapecs Lotween the.
offt of the poles 0 and tho corrosponding induced effctin the
armaturo; Lonco tho magnetie conditions of poles o o and of
tho armauro wore nearly caincide and a bottor result is abiainod
A& pales 1’ o et in conjunction with the poles in tho armsture
established by poles 1, 0 in tum poles o et sinilarly with
e poles st up by ' ', respeetively.  Under such conditions
the rotardation of the magnetic ofect of the armature and that
of the secondary poles will bring the maximum of the two
nearly into coineidence s a correepan
magmetic attaction socured.
T sueh . dispoition s

ingly stromgor torquo. or

shown in Fig. 65 it ill o abservnl
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cent. Tt also showod suother intoresting festue, besring upon
the procoding remarks, namely, when the Slament had been
kopt incandescent some time, the narrow tube and the space. -
side were brought (o en clevatel temperstare, und a5 the gas
the tube.then became conducting, the locteosatic attraction be-
twoon tho glus and the flament became very weak or cused, and
tho flament eune to rst. When it came to rest it would glow
far more intensely.  Thix sras probably due to it assuming tho.
positon in tho centre of the tubo whoro the moloculr bombard-
ment was most intense, . also pardy to the fact that th
vidualimpacts ere moro violent and that 10 partof the supplied
energy was convorted into mcehanical movernent.  Since, in ac-
contaco with acecpted o in thisexperiment the ncandescence
it b attrboced to the impacts of the particles, moleenles or
atoms in he eated space Shese paticls mus therefore, i onder
to explain such action, bo assumes to belave u independentear.
sier of ersd in wn insulating medium; yet
there i no attractive force between the glass tube and the e
ment bocause the spaco in tho tube i, s & whole, condeing.

Tt of some interest o olserse in this conneetion that whereas
the attmetion between o electrifiod bodios may ceaso aving o
the impairing of the insulating power of the medium i whicl
they aro inumersed, the repulsion between the bodics may sl be
obeorvod.. This may bo expliaed in a plausible way. When t
bodiesare laced u some distance in puorly conducting modium,
such s slightly warmed or rarfied air, 1 are suddely elect
flod, opposite. electric charges i fmparted fo thom, thoso
hasges equalize more or lse by leakage thrangh the air. Batif
the bodies aro similarly cletrifi, there is Ieos opportunity af-
Sonded for sueh disspation, henee the repulsion observed i such
easo i grenter than the attmcton. Repulsive ations i a gas-
ons madinm are howerer, s Prof. Crookes has shown, enbanced
by moleculur bomlardment.

So far, 1 have consdered principally offeets produced by
sarying electrosatic force in an fnsulating medinm, such as ir.
When such . force is acting. upon o conductig body of raeasur-
able dimensions, it cuuses within tho same, or on s surface,
displacoments of the electricty and gives riso o olctric currents,
and these produce smother kind of phenomena, somo of which I
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Another interosting extiit, chown at , s an early model of &
o field motor enorgised by cursents o difforont phase.  Thero
aro two independent folds of lavinated iron Joined by bras:
bolts; in cach fild i mounted an armature, botl wrmatures be-
ing on the samo.shaft, The anmatores were originally 50 ar-
rungod s to be placed in any position. relutively to each other,
and the fields al0 were arranged to be conneeted in a mumber
of ways. Tho motor b served for the exbibition of » namber
of foatares; among other things, it s beon wsod s & dynamo
for the production of currents f any froquency between wide
Vimita. To chis caso tho ficld, instond of boing onergisod by di-
Fect current, was energied by curreuts differing i phase, which

produced a sotaton of the feld; the armatare was then rotated
i the same or in apparite direction to the wovement of the field;
and 20 any number of alternations of tho curronts induced in the
armatare, from & small 1o bigh numbor, determined by the
frequency of the energiring field cols and thespeed of the arma-
ture, was obtained.

“Thiemodel 1 1, represent  varity of rotting flld,synchron-
o motors ehich are of special value in long distance transmis-
cion work. The principle embodied in these motors was eun
ated by M. Tesla in his ecturo before tho American Tnstituto of
Electrcal Engincers,in May, 188! Tt insolvos tho producton.

1. See Parc T, Chap. 11, pago .
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tinued experiment and obsorsation, boh with steady and varying
curtents, s eliited by the interest whicl s a¢ prosent aken in
subject, and by the manifeatly crroncons idens which are
ly proposdd n fouuala o i ibjct.
Moct of the cleetrostati force by another
e TR e e
or two fucts. [ lave swid bofore, that when tho modium be-
ovcen o opposiely eletrifiod bodios i strained beyond a cer-
i Tt it gives way and, stated in popular language, the
opposite electric charges unite and noutralize onch odher, Thix
breaking doven of the medium occurs principlly when the foree
acting between he bodies s steady, or varics at & moderate rate.
Were the variation sullcently rupid, such & destrutive break
would not oceur, no. matter how great, the force, for al the on-
ergy would be spent in radiaton, convcetion and mechanieal and
chemicnl action. Thus tho spark lengih, o greatest distanco
whicl 8 gpark will jump botween the eleetrifi bodies is the

v P th,

saller the greater the varition or time rat of change. But
i rale may be taken to be trae only in a general way, when
comparing rates which e widely diflerent.

T will horw you by an experiment the difference u the effoet
produced by & rapdly varying and o stady or moderately vary-
ing force. 1 have here two lange cireular braes plates (Fig.
Tita snd Fig. 1705), supporéed on movable insulting stunds on
the tabl, connected to the ends of the sccondary of a cil similar
0 the one used before. 1 place tho platos ten or twelve inc
apart and setthe ol t0 work, You sco tho whol
tho plates, nearly two eutic fect,flled with uniform Tight, Fig
0. Thislight i due to the stroamors yon v seen i the frst
experimeant, which are now much moro ntonse. 1 havo already
pointed out the importance of thes streamers in commercial ap-
parutus and their st greater inportauce in some purely sien-
e investgations.  Often they are 100 wenk to.be isibe, but
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vore. Tuis ot necessary that overy individual, not oven that
ovory gemertion or many genertions, should levo the physeal
strument of sight,in ordr {0 ho ablo o form mages and o
K, ht i, forim dous or conceptions; but sometime or oter,
aring the procoss of evoluton, the eyo cortauly must have ox.
fated, ol duought, s wo understand.it, would be imposible;
el concopions, ike apirt, inellect, mind, call it as you may,
conld ot exist. It is conceivabie, thatin some other world,
some other beigs, tho eyo = oplacod by a different orgun, equally
or more perfect, hut these beings canmot be
Now what pronpts us al to voluntary motions and ctions of
tho eye. 1f 1 conscions of he motion, I
st ave an idea or conoopion, that s, an image, thercforo the
eye. I Xam not procisly conscions of the motion, it i, beeause
the image aro vage or indistict, being Ulurred by the superin-
position of many. Tt when [ pesforas the mtion, doce the
apulse whicl prompts e to e acion come from witlin o fro
without . Tho greatost. physicats Lave not disdained toon-
deavor to anawor this and similar questions and s at
abandonel themselves to the delights of pure und vnrestrined
thought.  Such questions are generlly considered not to_belonz
o the realm of postive physiea eience, but will before long b
annoxed to s domin. Hollioliz lis probably thought more
on o than wny modern scientit, Lond Kelsin oxprosced L
eliof that 1 process i cletrical and that there i foreo in-
orent. to the organism and determining it motions, Just as
mich ax L am convinced of nay physieal truth | am convincod
that the motive impulss must come from the outide.  For, con-
sider the loweat. orgusiam we know—and there are prolably
many lover ons—an aggregation of » fow colls only.” I it i
capable of valuntary motion it cun perform an infnito numbor
of motions,all dofiite and precise. Bt now & meclanisu con-
istng of a fnite number of parts and fow nt that,cannot por-
form an iniito nambor of definite motions, henee the impulses
whieh govern its movemments mast come from the environment.
So, the ntom, the ulterior clement of tho Univens’s strueture is
tosed about in space oternally, o pay to extornal nfuenees, ke
ot in  troubled sea. Were It 10 sop ts motion it would die.
Matter at rest, if such o thing could exist, would bo matter doud.
Death of matier! Nevor has ¢ sntenco of docper philosoplical
mesning been uttered. This i the way in which Prof. Dewar
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forcibly exprosses it n the desription of bis sdwirable experi-
ments, i whic liquid oxygen is haudlod s ane andles water,
and aie a¢ ordinary prossare s made o condense and even o
salidify by the intense cold. Experiments, which terve to lus.
trte, in lis language, he lust fecblo manifestaions of 1fe, the
st quiveriuga of matter about (o dio. But luman oyos chall

i death. Thero i no dowth of matior, for
througlout the ufiite universe,all s 5 move, to vibrate, that
i to i,

T have ade the preceding siatements u the peril of troading
apon metaphysical ground, in my desive to introduce the subject
of this lcture in 8 manner ot altozether wintoresting, | may
hope, o sn audience sucsss | Lavo the Tonor to addross
now, then, roturing to the subject, this divine organ of sight,
s dispensable fnstrument for thovght and al intelcotual en-
joymont, which lays apen t0 us the marvels of this wniverse,
irough whicl we hare seuined what knorwledge we poses, td
whicl prompts s to, uad contrels, all onr physical and mental
netivicy. By whatis it affoered? By light! What is

Wo live witnessed the great strdes which live bet
al departments of acence n recent years. S0 great havo boon
tho advances that wo cannot refrin from asking ourselves, T
i all true,or i it but & dreem? Centrion ago men have
livod, havo though, discovored, inventod, and have blieved that
thoy woro soaring, Wil they wero merely proceoding at a snai’s
pice. S0 we oo uay be mistaken. [t king the truh of the
abierved events us ane of the implic facts of seinee, we Taust
rejoie in the immense progroes lrcay made and st more n the
Antcipution of what must come, judging from the poslilities

¢ modern rosoareh, Thoro i, lorwover, un advaneo
bean witnasing, whicl st be. particaluly
0 every lover of progress. 1 is ot a discovery, or
an invention, or an achieveument n any purtieular direction. It
5 an advanes in all directions of sefentiic thonght and experi.
went, 1 mean the generalization of the matun forees and pho-
nomens, e looming up of & cortain broad idea on he sientific
lorizon, Tt this idea which Lias, howoror, loug ago taken pos-
sesson of tho most advaneod minds 0 which I desir tocall your
attontion, and which 1 intond o ilustrato in & gonersl way, in
thoso experiments, 1 the first step i answering the quostion
“What s light?” and to realize the modern. meaning of U
word,
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o intensity, unlossthoy aro very great, Now we can readily con
coive how an organisen, sachas tho human, n tho etornal process
of evolution, or more. philosophieally speaking, aduptation to
Noture, bing constrined to the wie of only the sense of touch or
foree, for instance, might develop this sens to such a dogree of
senstivencs or perfection, that it would bo capuble o distinguis
ing the mintest differonces in the temperstare of & body sven
at some distance, to 8 bundredthor thousandrl, ormillionth part
of a dogree. Yot evon this apparontly impossible performance
‘would not begin to compare wih that of the cye, which s cap-
able of iz and_conveying to tho mind in » single
nsant. innumersble pecaliriies of the body, be it in form,
or eolor,or other respects. This power of the eyo rests upon
w0 things, naely, the rectlinenr propazation of the disturh
anco by which it is offected, and upon e senstivencss,
To say that tho eye issnsitivo s notsaying anyehing. Compared
it it all othor organs aro monstrously crude. Tho organ of
mell which guides a dog on tho el of  deer, thcorgan of tonel
or foreo which guides a inscet i it wanderings, the organ of
hearing, which s ffocted by the slightest disturbances of the e,
e senstive organs, t be stre, but wha are they compard it
the Touman eya! Nodoub it rosponds to the fintest choes or
eaverberations of the medium ; no doubt, it brings ustidings from
other worlds, infintaly romote, but i lnguago wo caunot 16
yot ahways undorstand.  Aud why not? Beomuso wo live in &
‘medium filed wih aie w1 othor gascs, vapors and a denso mas.
of solid partiles fiying about. These play wn imporan part fn
nany phenomena; they frittr away the energy of tho vibrtions
befor they ean reach the eyo; they too, e the carriers of germs.
of dustruction, they got into ou hungs and other organs, clog up.
the channels and mporcoptibs, yet inevitably, arrest the tream
of ife, Could we bt do mwsy with all ponderable matterin the
e of sight o the telscope, it woukd roveal o s undreame of
warvels, Even the umided eye, [ think, would be capabloof die-
tinguiehing in the pure medinm, small objocts a¢ distancos s
urod probably by lundreds or perbaps thousands of miles

Tt there i something el about. tho cyo whiel fmprosscs v
Sl more than these wonderfulfeatunes which wo observed, view.
ing it from th stundpoiat of a plyscit, merely m an optical
instrament,—somtbing which appeals 0 us more (hun i marvel-
ous facalty of boing dircetly aflcied by the vibrations of the
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ore
ming pover. 1t s its
No matter what one's views o

tonghts b realize the fiportance of the cye in the
physical processcs and uaenta performances of the lnman organ-
o, And how conld it be orherwise, when he realizes, that the
ey is the mewns through which the human rce liue sequired
e entire knowlodge it posesse, thatit controlsall one motions,
nore still,all our actions.

Thoro i no way of sequiring knowledge except throgh the ey
What i the foundation of il philosophical systems of ancient
and modern e, in fuct, of all the plilosophy of man 1 am,
Lihink; 1 thind, thercfore Lam.  Buthow could 1 hink and how
would T Know that T exist, i 1 hai not tho eye?For knowledgo

olves consciousness; conselonenoss involves ideas, concoptio
wooptions nsalve pictures or fnages, and images the sense of
vison, wnd thereforo. the orgun of sight.  But how abaut blind
e, ill easked 7 Yes a Ulnd i may-depiet in magnifieent
o, forms and sceis from real e from  world Le physically
oes not sce, A blind man my touch the keys of
with unerring preeision, . miodel the fastst boat,
and invent, caenlate and countrict, may do il geeater wonderi—
Dt il the bind men who have done such things have descended
froms those who had seing eyes. - Nature tay roach the sume re-
<ultin wany waye. Like 8 wave in the physil world, i the in-
it ocoan of the medinun which porvades al, o in the world of
onganins, in i, an imple started procecds onvard, at tines,
iy be, with the spewd of light, at. times, g, 20 sowly. that
for ages and sges it socus to stay, pasing through processes of
comploxity inconccivable to o, bat in il ite forms, in ol its
singes its cnergy evor and over intognily prosent. A singlo ray
of ight froma distant star flling npon the ese of & tyrant n by-
zone timcs, may have altored tho conrse of his lfe, may have
Changd the desting of nations, ay have transformid tho sur-
face of the globe, = intricae, s inconceivably complex ar

I o way ean wo et ey an overwleln-
ing iden of the grunden of Natare, as when e consider, tha
ccordanco withthe law of the conservation of energy, thronghout
the iufinite, tho forees aro in a porfect balanecyaud hence th
nergy of a single thought may dotermine the wotion of a U

o oot Lo g ittt
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tively overome. Bt to light snch a lamp we roquine u bigh

potentia; and o g this economicaly, we must use high fre-
Auencios,
‘Suel considorations apply even mare o the production of light

sconce. T ol
i potontals, These

by the incandesconce of g, or by phosph
cases e require igh fruqencios and
thonglts cenrred to me & lon time azo.

Tncidentally wo gain, Ly b ws of Digl froquencics, many ai-
vantages, uels as igler oconomy in tho light production, the
possibility of wor Toad, the posibility of doing away
with the leadingin wire, ct

Tho question i, how far ean we go with froquencios? Ol
sy conduetors rpidly lose the facliy of tranemitting electric
apulees when the frequency i greatly fncrowed.  Asume the

it for tho production of impulses of vory great requeney
Drought o the.utmost porfection, every one il naturaly ask
o 10 tranenit e when th necessity aries. In transnitting
el impulses through conductors wo must remember that e
lave to doal with preseure and, o, intheordinary intorprotaton
af these term. Lt the pressio inerease toan cnormons valne,
and Tt the flove correspondingly diminiah, then such impulses—

e merely of pressirs, 4 it were—can o doubt be
ttod through 4 wire oven if their frequency be many
e of milione per second. 1t wonld, of cours, b out of
ssait sucs mpulees throngh  wire

oven if the wiro wore provided widh  thick
‘and excllent insulation, for most of the enorgy would be lost in
wolecular bombardment. and consequent heating. The end of
the wire connected o the souree wonld be heated, and the ro-
mote end wonld recive but . triflng part of the energy sup-
liod. The prime nocessty, then,if such cleetrc impulses are
0w s, s 10 find sucans 1o reduce as much as poible th
disipatior

Tho first thought s, to curploy tho thinnest possiblo wire .
rounded by the thckest practibie ivsltion.  The next tought
i o employ clectrosatic scroens. The ineulation of tho wire
Iy e covered with o thin eonducting contig and the hiter
connceted to the groand..But this would not do,a then ll e
enerey would pase hrorigh the condueting costin o the gromnd
and nothing would get to the ond of the wire. 1 grownd oon-
nection i mado it ean only be made through a conduetor. offor.
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ing an enormmon.
tromaly small capaci
other diffeali

18 the wave langdh of tho impulses is much swller than the
length of the wire, then corresponding short waves will be sot
up in the condueting eouting, and it will be more or les the
came u thovgh the coating were direely conneated to casth, Tt
i thoroforo. necossary to eut up the coating in sections mucl
shorter thun the wave lengih. Such an armangoment. docs not
sl afford a porfeet sroon, but it s ton_ thousaad times better
than none. 1 think it preferable o eut up tho eondueting cont-
ing in small scetons, even if the current waves be mael: longer
than the coating.

1 a wiro woro provided with 4 porfeet clostrostatie sercen, it
would bo tho same s thovgh al objocts wero removed from it at
infinite distanee. Tho capacity would then be reduced. to the
eapaity of the wire iself, which would be very small. It
would then be pasible o send over the wire current. vibrations
of vory high frequencies at enormons distavess, without afectng
greatly tho charcter of tho ibrations. A perfect sereen is of
ourse out. of the question, but T belevo hat wih & sercen suely
as T have just doseribed telephony could be rendered practieable
across the Athantie. Acconding o my ideas, tho gutta-percha
covered wire siould be provided with  third conducting coating
suldivided in_soctions. On the (op of this should be aguin
placod a layer of gutta-percha and other insulation, and on the
top of e whole tho armor. But such cablos will not bo con.
etructed, for ere long intlligenco—transmitted ithot wires—
il thro thronigh the eardh ke a pulse throngh a lving orgun.
ism. Tl wonder is that, with the present sate of Knowledge
and tho experiences gained, no attempt is being made to dis-

rb tho loctrestatie or magnetic condition of tho carth, and
trananit, if nothing elsc, fntllgenee.

Tt has been my chif simin preseuting fhoso rosults to point
out phenomena or featurcs of novel, and o advanco ideas
which T am hopefol wil srve s starting pointa of now depart.
ures. 16 has bocn my chief desie thi evening fo entertsin you
with some novel experimnts.  Your applavie, s0 froquently
and generously scconded, has told me that | have sucecedod.

T conclusion, let me thank you st heartly foryour kind-
e and tention, and assure you that the henor 1 avo bad o

pedance, or through . condenser of ox.
Thi, howervor, docs not do away with
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mast intimate relagion with that which we callintellect. o i
mate s this relation, that it i often sid the very soul shows
el i th eye.

It exn o taken u a fut, which the thoory of o action of the
 implios, that for_cach extornal impresion, tat i, for_cach
ngo. producod upon the rocine, the ends of the visual nerves,
concerned in the eonveyance of the improssion o the wind, must
be wnder » peenliar stres ot in & vibratory sate. 1t now does
ot scem mprobable that, when by the power of thonglt an
ago s croked, o distinct relex setion, no. matter how wenk, ix
exerted upon certain o of the visul nerves, and therefore

2 of the retina when disturbed by thonght o reflex
by the help of some opiical o other means of_sucl sens-
tivenes, that a clear iden of it state might bo guined at any.
timet 1 this were possible, then the problem of reading cne's
songht with precision, like tho clarseters of an open ook,
i b mch caser to salve than many problems belonging to
the domain of positive physical scicnee, n the solution of which
sy, i not the wajoricy,of seentific men implicily belise.
Helnholts, has shown et the fundi of tho eye ure themselves,
Tuminous, and he was able 1o we, in ol drkness, the move:
ment of Lis ari by the light of bis own oyes. This is one of the
bl cxperiments recorded in the Wstory of seienoe,
and probably only  fee men conld satsfetorily repent i, for it
s very lkely, that the laminosiy of the eyes s asocited with
uncormmon neiviy of the bruin and grent imaginative power, 1t
s luaneseance of brain action, as it wore.

Another fuct baving  bearig on this subjoct which has prob-
ably een noted by many,sinee it taed i popalar exprossons,
but which 1 cannot rcalloct o have found chronicld s & posi-
tive el of alservation is, that at times, when & suddon iden or

Jage presents itelf to the ntellct,thore s disinet and o
times painfal sensution of luminoity prorucel in the eye, ob-
sorvabe oven in broad daylight.

“The saying thea, that the soul sbows itslf in the ege, i deep-
Iy foundod, and we fool hnt it oxproses » great rath. It hasa
profound meaning even for one wh, like & poct or arisl, only
Tolloveing his inborn instinet ar love for Nature, finds delight in
aimlose thoughts and. in the mere contewmplaton of natural phe-
omens, bt » 6l more profound meaning_for one who, i the
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spiitof postive scentific investigation, recks 10 ascerain the
s of the cffects. 1t i principally the natural philospher,
i physici, for whorn the eye s the subject of the most intenée
admimiion
Two facts about the eye must foreibly impres the mind o the
physicit notwidhstanding he may think or say that it s an
imperfuct optea instrument, forgeting, tht e very conception
of hat which is perfect or socms a0 o him, haa been guined
through this same instrument. i, tho cye is, a8 far u our
positise knowlege gocs, the only organ which i direlly ffcted
by that subtile modium, which a sienco teaches e, must il al
spnco ; cecondly, it i the most sensitive of on organs, incompar-
ably more senifve o external impressons than
“Tho argan of hearing fmplics th impact of ponderatle bodies
e argan of smel the trnsference o detached material prticles,
v the organ of s, and of touch o force,the direct contaet,
or at least ome interference of pondersble i in
truo even in thos inetances o animal organiue, T which some
of these organs are developed toa dogree of truly marvelons
perfection. Thibeing a0, it e wonderfal that the argan of
it solly should be capable of being stirre by that, whiel ll
our othe organs e poverless to detect, yot wiich_plays an cs
ental part in al natuea phesomens, which transitail encrgy
and et all mosion and, that. most ntricate of all life, bt
‘whih s propertis such that even a scientfally rined mind
* camnot el drwing » disinerion betswen it wnd a1l i s calld
matter. - Considering merely this, and the fact. that the cye, by
ts marvclons pover, widens onr otherwise very marrow range of
w24 perception far beyond tho iits of the small world which i our
. own, to embrmco myrinds of other worlds, sune and stars in the
 infinte deptl of the universe, wonld make it jusifiablo o awert,
it orn of abigher ondor. s performances are beyond
e comprehension.  Nature s fir as we know never produced any-
% thing more wonderful. We can got barely a font idea of its
... prodigions power by analyzing whit it does and by comparing.
4.2 When cther waves impinge upon the luman bods, they prodnce
/" thesensmions of warmth or cold, lessure o pin,or prbapacother
"+ sensarionsof which we are not aware aud any dogre or intensity
- of these enations, which degnees arefinie n mber, onca s
- nfinite number of disinct senstions, Batour sonse of touch, or
o sense of foree, ot reseal o usthee diferences i degree
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addrossing sush a distnguichod undicnce, tho pleasuro 1 hase bad
in prosenting these result to  gathering of so many able men—
and mong them also some of thoke in whoso work for many
years past 1 ave found enlightonment and constant. plossuro—
1 shall nover forgo.
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O Lianr axp Omus Wion Furqusey Pusosa.’

Wates we ook at. the world aronnd e, on Nature, we are -
proseed with ts beaaty and grandour. Each thing wo pereeive,
fhough it may b vanisbingly small, i i itclf o world, that s,
like: the wholo of the wniserse, matter and forve governed by
Tase— world, the cantemplation of which fls us with feolings
of wonder ani imosstbly nirzes us 1o cesselos thonght and in-
auirs. But in all this sast world, of all objects onr sensos re-
veal o e, the most warsellons, the most appedling fo_onr
imagination, appears o doult a highly developed_orgavism,
thinking being. 11 there s angthing fted t0 make us admire
Naturc's handivork, it 3 certainly this inconesivable structure,
which performs it innumeruble motions of obedience to externl
inflvence, T nnderstand its workings, o got & decper insigh
into this Nature's masterpiece, hasover been for thinkers  f
1 i, and after wany centuriesof arduons rescarct men havo
arrived at  fuir understanding of the finctions of ts orzans and
senses. Again, n all the perfect Varmony of it parte, of the
parts which consitate the matoral o tangible of anr g, of all
its orguns and senses, the eyo s the most wonderful. 10 s the
most precious, the most indispensable of onr porceptive or direet-
ongans, it i the great gateway through which all knowledge
entersthe mind. - OF ll aur organs, it i the one, which s in the

1 X ecur dlversd vors e Pralie st Pt Febrar,
150, o the Noonl ot Light Awociaion, S Lo, Harch,
o0
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As regards the laiter, which in tho loctrial anlogue correspond
10 the losses e o th resistance of tha cirnits, i¢ i impossble
drely, bt fhey can be reduced {0 4 aminimuia
i of the cirenits and by the
in conductors in the form of strands. Bt
the lossof oncrgy caused Ly the first breaking througl of the
diclectrie—which i the above exampl corresponds to the viclent.

Knock of the botom agains th inlaste stap—would be more
o avercome. At the moment of the breaking throngh,
the air spaco Dae 4 vory ligh resistance, which s probably re-
duced o very suall vlue when the current s resched somme
trength, und the space i brought to n high tempersture, Tt
would witerially diminis the loss of cvergy if the spaco were
alwaga Kept . an extremely ligh temporsture, but then there
wonld be no disruptive bresk. By warming the space moder-
sty by mouns of a Jaunp or otherwise, the cconomy as far a8 the
are s coucorned is sensibly increased.  But the maguot or other
interrupting doviee dovs ot dimiuiel the loss i dhe are, Like-
wise o jot o air only fuiltaten tho carrying off of the energy.
Air ara gus in general, belives curonsly in his respect.  When
w0 odes chrged to'u very high poteninl, discharge disrupt-
vl throngh aa sir space, any amownt of cnergy may be carried
off by tho air. This cncrgy is evidontly disipated by boilly
earriers,in impact and collional losses of the. moleculés,  The
exchange of the molecules i the space oceurs with ineoneeivable
rupidity. A powerful dischurge taking place between twa lec-
trodes, they may romain entirly cool, and yet tho loss in the
i uay ropresent any wmount of onergy. Tt porfeety pric-
eable, it very great porential diferonces i the gap, to dit
pate several hore-power i the are of the dischargo without evon
e in the temperaire. of the clestrodes,

AN the frctional loses ocenr then practically n the air. 11
xchange o the sir moleculos i prevented as by encloeng the
hermatieally, th gus insid of the essel is brought quickly fo a

bigh temperitare, even with s very

cult t0 esimate how wach of the cnergy s st in sound waves,
audible or not, in a powerful discharge. When the currents
hrongh the gy are large, the cletrodes may become raidly
heated, bt this i notw reliable measure of the energy wasted in
the are, asche los through the gup itself may be comparatively.
. The air or a gas in gonersl i, at ordinary presenreat lesst,
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Itis deirable 0 oxchudo the light a perfectly as possble, as it
interfores with somo experiments. T form of discharger i s
plo and vory ofoctive when proporly. manipulatod. Th sir
being warmad 0 @ cara temporatre,Yan s fsulating power
mpiieds it ocotus dclctriclly weak, it wore, and the con-

are formed under sueh conditions, wlen loug, may bo mado os.
tremely sensiive, and the weak dranght throngh the lamp
chimaey ¢ is it suffiient to produce rapid interraptions. The
adjostmont is nado by rogulating tho temperature and velocity
of tho dranght. - Tnstoad of nsug tho lamp, it auswers the pur-
pose ta provido for o dranght of warm air in other vays, A
very simple way which has boon practiced s o enclose the are
in 4 long vertical tube, with plates on the top and battom for
rogulating tho temporature aud velocity of tho sir current.
Some provision i to bo made for deadeniay the sound.

The air may be rondered diclectrically weak also by rarefac-
tion. Disehargers of this ind have likowise boen ned by me
n conncetion with & magnet. A large tube is for this purpose
provided with heavy electrodos of carlon or metal, etween
which the dischurge is made to pass, the tube b placed in o
‘powerful magnetic ild.  Tho exhanstion of the tube is carried
0 8 point at which tho discharge breaks through casly, but the
pressure should be more than 75 nillimetres, at whieh the ondi.
nary thread discharzs ocenrs. In another form of discharger,
combiring the features beforo mentioned, the discharge was
‘made to pass between bwo.adjustable magneti pole picces, the
apace etween them being kept at an clevated tompersture,

It should bo romarked heve that when such, or inorrupting.
devies of uny Kind, aro wsed and tho curronts are passd through
the primary of a disroptive discharge coi, it s not,us  rule, of
advantage to produce a number of interruptions of the eurrent
per socond grester than the natural frequency of vibruton of tho
dynamo supply circuit, which is ordinarly small, 1t shovld slso
> pointed ont here that while the deviess mentioned in comnec-
o widh tho disruptive dischargo are advantugeous unde cor-
tain conditions, they may bo sometimes a sourco of troublo, as
they produce intermittences and oflier irrogularitio in tho sibra-
o which it would be very desirable o orercome.
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Thoro i, Lrogret o say, i this beantifal motiod of conseron
a dofect, which fortumatoly is not vital,and. which I have hoon
gradually ovorcomiing. 1 wil best cal atntion (o thia dofect
and indicato a frutfol Hne of work, by comparing the clctrical
process it s mechanical analogue. - The process may be lus-
trated in-this manner, Inagine o tank with 8 wide opening ot
the bottam, whil s Kept cloced by spring pressure, but 0 that
it snaps off uddenty when 1 i the tank I renched o
certain height, Lt the fiuid be supplied to the tank by means
of  pipo feeding atcoran rate. When tho eriical height of
the Tiguid s reached, the spring gives ay and the bottom of the
tank drops out._Instantly the iguid fulls through tho wido open-
ing, and the spring, reasserting itsclf, closcs the bottom agan,
Tio tank s nows filld, and afier » eriain time intorval the sune
proces i repeated. 1t is clear, that if the pipe foods. the fuid
quicker than the Lottom outlet i capable.of letring it pas
throngh, the bottom will remain o and the tank will il averfow.
1£ the rtes of supply are exactly equal then the ottom 1 wil
remain partially open aud o vibruton of the sumeand of tha
Yiquid catum il generlly ovesr, thouglh i might, i tartod by
some means. Bt if the inlot pipe docs ot foed tho fud fat
enough for the ontlot, then there will bo always vibration,
Aguin, in such case, cach time the bottom fiaps up or down, the
epring and the Tiguid column, if the pliablity of ho spring and
tho inerta of the moving purts urs properly chosen, will perform
indopendnt vibrations, In this analogoe the fuid may be lik-
ened to ceetricity or clectrical energy, the tak fo the condenser,
the spring {0 the dielectrie, and tho pipe t the conductor through
which oleetricity s suppliod to the coudoncer. To make this
annlogy quite complte it s noccsaey to mako the assumption,
that the bottom, each time it gives way, is knocked violoutly
agint u non-elustic stop, this impact involsing some o of en-
ergy; and that, besidss,some disipation of energy ros
Trictional losies. In the preceding wnalogue the lq
posed to be nnder  steady pressure. 1F the presence of i
Te asuned to vary hythmically, this may be taken as corres.
ponding o the cace of an aliernating current, The proces is
hen not quite a smple o coneidr, bt the action i the sune in
principle. .

1t is dosirabl,in ordor (o waintain che sibration coonomically,
to redce the impact and frictonal loses us much as possble.
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present, give e Jeave to z0 asume—it would be wy principal
endeavor to impross these siows npon

Tt ight be sufficicnt for this purpose to perforin a simple and
Mowswen experiment, 1 might fake  familir applince, &
Taxden ja, charge it from & frictional machine, and. then i
charge . Tn explaiuing to you it permanent tat when charged,
and its transtory condition when di
on 10 the forces which enter into pl
omena they prodee, and paiting out the relation of the forces
and plienomens, Luight fully suceeed in lstrating that wodern
iden. No doubi, o tho thinker, thi simple experiment. would
ppoal s el as the most wagaificent display.  But dlis i to
e an experimental demonstraion, and one which chould posss,
Desides intructive, also ontertaining featnres and ss such, asimple
experiment, sucl a the one cited, would not o very f wxards
e atainment of the leeturer’s am. 1 st therefore chome
another way of lustrating, moro. speetaculur cortaals, but por-
haps ala tmore intruetive, Tnstend o the frictional machine and
Leyiden jar, Tahall avail myself in thesc experiments,of o inde-
ton col o peenliar propertics, which was desribed i detal by me
‘e London Institation of Electricl Engineers,
in el 18 coliseapable of yiolding currontsof
cnormaus potentil differecs, alteruating with extreme rapidity
Witl his apparatus [ slul] endentor to show you three disinet
clssen o cffcts, or phenomens, and it s mydosive tat acl
experiment, whilo sorving for tho purposes o illastation, should
at the same time teach wa some novel truth, or show us some
ovel aspect of thi fusciniting seence. Bt before doing thi it
ccemns proper mnd wseful to dwell upon the apparatus employed,
‘and methd of obtaining the high potentiale and high-requency
currents whicl are wnado uso of n fhese oxperiments

These bigh-frequeney eurrents are obiained in v pocali
ner. The mothod emploed was advanced by me bont two
yeurs ago in an experimental lecture before.the American I

ute of Electrical Engincars. A numbor of ways, 4s practiced
the laboratory, o obiaining Hhese currentscither from continuon
or low froqueniey lteranting currents, s disgrmatieally indieated
in Fig. 165, which will b late deseribed in detal. The general
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Teis boyond the scope of my lecturo to dwel upon the subject
of light in goneral, y objeet being mercly to bring presently o
your notio a cortain elas of light cffcts and o number of phe
Homena olservod in pursuing the study of thess offcts. Bt to
be consstent in my romarks it i nccessarytostue that, sccording.
to tha idea, now aceeper Ly the majoriy of seientific men as 4
posiive resilt of theoretical and. oxperiuental nvestigation, the
various forus or munifetations of onergy which wer: generally
electric” o more procisely “cletromagnetic” are
sations of the sume mature as those of rliant
heat and light, _Thercforo tho phonomena of light and heat snd
othors besiden these, may be caled cloetrieal phenomens,  Thas
eloatrical sconce s bocome the. mother science of all and its
stady has bocome al fmportant. The day when we shall know
extetly what “elovtricity™ i, will chronicle an event probalbly
greater, more fmportant than any other reconded in the bistory
of tho Luman race. The time will come when the cofort, the
very existence, porlape, of man will dopend upon that, wondorfol
agont, For our existonco and comfort wo roquiro heat, ight
and mchaial power. How do wo now got all et We got
them from fuel, wo got thom by consuming materiel.  What
Wil man do when the foreats disippear, when the coul flelds are
exbansted! Only one thing, seconding (0 aur prosent knowledge.
il remaing hat i, o trandmit pover st great distances. Men
il go to tho waterfall,to the tide, which are the stors of 1
infniesimal part of Natare's immessurable onergy. Thero will
they bames: the energy and transmit tho samo to thoir et
ments, to warm their Homes by, o give them ligh, and 1o keey
their ovodiont. lases, the machines, tiling. Bt how wil they
tranemit lis energy i not by eleetricty ! Jodgo then, if the
comfort, nay, the very existence, of man will notdegend on clec-
trilty. ' ain wwaro that this viow s not that of a prictical
engincer, but noither is it hat of an llusionist for it s cora
that power transmssion, whil i prescut is moroly  stimalus to
enterprise, il some day bo a dire nocesscy.
1t is moro inportant for the studont, who takos up. the study
of light phenomens, tomake himself thoranghly acquaiaicd with
certain modern views, than to pernse enire books on tho subjoct
of light s, ne disconmeeted from theso vews. Woro 1 there-
fore to make those demonstrations beforo studons secking
formation—and for the sk of the fow of those who may be






OEBPS/images/bg32400001.jpg
o INVENTIONS 0F NIKOLA TRSCA

aro slipped on the rods, the atter serving to et the points of the
rods atfo_cortain sitablo_distanco by means of srows s and
the former to dra the points apart. Whonit s desirod 0 sart
are, aneof the large. rubber handles / 4 i tapped quickly
with the hand, whereby the paints of the rods are broght fn
contact bt are nstantly separted by the springs 7 7, Sueh an
arrangementzhas been found to be often necessary, mamely in
eases when the 5. . . i notlago enongh 0 caueo tho discharg
o break throngh the gap, and also when it was desirable o avoid
short crenitng of the genersior by the metalic contet of the
rods. The upidity of the interruptions of the current with o
wagnct depends on the intensty o the magnetic fiold and on the

‘potntial differonco a¢ the ond of tho are. Tho interruptions are
generally in such quick sucegssion aa o produce s musial sonn
Year ago it was observed that when a pawerful induetion coil
i discharged betseeen the poles of a strong magnet,the discharge
produces n loud nojse not wnike o small pistol shot. It wae
vaguely stted that the spark was intensifled by the presence of

It now clear that the dischirge carrent,
g for some time, w intorrapted 8 great number of times
by the magnet, thus producing tho sound. The plenomenon is
espacially marked when tho field cireuit of . largo magnot or
dznamo s broken in n powerfol magnetio okl






OEBPS/images/bg32500001.jpg
GH MERQUENCY X0 Hiti pOTENTIAL CURRENDS. 31

When the current theongh the gup i comparatively large, i
of advantage to lip on the poiats of the disclarze s pice
vers hand carbar

of
il let the are play betweon the carbon picees,
This preserves tho rode, and hosides as the sdvantuge of Keepe
ing.the air space otte, as the heat i not conducted sy as

quiekly throngh the earbous, and the rosult i that & sumller
n the aro gap is required o 1mntain o snccession of
dschargee,
Another form of discharger, which may be enmployed with d-
vantage in some casos i ilustrted in Fig. 167, In this form
the discharg e in & vooden

box n, which 5 . e, 0 .
eated by tho leavy Tines. The perforations are. provided with

 tbes 1 of some thicknese, which are preferably not in
contuct with the rods o7, The o T a cover o which i
Tt Targer and descends on the ontide of the bos.  The spark
eup i warmed Ly o small lanp 7 contuned in the Lo A plate
 above the lamp allows the dranght to pass only throngh the
hinney o of tho luwp, the air entering through holes 00 in or
anr tho botiom of he box and following tho path ndicated by
the arrowrs. When the diseharge is in operation, the door of the
o s losed w0 that the light of the e is ot visible ontside.
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plan i to charge condensers, from 4 direct or aliernatocurrent
Sonres, proforably of bigl-tension, and o dicchargo thom
diraptively wiilo obsorving wellknows conditions  neecs-
fary to maintain the oscllation of tho current. Tn view of the
{generalinteret aken in bigh-froquency curtents and effects pro-
ncible by them, it seems e adsisable o dwell at some Tongtly
upon this method of convenson. In onder to give yon o clear
den of th ation, [ will supposs that & confimmous-curront gon-
uator s employed, whicl e often very convensent. It isdeseable
that the generator should possoss such bigh tonsion 2 1o b able
o broak throngh  emall air space. TF this i ot the ense, then
auxilinry means have to be resorted o, some of which will be n
the condensersare clurged t

cortain potential, the i, o inslating space, gives wey and o dis-
rupive dischargo occurs. Thero i then » sulden vusl: of cnrrent
and generaly a Jarge portion of accumulated_clectrieal energy
spends tlf. Th condensers aro therenpon quickly charged and
the same procoss i repented in more or loss rupid successon.
To produce such sudden rushes of curs 0 b
sorvo corain conditions. I the rato at which tho condensors ure
discharged is tho sawmo s that at whicl they aro charged, then,
clearly in_the asumed ease the condensers do not come into
play. 1 the rate of discharge be snaller than the rate of charg-
ing, thon, agun, the condensors cannot play an_ fmportaat part
Tt if, on the contrary, the rate of discharging is groater than
that of clarging, then  cuccossion of rushos of corrent fs ob-
tained. Tt is evidont that if the rate at which the cnergy is
disiputed Ly the discharge i vory much greate than the re of
supply to the condensors, the sudden rushes will bo compara-
tively fow, with long

when a condenser of considerablo eapacity is changed by means
of a comparativaly small machiue. 1€ the ratos of supply and
disipation aro not widely difforen, then the rusies of current
wil be in quicker suceesson, und this the mare, the more nearly
qual both he rates are, until imitations ineident to each caso
and dopending wpon & number of canses are reached. Thus wo
are able to ol from & continuonsenrrent. generutor 4 rapid
eucecssion of dischargos as we like. Of course, the Ligher the
tousion of the ganerator, the smaller neod be tho capacity of the
coniansers, nd for his reason, principally, it s of advaniago o
ommploy o generator of vory high tonsion. - Besidos, such o goner-
ator pormits tho attaiming of groator rats of vibration.
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“The rushes of current may be of the suno direction wnder tho.
‘onditions before assumed, but most gonerally thoro is an osclla-
ton superimposed upon the fundamental wibraton of the current,
When tho conditions aro 20 dotoruined dhat there are no oscills
o, the cureunt impulecs aro uidircctional and thi  means s
provided of transforming « continons current of high tension,
into a diret current of lower tension, which 1 think may find
employment in the ars.

“Thfs method of eonversion i exceedingly interestng and 1
was such mprossed by its beauty when I fiest concived . It s
ideal in covtain espects, 1t fuvalves the employ
chanical dovieus of any kind, and it allows of obiaining curronts
of any dosirod froquency from an ordinary cireuit, dirct or ak-
tomating. Tho froqueney of the fandamontal dizclarges dopond-
g on the relative ratos of supply wnd dssipation ean bo readily
varied within wide limits, by sinsplo adjustments of theze quanti.
tios, and. tho froquency of the superitposed vibrtion by the
Aatormination of the capacty, sl ind etion and reistance of the
cirouit. Tho potentisl of the carrents, azain, may be maised s
b insalation is capublo of withstanding sfely by co

in capacity andsel£induction or Ly induction i a secondary,
which need Lavo but comparatively fow farns.

As th conditions are often sucl.that the internittonco or ox
cilltion docs not eadily ctablih e, espocially when a direet
carrent souree s emploged, it i of advantage to wsociate an in-
toreupter with tho are, a3 1 have, some time oo, indicated the
e of an wirblast or magnet, or other such dovice redily at
haud. Tho mognct is cmployed with spocial advantago in the
onversion of dieset currents, it i then very effctive.  1f tho
primaey soureo s an altcrnato eurront gonerator, it s deseubley
s T huvo statd on anothor occasion, that tho frequoncy should
be Jow, and that the currons formiang tho are bo large, in order
1o render the maguct more ffective.

A form of such discharger with & magnot which has boen
found contenient,and adopted aftr somo trial, i tho conversion
of direct currents parteularly, s lustmicd in Fig. 160, 8 are
the polo picces o & very stronis magnot which is oxcite by coil
. The pola picoes e sotted for adjustment and can bo fastencd
in any posion by evews +4,,The discbarge rods  f, thinned
down on theend in order 10 allow o closer approah of tho mag-
netic pole picces, pass throtigh the columns of brass b, and o
fastemed i position Ly serews ¢ 4. Springs r,aad collan .,
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i usnally employed has been omittod, and
topper « b boen fited in the neck of the reserveir 5.
Stopper s  small ole 4, throvgh which
the sizo of the outlet o being properly dotormined with rospect
to tho soction of tho full b , whih s sealod {0 tho Fesorvoir
tzad of being comectod 1o it in tho ueual manner. This
areangomont. ovorcomes tbo impefeetions and troublos which
often ari from tho wso of the stopeock on the reservoir and the.
conncetions of the latter with the fal tube.

“Tho pump i comnected through a- Ushaped tabe £ to n very
Targo reservor 1 Especial caro was taken in itng the grind-

i surfaces of he stoppers a1, and both of these and the
mercury caps shove them were mado exceptionally long.  After
tho U-shiaped tabo was fitted and put in place, it was hted, 20
5 1o softon aud ko off the strain rosultng from imperfoct
iting. The Usshapod tube was provided with a stopeock ¢,
and o ground. connections ¢ and ge—one for a small bulb 8,
wsnally containing eeustc potal, and the other for the receiver
7,10 bo exlaustod.

Tho roservoie =, was conncetad by means of & rubber tubo to
 lightly langor resorvoir 1, oach of tho two rosorvoirs boing
provided with a stopeock ¢, c, respectsely. The reservoir
i could bo.mised. and lowered by a whoel and rack, and the
Fange of it motion was o determined that when it wia illed
with mereary snd the stopeock ©; closed, %0 s to form a Torri-

when aised, it could be lfted o high that
i, would stand a il aboo stopeock c; and when
i stopeock was closed and tho rescevoie  descondod, s0.08 to
form  Torricellin vaeuum in reservoir &, i could b loworsd
20 far a5 to completely empty he lattr, the moreury fling the
reservoir 1 up 10 o it above stopeock <.

“The expacity of the pump and of the connetions was taken
s emall s possble rlatively to the volume of reservoir, %,
sinca, of conrse, tho dogree of exhauction depended upon tho.
ratio of theso quanities

i this apparatas 1 combined tho sual morns indicated by
former experiments for the production of vary high vacua, Tn
nta it was most convoniont 0 use caustc

- Timay venture to say, in regand 1o it us, chat much
1 s saved and n more perfoct netion of tho pump ineurod by
Susing and olling the potash 4 s00n 45, or oven hefore, e
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pruinp settles down. I this conrse i ot followed, the sticks, as
ondinarly employed, nay give off moistro at a cortain vory
slow ate, and the pump may work for many Lours withoitt
reaching  very high vacuum.  The potash was heated cither by
wspiri lamp o by pasig » discharge through i, or by pasing
& current through 8 wire contained n it. The advantage in the
Inttor case wae that the heating could_be more rapidly repeated.
Generally tho procoss
e start, the sopcocks o and ¢, boiug op
neetions losed, the roservoir %, was raised 30 far that the
ey illed the resersair & wnd & part of the narrow comnecting
Ushaped tube. Wi the pampgwas st to work, the mercary
would, of eourse, quickly rio in the tube, und resorvoir vy was
loweered, the experimenter kecping {the merenry at abot the
same level, The roservoir x, wass blanced by s long spring
which faciltated the operation, and tho fiction of the parta was
generally sufcient to keep it iv almost any position. When the
Sprongel punnp had doneits wark, thereservoir s was further low-
ered and tho merenry doscended in v led 5, whereupon stop-
ock cy was closed. ~ The air adhering o the walls of 1, and that
reary was carriod offund to free the mercury
reservoir 1, was for & long fime worked up and
g his process some ir, which would gather below
stopeock ¢, wis expelled from w, by lowering it for enough and
opening the stopeock, elosing tho later again before rising the
reservoir, When al the air had been expelled from the mercary,
and o air would gather in 1, when it was lowered, the canst
potasl was resortod to. The. reservoir 3, wax now again raised
il the wereury in 3, siood above stopeock ¢, Tho can
patash s fused and boild, and maisture parly earried off by
the pump and partly re-sbsorbed  and this proces of he
and cooling ws rpeated many times, and cach time, upon the
noisture Deing wbsorbed or earried off, the resersoie ¥, was for
along time ,,_.4 and lowered. In this maaner ol the moisture

et e Lo ) e
e t0 the top, nd the pump was kept. working for a long
time. When the ighest vacunm obtsinable with the pump bad
o reached, the potas bulb was nsually wrapped with cotton
which was sprinkled with etler s0. s to keep the potash at
very low temperatare, then the reservair s leered, and upon
resérvoir v, being empied the receiver wa'quiekly sealed up.
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with ncar

dvable rapidity? The exitence of such an_ clctro-
atie, hythmienlly throbbing foree—of a vibrating clectrostatic
fhold scould show a posible way Tiowe solids might hase foried
from the wlrmagascons wterns, and how transverse and all Kinde
of vibrations may bo trausmitied throvgh & guseous medium Al
ing all space. Then, ether wight be a true fuid, dovoid of
Fgidity, and at res, ft being merely necesary as a connecting
Jink taenblo nteraction.  What determines the sigdity of &
Body 118 mut be the spece nnd the st of mtive matter,
I g the spoed may Lo considerable, but the density i excced-
ingly small in  liquid the specd would bo likely to be snall,
though the densiy may be condderalle; wnd in both cases the

i vesistance offored to displacerent is prctically uil, But
place  rascous (or liguid)colamn i an intenserapidly alernating
clectrosatie fild, et the particlos vibrating with enormots
speeds, then the inertia resistance assrte ftelf. A lody might
imove it tnore or less froedom throngh the vibrating mase, bnt
e a whale it would be rigid

“There i » subject which 1 st wention i comection with
thoso experiments: it is that of ligh vacus, This e a subject,
the study of which is ot only intereting, but useful, for it may
Jead to results of great practieal portance. Tn coumereial up-
paratus, such s ucandescent lamps, opersted from. ordinary
Eystems of distrbation, a iueh bigher venun than i obtaned ot
present would ot seeure & very grent advantage. I such a case
the work is performed on the Hlament, and the gas s fittle con
cerned ; the improvement,therefore, would be bt triflng. Tt
when we begin to e vory high froquencies and.potentialey the
aetion of the gas becomes all important, and the dogroe of ox-
Taustion materially modities the resalts, As lonz as ordinary
ol even very lagge ancs, were wd, tho study of the subject
waa Timited, bockuso just ot a_ point wher it bocame muet intor.
estng it a0 be interrupted on account of the “non-sriking ™
vacunm beiog reached. Bt at present we are able o obiain
from & small disruptive discharge coil potentials el higher
than oven the largest coil was capable of iving, and, what is
more, we can ko tho potential alternate vith great rapdity.
Toth of these rsalts cble us navw o pus & huninous discharge.
hrongh almost any vacu obiainable, i the fild of our inves.
tigutons i greatly extended.  Think wo us we may, of oll the
osible dircetions to develop a practical Mlniant, the ine of
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High vacua sooms 0 bo the most promising at present. Bt to
reach oxtreme vactatheapplinces muet be much more inproved,
and ultimate perfection will not be attained untl wo shall Lave
diseharged the meshanical and perfocted wu eleotrical vacuum
pump. - Moleeules and atoms can be thrown ant of  bulb mder
the setion of an enormons potential hia will b the principle
of the vacunm pump of the foture. For the prescnt, we most
oo the best roeuls we can with mechanical spplitnces, In
i sespect, it might not. be out of the way to suy & few wonds
abont the mothod of, and spparstus for, producing excessively

high dogrees of extanstion o which 1 have avaled myself in the
eonrse of theso investigatons. 1t s very probable that other ox.
perimenters haso used smilr rrungerment; bt o it is possble
that there may bo an item of fnterest in ther descripton, o fov
remarks, which will render this investigation more complate
ight be permittol

The apparatns e illustrated i a drawing shown i Fig, 130,
& reprosente a Sprengel pummp, which has beon specially ot
structed to botter snit tho work roquired.  The stop-cock which
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When & new bull was pat o, the mercury eas bvays ruised
above stapeock ¢, whicl wus closed, 0 as o abvays keep the
mercury and both the reservoirs i fine condition, and the mer-
ury was novr withdrawn from 1, excapt when the pump hal
renchd the bigheet degree of cxbmston. 11 i necessry 1o ob-
Sorve this ulo if it i desiod to use the apparats o wdvantage.

¢ moans of this arrangoment. 1 waa able 1o procced very.
qickly, nd when he uppuratus was I perfect onder it was pos-
sble to reach the phosphorescent stage in & suall ulb in loss
than fftoen minutes, whic 3 certaaly very aquick work for
amall laborstory arragement rquirngal i all ot 100 pounda
of mervury.  With ordinary awall bulbs the rato of the capac
of the putap, roceiver, and connections, and that of resorvair
was-about 1 to 20, and the degrees of exhaustion renched were.
necesarily very gl though | am unable to make o preciee and
reliablo statement how fr the exhanston was carried.

Wit fipresses the investigator 1ost i the course of these
oxperienc istho beluior of grscs when subjocted o greatrep-

ly altornating, clctrostatc strvses. Bt ho must remain in
doultas to whother tho offeets observeil are due wholly to the
moleculos, or atoms, of the gaa which chemoal analyss discloses
to-us, or whether thero enters inta play another mediuan of
gicons. e, comprising atows, or molecnles, mmersed in &
id porvading the space. Sucl » medium surely must exist,
and Lo convinead that, or instance, even if ir wero absent,
the surface and neghborhood of o body i space would be heated
by rapidly alterating e potential of the body; but no euch
heating of tho surface or noighborhood could oceur if al free
atoms were emove and only a lomogeneous, incompressible, and
elastio uid—sch w ctir i supposed to bo-—would remain, for
then there would bo o impacts, no collisions, - Tn such & case,
s far as the body sl s conoerned, ouly frcdonl losss i the
insde conld ocenr.

Tt is a stiking et that the discharge throngh a gas s ex
tablihd with ever-incronsing freedom 4 the frequency of the
impulse is augmentod. ~Ttbehares in this espect quite contrrily
t 8 metalie conductor. In the latter the impedunce enters
prominently fnto play s tho froquency i nereased, but the gas
acts much s . serios of condensors would ; the facility with
whih the disclarge passs hrongh, seems to dopend on the rte
of chnge of potantial. 11 it nets 0, then in & vacuum tube even
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of great Tengeh, and o matter how strong the carrent, sl
duction could ot ascert. itsclf to any appreciablo dogro
have, thn, as far a8 wo can now soo, in the gas & conductor
which s capable of transitting cleetrc impulss of any fro-
quency which we may b able to produce. Could the frequency be
rought high enonigh,then  qucer system of elctric ditribution,
which wonld Lo Tkely o interest gis companis,
zed s metal pipes flled with gus—the metal being the insalator,
the gus the conductor—supplying phosphorescent bulbs, or pes-
haps dosices as yot uninvented. It is cortainly possiblo o tako
a hollow core of copper, rarfy the gus in tho same, and by pas-
sing impulios of sufciently bigh froquoncy throngh n cireuit
around it, bring the gus nside to & high dogree of incandoscence
bt a to the nature of the forces there wonld be considersble
uncertainty, for i¢ would be danbtful whether with such impules
the copper core wold act as n sttic sereen.  Such parudoses and
‘apperent mpossibiltes wo encountor at every stop in thisfine of
work, and thorein le, 0 groat extent, tho charin of the studs.
T Lave here o short and wide tube which ix exbausted to 1
high degree and covered with a substantial coatin of bronze,the
coating barely allowing the Tight 1o shine throngh. A metallic
eap, with & hook for suspending the tube, s fstened sronnd the
widdle portion of the latier, the clap being in contact with the
brouze coning. 1 now want to light tho gas insde by suspend.
ng the tubo on & wire conneeted to the coll. Any one who
eould try the expesiment for the firt time, not baving any pre
vions oxporicnce, would probably take caro fo bo quito slone
whon making th tval, for fear that he might booome the joke of
bis asistants. Sl the bulb lights i spite of the metal coutng,
and the light ean Lo distinely pereeived through the latter. A
Tong tabe eovared with aluminum bronze lights when Leld
one hand—the other touching the terminal of the coil—quite
powerfully. 1t might bo objocted that the coatinge are not
Sufcently condacing ; <61l oven if thoy were ighly rosistant,
oy ought to scrocn the gas. They coriainly sereon it porfoctly
i & conditon of rest, but far from perfeetly whon tho charge
s surging in the coating. But the lows of energy which occurs
within the tabe, notwithstanding the soreen, i occasioned prin-
cipally Ly the presenee of the gas. Wero wo o take a large
hollow metalic <phere and i it with a perfect,incompressble,
Hiuid dilectric, thoro wold b o lossinsda of tho splere, and.

Wo
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st In aflame we et up light vibatons Ly causing molecales,
or aioms, 0 collde. But what i the ato of tho froqueney of
e collbions wnd Ut of the vibraions st up! Certainly it
st e fncomparably emaller than tht of o ke of he bl
und the sound vibrtion, o tia of th dicurges nd the scl-
Tatonsof tho condenser, We ey cause he molele of tha
e 0 collde by tho e of altrnat lec

froqueney, and 50 v ay initato the proccss in o fame;, and
from cxperimente with froquencies which wo are norw able to
abiin, 1tk dhat the result i producible with impuls which
ore tranamisibl theough o conductor.

I comnection wid thonght of il snare € appesred to
o of great ntrest todemonsre therigiliey ofs vibting gu
cous ol Althangh vithsuh low frequencie s sa 10,000
por scond, which T was sble ta absin without dificalty from a
specially consruciod alterntor,the 1k looked dscoorging
ity T made  crics of exporimente.The tial wit s at ondic
ey pressaro 1ot no esalt, bt with s modertely rarood
bt what 1 hink o bean unmistakabl experiwental evidence
OF the propery sought for. A & reslt of this kind might lead
bl investigators 1 conclsions of mparase, 1 vl deseribe
o of he experiments performed,

Tt well known that whon . tube s slightly exhavsicd, the
dislurge may e pasod throngh i¢ i the form of # thin T
one thrvad.  When produced with cursents of low frequeney,
btnned from el operael as el s hread s imert. 164
nagne. be appronched 1 it he par nea the same i attraced
or repelled, secoring t the diecton of the ine of forco of tho
magoet. Tt occurrd to me that if suc & thrvad would bo pro-
e with currnts of vory high frquency, it should e moro
or less igid, and s it s vidble it conld e casly studid.
Necondingly 1 propared s tube sbout oue inch . dncterond
ono et ong, vich owtide conting . eachend. T ube whs
exhated w pot a Wi i, the throd B
Charge conld e obisined. T mas bo remarked hero tha tho
zoneral pect of the tube, and the degreo of exhiusion, are
it other than when onlimry low frqueney curents ars
usod. Asit was found preferable {0 work with ono tarainal,
the tabe. proparod was suspended from the nd of & wiro con.
mected o the terminal,the tnfoil conting b connected fo tho
“vie, and o the o conting ametine sl insulied poio
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sru attached. When the thread was formed, it extendod throngh
the wpper part of the tube and lost ftself s he lower end. I it
possesed.rigidity it resembled, mot exactly an elastic cond
stretahed tight botween two supports,bat & cord susporded from
a hofght with & small woight attached at the end. When the
finger or & small magnet wss approached to the upper end of the
Iominous thread, it conld be brought locally ont of posiion by
eleetrostate or maguetic aetion ; and when the disturbing objoct
v very quickly removed, an snalogons result was produced, ss
though asuspended cord would be displaced and quickly relessed
near the point of suspension. —In doing this the Tominous thread
e set fn vibration, and o very sharply marked nodos, and o
third indistinet one, were formed. The vibration, once sot up,
continued for fully vight minutes, dying gradually out. The
epeed of the vibration often varied perceptibly, and it could be
obsersed that the clectrostatic attracion of the gl affeeed the
vibrating thread; bt it wis cloar that the cleetrosatic et
was not the eavse of the vibration, for the thread was most gen-
eraly stationary, and conld abrays be sct in vibration by pasing
the finger quickly nesr the upper partof tho tube,  With &
mignet the thread could bo splitin to and both parts vibrated
By approaching the baud to the lover conting of the tube, or
ineulation plate f atached, the ibration was quickened ; sleo,
far as T could see, by rising the potonial or froquoney. Thus,
cither incrensing the frequency or pasing a stronger discharge
of the same frequency correspanded o a tightening of the cord.
1 did ot obtsin any experimental ovidenee with condenser dis.
charges. A luminous bund excited in the bulb by repeate dis-
charges of & Leyden jar must possess rigiity, and if deformed
and suddenly reeased, shonld vibrate, Tt probably the amonnt
of vibrating matter i =0 small hat n spte of the extreme speed,
tho inertia canmot. promiuensly asert i, Lesidos, tho obser.
Sation in such & css is rendered. extremely diffealt on sccount

A il meeds etter ex.
perimental confirmation—that . vibrting s column pos-
Sese rigidity, might greatly the views of thinkers
When it ow frequencios and insgnificant potentials ndications
of that property may bo moted, how must s gascous medium be-
Bave under the nfluence of enormous cloetrostaic séresos which
may e nctve in the interstellar space, and which may altormate
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dhould be largor, elee it would e apt fo gt too bot, and the
Dhospliorescence would conse. T thix arrangement wualy ol
o small bully shows pliosphorescence, 4 there s pructcaly o
bombwnlinent agaiast he onter globe. In sonuc of thew: bulle
constrted as ilnstrated i Fig, 157, the small tnbe was coatod
with phosphoreseent. puint, and beantifl effcts were obtsined
st of muaking the inside bl lage, in order to svcid undne
Denting, it answers the pirpose to make the clectrode  langer,
T this caso the Lomburdment s weakened by rewon of the
awalle clecric deneity

Mang bnlbs wore constructed on the plan ilustrated in Fig.
138, ere  sumll bull , containing the refmetory button o,
o eing exhansted o1 very high degree v seald n g
labe 1, which was then modemtely” exbunsted and saled off.
The principal sdvantage of this constrnction s hat i allowed
of renching oxtremely high vacus, s at tho sune tne of usiz
large bulb. It waa fonnd, in the cowse of cxperiments with
bl sl s lwtrated i Fiz, 153, that i€ s well o nke
the stem s, ear the seal t <, very thiek, and the ladingin wire
o thin a it ocenrred somctinios that the stem 4t + was heated
e the bl s erueked. Ofen tho auter globe 1. vwas exhansted
ouly st enongh 0 allow the discharze to e throngh, and the
space between. the bulls appoaral crimeon, producing & enrions
effct. I somme cases, when the exhwnstion i globe 1. was very
Tow,an the i god conducting, it was fond necewary, i ovder
0 bring the button 0 bigh incandescene, t0 place, prefersby
o the upper part of the neck of the globe, tinfollcontng whicl
was councetel 0w fusulated body, (0 the ground, or to 4
othcr erminal of the cal, s the ighly conducting aif wenkened
e effoct somevlt, probably 1y g acted upon fndueivoly
from the wire 1, where it enterd the bl at e, Another dif-
cnlty—schich, howeser, 3 abvaye prosent, whe the refmetory
button i wionnted in o vory anall bull—exicted i the constrac.
don llmtrated i Fig. 155, nawely, the vaeun in.the bulh 5
would be impaired in » comparatively shore in.

“Tho chief iden in the two st doscribed contructions was to
confine e hext to the central porton of the globe by proventing
the exchange of sir.  An wlvantage s sccured, but owing to the
heting of the nside bulb and low cxaporntion of the glus, the
vaeuum i hard 0 maintain, even i the constrnction fstruted

Fi. 137 be chosen, in whicls borl bulbe communiate.
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Bt by far tho bottor way—the ideal way—would e o resch
suffciently igh frequencies. The higher the froquency, the
Slwer wauld be the exchange of the ir, and 1 think that a fre-
quency may be reached, at which there would he no exchange
whatever of tho air moloculos arownd the terminal, We would
thon produce  fame in which thore would be 1o carrying away
of material, and a queer fune it would be, for it vould be rigid!
With snch high frequoncios the inertia of the particlos rould come
into play. A the brush, or flame, would gaiu rigidity in virtue
of the nertia of the particls,the cxchange of the ltter would
be preventd.  This would necsssarily occur, for, the nusber of
impulses beiniz augientod, the potontal oncrgy of ench would
dininish, 50 that flly only atom vibrations conld b set up,
i the motion of trunslaion through measarable space wonld
conse. Thue an ondinary g burner connoeted to 4 sonree of
Fupidly alernating potoniial might L it offiiency augmentod
1o 8 cortain Jimit, nd this for 6o reasons—because of tho ud
ional vibration inparted, and becanie of & slowing down of the
process of carrying of. But the renewal being rendered dificult,
in the burusr,  contiuned
v of the imprics, asuming they could
pressd upon the famme, would result in
e atter, meaning by this torm only the

sl procese.
sk, Bowerer, that i the case of an cloctrod inmersed in
ulting edivn, and surrownded by indep

riers of eletrie charges, which can bo aeted apon
snflient high freqency of the impalse wonld probably result
in n gruvitation of tho gas all around toward tho clectrode.  For
this it would e only necasary {0 aume that the independent
Hodis aroirregularly shapeds they wanld hen turn towand the.
cleetrode. their side of the greatest clactrie deusiy, and this
would i . positon in whiel the fuid resistanco {o approach
vonld bo samaller thau that offered to the receding.

Tho gonersl opinion, 1 do ot doubt, i thet it s ont of the
question to reach any eneh frequencies as might—assuming some
of tho views hefare expressol 1o be true—produce any of the re.
ults which I have poiutod ont as mere possbiltes, This may be

tho cours of thoso uvestigations,froms tho olsorvation
. Phonomens, T have gained the consiction fhat these fre-
quencies would be Janeh lower thun one i apt o cstimate st
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Of all these phenomena observed witl currents, or cletric
apulss, of high frequency, the most fascinating for an_ aud-
ence are cerainly those which aro noted in an lcctrostatie il
aeting through_considerable distanco; and he best an mskillod
Tecturer can do i 0 begin and finish with the exhibition of these
singular offcts. 1 take & tubo in my hand and move it sbout,
and it s lighted wherever [ may Lold it; throughout space the
favisible forces act. Bt | may take another tube snd i might
ot lght, the vacuumm being very bigh. 1 excite it by means of &
disehange coil and nove it will light in the eleetrostatic

disruptive

el Tmay pot it sy for  fow weeks or months, el it retains
the facalty of being cxcited. What change have I produced in the
e in the aet of exciting i1 1f » mation imparted to atoms, it
i diffenl to perccive how it can persist s0.long without being
arrested by frietional losc; and f & strain exerted in the dielee-
tricysuch s a simplo clectrification would. produce it is sy to
cce how ity persist indefnitely, bat vory difleult o nder.
ctand why such o condition should aid the excitaion when we
have to deal vith potentials wehich are rapidly olternting.
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Since I have exbibited these plenomens for the first time, T
have obtined somo other intorcsting offcts. For instance, T
Tuve produced . incandescenco of & button, flament, or wire
onclosed i a tube, To got to this result it was necessary fo
oconomio tho enrgy which s obtained from the fied, and dircct
mostof it on the small Lody to be rendered incandescent, At
tho beginning. the task appeared diffealt, but the experiences
o pormittod mo to.rouch the roslt oasly.  Tn Fig, 105
and Fig. 164, o such tubes are lustrated, whichure prepared for
tho oocasion, T Fig, 163 a short ube 1, seald to another lony
tube 3, is providod with a stom &, with a platinum wire sealed
tho lacter. A vry thin lamp Slament J, i fastened to his wire
‘and connetion to the outsid is made through s thin copper wire
. The tube is provided wih outsde and inside contngs, o
G, respeetively, and s flld as ar s tho coatings reach with con-
dneting, and the space above with insulating, powder. These
conings aro merely used (o cnsblo mo o parform wo experi-
ments with tho tube—naumely, to produce the effet desro ither
by direet onnection of the body of the experimenter or of
other body o the wire 1, or by acting inductivel through the.
gass. The stom 4 is provided with an aluminum tbo a, for
purpoes before explained, and orly o small part of the flament
roschos out of his tube. By holding the tube 7, anywhero i
the electrostati feld, the iluient i rendered incanduscent,

“A more interesing picce of apparutus i llustrated in P, 1064
Tho construction i tho semo as before, ouly instead of tho lamp
flamont @ small platinum wire 7, seaod in & stem 4, and bent.
above it in  cirle is comnected o tho copper wire 1, which s
joinod to an insido conting o, A smal stei s, is provided with
‘wneedle,on the paint of which s amanged, o Totate very freely,
 very light fan of mica v, To provent the fan from falling o,
 thin stem of glas ¢ e bent properly and fastohed to the alu.
minumn tube. When the glas tubo i held anysehero in the olec-
trosiatic el tho.platiuum wire becomes incandescent, and tho
mica vanos are ofatod very fust.

Tntense phosplorcscence may be excited in a bulb by meroly
connceting it 0 plae within the fild, and the plato need not
be any larger than an ordinary lump abade. Tho pliosphores-
ecnen excited with thoso curreita s incomparably moro powerfal
than with ordinary spparatus,
when attachod to 8 wire connocted {0 ol enics suff
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of incandescence by pasinz the discharges of Leyden jars
‘around the eoil . In such bulbs with two buttons & very euri
on effct i produced by the formation of the. shadovs of encl,
of the teo buttons,

Another ino of oxperisent, which bas been assiduously fol-
Towed, v to indce by electro-dynamie.induction a curront or
Tuminous discharge in an oxhausted tube or Do, This matter
s eceived such able treatment at the bands of Prof. J. J.
Thomeon, that | conld add but Tittleto what e bas made known,
even i | made it the spocial subject of this lctare.  Seill,
sinee experimonts o this line have gradully lod mo to the pres.
ent views and resuls, & fere words et be devoted here t0 thix

joc,

Tt s oceured, no doubt,to mauy that s & vacuum tube is
‘uade longer,the lectromotive force per unit lngth of the tabe,
necessary to passa lnnninons disclrge throgh theltter, becomes
contimually sallrs therefore, i the. exhansted tube be made
lomg. enongh, even with low. frequencies  luminous. discharge
conld be indnood in el & tube elosd upon telf, Such a tube
wnight o placed aroua o Il or on & ceiling, and ot once 5
ple appliance capuble of giving considemble Tight would b ol
tained.  Bue thi would e m appliance hard to manufacture
and extromely vumanngeable. 1t would not do to make the
tabe up of small lengthe, beeause there would be with ondinary
Sreqencios comiderble s in the contings, and besides, i cont-
ings were e, it woull e better to supply the current diveetly
1o the tube by connceting o coatings 0 @ transformer, But
exen it all objections of sl nature were removed,

Tow frequencies the ight conversion itelf would be e
e T have beforo. stated. In nee extremely high frequencics
e lengh of the sccondary—in other ward, the size of the ves.
cel—can b reduced as much s desired, wnd he effcency of the
light convorsion s inercase, provided that mewus are invented
for effiently obtaiuing such ligh frequencies.  Thus ove i ld,
from theareticnl and prctienl considerstions, o the e of high
frequencios, aud this means igh eloctromotive forces und small
currenta i the. primary.  When one works with condenser
cbarzes—and they aro tho only meana up to the present known
for reschin thesc extrome frequencics—one gots toclectromotive
forees of several thowands of <ol per tum of the primary. We
cannot multply dhe. eletro-dymanie induetive effeet by taking
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more arns in the primary, for we arrive ot the condlusion that
tho best way is to work with ono_singlo.turn—though we must
somotimos dopart. from this rale—und wo must get. along with
whatever inductive effet wo can obtain with ane turn. Bt be-
fore one has long experimentod with the extrem froquencies re-
qired o set up i & small bull an electromove force of several
thosands of volts, on reslizes the great importanee of electrosa-
i affcts, and these effcets grow relatively to the clectrodyna.
ignificunce as the frequency is incriased.
Now, if anything is desirabl in this cac, it i 1 fncrease the
fraquency, and. thi would make it still worse for the cloctro-
dynamic effotz. O tho other hand, it is sy (o cxalt the clec-
trosati action ae_far as one like by taking. more turms on the
sccondry, or combining slfinduction and capacts to mice the
potential. Tt shanld alo e remembered that in reducing the
the curreat to.the smallest value and increasing the potentin,
tho clecric impulscs of high froguency can be more. casly truts.
mitted throngh 3 conductor.

These wnd similar thoughs determined e 1o devote more at
tention to the lectrostatic. phenomens, and to endeavar to pro-
duco. potentials s igh as. possible, and alternating us fost as
they could e made 0 wteraate. 1 then found thet T conld.ex.
0 vaenum tubes  considersble distance from u conductor
comnected to n properly constructed il und that T could, by
converting the oscllatory curreut of aconduetor to _higher po-
tentil, cxtablishcltrostatic altcrnating ficlds which acted
through the whale extent of the roam, lighting up a tube no
mattr where it was held in space. 1 thought I recognized that
L had mado a stop in advanee,and 1 hnse porsovered i this line;
but T wish t0 say that T share it all lovors of seionce and pro-
o theone and only desire—to reach u result of iy (0 men
i any diretion to which thought o cxperiment may lead ne.

ink that. this departure ix tho right one, for T canno sce,
ven which manifest them.

per second, excopt clectrostatie. forees
Even with such rifing frquenciesthe enery wovld bo practcally
all potentil, and oy conviction hus growen strong hat towhatever.
Kind of motion light may be due, it is produced by tromendous
clectrstatic arosses ibrating wit extremo rupidis.
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40 allow reading ordinary print at o distance of v to six paces.
1t wasof inerest to sce how some of the phosphoreseent bulbs
af Profesar Crookes would Iliave with these currents, and he
hns ad the kindness to Tend me a few for the occasion.  The
effets produced are magnificnt, especally by the sulphide of
aalcium and sulphide of sine. With the disraptive discharge
ol they glow intensely merely Ly holding them n the hand and
cannceing the body.

“To whatever resuls fnsestigations of this kind may lead, the
chiof interut e, for the prevent, in tho posibiliios they offer
for the production of an effcient lluminatiug device, In no
branch of clectrc industry is an advanco more desired than in
the manufaeture of light, Exery thinker, when considering the
barbarons methods enployed, the deplorable Toses incurred in
anr best aatemns of Tight'produetion, muet have asked bimself,
What i ikely to be the light of fhe future! Tt it to be an in-
candescent slid, as in the prosent lunp, or an incandescent gas,
o & phosphoraseent body, or sometling like a burner, but in-
comparably wore effcieut

There i little_chance to perfoct a g urmer  not, perhape,
Decanze Tman ugennity s been ber that problem for
centuries without n radical departare Lavingg been mde—
though tho argument = 2ot devoid of forco—but bocause in &
burner the bighest vibrtions can never be reached, exeept. by
passing hrough all the low anes. — For hov i & flame to proceed
e Ly ful of lifted weighta ?Stch process caniot be main
e withont renewal, aud renewal i repeated pasing from e
0 igh vibrations. Onc way ouly scemns o be open to improve
 burner, and that s by trying to seach bigher dogrees. of incu
desconce. Higher ineandosconce is oquivalent to 8 quicker vi-
Dration it means more light frou the sune materia, aud that
aguin, means viore cconomy. Tn this dircetion some fmprove-
et Tiave. boon made, Dt the progress s lampered by many

done._ Diseading, then, the burner, there. remain. the
three sruys it mentioned, which are osentialy clectrical.

Suppese the light of the immeiate future to be a slid, e
dered incandescent. by elctriiey. Wonld it nof seem that it i
better to cmploy & small button than & fal flemont? From
many considerations it cortainly st be concluded that a button
s capable of a higher ceonomy, nswning, of cowrse, the.diff
calties conneeted it the aperation of ench a lamp o be effee-
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consequontly tho inside

it b considerod as perfoetly sercened,
thongh the potential be. vory mpidly nliernating. Even wero
tho sphere illod with ofl,the Jos would be fncomparably smaller
than when the i i replaced by a gu,for n the atter caso the
force producss displacements ; that means impact and collisons
in the inside.

No matter what the pressure of the gas may be,it bocomes
mportunt fuctor in the beating of n conduetor whon the electri
density is great and the froquency very bigh. That in the heat-

i of conductors by lightning disehanges, air s an_ clement of
groat importance, i alios us certan a an oxperimental fct. |
iy illustrate the acton of the air by the following cxperiment:
T take  short tube which is exbansted to & maderate degrce snd
v platinun wire running through the middle from one end
o tho oter. | passa sty or Tow froqueney curron throngh
the s heated wiformly in all parts. Tho heating
here is due to condetion, or rictional lsses and tho gas aronnd
tho wire la—ua far a2 o can sco—no funetion 1o perform.
Tt now let me pass sudden discharges, or ligh frequeney cur.
rents, through the wire, Again the wire i heated, thia time
principally on the ends and least in the middle porons and it
the frequency of the impulacs, or the rate of change, is bigh
enongh the wire might ae well be cnt in the widdle os not, for
practiealy al heating is due 1o the urchod gus.  Horo the gas
‘might only nct s & conductor of no impodance divorting tho eur-
rent from the wire a the fmpedance of the lttor is onormonly.
nereased, and morely heating the ends of tho wiro by reason of
their resitance ta the pasago of the discharge.  But it is not
at all necessary thiat the gusin the tube should be conduetings it
niglt b at an extremely low pressure, sl the ends of the wire
wonld be hested—ss, liowever, i asertained by experience—
oy the two ends would i such case not be electrielly con-

ecte] throvigh tho gascons wodiumn.  Novw what wit these fre
quencios and potentialsoecurs n an oxhausted tube, oceurs in the
lightning discharges at. ordinary. presre. We only need re-

ember one of the fucts arrived o in tho courso of thes investi-
tions, namely, that to mpuls of very Ligh froqueney the gus
at ordinary pressare behaves much i tho same manner i though
it were at moderately low prossure. 1 hink that n lightning
disehargos frequently wiros or conducting objects aro volatilied
merely bocause it is present, and. that, wero the conductor im-
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necesitated

the impasiility of carring off cnongh cnergy
‘witl such impulee in igh vacunm,sinee tho few atoms sehicl
ure aromnd the terminal spon coming in contact with the sam,
are_repelled and kopt at a distance for a comparative
period of fime, aud not enougl

long.
Wwork can be performed to render
the effect pereeptible o he eye. 11 the differeneo of potential
betsveen the terminals i ol the dieletrie breaks down. Bt

with vory bigh frequoncy impnlses there i no necssity for auch
beaking doven, since any amount of work ean be performed by
continnally agituting the atoms in the exhansted vassel, provided
tho frequency is high cnough. It s casy to resch—even with

o1, o112,

froquencies obtained from un alternator s here used— sage at
which the discharge doss mot puss between o electrodes in
narvors ube, el of these being connected 0 one of tho torm
wale of the eol, but it s it to reach  paintat whicka
Tuminans dischargo would not occue aronnd cach clectrode

A thaught which naturally prosents ftself n comneetion with
bigh frequency currents i fo make we of ther poverd
Ay

1 clctro.
nducrive setio o prodes light ffcts in & salo] gl
glabe. The leadingin wire is ono of the defects of the present
incandoscent. lanp, and if no oter fmproveuent were made,
lhat imperfoction it Joas should bo dovo away with.  Following
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this thoght, T have carriod on experiments in various diroctions,
of which somo wero indicated in my former yaper. | may here
mention one ar w0 moro lines of oxperiment which lave boen
fallowed p.

Many bulbs wore constructed as shown in Fi
192,

In Fig. 101, & wide tube, 7, was sealed to a smaller W shiaped
tubo t, of phasphorescent glass, In the tube 7, was placed a coil
 of dluminum wire, the ends of which woro provided with
il eplores ¢ and £, of aluminin, and reachied into the v tube.
The tabe  was sipped into 4 socket contaning & primary
through which usually tho discharges of Leyden jars were di
rected, and the rarefiod g in the small v fulie was excited o
strong Tuminosity by the highension enrrent induced in the il .
Leydon jar diclirzes were wied o induce carrents in the
it vas found necomsary to pack the tube v tighly i
sulting pordor, s o discbarge would ocenr froquendly botwoen
the turns of the ol especialy when the prisacy was thick and
tho air gap, througl whicl tho jars discharged, large, and no
litle frouble was experienced i hia vy

In Fig. 10215 illustestod anotber form of the bnlh constructed,
In this cas a b i sealed t0 e 1. The tube containe
o, the onds of which puss through two smal glass tubes ¢
and £, which are sesled to the tule 7. Two refructory buttons
m and s, are monnted on Jamp Hlacnts whicl are fastened to
the ends of the wires pacing through the glacs tubes ¢ and £,
‘Generally in bulba mado on his plan tho globe 1. communicated
with the tuber. For thia purpose tho ends of tho swall tabes ¢
and 4 were heated just  rifl n tho burner, morely (o hold the.
wire, but not o interfere with the commanieation. The tabe 1,
with the smal tubes, wires throngh the sune, and the refructory
buttons 1 and m, wore frt prepared,wid then sealed o globe 1,
whereupon the coil o was lipped in and the conmections e to
te ends, The tubo was then packed with insulating. powder,
jomming the lattr as tight as posiblo up to very nearly tho end;
then it s close and only a small hole_left_ through which the
remainder of the povwder waa_inteoduced, and finally the cnd of

tubo was closed,  Usnally in bulbsconstructed s shown in
fg. 162 an_aluminn tube 4 was fistened o tho upper end «
of each of the tubes £ and 4, in ordor w protect fhat ond agninst
tho heat. Tho battons 1 and n, could be brought 0 any dogree

fe. 161 and Fig.
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a fow moments. When the lime us been suficintly heased,
enough moisture I leen given off to fmpuir materally the
vacum of the bulb.  Ax the bombadment goos on, one point
of the Tme picce is mor heated than ofler poiats, and the rosult
s that finally practicall all the discharge passes throngh that
point which is ntensely heated, and & white stream of lime par.
ticle (Fig. 160) then braks forch from that point. This stream
i composed of “rudiant ™ matter, yet the degroe of exhanstion
ialow. But the partides movo n strug)
velocity imparted to_ thew is great, und i is due o three

it Tines bocause the

enties—to the groat lectric densty, the high temupersture o the
sl point, and flie fact that the pastele of the fime arc casly

tomn and throven ofi—far o casly than thowe of carban, With
frequencies such as we are bl to abtain, the particlos ars bodily
thrown off and projected to & considerable distance ; but with
sufficiontly high frequencies no such thing would oceur; in such
cusc only a stress would spread or a vibration would be propa-
gated throngh the bulb, 1t would be out of the quostion to
reach any such frequency on the msumption that the atoms move

with the speed of light; but 1 belicve that such  thing is impos-
able; for fhis an enormous potential would bo. roquired
With potentials whicl we are able o cbain, oven with a disrup
tive diseharge cal, the spoed must be guite insigificant.

s o the “nonatriking vacwun” the point 1o bo noted i
that it can_ ocenr only with low freguoney impules, nd. it i






