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MISCE7LLl\NE»OlJS 

High Frequency Oscillators for Electro-therapeutic 
and Other Purposes.' 

CY NiKOLA TESLA. 

S O ME theoretic~] possibilities offered by wrtcllt'$ of very 
high ircquency and observations which I casually m3dc 

while pursuing experiments with alter-nating currents, as well 
as tj'e stimuia.ting infiuencc oi the work of Hen~ and of views 
boldly put fo rth by O liver Lodge, determined me some time 
during 188g to enter a systenuuic investigation oi high frc
tJucncy phenomena, and the results soon re2ched were such as 
tn justi i~· htrther effort$ towards p roviding the l:~.bor:ttory with 
rnlcicnt •uc:~n!( for c:~.rryin,l:' nu the rc!'iC:'Irch in this par tic·ul:tr 
lich l. which has p roved i t!icH so fruitful since. As a c::onsciJncncc 
alternators of special design were constructed and \'arious 0\r· 
rangemer.ts for converting ordinary into high frequency <:ur· 
r~nts pe riecttd, both oi which were duiy described and ::~rc now 
- I nssnmc-f3mili:1r. 

O ne oi the c~rl)' observed and remarkable feature~ oi the 
high frequency currents, and one which was chiefly of interest 
w the Jlhysician, was their apparent h:1rmicssncss which made 
it possible to p:t.ss relatively great amounts of electr ical ~:ncrgy 
through the body o[ a person without causing pain or serious 
discomfort This peculiari ty wh ich, together with other mostly 
unlookel!-fo r properties of these Ct1rre1Hs 1 hac.! ·the hOtiOt tu 
bring to the attention of scientific .men first in :ln ::.rticle in a 
!cchnic:'ll jcn•rn:'ll in Febntnry, r8{)1, :mel in subsequent con tri
butions to scientific' societies, made it .::t once: evidenl,• th~t theSe 
currents would lend thcmsclvc~ p:lrticul~riy to clcctro·ther:l
p:::ntic uses. 

\Vith r~~nl to the electrical :~ctions in general, and by .:m
alogy, it was reasonable to inic:r that the physiological effects. 
however complex, m ight be rcsoh·cd in three classes. First the 
statical, that is, such as are chiefiy dependent on the magnitude 
of elect rical potentia); sec:ond, the: dynamical, th.:1t is, those 
principally dependent on the quality of ~iectrical movement or 
current's ~:rength t hrough the body. and third, effects of a 
distinct n:tture due to electrical wa,·es or oscillations, th;;t is, 
impulses in which the electrical energy is :llternatdy pas.sing 
in more or less rapid succession through the st:nic and dynamic 
ior-ms. 

?>.1ost gcner:tlly in pr::~cticc these dificrcnl :~ctions arc co
existent, but by a suitable selection of apparatus and observance 
of conditions the experimenter m~y make o ne or other of these 
effects predominate. Thus he m:~y p;~,ss through the bod)', or 
any part oi the same. currents oi comparatively brge volume 
under a small· dcct;jcal pressure, or he may subject the body 
to a high electrical pressure while the curn:nt · is negligibly 
small, or he may put the patient under the infiuenee of elec
trical waves transmitted, if desired, :lt consitlc:-:thh: tli!it:uu:l' 
through space. 

While it remained for the physician to investigate the specific 
. actions ·on the organism and indicate proper methods of treo"lt

ment, ·the various '90'ays. of applying these c-urrents to the body 
of a patiem suggested themselvc.s readily to the electrician. 

As one c.aunot be too cl~r in describing a subject, a dia
srammatic illustration of the several modes of connecting the 
circuits which 1 will enumente, though obvious for the m a
jority, is deemed or O&dvantage. 

The fi:st and simplest method of :~pplying the currents was 
to connect the body of the patient to two points of the gene
rator, be it a dynamo or induction coil. Fig. J is intended to 
illustrate this case. T he. altem3tor G may be one giving £rom 
five to t en thousand complete vibrations per second, this number 
being still within the limit of practic:~.bility. The electromotive 
force-as measured bY a hot wire instrument....:..m;~y be from fifty 
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to one hundred n...Jt!l. To cn3.blc strong currents to be passed 
through the tissues. the terminals T T, which scr\'e to cs::1blish 
contact with the patient's body should. oi course. be oi large 
area, und covered with cloth s:iturated with a solution of elec· 
troJyte harmless to the skin, or else the conta-cts arc made by 
immersion. The reguiJ.don oi the currents is bes;: effected by 
means of :an insulating trough A p;ovided with two metal 
terminals T' T' of <onsidcr~blc snri:u:c, one oi which, at least. 
should be movable. · The trough is filled v.'ith w;ater, and :an. 
electrolytic solution is ::tddcd to the s3mc, until a degr-ee oi con· 
tiucciVity is obtained suitable ior the experiments. 

\Vhen it is desired to use small currents of hish tension. a 
scto1Hlary coil is resorted to, as ilhmr01tcd in F is. ~. I h:m.: 
iound it from the outset convenient to make ~ <iep:arture fron t 
the ordinary ways of \\·iodine the coils with a considerable 
number of small turns. For many reasons the physici:m will 
find it better to provide a lar~c hoop H of not less than, say. 
three ieet in di:tmeter ;~.nd prefer:.bly more, :1nd to wind upon 
it ;, ie~., tnrns nf s1o~H c.:'lhlc P. The second:.lfy cf'lil S is e.,~ily 
prcparcr1 hy takin;.: twn Wll tHku hoop!' h h t'lnd jniuiuj:.! thctu 
wilit stifi c:~nibo;tr<l. O ut siubiC layer o i on.Jinar~· m;t!!HCl win.:. 
and not too thin at th:'lt. will be generally );Ufficicnt. the numh•.:r 
oi tums necess;!.ry for the particular use for which the coil i:-: 
intended beint:: e;~~ii)' :'ISccnaincrl by a fC \\. trials. Two pl:n c:o:. 
of l:.lrgc suri:tcc, formin~ ;ut r.Ujustable conde:nser, may he US<'•I 
ior the J)urpose of _o:;ynchrcmiz:ing the second:t.ry whh tht !) rim ;tr~· 
circuit, but this is gcncm11y not ncn:ss:ary. In this m:mncr :s 
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.:he:tp coil is obt:linetl, ami one: which cannot be e;asily injured. 
Additional ~dvantages, howe\'er. will bC found in the perfe~c 
regul:ltion which is effected merely by altering the distance 
between the primary :md second:'lf)', for which adjustment pro· 
vision should be mnde, and, furthermore. in the occurrence of 
ho1.r-monics which ::.re more: pro nounc.c:d in such l:arge coils or 
thic::k Wire:, s ituated at some. dist;~nce !rom the primary. 

The flr("CC'Clinf:' :t rt.tnsrcment~ m:w :tit () ilL· us-ed with :tltcrn:~t· 
in;.: or iHt('rtiii)(Cll c.·nrrl' II(S c)f 1vw f~c• l lll'llt· y. lml ec.n:tin p\:t:nl i:u· 
p roperties of high frequency current~ make it possible to :~.pply 
the latter in ways entirely impr3cticablc with the former . 

One of the prominent characteristics of high irequency or, 
to be more general. of rapidly varying currents, is that they 
pas,s with difficu lty through stout c9nductors of high seU-induc.~ 
tion. So great is the obstruction Which ·seH·induction offers to 
their passage that it ·was found practicable, as shown in the 
early experiments to which reference has been made, to main· 
tain differences oi potential oi many thousands oi volts between 
two points-not more lhan a few inches o:!.part-of 2 thick cop
per bar of inappreciable resist::snee. This observation naturally 
sugge5ted the disposition illustrated iil Fig. 3. The source nf 
high frequency impulses is in this instance a. f;~.mil i::r type of 
transformer which may be supplied from a generator G of or
dino.ry direct or a1tern:\ting currents. The transformer com
prises a primary P , a secondary S, two condensers C C which 
arc joined in series, a loop or coil of very thick wire L and a 
cirCtlit interrupting dt\"ice o>: break b. The currents are derived 
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irom the loop L by two coo~cu c c', one or botil oi which uc 
u~\.lle of dispbcemcnt ~len; the wire: L . By \':trying the di'· 
tance b etween these cont:.cts, :any dificrcncc oi potcnti:al, lrom 
; iew volu to many thous:.nds., is rudily obtained on the term· 
in:.ls or handles T T . This mode oi usin~: the cu:--rcnts is en· 
tircly s:.fc ~nd p:ttticularly convc:uicnt, but it requires :a ver)' 
uniform working of the break b employed for cbarcing and 
duch~rRinc tllc condenser. 

A nother Clpmlly TCill:1Tk:1hk fc::uurc o r high frecwcnt)' im· 
pubti W:ti iound iu the f:ldlit)' with which they arc transrniu c<.l 
through condensers, moderate electromotive forces a nd very 
Sln3lt c:ap:acitics bcin& required to cn;~.b lc currents of consider .. 
able volume to p.ass. This obscn·Q.t ion made it practicable to 
resort to :~. pl:m s uch :u inUirated in Fis. 4· Here ih c c-onncc~ 
ttons are similar to those shown in the preceding case, except 
th:"lt the condensers C C ;rc jomed in parallel. This Jowers the 
fn•ttucncy of lhc curn.:tU5. but h:\J the :tdv:tnt2~e ol :"~Jiowin; 
the worl:u1c with ;1 much sm:dkr tliO'c-rcnce oi potcn!i::al on the 
h:ru•ut:& .... r tllf' l'Ot."•·un•l:ny S . Siuo•c I he l:.lkr i.~ lhc chi,•l t lc•H 
of expense or such ~pp;a.r:ttn~ mi<J since its price r:1pit1ly in~ 
creases with the number or turna required, the exp-erimenter wi ll 
lind it generally the;.pcr to make a sacrifice in.the irequency, 
which, howeve r, wi!J be high enoush ior most purposes. How~ 
ever, he only needs to reduce propo rtionately the number or 
turns or the length oi primary p to o btain the same frequency 
u bc:lorc, but the cconom,Y of tr:uuiorm:uinn will oc somewhut 
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rcduc·td in ~v doing -:m el the hrc:'lk h will require more au enlion. 
The secondary S t •11 the hi~h fre•Jut.·m·y coil h ilS t wo mclal 
pl:ucs t l of considerable surface connected to its tcrminab, ;,.ncl 
the current ior usc is derived fro m two similar plates t' t' in 
proxhnily to the iormer. Both the tension and volume of the 
currenu token from termin~b T T m:~y be: easily rcgul:Lted ancl 
in :\ continuOuli m anner Uy ~imply \o:tr-yint: the distance bctwcc11 
the two pair o i pt.:r.te$ t t and t1 t' respectively. 

A fo:cility is -abo afforded in thi.l disposition ior rai• ing or 1ow· 
crin;: the potential of one ol the tcrminab T. i"espectivc .,( 
the changes produced on the o1hcr tennin31, ·this makini it 
pouible to ause a st:ron~cr :action on one or otl,er p.an of 
the p:uicnt's body. 

The: physki:.m may find it lor some or other reason c:onvc· 
nicnt to modiiy the arrangement£ in Figs. ~. 3 :md 4 by con· 
ncctin(:' one termin:JI of the high frequency source to the ground. 
The effects will be in mo5t respec ts the sante, but certain pccu· 
liarities will Uc noted in each case. \Vhen a ground connection 
il m3de it m:~y be o! som e ~onscqucncc: which oi the tcrm in:a.1s 
of the sc-::oodary is connected to tht c-round, as in high fn:· 
QIICOC'Y dischi'lrQ:eS the impuls<:$ 0£ one direc-tion :trC gener.ally 
v.rc:rh..lndcr::~ ting. 

Among the Y:lrio~s notc.wonhy ic:.itures of these curreou 
there is one which lends itse.lf espec:Ully to many yaJu.able uses. 
1t is the f:1ci!ity which they ~fTord ior conveying luge: ~mounu 
of electrit2J energ;)' to a body entirc.l)· ins,ubted in space. The 
p~ct.lcabilit)• oj this method o f e nergy transmission, which IS 
aJrcady receiving s.:sdul a.pplication5 and promises to become uf 
s;reat import;mcc in the near future, h:u helped to dispel the old 
notion assuming the ncccuity o f a return circuit for the con
veyance o r electrical energy in any considerable amounl W ith 
novel appliances we arc enabled to pa.s.s through a wire, entirely 

insulated on one end, cu:nnu strocs: enOubh to foac. 11. or :.o 
convey through the wire ~ny :amount Oi ene:-gy to & &r..suhl .. -t~ 
body. This m C" · ~= applytns; hith ire:qce£cy currenu tn :ned ... 
it:al tr~tmem •i-..-..:;.rs to mt to offer the grater. pos-.sibibuu i! 
the hands oi Ute physician. The eficcu produced in th.i• uutusa 
possess i~turcs entirely dist inct irom those obsen·cd when the 
currents are apPlied in ony of the before mentioned or st.milu 
WA)'S, 

The circuit connections ;~s usu:ally m01dc :arc illustrated schen1 .. 
:nicolly in F ig. s. which, with reference to the: diagram s before 
shown, is seli·explanatory. The condensers C C, connected in 
series, are preferably chal'ged by ., ste-p·up transformer, but a . 
high frequency alte-rnator, .static machine, o r ;; direct c:urTCnt 
generator-, if it be of sufficiently hi~:h ltnsion to enable t he u~e 
of small c:ondcnse:r.s, may be used with more or less success. The 
pnmary p, throubh which the hith frequency disch;.rs;cs of the 
condensers ::~.re ()2Sscd, consists oi very iew turns of cable of 
~u 1nw te$iSt- nec :~s pouib1e, "'nd the secontl:~.ry s, prefen.b1y 
:11 ,;ouuc ,li~t~Ut.'c irum th..: Jlrim;,ry to i:~.cili t;~ tc free u»cill:at iUII. 
h~s one o f lts ends-that is the one which is nc;,.re.r 10 the pri~ 
mary-connected to the ground, while the other e nd lc.ads t o 
an insul:~.ted tcrmin::t.1 T, with which the body o£ the patient u 
connected. It is of importance in this ca.se to nt01b1ish syn~ 
chronism between the OlCillntions in the primary i.nd sccon~ 
dary ci rcuits p and s rupectivcly. This will be as a rule best 
cfic('ted by •;arying the scll~induC'lion ol the drcuit includinG 
the primary loop or coil p. lor which purpose :an ~djustablc 
liclf·induction t is provided; but in cu es when the clectro
moti\·e fore~ of the gcncr;nor is c.:cccptionally high, at when 
:a. static machine: is used and a condcru.er consisting of merely 
two pbtes offers sufficient C"3p:tcity. it will be Simpler to :ut.:ain 
t he u n1e obje:rt by \'-arying the distanc~ of the plates. 

The prim:!r-y and secondary oseiHu ions being in c:lose syn~ 
..:h ronism, the: p oints or hi;hest potcnti:~l will be on a IJ4rt c i 
tl·rmin::t.l T , aml the comttmption of energy will occur ch icRy 
there. The attachment or 1hc patient's body to the terminal 
will in most cases very matcri;dly affect the period of o scillation 
in the secondary, m~kin~ it longer, and a readjustment of the 
prim:;ary circuit will have to be made in each case: to suit tht 
capaeiry o i the: body conn ected with terminal T . Synchronism 
should always be preserved, and the intensity o( t he act io n 
''oried by mo,·ing the: secondary coil to or from the prim:ar)·. 
:as may be desired. I know of no method whit.h would md~e 
it 1l0S.""ihlc tn ,.-ubject the hnm=-n body t o such excessive: clec~ 
trial p ressures as 3rc: p~clic:ble with this. or of om: which 
would enable the conveying 10 a nd e-ivinc off from the b od)· 
without serious injury amounts 'ol elc: ctric:::~ l c:ncrt:t :lJfproxim.:u~ 
in(t e\'eri in a remote degree those which :~re cr:drcly pr:-~cticablc 
when thi~ m:tnncr or ;~.ppJyin t 'he energy is rcsoncd lo. Thi,; 
is evillcntly due t o the fact that th-: action is chiefly superficial, 
the large st possible section bein,; ofTercd to th.e Lro~.nsfcr of the 
current, or, to s.ay more correctly, o( the energy. 'W ith a very 
rapidly and smoothly working break I would not think it im· 
JlO~siblc to co nvey to the body of a person :::~.nd to give off into 
the space energy a t the r:atc of se:vcnl horse po wer with &tn .. 
punity. while a sm.!J part o! this .1.n1ount appUed in othc.r ways 
c:ould not i:ail t.o produce injury. 

When a p-.non is subjected to the action o r such a coi.l, the 
proper adjusttnent:s bdn' c:.a.rd lllly obs-erved. luminous streams 
:arc seen in the dark iu uiD&;' from all ~rts of the body. Tbese 
s treams :u-e short and of delic-ate texture when the number o( 
breaks is vel)' great and the action of the device b (Fig. S) 
free: of any irregularities, but when the: number or bre.aks is 
s m01JJ or the ~ction o f the device imperfect, long and noisy 
streams appear which cause some discomfort. The physio
logical effects produced with apparatus oi this kind may be 
gradu~ted from a bardly perc;:cptible action when the secondary 
is a t a gr~t distance from the prim:lty, to a most violent one 
when both coils are l)l:aeed ott :a s.nWI distant'c:. ln the l:Lttct 
e:ue o nly a lew ·seconds arc aufiicic.nt to cause a lediar of 
wa n:nth ;.U o ver the body, a.od soou afte: the: person perspires 
[reciy. I have repeatedly, in demonstrations to friend1, e:x· 
posed mysdf longer to the a ction of the oscillations, and c.ach 
time, ahcr the lapse of an hour or so, U1 immense fa ti jJlJe, of 
which it is difficult to give an idea. would take hold of me. It 
w1s greater than I c.xpcrienecd on some occasions aftc,r t.be 
most straining a.nd prolonged bodily exertion. I could scarcely 
m&kc a step w d could keep the eyes open only with the greatest 
difficulty. I slept soundly a fterward, and the- after-effect w;u 
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certainly beneficial, but tbe medicine: was maniiestl)' too .strong 
to be used frequently. , 

One should be cJ.utious io performing such experiments for 
more than one rc:.ason. At or oc:t.r the surface of the skin, where 
the most intense: action t.akc:.s plate, various chemical products 
are iormed, the: chiei beioi ozone and nitrogen compounds. 
Tht: iorme: is. itself ''Cry d c:s.t:·uctive. this ieaturc bein, illustrated 
by the fact that the rubber in,lation ol a wire is desuoyed so 
Qt!itkly as t o make the \I$C: or .such insulation entirely impru·· 
t:.:-ab1e. The compounds of nitrogen, when moistur·e is present, 
consists largely of nitric add which might, by excessive appli
cation, prove hurtful to tl1e s kin . So iar, I h:avc: not noted in
juries which could be tnctd dircc:tly to this cau.se, though un 
stveral oca.sions bums v.·crc produced in all respect& simil::t: 
to those wbich were: bter observed aad attributed to the ROntgen 
r:ays. This ~e~· is seemingly being abandoned, ha~<ing not 
b een substantiated by experit:nental facts, and so also is the no· 
t ion that thuc rJ.ys are \r.tn$'\o'erte \'ibrations. But while inve~· 
tigation is being turned in ""·h:u :.ppears to be the right diret· 
tion, .scientific men a re still at se;. Thii Stolte of t.hincs impedes 
the progreu of the physicist in these new re&ians :1nd makes 
the :1lready hard u.sk of the physician stilt more difficult a.nd 
un::ertain. 

One or two obstr\·ations m:ade • whik pursuin' c:c.1•erimcnu 
with Ute :apparatus described might be iound as dtserving men
tion here. As before stated, when the oscillations m the primary 
:!.nd second:ll")' cirucits :tre in synchronism, the: 1>oints of highest 
potentjal :.re on some portion of the terruinul T. The syn
chronism being perfect and the length of the secondary coil 
just equal to one-quaner of the wa .. ·e length, these points will 
be exac-tly on the free e..'ld o! tumin;~.l T, that is, the one situ:aed 
farthest from the ud o£ the wire attached to the terminal If 
this be so an() if now the ~riod of the osd1btions in the pri
mary be shortened, the points or highe$t potenti:aJ will rec;:·edc 
towards the aecondary coil, sinc:G the wave-lc:.ngth is reduced 
and since the ~tuchment or one end of the secondary coil to 
the ground dcteunines the position of the nodal points, that i:S, 
che points of Je:ut potenti.J.. Thus, by varying the periOd of 
vibration of the primary cirwic in any manner, the points of 
high~t potential may be s.hihcd accordingly along the terminal 
T. which hu been shown, de.si£l1edly, long to illunr.ne this iea· 
ture. The same phenomenon is, of course, produced if the body 
of a patient constitutes the tc.rminalJ and an usistant may hy 
the motion of n. handle cause the points of highest potential to 
shift along the body with -.ny speed he rnay desire. \Vheo the 
:~.ction of the coil is vigorouJ, the rc&"ion of hi;hest potc.nti;tl is 
easily and unpleasantly located by the discomfort or pain c..x· 
pericnc.cd, and it is most curious to fed how the ~n w3-nders 
up and down, or eventually acrou the body. irom h:.nd to hand. 
if the connection to the coil is according:Jy rnade-in obedienc·e 
to ·the movement of the handle controlling the oscillations. 
.Though I h3ve not obsenoed any specific action in experiments 
of this kind, I have always felt th~t this effect might be c.apablc 
of valuable use in elect,ro-therapy, 

.t,..."lother observation which promises to lud to much more 
useful rtluiU is the foUowin~t: As before remarked. by adopt• 
1)1g the method described, the body of 2 person may be: sup-. 
jeeted without danger to elc:c:uical pressures vutl)' in exeess 
oi any producible by ordinary apparatus, ior they m:.y amount 
to se,·erill million voltsJ as hu been shown in actual prac::ticc. 
NOw, when a conducting body is elc,triiied to so high ~ degree, 
small p:trticlcs, which may be: :a.dhedng fir-mly to its surface, 
ue torn off with violence and thrown to dist:mces which c:an 
be only conjectured. I 6.ad that not only fi.:rnly :adhering mat
ter. as paint, lor i.nst.a.nce, is thro11r1-n off, but cvc.n the panicles 
of the toughest metals a.re torn off. · Such a.c:tions ha.ve been 
thought to be restricted to a vacuous inclosure, but with a pow
erful coil they occur also in tl1e ordinary :ttmospherc.. The iacu 
mentioned would make it reasonable to expect that this extra.· 
ordinary effect which, in other ways, I have already usefully 
applied. will likewise prove to be oi 'o-aiue in elec:tro-thc:r-apy. 
The continuous improvement of the insuumenu and the study 
of the phenomenon may shonly lead to the c.s.tablishmcnt of ~ 
novel mode oi hygienic uc.atment which would permit an in· 
st:mtat1eous cl~ning of the skin of a penon, simpl)' b)• con· 
necting the n.mc to, or possibly, by merely piQcinc- the person 
in the vicinity of 3. source of intense electrical oscillations, this 
having the effect of throwioi off, in a twinkle of the eyc.1 du.st 
or particle& of any extraDcous matter :~.dherinr ro the body. 

Such a result brou;:ht .abou;. tn a. p~ctic:able manner would. 
without doubt, be o£ incakulab1e \'aJue in hygiene and \\'OUid 
bt a.c efficient and time·saving substitutt for a water bath, and 
p~rticularly appreciated by those whose contentmer.t consistS in 
undertaking m ore than they can accomplish. 

Hich frequency unpulscs produce poweriul inducti"·e actions 
and in vinue of thi1 fc:ture they lend themseh·es in o th er wayJ 
to the uses oi the c1ec:tro-thcr.lpculJJt. These inducth•c: e!iects 
are either electrostatic or clec:trodyna.mic. The ior-mc.r dimini5h 
much more rapidly with the dist3nte-with the squ;~;re of the 
same--the Jaucr are rccluc·cd siniJ)Iy in proportion to the. di1· 
t:a.nce. On the other h:nd, the iormcr grow with the squilre of 
intensity o! the source, while the latter increase in a simple pro
ponion with the inttnslt)·. Both of these effects nuy be utihz<d 
for establishing :. 6eld of strong attion cxnnding through con
siderable space, as throuth a large h;~;ll, :mtl such an arraneement 
mit;ht be S1Jitablc for u5e in hospitals or innitutions of this 
)cind, where it is desirable 10 treat a number oi pa.tienu at the 
s.ame t ime. 

Fig. 6 illus:tratc:.s the m~nner, !ll 1 have shown it originally, 
in which .SI!th ; field of electrosutk action is established. In 
this di;gram G is;. £Cnentor oi curtcnts or w:ry high frequency. 
C a condenser for counteracting the sc:H·induction of the circuit 
....·hich includts the rrim:~ry P of :m induction eoit the secon· 
c1nry S of which h:u~ 1 wo pl::ttl'S L t of l:u~·c sud;:u:c connected 

FIG. o. 

to ill terminals. \Vel! known adjustments being observed, :1. 
very strong action occurs chiefly in the space between the plates, 
nnd the body of a penon iJ subjected to rapid v:triatioos of PO· 
tc:nti.ll and surtinga Cl( current. which prod nct, even at a grut 
distance, marked physiolo&ical effects. In my first experiments 
1 used two metal plates as showr., but later I found ic prdcn.ble 
to replace th~m by two large hollow apheres of bnu co"ercd 
""'ith wax oi a thicknen of about two inchc,s. The cables lead· 
ing to the termin:t.b of the second:ary coil wc.rc similarly cov
ered, so that :tny of them c::ould be appro:~.chcd without danger 
or Lhc insul;:~.tion brc,aking down. l n this m:mncr the un· 
plc.a~Ttt shocks, to whieh the experimc:nltr w3s exposed when 
usin' the plates, were prevented. 

In F ig. 7 :a lJl::a.n lur Jimil:LrJy utilit,in.s: the· dyn:tmic inductive 
eJlccts of high frequency c::urnnts is illustr:a.tcd. As the ire· 
quencies obtainable from an alternator are not a.s h igh as is 
detired, convet'.sion by me:r.ns of c:ondenaen is reson.c.d to. The 
dia~rn will be understood at a glance from the ioregoin~r de· 
$Cfiption.. h only need be smtcd that the primary p, through 
which the condensers are made to dischilrge, is formed by a 
thick stranded c::able or low self-induction :and resistance. :and 

. po.sns ~JI around the h:all. Any number o£ second;ry coils s s s. 
each consisting ~:cner:ally of a sio;;Jc bycr of nther thick wire, 
m.ay be provided. I have iound i : pr.lcticable to usc. u many 
as one hundred, ~ch be-ing adjusted for :a definite period and 
responding to :1 particub.r vibntion passed through the pr-i
lnl\ry, Such n plant l h;~vc h:ld in usc: in n1y ht horatory since 
1139':, and m;:~.ny times it has cona ibutc:d 10 the plc.asurc of my 
visitors and also proved itsc:li of pr2ctic~l utility. On a latter 
occ:asion I had the pleuu~e of entcrta&ntng some of the mem· 
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bers with experiments of this kind, and th is opportunity I can
not let pass without e:x:prc~sins my th:tn lcs for the interes t which 
was awakened in me by their visit, :~.s well as for the s encrous 
acknowledgment of the courtesy by the Association. Since 
that time my 3ppar01tus has been ' 'cry tnlterially improved, and 
now 1 am able to create :a ficJd or such intense inductiol) in the 
Jabor;olOry th:t.t n <:oil three feet in d iameter, by .cardut adjust
ment, wilJ deliver energy at the r:u e of one-qurter of a hoTSe 
power, no matter \'!here it is placed within the ira inclosed by 
t he primary loops. Long sp::trks, st re:~.mcr$ :md :til other phe- · 
nomen:~. obt:lin3blc with induction coils :tre ·easily producible 
anywhere within the space, and such coils, though Dot· con· 
neeted to anything, may be utilized exactly ~s ordinzry eoi1s, 
:'and wh::at is still more remarkable, they :"Ire ntore tiTeetivc. ,F.:~r 
the past few years I ha ve often been urged to show experiments 
in public, but, tl1ough I was desirous to comply with such re
quests, pressing work has so iaJ' made it impossible. These 
o.dvances h:we bcc:ll the result of slow but stody improvement 
in the det:lils of the apparatus which I hOJ>e to be :able to de
scribe connectedly in the nc.'lr hunrc. 

Howe.,·t r remarkable the electrodynamic inductive cffcc1s, 
· which 1 ha\·e mentioned, may appear, they m:1y be stiH consid· 

en.bly intensified by cOllCCmr~tint; the :tc:tion upon :1 very sruo.ll 
space. I t is t\•ident that since, as bciore stated, electromotive 
forces of many thousand volts are m::aintained between two 
points of a conducting bar or 1oop o nly a few inches long, · 
electromotive iore:es of approximately the same magnitude wiU 
be set up in conductors situated near by. I ndeed, I Iound that 
it was practicable in this manner to pass ~ discharge thro}lgh 
a · highly exhausted bulb, although the dectromotive force re· 
qu_ircd amoun~ed to as much as ten or twemy thousand. \'Qlt$, 

3nd (or. a long time I fol!owcd up experiments in this direction 
with the object oi producing light in a novel and more econom
ical way, But the tests' left no doubt that there was great 
energy c:onsuntption attend::mt to this mode of illumination. at 
!east with the apparatus· I had then at command, and, finding 
another method v.·hich promised a h iglier econ omy of tran s
{onnation, my efforts turned in this new dire""tion. Shortly 
aftcno.•ard (some time in June, 1891,) Prof. ] . ] . Thomson de
scribed experiments which were evidently the outcome of long 
investigatjon, and in which he supplied much novel and interest
ing information , :tllri this m:·ule: me return with renewed 7-C:JI 
lO my own experiments. Soon m y effons were centered upon 
producing in a smatl space the most intense inducti'.'e :.c-tion, 
:md Uy gnt.lu:tl imprO\'cmcnt in lhc :q>J~:\ t:ttus I obt:'l iue<.J r<:
sults oi a surprising character. F or insu nce, when th~ end of 
a heavy bar of iron was lhrust within a loop powerfully ener
gized, a lew moments were sufficient to raise the bar to a high 
temoerature. E\'en he.;~,\'}' lumps of other metals were heated as 
:-api'dly as though they wet e placc;d in >t iu rnace. \Vhen a con
tinuous band formed of a sheet o[ tin was tbru.st into the Joop, 
the meLal was fused instantly, the action being comparable to 
an explosion, and no wonder, ior the irictional losses accumu
t.ned in it .u the r;t.te of poss ibly te.n horse power. Masses o i 
poorly conducting materia] behaved similarly. ;md when a highly 
exhausted bulb w:ts pushed into the loop, the glass was heated 
in a iew seconds n~rly to the point o{ melting. 

When I first observed these astonishing actions, I .was in
te•ested to study their eRects upon Jiving tissues. As may be 
assumed, 1 proceeded with all the necessary caution, :~.nd well 
I might, for I h::r.d the e\'idene:e that in a tum of only a few 
inches in diameter an electromo6ve force o£ more th:an ten 
thousand volts was produced, ;md such high pressure would be 
m ore than sufficient to generate .destructive current-s in the 
tissue. This ;1ppeared all t he more certain as bodies of com
parati\·e1y poor conductivity were rapidly heated and even par· 
li:~ Uy destroyed. O ne m 3y ima.c-ine my n.stonishment when 1 
!ound ;h:~t I could thrust my h~nd or :~ny other pin of the body 
\ridtin tl1c lu np an<l hnhl it there wilh i1111H1ni1y. :\1o re lh:tn 1111 
une 0-:ca:iiou, impdll•<.l Ly +t •.h::;irc lu mnke some novel a ni,) use~ 
iui obser-vation, I have willingiy or unconsciously periormed 
:a..n experiment connected with some risk, this being scarcely 
avo idable in laboratory e.xperic:nce, but I ha\'e always believed, 
and do so now, that 1 have never undertaken 3.Dything io which, 
according to my own estimation, the ch3.nces oi being injured 
were so great as when I placed my head within the space in 
wilich such terribly destructive forces were at work. Yet I h ave 
done &o_, and repeatedly, and have ielt nothing. But I am firmly 
convinced that there is great danger :ntending such an experi· 

mem, and some ooe going just a step farther than I have gone. 
111ay be insc.1ntly destroyed. For, conditiOn$ m01y cxi$t simihr 
to those observable with a vacuum bulb. It may be placed in 
the field of the loop, however intensely energized, and so long 
::~s no path for the current is formed, it will remain cool and con~ 
s ume practically no energy. But the moment the first feeble 
current p:tSscs, most of the energy of the oscillations rushes to 

· th e plate of eonsumption. If by any action whatever, a con .. 
ducting path were formed within the living tissue or bones of 
the head, it would resuJt in t he insu.nt destruction of these. and 
Ucath o! the foolhardy experimenter. Such :1. JPethod or kill· 
ing, if it .w.ere rendered pr.~cticable, would be absolutely. pain
less. Now, why is .it that in a sp:1ee in which such Violent tur· 
rnoil is goin& on living tissue remains uninjured? One might 
sii.y the currents cannot pass bec:a.use of the great seli·ioduction 
offered by the large conducting mass. But this it cannot be, 
beeause a mass of metal offers a still higher sell-induction and 
is he.:Hed just the s;me. One might argue the tissues offer too 

· grut a resistance. But this ag:a.in cannot be the reasoJ;l, (or aH 
evidence shows that the tis.sues conduct wei) enough, ::uid be
sides, bodies of approximate!y the same resistance are raised 
to a high temperature. One. might attribute the apparent harm
lessness oi the oseiJI:~.tions to the hi~h specific he::tt o£ the tissue, 
but even a rough quantitative estimate from experiments with 
other bodies shows that this view is untenable. The only plaus
ible explanation 1 have so far found is thl.t the tissues ate con· 
densers. This only can account for the aBsence of injurious 
action. But it is remarkable that, as soon as a heterogeneous 
circuit is constituted, as by taking in the. hands a bar of metal 
.:~.nd forming a. dosed loop in this ma.nner, the passage of the 
currents through the arms is felt, and other phy'siological effects 
~:-e distinctly note'd; T he strongest action is, of course, secured 
when the .exciting loop makes only one turn, unless the con
nections take up a considenble portion of the tou.l length of 
the eircuit, in which case the experimenter should settle- upon 
the least number of t urn.s by carefully estimating what he loses 
by increasing the number of turns, and what he gains by utiliz
ing thus a greater proportion of the total length of the circuit. 
It should be borne in mind tha t, when the exciting coil has :1 
considenble number of turns a nd is of some length, the effects 
o{ electrostatic induction may preponderate, as there may exist 
:t very great differenee or potential-a hundred thous:rnd volt~ 
or more-between the fi rst and lo.st turn. However, these J:ltter 
effects are always present even when a !ingle turn is employed. 

\Vbcn :l person is pl:J.ced within such ::1 loop, :~.ny pieces or 
metal, though of small bulk,. a.rc perceptibly wanned. Without 
doubt they would be also heated-particularly ii they were cf 
iron- when embedded in tiving t issue, and this suggests the 
possibiiity of surg-ic.1l tre3tment by this method. · It might be 
possible to sterilize wounds, or to locate, or e.,•en to extract me· 
t.J.llic objects, or to perform other operations of this J..-ind within 
lhe sphere oi the surgeon's duties in this novel manner. 

Most oi the results enumerated. ;.nd many othen still more 
remarkablt; are made possible only by utilizing the discharges 
oi a condenser. It is probable that but a very £ew-tven among 
those who .are working in these identical ficlds- (ully appreci:1tc. 
what a wonderful i nstrum~t such 3 condenser is in reality. 
Let me convey :~n idea to this effect. One :;nay take a con
denser, small enough to go in one's vest pocket, and by skil~ 
fully using it he may crc..ate an e.le~tricaJ pressure vutly in ex· 
cess- a hundred times greater if necessary- than any pioducible 
by the larges: static machine ever constructed. Or, be m;~y 
take the same condenser ~d. using it in a different -way, he~ 
may obtaln from it currents against which those of the most 
poweriul welding machine are utterly insignificant. Those who 
are imbued with popular notions as to the pressures of static ma· 
chines and currents obtainable with a commerci::~t tr.tnsformer, 
will be astonished at this st.o.tement- yef the truth of it is eo.sy 
to sec. Such results arc obtainable, ~nd easily, bccnuse thr.: 
cundcuscr e:1n cliseh~rs;e the stored energy in :m ineOtiCeiv3l>ly 
short time.. . Nothing like this property is known in physic.aJ 
science. A compressed spring, or a storage battery, or any other 
iorm of device capable of storing energy, co.nnot do thisi if 
they could, things undre.a..mt o£ at present might be .accom
plished by their means. The nearest approach to ~ charged 
eoodenser is a high explosive, as dynamite. But even the most 
violent explosion o f such a compound bears no compai-isoo 
with the. disch;~.rge or e-xplosion o£ <1 condenser. For, while 
the presscres which are produce-d in the deton:Jtion of a chem-
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ital c:ompound arc measured in t ens o! tons pet square inc.h, 
those which may be cau&ed by condenser discharges may 01mount 
to .thousand.s of tons per square inch, and if a chcmic;al could be 
ttiacie which would explode as quick1y as a condenser can be 
discharged . under conditions which arc re.,lizable-an ounce of 
it would quite certainly be sufficient to render useless the largest 
battleship. 

Tha: imporu.nt rcali:.ations would foliO"' from the use of otn 
&::.sttc.ment possessfna such idul propertiu 1 han .been con· 
v1nceci since lone aa:o, but I also recogniaed cuir that great 
difficulties would have to be O\"C.rtome before it could replace 
lets P!.<ie~t implements now used in the aru for the manifold 
transformations of electrical energy. Thc:Je diffieuhies were. 
many, T he condensers themselves, as uaually rnanuiacturcd. 
were inefficient, the conductors w:1steful, lhe best insubtion iu· 
adcquJte, nnd the conditions [or the most efficjent conversion 
were hard to adjust and to maintain. One: difficulty. however. 
whkh W:l.S more serious than the others1 :~nd :o ,.,.hich I called 
:mention when I fin: deseribed this system oi c:"Jergy 1nnsfO!· 
marion, w~s iound in \he devitts neecuarily used for comrollin' 
the: charges and dischars-u of the condenser. They were wam· 
lng in efficiency and reHabiiity a_nd threatened to ptO\'e a deddeti 
drawback, greatly restricting the usc of the: system and depriv
ing it or many valuable fe~tures. For a number of ye:~.rs I have 
cried to mas~cr this diffic-ul l>'· During this t:ime a gr~t number 
oi such devices were experimented upon. Many of them prom
ised well u first, only to prove inadequate in the end. Reluc
tantly, J e2.me bad, upou an idu oa which 1 had worked ton~ 
be.iore.. 1: was to replace the ordinary bnuhcs a.nd commu
t:ato7 segmenu by F.uid contacts. 1 had encountered difficulties 
thea, but the intervc..njag yean in the laboratory were not 
spent in vain. and I m:ade headway. First it was nc-ets.sJ-:")' to 
provide for a circul:uion oi the fluid, but forcing it through 
hy ~ pump. provec.l it1elf 1mprnclic:!.l, Thc:t~ •he h;l.ppy idc:1 
presented itself to m~ke the pumping device. a.n integral part or 
the circuit interrupter, inclosing both in ;. receptacle to pre
\'C.nt oxydation. Next some simple ways of maintaining the cir· 
culation~ as by rotating a body of mercury, presented them· 
selves.. Then l learned bow to reduce the wc.a.r a.nd lp;sses which 
still W.s1ed. I fur that theu st3umc:nu. indiatine; how mueh 
effon was spent in these se~gJy insigni6c::ant detail!: will not 
convey :1. high idea of my ability, but I confess th:u my p;~tie.nce 
wa.s t:axed to the ntmosL Finally, thouih, I h:ad the: ~tisf:tction 
of producinc device& which are simple ~nd rcliJble in the.ir opt· 
ration, which require practically no attention and whicl,l •\fc 
c.:tp:1ble of effec-tinr a u:a.nsfonnation of considc.r:1ble :tmounts 
of energy with fair economy. It is not the best th:n can be done, 
by 2ny means, but it is s:~.tisfac.tory, and I feel that the hudest 
ta.sk is done. 

The physici~n ... m now be able to obtain an ins:.."'l!mem suit
ab1e to (uJfil many rcquiremtllts. Be will be: able :.o use: i: in 
electro-therapeutic treatment in most of the w~ys ennmer:ttt:d.. 
He \loin have tlic facility oi providint h1mscli -..·i:h coils such 
as he may desire to have for any particular purpose., which will 
give him any cu"enl or any pressure he may wish to obtain, 
Such coils will consist of but a few turn& of wire, and the ex
pense of preparing them will be quite ins ignifi~nt. T he instru· 
ment will alto enable him to generate ROntgen rays of much 
greater power tha.n obtnn..ble w ith ordinary appantus. A tube 
mwt ruu be furnished by the ma.nulae·turt:n "hich will not 
deteriorate ~nd whkh -..,.ilJ :illow to c:onccnu-:.te luger amounta 
of energy upon the electrodes. When this is done, nothing will 
~tand in the way of an extensive and efficient application or 
this Ueauti£ul discovery which must uh:im:ately prove it.se!f of the 
hhrhesr value, not ("'nly :at the hands or lhc $\lrgcou. hut also 
of the electro-therapist and1 wh:a.t i$ m ost import:;.nt. of thco bac
teriologist. 

To give 3 gc:ner:~l idea of :m inst.ru111ent in which m;my of 
• the latter improvemenu an. embodied, I would rcier to Fig. 9. 

which illustrates the chid part$ of the same in side cle\>ation 
and par:.iall1 in vertical cross·~etioo. The arnngemc.nt of the 
par..$ is the: same a.s in the form of instrument exhibited on 
iorme.r occasions, only the exdtiog- coil with the ,;bnting in
terrupter is replaced by one. of the improved. circuit bra.kcrs 
to which reiercncc has been made. 

This device comprises n casting A with a protruding slee\'C 
B, which in 3 buahing supports ;1 freely rot;~. table shaft a. The 
latter carries an armature within a stationary field magnet M 
:tnd on 1hc 10p, :1 hol1ow iron pulley 0, which cont~ins the 

break pro~--=-· \Vithm the shai~ a. and concc:'lttica1h· v.-lth lhe 
U.me, is placed a Smaller thaf~ b, JikeWI Se freely mo·oable on 
bal1·bearings and supporting :a weight E. Th1s wci8ht beint: 
on one side and the 11h~hs :1 and b inchnr:d to the vertic.ai, th ~ 
weight remains st.:uiont~ry as the pulley is rotated. F:astened lO 
the. weight E is o device R in the rorm of a scoop with very 
thin walls, nlrrow on the end ne:lrer to the pulley and wid~t 
on the other end.. ·"'- small qtwntity of mercury being pl~ced 
in the pulley :tnd the latter rotated :~g:ainst the n:uTo'-'· cr:d oi 
the scoop. a portion o! the fiuid is taken up Q.nd thrown in ~ 
thin and wide strum tow:ards the centre of the puU~y. The top 
of the laner is hermetically closed by an iron 'll.'Uhcr, as sho"'·n, 
this \\-asher supponins; on a steel rod L :1 disk F of the same 
mc:l:l.1 provided with o number of thin cont:Lct bl:~.dcs K. Tht• 
rod L is insul:alc:d 1Jy w:tslu:r!o N fron1 tl•c IHIIIl'Y· and fo:- th\: 
couveniencc of fillinQ: iu the mercer)' :t small sere''' o is jJrO· 
vidcd. The bolt L forminli one tcnnin:2l of the circuit brc:..ker 
i• connected by :a c:opper stnp to the prim~ry p. The: othe:- enrl 
or the primary coil leads: to one of the terminals of the con
denser C, eonu.inc:d in a compa.nment o! a box A.. :another com
panment oi the same bcinR resen·ed £or swuch S and :c:rmin~ls 
of the in.strume.nt. The othe: terminal of the condenser is con· 
nected to the casting A and through it to pulley U. When 
the pulley is rotated, the cont.'lct blades K arc brought rapidly 
in and out of contAct with the s lream of mercury, thus closing 
and openin g the circuit in quick succession. With such a dcv'itc 
it is e.a.sy to obtain ten thousand rn:~kes and brc01ks pe.r- second 
~nd even more. The sccond:H')' s is m::tde of two sc:p~rate coils 
and so arranged th:~.t 1t can be siipped out. and 3 metal !;trip in 
iu middie connccu it to the primary coil This is done to 
prevent the ScC'Ond:uy from Urc:tl .. ;ng down when one of the 
tcrmin.31s is overlo:aded, as it oiten happ-ens in working ROntg~n 
bulbs. This iorm of coil will withst!lnd :1 very much greater 
dilierence: of potentiill th:1n coils as ordin:lril)• constructed. 

The m otor has both field a.nd armature built of plate.s
1 

so that 
it can be used on altcrnoting as well as direct current s.upph· 
circuits. and the shafts are as nearly as possible vertical, so •s 
IO require the: lust cue in oiling. Thus, tbt only thing which 
rully requir~ some ,tttntion is the eomm\u;~tor of the motor, 
but where: :Uu:rn:stin; currents nrc :alw;a,ys "v:ail:able, this sourc.: 
of po.s.sible trouble b usily done: aw--ay with. • 

Tbe circuit connections of the ins:n1mcnt h.tn been <l1re:td.t 
ahown .tnd the ntodc or OJ)C~tioo cxpl:tincd in pcriQdia ls. The 
usual ma.nner of connecting is iliustr:ttcd in Fig. 8, in whic:h 
A, A. are the terminals o£ the supply circuit. L. a self-indue· 
tion coil for r::~isinG' the pressure, which is connected in series 
with condenser C ond primo.ry P P. The rcm.tining letters 
design.:~te the pans corrcspDndingiy m3rked in Fig. 9 and will 
be understood "·ith" reiercnee to the b.uer. 


