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PREFACE 
 
 
 

Tms  little  book,  enti tled  ELECTRICITY 

IN EbF.CTiw-'l'nERAPEUTICs, is in tender} to 
meet a growi ug demaml wh ich exists not 
011ly on t he part of general med ical practi 
tioners, but also on  tliat  of  the general 
pu bl ic, for reliable i nformation respecti ug 
such matters i u the physics of electricity 
appl ied to Elcctrn-Thera pentic, as ca n be 
readily understood by those not specially 
trained i n eled ro-teclrnics. 

Electrieity has rece n tly made such rapid 
strides i n application to both surgical a!J(l 
med ical practice, tliat recen t information . 
concern rng  elect rical  de,·eloprnen t i n  ap- 

v 



vi PREFACE. 

paratns  and  in   theory, is much  in request 
by those interested  in the healing art. 

TLe method of treatmen t adopted 
throughout the book in the description of 
elect ro-technics has been the circuital 
method ; that is to say, all the phenomena 
of electrici ty and magnetism have been 
considered as pertaining either to the electro-
static, the electric, or the magnetic circuit, 
and the laws of these three circuits have 
been developed n pon analogous lines. The 
authors believe  that this  treatment  is the 
key-note to a clear  comprehension  of the n 
umerous ncl  of ten complex electro 
magnetic phenomena met with in the 
application of electrici ty to electro-thera· 
pen tics. 

In th us aiding the geneml public to read 
ily comprehend  the  principles  underlying 
the physics of electro-them peutics,  the 
authors  trnst that  they are aid i ng  the gen- 
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eral cause of hu manity i n enabling electricity 
to be employed more i ntelligently in the 
healing art, as well as permitting truth to 
be discerned from fraud. 

The authors therefore present this book 
to the public in the hope t hat it may 
prove serviceable. 
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essence of animal vitality, but which was 
afterwarcls proved by Volta to be essen 
tially a new method of prollucing  elec 
tricity  by chemical  action. 

 
Galvani discovered  that  if  the bi nd legs 

of  a  recently  killed  frog  be  depri ved  of 
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Fm. 1.-GALVANoscoPr c Fnoa. 

their integume nt, and the lu mbar nerves, 
suitably exposed in their position on either 
side of the vertebral colu mn, he con nected 
with the crural muscles by a metallic strip, 
as shown in  Fig.  1,  that  these  muscles 
will  be  brought  in to a spasmodic  activity 
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closely resembli ng t heir  action  du rin g life. 
It has been alleged  that tl1is classic ex peri 
men t of Gah'ani was  th e result  of  chance ; 
that he had prepar ed  som e  frogs'   legs  for 
su pper,   and,   happenin g   to   hau g   them 
agai nst  an  iron  balcon y,  h e  n otice<l   that 
th e m u scles t wi tch ed  as  soon  as  they 
touch ed  the   iron ;  that   is,  wen t  con vul 
si ,,ely th rou gh their rn otiou s as i n lif e, an<l 
that these m otions were  repeate<l  wh en 
e,'er the  con tact was reu ewe<l.  l\Ioreo,·er, 
the power of prod ucing th ese com·ul si,-e 
mo,·ements was retai u e<l by th e  limbs  f or 
an h ou r or m ore after rem o,·al  from  th e 
bod y. 'l'li is account wouhl seem im prob 
able,   since   Gah'ani   wa s  well    aware   of 
t he  fad   tl1at   an   electric   disch arge,  sent 
t hrough th e legs of a recen tly  killed  frog, 
wouhl  prod u ce  con vulsi,-e  m o,·em en ts  in 
th em ; and, i mleecl, h e was in the h abi t of 
employi11g su ch leg8 as a f orm of  sensiti,·e 
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gal va noscope, thougL, of cou rse, Gal nwi 
did no t know it  under  t his  name,  hut  be 
d id know that it formed a much more 
seusitiYe apparat us for detecti ng au electric 
cu nen t than the pith-ball electroscope em 
ployed in tliose early days, as almost t he 
only m'ailaLle means f or detecting au 
electric clrnl'ge. 

 
Unfortu nately, Galvani failed to rec 

ognize t he extreme importance of h is dis 
covery. -worki ng, as he had been  for  a 
loug time, with the hope of discovering the 
seat of ani mal vitality, he was only too 
willing to find in this observation the 
principle of that vital fluid  for  which  he 
so long and arden tly had sought. He was, 
therefore, handicapped in the search, and 
unfi tted, to  a  certn,in  extent,  to  weigh 
cal mly t he evidence presented. Though 
thoroughly   familiar   with   the   convulsi,·e 
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twi tchi ngs prod uced by  t he  pa ssage  of  t he 
el ectric d ischnrge   th rough   the   frog's   l egs, 
it  never  seemed  to occnr  to  hi m  that  what 
lie  hml   i n  realit y  c1isco\Tered, wns  an  en  
t irely   new   meth rnl   of   produ ci n g   elect ric 
<l isel1arges. He 011l y saw in this obse1Yation 
"·hn t h e so mlentl y de::; i re<l to see ; namely. 
convul si ve m u scular mo,·cm ents, d ue  to  n 

vital tl nid, whicl1,  h e  bel i eved,  cnm e  from 
the 11e1Te of th e n.11im nl, arnl wns con v eyed 
tlt rn ngh   tlte   m etall i c    eond nct or    to    the 
m uscl es, wl1ere  i t  prod u ced  t h e  cha r 
acterist i c  t witchi ngs. 

 
'f he an no1111ce111en t by Gah·a11i of h is 

disco,·e1·y, pro(l uced t he most i11 te11se 
exeiterneu t. through out tl1e scien ti fic 1yorhl, 
and !tis v iews as  to  th e  ca u se  of  t h e 
phen omenon  were  nt   fi rst   gen ernll y 
nccept ed.  Among,  perha ps,    foe   most 
ardent     of     his     earl y     followt> rs    \Yns 
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Alessandro Volta, who  at  once  repeated 
Gal vani's experiments, and began a  series 
of extended researches on the phenomena. 
Volta soon reached t he conclusion that t he 
twitehings of the legs of Gal vani's frogs 
were to be 'ascribed, not to  a  vital  fluid, 
but to the presence of an  electric  dis 
charge, aml that, consequently, sight had 
been lost  of  the  most  important  part  of 
Gal van i's experiment ; namely, that it fur 
nished a new method of prod ucing elec 
tricity. 

 
Volta showed, among other things, that 

the conv ulsi ve movements were more pro 
nou nced when the 11erves were con nected 
with the m uscles by two dissimilar metals, 
instead of by a single metal, and ascribed 
the  cause  of  the  electricity  produced  as 
the  contact  of  dis8imilctr  substances.  In 
the  light  of   more   modern   scientific  dis- 
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covery, it would appear that both dis 
coverers saw but a partial truth, although 
Volta had u nclonbtedly a more complete 
grasp 0£ the phenomena than Galvani. 
Galvani observed the convulsive rnoYe 
ments,  but  improperly  attributed  them  to 
the presence 0£ a vital fiuicl. Volta cor 
rectly ascribed the cause 0£ the mo\'ements 
to the passnge 0£ electricity, but incor 
rectly ascribed the cause 0£ the contin uous 
supply 0£ electric  current  to  the  con tact 
0£ dissimilar substances. l\Iod em research 
has show n that contact alone is u nable to 
account £or the contin uous  production  0£ 
an electric current, and that such a dis 
charge occurs only u nder  circumstances 
when  chemical  actions  take  place. 

In endeavoring, at the present time, to 
gauge the value to the world 0£ the dis 
coveries 0£ these t wo pioneer innstigators, 
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a tendency may exist to giYe, too u nre 
serYedly, the award to Volta, on the plea 
that the result of his in vestigations prn 
duced, some ten years later, the great d is 
covery of the Voltaic pile, a  discovery 
which has done so much for the world's 
progress,  but  i t  m ust  not  be   forgotten 
that it was the original observations  of 
Gahan i,  aided,  it  is  tme,  largely  by  his 
af terwork in the  same  field,  that  first 
cal1ed atten tion to the wonderful eff ects 
which electrici ty pro<.luces on tlie animal 
organism, an<.1 if to-day electro-therapeu 
tics, or the  application  of  electricity  for 
the  restoration  of  the  heal thy   cond i tion 
of the bod y, is an actual power, the 
beneficial effects of which are  apparen tly 
bei ng more and more clearly establishea 
every year, it is n nclouted ly to Galvani tliat 
the guerdon of the discovery must be 
a'varded. 
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"\Vithout attempting to trace the history 
of the extended  experiments  that  were 
made on Galvani's original observation, 
experiments that have continued up to the 
present clay, and without stopping to con 
sider the extended and  bitter  controversy 
that was waged between the disciples of 
Galvani on one side, and those of Volta on 
the other, as to the cause of the phenomena, 
or the equally extended con troversy which 
existed  as  to  the  origin  of  the   elect ric 
cu rrent vroducetl in the rnltaic pile, or cell, 
it will suffice, for our presen t pmpose, to 
consider animals as electric  sources,  and 
the effects prod uced by the passage of 
electricity through an imals. These can be 
briefly  summarized  as  follows ;  viz., 

(1) That the body of an animal is, in 
itself, the seat of  electric currents. 

(2) That these CUlTents exist not only 
dming the abnormal  or  diseased   condition 
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of different parts ?f the body, but also in 
the normal condition of the bod y. 

(3) That electric discharges, when sent 
through the body of an  animal,  are  cap 
able of producing marked  eff ects  therein, 
the  character  of   which   depends   upon 
the  nature  of  the  discharge. 

(4) That the passage of an electric dis 
charge th rough a nerve, m uscle, or indeed 
through any organ of  the bod y of an ani 
mal, produces an alteration in "its f unctional 
activity. 

(5) That a sufficiently powerf ul dis 
charge th rough the body of an animal may 
produce  death. 

 
The eff ects of  electricity on the h uman 

.body have been very generally recognized 
since the time of Galvani, and it is .gener 
ally believed that electricity possesses 
powerf ul  remedial   properties ;  but,  like 
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all remedial agencies, u nless intelligently 
applied, it may prod uce more harm than 
good. That much harm has been done hy 
its improper use there can be  no  doubt. 
Ind eed, one of the results of  such misuse 
has been even at the present time to 
greatly retard its general introd uction. 
Much of this difficulty bas arisen from 
want of a general k nowledge of the fumla 
mental laws u nderlying  the  prod uction 
and action of electricity and  magnetism. 
As a result of a lack  of such knowled ge, 
extravagant and ridiculous claims are fre. 
quen tly made as to the wom1erful curati,·e 
powers of certain apparatus, alleged to 
prod uce electric currents ; apparatus that 
even a tyro in electricity "\Yould at once be 
able to show are incapable of producing 
any current whateYer. 

A  knowledge  of  the  }mys of electricity 
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and magnetism will, therefore, not only 
enable the general public to detect elec 
tro-therape utic frauds, but  wi11 also tend 
to increase confidence in legiti mate elec 
tro-therapeutic applications, a confidence 
justly  merited  by experience. 

Since both electricity and  magnetism 
are exact sciences, their application to the 
art of electro-therapeutics cannot fail to be 
of benefit in seientific treatment. 



 
 
 
 
 
 

CI-IAPTEH  IL 

ELECTIW:\IOTIYE  FOl!CE. 
 

ALTHOUGH we nre ignomn t  of  tlte  exact 
nat u re uf  electrici ty, yet  i t is  Ly  110 mea ns 
t rne   thnt  \\"e   a re   ignora nt  of    tl1e   lmrs 
u nd er   which   elect rici ty   operates.    Ju 
other worJs, ou r ig11omnce relates to  the 
exnd nat me  of  the  elect ric  furee  mtlier 
tlian to i ts laws. In the phy ienl workl  we 
cn11 properly clni m k nowlt>(lge co11cerni11g a 
force,  when  we  nre  able  to  pretlict   i ts 
adion u nder giYen   cond i ti ons.     Gauged  i n 
t h is wa', on r  k nowledge  of   electrici ty  i 
Lot.h extensi Ye nml  accn rnte,  si nce  i t  is 
possi ble  to  fairly  predict  jnst  what   '"ill 
ha ppen u nder a  great  rnriety  of  electric 
cond i tions. 

13 
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It will he generally ack nowledged, how 
ever, that we certuiuly know this much 
about electricity ; ,·iz., that it cannot be 
regarded as a form 0£  matter ;  at  least 
not mutter in the ordinary sense 0£ the 
word. All matter with which we are 
acquainted, exercises gravitational influ 
ence, that is to say, tends to attract other 
matter towards it. No such tendency has 
yet been shown to exist in the case 0£ 
electricity.  Ent  ordinary  matter  is  not 
tlie only material with wbich we are sur 
round ed.  The entire universe  is believed 
to  be  pervaded  by  a  highly  tenuous 
medi um called the ether, which transmits 
light, heat and gravitation. 

 
As frequent ref erence will  be made in 

this book to the existence and  properties 
0£ the ether, it may be well to explain the 
nature  0£  the  evidence  which  bas  con- 

• 
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vi ncecl scien tific men of its existeuce. 'Ve 
know that the eff ects procl ucecl by a 
sounding body, such, for  exam ple,  as  a 
vi brati ug bell, are transmitted across the 
space between the bell aucl the ohse1Ter's 
ear,  by  meaus   of   waves,  or  to-aud-fro 

 

 
FIG.   2.-TRANSMISSION   OF   SOUND  THROC GII    A  VACUUI. 

 
motions produced in the mediu m existiug 
betweeu the bell  and  the  ear.  This 
medium is usually the  air.  If  a  bell, 
placetl inside a glass ,-essel, as showu  iu 
Fig. :?, be set vibrati ug, it cau be hearcl by 
au obser ver at some distance, siuce the air 
the vessel coutains  transmits  the vibrations 
to  the  sides  of  the  globe, which, in  their 
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tnrn transmit the Yibrations to the external 
ail', a'nd so to the obsel'rnr's ear.    But i£ the 
vessel be exhausted ; i. e., deprived of its 
ail', the so11rnl will no longer be trans 
mitted, since the medium is tlie11 removed 
which  carl'ies  its vi brations.    If , however, 
a similar expel'iment be tried wit h  a  hot 
boJ y, it will be  found  that  the  existence 
of such a med i um as ail' is not essen tial to 
permit t he body to transmi t its heat across 
interveni ng  space.     For  example, if, as in 
.Fig. 3, t wo  reflectors  A and  B, be  placed 
insitle  the  glass  recei vel'  of  an  air-pump, 
and  a delicate  thermometer  T, be  sui tably 
supported at  the  focus  of  one  of these 
reflectors, aml  a  plati n u m wire  be  placed 
at  the  focus  of   the   other  reflectol',  then, 
if  an electric  curl'ent  he  sent  thl'ough  the 
platin um wi re, of   such  strength as  to ren 
der it incandescent,  the heat  rml iated  from 
the wire 'ivill Le reflected successively from 
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A and B, and be focused on the ther 
mometer, which will immed iately iud icate 
an i ncreased tem peratme, and t his eff ect 
will occur, whether  the  recei mi· con tai ns 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fro . 3.   TRANsmssroN   OF  HEAT  TFmouorr   A   VAC UUM. 

 
au· 01· is exh::rnstell. Evi<lently, tl1e pres 
ence of a gross metl i u rn l ike air is not 
essential to  the  t ra nsmission  of  radiant 
heat., and i n this respect lliffers from th e 
transmission of sound just refenecl to. 
l\IoreoYer, the ligh t.  emit.tetl   by  the  glow- 
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mg platinum ·wire is also transmitted 
through the empty space in the globe and 
renders the wire visible. 

 
A little reflection will sl1ow that the 

preceding experiment is not,· in reality, 
needed  to prove  the  possibility  9£  radiant 
l igl1t and heat bei ng readily trans mitted 
across space <levoitl of ordinary matter ; for, 
racliant light and heat reach the eartl1 from 
the sun, and from the fixed stars,  across 
space existiug between t11e earth and the 
henxenly bodies, whid1 space we believe to 
be de,Toi<l of ordinary matter. In the early 
history of physical science this fact led to 
the belief that light aud heat were eff ects 
produced hy  specific  :fluids  or   efiiuvia ; 
that a hot bod y sent off a specific  efflu 
vium ·which constituted heat ; and, in a 
similar manner, a luminous body sent off a 
specific  effin vium  constituting light.     The 
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partie ula1· effluvium iu the case of heat 
received the narn e of caloric, a term 
which, uufortuuately, eYe u to-day, is :still 
loo:;ely  employed  in  t he  science  of  beat. 
\Vitlwut e11teri11g i11to rniuute <letaib, it 
suffices to say  tliat  the  theory  wLieh 
ascribes light or heat to the existeuce  of 
special fluiclf.l is uow eou:siclered absolutely 
unteuable.  Ligl1t   anll   heat,   like   souml, 
are  believed  to be prod uced  lJy Yibrations, 
or  to-awlf ro  motious.  A  melliurn,  there· 
fore, is  necessary  to  <:a rry  the  ,·ibratious 
of light a11d heat, a11ll,  conse<1uent1y, th e 
highest Yacuum ·whieh ean l1e obtaint><l is, 
for this reason, helievecl to be  filled  with 
ether, that is  to  say,  the  ether  is  uot 
pumped  out of  a   rese1Toir  by   the   action 
of  the  air-pump. 

 
The  ether is sometimes  called  the lumi- 

n{ferous    etl1er   because   it  t rausrnits  the 
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vibrati om; of ligh t.  It  is  also  called  the 
1w inersal ether Lecause i t is supposed to 
exist  everywhere.   Even   in   the   densest 
of sofol bodies it is assu111ed to exist, 
betwee11 the ultimate particles, of which 
such bodies are fonned ; namel y, bet ween 
the atoms  and the molecules. 

 
Electrieity aml 111agnetism, like heat and 

ligh t, are also eapable of manifesting thei r 
influen ee through the  air-pu mp  vacu um. 
For example, the filament of an incandes 
cent lamp, which, as is well known,  is 
plnce(l i n a very high \"acuu m, can, ne,·er 
theless, be deflected hy  the  electric 
attraetion   produced   by   a   charged   body 
-1, Fig. 4, at some distance from  the 

lamp.    Here   the  electric   attraction   tra 
,·erses t he apparently empty space sm· 
mm1tli 11g the filament, a11c1, consequently, 
mnst  liave  acted  through  the ether which 
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FIG.   4.-THAN8m8oION    OF    ELECTROSTATIC     FORCE 

ACROSS A YACUUM. 

 
is believed to  fill t he   exhausted  lamp 
chamber. 

 
In a similar manner, magnetic  attraction 

is capable of acting through empty Bpace ; 
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for, if, as in Fig. 5, an incandescen t electric 
lamp be brought  near  a  powerful  magnet, . . 
when a  continuous current is passmg 

., 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG.  5.-TRANS)IISSION  OF  MAGNETIC  FORcE  ACROSS 
A VACUUM. 

 

through the filament, the filament has 
thereby acquired magnetic  properties, and 
a deflection of the filament will take place, 
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although no med iu m, saYe the ether, can 
apparently  convey  this i1d:l u ence  wi thin 
the chamber. Here, a::; before, this  par 
ticular   experimen t   is   not   necessary   to 
R how that magnetic iutl uence ca n tranrse 
apparently em pty space ; for, <lming the 
prevalence of an u n usual 11u111lJer of spots 
on the smface  of  the  su n,  there  are  pro 
d uced marketl disturbances on delicately 
suspend ed compass uee<lles on the earth. 
This influence is apparen tl y t ra nsmi tted 
through the ether which we believe fills 
interstellar   space. 

It is interesting to note  in  this  connec 
tion, that the early views co11cemi11g  the 
natu re  of  electrici ty  regarded   it  as a fluid 
or  fluitls,  just  as   hea t   aml   ligh t   "-ere 
origi nally reganled. J t is now the belief, 
however,   that    electricity· :md    magnetism 
are  phenomena   connected  with  some  active 
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condi tion of  the ether.   For exam ple, light 
is almost u niversally regarded as being 
transmitted by a particular transverse vi 
bration of the ether, and some particular 
forms of dist urbances in the ether are also 
believed to he the causes of electric and 
magnetic  phenomena. 

 
Before, however, discussing at greater 

length the nature of electricity, let us con 
sider  a  well-known  electric   source,   as, 
for exam ple, the dynamo-electric machine, 
such as is used for generating electric cur 
ren ts for arc or incandescent lights. Here, 
popularly, t he machi ne is spoken of as pro 
duci ng electricity. Strictly speaking, how 
ever, it is not electrici ty which the machi ne 
primarily prod uces.   The machine prod uces 
a variety of force capable of  starting, or 
prod ucing, an electric cu rrent under suit 
able  conditions.    This  force  produced   by 
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the d ynamo is  termed  electmmotive f m·ce, 
or the force  which  tends   to  set  el ectrici ty 
in  motion,  so  as  to cause a n  electric  flow. 
It is essential to bear in 111i rnl that  i n uo 
case ca n electricity he prod uced  by  an y 
machi ne wi thou t tlte prior prod uction of 
electromoti ve force, ju:s t n:s 110 motion can 
exist  in   a n y  material   objt>ct   wi thout   the 
a nteceden t   appl ica tion  of  a material  force ; 
i. e., of  a  hocl y-mo,·ing  foree.    \Vhene \·er, 
therefore, el ectrici ty is prod uced, no matter 
what the nat u re of t h e nrnch iu e, or sou rce 
prod ucing  it   may   be,   t he   machi ne   or 
sou rce m ust necessarily fi rst prOll uce an 
electromoti ve force, mid  t his elect romot i Ye 
force in its tu m will or will not pro<l uce 
electrici ty,   accord i ng    to    tlie    cond i t ions 
u nder  which   it  acts.    Electromotive   force 
is  usually  abbreviated   E. l\I. F. 

 
Va rious  devices  are  employed  m  prac- 
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tice for the production  of E.  l\L  F. Such 
de\·ices may be classified as follows : 

(1) Those prmlucecl by chemical action ; 
sueh as a \·oltaic cell  or  primary  cell,  and 
a charged storage cell or secondary  cell. 

(2) Those prod uced by the action of 
radian t energy ; 1·. e., radiant light or beat ; 
su ch, for example, as a  thermo-electric cell. 

(3) Those produced by the action of 
mechanical energy ; such,  for  example,  as 
a dynamo-electric machin e, a frictional 
machine, an electrostatic ind nction machine, 
or a  liquid  flowing  through  a  capillary 
tube. 

(4)  Those  proclncecl  by  vital  energy, 
su ch as an animal or a plant regarded as an 
electric somce. 

 
As already stated, in any of the preced 

ing sources it is E. l\ L F. w hich is pri 
marily prod need. 
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Take, f or exam ple, a form  of  Yoltaic  cell, 
shown  in  Fig. 6, kuown  as  tLe Lecla11 cl1 e 

 

 
Fm.  6.-LECLAXCHE   VOLTAIC  CELL. 

 
 
cell. Here it is the chemical  energy  of 
combi nation between tl1e zinc plate A, and 
the solution of ammonium chloride, "\Yhich 
enables the electric current to be sustained, 
but  the  ce11 alm1ys prod uces an E. :JI. F., 
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although it will not supply au electric cur 
rent u ntil its terminals A and B, are con 
nected together by means of  a conductor 
or external circuit. 

 
In  order  to  measure  the  E.  M.   F.  of 

any electric source,  a  w1it  of  E.  JJI.  ll. 
has    been    internationally    adopted.    This 
uni t is cal led the  volt,  af ter  Alessandro 
Volta,  the  inventor  of   the   voltaic   cell. 
The E. .M. F.  of  the  Lecla uche  cell  shown 
in   Fig.   6,   is,   approximately,   1! volts, 
and  that  of   the   ordin ary   bl ue-stone   cell, 
as  shown  in  Fig.  7,  is about  one  volt. 

 
In both the Leclanche and the blne 

stone voltaic cells, it will be observed that 
there are t wo metallic substances im mersed 
in  a  liquid.  For  example,  in   the   Le 
cl anche cell, shown in Fig. 6, the two sub 
stances are ca rbon and zinc, arnl the solu- 
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tion in which they are pl u nged is an aque 
ous sol ution of sal-ammoniac. I n the U11e- 
stone, or gmvit y cell, shown  in Fig.  7,  t he 

 

 
Fm. 7.-BLuESTONE  OR  GRAVITY  YoLTAIC  CELL. 

 
 

two metals are  zi nc  and  copper, marked 
Zn and 011, but here there are  t wo  sepa 
rate exciti ng litp1ids ; na mely, a dense solu 
tion of copper sulphate, which occupies the 
lower part of the cell,  and a lighter sol u 
tion of  zinc  sulphate,  "·hich  surrou nds  the 
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zinc plate and floats upon t he copper sul 
phate solution. All voltaic cells may be 
divided into t wo general classes ; namely, 

(1) The single:f lnicl cells, or those which 
have a single exciting fl uid ;  and, 

(2) The doublej foid cells, or  those 
which, like the bluestone cell, have two 
exciting fluids. 

 
Every voltaic cell, whether of the 

double- or single-fluid type, consists of two 
essential parts ; namely, 

(1) Of a 'Voltcdc pct fr or voltm'c couple, 
consisting of t wo dissimilar electrically con 
d ucting  substances. 

(2) Of an exciting liquid called the elec- 
trolyte, capable of cond ucting electricity, 
and of being decomposed by it. The 
double-fluid cells ha\'e two liquids or 
electrolytes.  The t wo substances  forming 
a  voltaic  pair   or  couple,  are  called   the 
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elements of the cell. Voltaic elements are 
genemlly made in the form of plates or 
rods, and are known respectiYely as the posi- 
tive and the rnegative plates or elemen ts. 

Dming the nction of a Yoltaic cell, that 
is, while  it  is  fumishing  electric  cu rren t 
to the circuit co1mectel1 with it, a chemical 
action takes place bet\Yeen  one or both of 
the  electrolytes  and  onP-  of  the   plates. 
The result of this action is that on e of the 
plates, t he positiYe, is grm1nally (lissoh·ed, 
or enters into chemienl com bination  with 
part of the electroly te, the other plate 
remaining unacted  on.  In nem·ly all forms 
of voltaic cells, there  results  from  this 
decom position a tend ency to liberate hyd ro 
gen at the surface of the negati ve plate, or 
the plate which  is  u n actel1 011.  l£  hydro 
gen be permitted to be libemted on the 
snrface  of  the   negati ve   plnte,  a  marked 
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decrease occurs in  the  ability  of  the  cell 
to furnish current,  for  reasons  which  will 
be poi nted  out hereaf ter. 

 
In single-fluid cells no provision is made 

to  prevent  the  evol ution  of  hydrogen  at 
the  negative  plate ;  or, as it  is generally 
called, t he  polm·izat ion  of the negative plate.
 In the double-fl uid cel1 the second 
fluid  consists  of  a  substance  which  Slll'· 

rou nds the negati ve plate, and is provided 
for  t he express p u rpose  of  entering  into 
combination  with the  hyd rogen  and  so 
preventing its  being  liberated. There are 
some forms of  voltaic cells which are ap· 
paren tly single-flu id cells, since they possess 
but n. single fluid, or elect rolyte, but wh ich 
properly come  u nd er the type  of  double. 
fl uid cells, since they are non-polarizable, 
being  provided  "·ith  a  solid  substance in 
contact  with  t he  negative  plate,  that  is 
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capable of combining with hyd rogen aml 
thereby  preventing   its   liberation.   For 
exam ple, in the Leclanche cell, shown  in 
Fig. 6, the elemen ts of the rnhaic cou ple are 
zinc aml carbon, im m ersed in n solu tion of 
sal-ammoniac in 'rnter, but the cnrhon is 
su1Ton1Hlecl by gra n u1atecl, solitl peroxide 
of ma nganese, wl1ich possesses  t he  power 
of reatlily entering into combi nation  with 
hyd rogen. 

A great variety of cond ucting  suL 
stances are em ployed  in  pairs  for  tl1e 
cou ples of ,-oltaic cells. The most im por 
tant of these, 11owever, are zirn.:, carbon, 
copper,  lead,  sih·er,  aml  platin um.   Of 
these substances, zinc in nearly  all  cases 
for ms the  positi,-e  elemen t ;  that  is  to 
say,  it  forms  a  ,-oltaic  cou ple   either 
with  carbon,  copper,  leacl ,  silYer,   or 
p1atin urn. 
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"\Vhen a voltaic cell has its circu it closed, 
for exa mple, "-hen th e ziuc-carbou cou ple 
shO\vn in Fig. 6, is connected to an exter 
nal circui t, the E. l\I. F. it  prod uces causes 
a cu rren t to :flo,,-  through  such  circuit. 
For pmposes of comTenieuce it has been 
agreed, con \'entionally, to regal'll the electric 
cu nent as lea vi ng a \'Oltaic cell at a par 
ticular  poi nt,  and,  af ter  passing  through 
th e circui t, to re-enter it at another point. 
The point at which tl1e curren t is conven 
tionally assu med to lemTe the cell is called 
its positiv e pol e, aucl the  poi nt  at  wl1ich 
it is assu med to re-enter it, af ter havi ng 
passed   through   the  circuit, the  11egati 11e 
pnl e. The positi ve pole of th e ce11 is the 
pole connected with the plate which is not 
actetl on, that is wi th the negati ve plate, 
while the negati ve pole is the pole con 
nected with the plate which is chemically 
acted on,  or   the   positi ve   plate.      For 
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exampl e,  iu  the  batt ery  sh own i n   Fig.  7, 
th e positi v e pu le is con n ected w i th  th e 
coppel' plat e, aud  is  m al'ked  with  a  plu s, 
aml  an  arro w,  i ml icat illg  tli e fact  that  t h e 
C ll l'l'e11t l eav e:-:; the cell at t hi s pole ; whil e 
tl1e 11egnti,·e pole  is  tl1e  term i11nl  of  the 
ziu c plat e, arnl is i nd icated hy  a  mi11 u s 
sig11,  aml  :rn  anow  flowi n g  t oward:-:;   th e 
cell, i nd icat in g th e  fnet  t h at  t h e  en!'ren t 
en tel's th e cell  at  this pol e.   fo  tli e  battery 
sh ow n i n Fig. G, th e posi ti ,·e pole is th e 
termi nal JJ, 9f tli e  e:uh on  elem eut , whil e 
tl1e u egati,,e pole  is  t h e termi nal  A , of  th e 
zi nc  el emen t. 

Voltaie cd ls form an im port:rn t electl'i c 
soul'ce m u cL em ployed i u el ectro-th empeu 
ti cs. \Ye will , th el'efore,  bri efly  d escribe 
som e of  th ei r  m ore  import ant  pra ctical 
form s. 

Fig.  S,  sh ows  a  form   of ,·oltaic   eell, 
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called the silver-chloride cell. Th is cell 
consists of  a  zinc-sih,er  couple, im mersed 

 

 
Fm. 8.-FoRM OF SrLVEn-CnLOHIDE CELL. 

 
m a dilute aqueous solution of sal-am 
mouiac. The silver  plate  has the  f orm of 
a wire, and is smTomH1ed by a fused mass 
of   silver   chloride.    The   arrangement   of 
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Fm .  9.-SlLVER-CHLonmE    VoLTAIC'   CELL. 
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the  plates  is shown  in  the  figu re. It will 
be seen  t hat  a  thread  B, is wrapped arou nd 
the sil 'T er and  sil,·er chlori<le,  so as to  pre 
ven t  the  possi bility  of  contact  between  the 
sil ,·er   element   aud    the   zinc    plate. The 
tff o  plat es are  also  kept  apart  by   a small 

block of wood T V The  couple  so  formed       
is  placell  in  a small  glass  or rnb her  jar   J, 
contai ui ng   t he   excitiug  solution   of   sal 

ammoniac. Another form of silver 
chloride   cell   is   shown   in    Fig.   9. The 
ad vantage   of   the  sil ver.cliloricle  cell  con 
sists iu its portability. As       many   as  fif ty 

of  these   cells  cau  be  set  in  a   frame,  as 
shown  in  Fig.  10, and  enclosed   in  a  small 
wooden   box    weighing    only   ten   pounds. 
The sih-er-chloride   cell is  very  nearly   uni 
form  in  its  electromoti,re force, which  has  a 
\Talue of about 1.03 volts. The cell pos 
sesses, however, the disadvantage of not 
being    able  to   supply   po werful  currents 
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conti nuously, owiug to the fact that  in 
order to obtain portability, its elemen ts are 
made so small. \Y ere tl1e cell constructed 
of such a size a8 would permit it to supply 

 

 
FIG.  10.-BATTERY   OF  SILVER-CilLORIDE   CELLS. 

 
powerful currents, t11e cost of the silYer 
and sih,er-chloride would render  its use 
im practicable. The cell  is  pa rticularly 
well adapted to supply feeble cmrents, 
requi ring a co11siderahle E. l\I. F., espe 
cially w lien portn bility is desired. 
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Fig. 11, shows a single-fluid cell, consist 
ing  of  a  zinc-carbon  couple in an exciting 

 

 
Fm. 11.-Zn;c.CARBON  CELL. 

 
solution  of  sal-ammoniac in water.  Here, 
as before, the termin al of the zinc plate 
forms  the  negative   pole aud  that  of   the 
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carbon plate, formed  of  a  1111m her  of 
rods of carbon,  tlie  posi tive  pole.  This 
cell fu rnishes a strong cu ne u t for a short 
time. Its advantage  consists  i n  the  fact 
that it will supply a moderately strong 
cnnent for a brief i nterval, and that  it 
suffers  very  little  chemical   loss  on  open 
circui t.     Its  E. l\f. F. is  about  1YJ  Yolts. 
The disacfrantage of t he cell is that i t 
polarizes c011siderably, so that it can not 
conti nue  to fu rnisl1 cmrent of any con 
siderable  strength  for a long ti me. 

 
Fig. 12, shows another form of a couple 

of zi nc-carbon irnmen;ed in a  solu tion 
called  electropoion  jfo id,  consisti ng   of 
ch romic acid  and  wa ter, or  of  bichromate 
of potash, snlphnric acid and \rnter.  This 
cell is called the Grenet or liich romate cell. 
The ad rnntage of the Grenet cell is t hat it 
is capable of  supplying  a fairly  strong cur- 
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rent  for a short  time,  though   longer   than 
in the cn::;e of the simple  carbon-zinc cell. 
Its disadvantage  is that   the chemical   action 

 

 
Fw .  12.-GRENET   PLUNGE   CELL. 

 
 

conti nues eYen when t he cell is on open 
circuit, so that the zinc becomes dissolved. 
Consec1uently, in prnctice lwovision has to 
he  made  in  this cell, for  raising  the  zinc 
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plate from the solution when the battery is 
not in use. 

Fig.  13, shows  t"·o  d iff erent  forms  of 

 
Fm.  13.-EmsoN-LALANDE  CELLS. 

°J?dison-Lr rla //lle cell. Here th e couple is 

form etl of pln tes of zi nc a ud copper i m 
mersed i 11 n f'ol n tion of cnn stic soda, or 
potasl1, i n  W:lter.     Alth ough  t his  cell  em- 
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ploys but a single liquid, yet, like the 
Leclanche cell, a special provision is rnalle 
to prernnt polarization. This is accorn 
plished by placing a plate of compressed 
copper oxide i n con tact wi th the copper 
plate, so that  t he  hydrogen,  which  tends 
to be  liberated  at  t he  smface  of  the 
copper plate, is  pre ven ted  from  doing  so 
by entering i n to combi11at.ion with the 
oxygen of the oxide of copper. The Ed i 
son-Lalande cell possesses the mlvautage of 
furnishing powerful currents for a con 
sillerable length of time without sensible 
polarization, and also of  sufferi ng negligi 
ble local action or chemical loss on  open 
circu i t. Its disad vantage lies in its low E. 
l\I. F., which is only about two thirds of n, 
volt, when at work. 

 
Another f orm  of  Edison-Lalande cell  is 

shown  i n  Fig.  H. Here   a  large  copper 
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Fm. 14.  EmsoN-LALANDE  CAUTERY CELL. 

 
plate  is  placed  between  two  zinc plates. 
The   object  of   this   form   of ce11  is  to 
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provide powerful currents suitable for 
heating  electric  cmtteries ;  i. e., metallic 

 
FIG.  15.-PAUTZ  GRAVITY  CELL. 

 
 

wi res or  strips  raisecl  to  a  white  h eat  by 
t he passage of a11 electric C'lllTent, and 
employed  for  remo\'ing  diseased  growths. 
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Fig. 15, shows a form  of  zi nc-carbon 
cell, called the Pal'tz  gm vity celt.   Th is is 
a double-fluid, gravity  cell,  the  fluids  be 
ing a solution of  com mon  salt, or sulphate 
of magnesia, and a dense solution of a salt 
called  snlpl10-chromic  salt,  practically  a 
salt w hich, d issol ve<l in water, forms the 
electropoion  sol ution  bef ore   referred   to. 
In order to charge the cell, t he jar is first 
partly filled either wi th a solu tion of com· 
mon salt or magnesiu m sulphate, and the 
sulpho-chromic salt add ed through the fu n 
nel shaped tn be on  the  lef t-hnnd  side  of 
the cell, t h us f orming a derise solu tion sm 
rou ndi ng the lower  or  carbon  plate.  The 
ad van tage of  this  cell  is  its  high  E.  l\I. 
F., nearly two volts, and the strength of 
current   it  can   supply.   Its   disaclYantage 
is  local  action  on  open  circuit. 

Fig.  16, shows  a  form  of  cell   called  a 
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dry  cell. This   name is   badly chosen, 
since,  although  the  cell  does  uot  actually 
contain free liquid, yet i ts action is depend- 

 

 
Frn. 16.-Fomi OF Dnv CELL. 

 
ent upon the preseuce of a liquid electro 
lyte, in th is case tl1e liq uitl bei ng absorbed 
either by a gelatinous  substauce, or  by 
some pukerulen t material. T11e  aclvau 
tage   of   a  cell   which   contains   no  free 

 
 
 



... 
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liquid, is tbn t the cell cnn be rencl ily cn r 
ried about wi thou t  spilli ng nn y of  the  ex 
citing liquid. Th e disn ,lvnn tnge of the cell 
is thn t t he cmrent i t will suppl y is com pa r 
n tively feeble, owi ng t o its high resi stn nce. 

 
Dry cells  gi Y e  E. l\L   Fs.  varying  from 

two-third  volt, to nl>0ut  two Yolts. 

\Vl1ere the   ci rcuit   to   he   su ppli ed   1s 
suc h   that   the   E.  l\L   F.   fn mished   by   a 
single   cell  is  not   cnpn ble  of  overeomi ng 
wlwt is calle<l  th e resistnnce of the ci rcui t, 
it  is  n ecessa ry   to   com1ect  a  nn m ber   of 
sepnrnte cells  so  t ha t  they  nrny nll  supply 
thei r  cmren ts   i n to  th e  smu e   circuit. A 
1rnm ber of sepnrn te  cells  cnpnhle of ncti ug 
as n single eell is called n l1attery, n term fre 
quen tly  incorrectly  nppl ietl  to a si n gle cell. 

A  n umber  of  voltn ic  cells  may be  con 
nected  to  form  n  bntte1·y, in  a  Ynriety  of 
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wnys, but nt present  we  will  discuss  only 
one of such connections ; mnnely, con nec 
tion  hi  se1·ies.  The   method   ndopted   in 
this con nection is shown iu Fig.  17, where 
three  Dani ell  gravity  cells·are   shown,  con- 

 
FIG.  17.-SERIES  CONNECTION  OF  THREE  DA NIELL 

GHA YITY  CELLS. 
 
nected in  ser1es.  Here  the  negati Ye  pole 
of th e cell A, is con nected wit h the posi· 
ti,·e pole of  the cell B /  the  negati ve pol e 
of B, is con u ected with the posi ti ve pole 
of  c while  the  free  positive  nnd the free 
uegatbre poles of A nml C respectively, 
form the terminals  of  the battery.    In the 
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case of the series corn1Jination of voltaic 
cells, the E. 1\1. F. of the series is ecpwl to 
the  sum  of  the E. M. Fs.   of  the  separate 

 
Fm. 18.-EDISON;LALANDE B.uT1mv. 

 

 
cells composing i t.  Consequently,  the 
battery  sho"·u  in  Fig. 17, will ba,T e au E. l\I. 
F. of approximately tlll'ee ti mes 1.05 Yolts. 

 
Fi o-.  18,  shows  a  battery   of   two   series· 

couuect.etl., Etlison-La1amle  cel ls. Fig.  HI, 
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shows a battery of the general type  shown 
in Fig. 1 -     Here each  cell  is formed of  a 
n u mber   of   plates   of   zinc   and   carbon. 
\Vhen  the  battery  is desired  for  use, the 

 
 

 
 

FIG. 19.-PLUNGE BATTERY. 
 

 
 

handle is turned so that the plates are Jet 
down in to the jars fi11ed with  the exciti ng 
liquid. \Vhen out of use, the  plates  are 
raised from the jars, in ord er to preserve 
them   from   corros10n,   or    local   action. 
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Should the plates not be  remoYed  from 
the exci ti ng liquid , t he zincs "·ill rapidl y 
be corrodetl. 

 
Fig.  20,  shows  a  battery   of   50  series 

connecte<l, silver-chlori<le cells, so arra nged 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

"" .   ·-"·'''--·-' 
FIG . 20.-SILVER-CITLORIDE BATTEJW OF FIFTY CELLS. 
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t hat any number from one up to 50 can be 
connecte<l to the main terminals. 

 
A voltaic cell will continue to f urnish 

curren t to the circuit connected with it, as 
long as it contains any positi ve metal to be 
dissolved, and  any  electrolyte  to  dissolve 
it. As soon as either t he electrolyte or the 
positive plate is consumecl, the cell  ceases 
to give current until it is furnished with 
another i1late or with more electrolyte, or 
hotl1.    In  the  form  of  voltaic  cell  called 
t he .storage cel1, or .secondary cell, to dis 
tinguish it from the ordinary voltaic ur 
primar y cell, the selection of  t he elements 
of the couple and t he electrolyte are such, 
that af ter the cell is completely  exl1cwsted 
or run down, it is capable of being 1·estored 
or cliarged, and  of  again  being  brought 
into a cond i tion ready for action by the 
passage of an electric curren t through  it in 
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the opposite direction to that of  the  cur 
rent w hich it fu r11 isl1es  when  charged. 
The passage of this dl(ll '[l l ll f/  c 11J'l'ent  has 
the effect uf prod uci ng a series of decom 
positi ons, whicl1 practical] y restore  the 
cornli tion both of t he elements of the 
couple an<l of the exciting liquid or elec 
trolyte. 

 
Secondary or storage cells are made  in 

a vari ety of forms, but t hose in com mon 
use, consist practically, when charged, of a 
voltaic couple of porous lead and lead 
peroxide, irn merse<l in an electrolyte  uf 
dil ute sulph uric acid. The lead peroxitle 
forms the positive plate, and the metallic 
finely dividetl, porous leml, tl1e negatfre 
plate. 

 
In most forms of storage battery , the 

substances  formi ng  the positi,-e  and  nega- 
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tive elements are packed in perforations in 
a supporting plate or {Jl' id, made of an 
alloy of lead containing a small percentage 

 

 
FIG. 21.-PLATE  OF  CHLORIDE  STORAGE  BATTERY. 

 
of anti mony.  The object of th e antimony 
is to prevent the action of the sulphuric 
acid on the lead in the grid during charg 
ing. Fig. 21, shows a plate of a well 
known  form  of  stornge  cell,  called   the 
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chloride  sto}'(( g e  rell.  Tl1is   plate  consists, 
as  shown,  of   a  lea<lan ti mon y  grid,  contain- 

 

 
Fw. 22.-lNTEmon   Vrnw  oF  Cni,omoE  STORAGE 

BATTERY. 
 

ing pastel s or d iscs of metalli c lead or lead 
peroxide , accord i ng to the natme of t he 
plate.    A    n umber    of    such   plates   are 
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generally grouped together, to form  a 
single storage cell, the connections being 
such  that  all  the  positi ve  plates  are  con· 

 

 
FIG. 23.-PORTABLE CHLORIDE STORAGE BATTERY. 

 
 

nected together to form a single positi ve 
plate, and all the negati ve . plates are 
similarly connected  to  form a  single nega· 
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tive plate, the whole beiug  immersed  in  a 
jar containing a solution  of  sulph uric  acid 
in water. In Fig. 22, t"-o of such stornge 
cells are conuecte1l together to form n 
8tomge battery.  A portable form  of 
chloride storage bnttery suitable for med i 
cal purposes is shown  in Fig. 23. 

 
Another form of storage cell, calle<l the 

J11l1'.en Cell, is shown in Fig. 24. The 
advantage  of  storage  cells   is   that   they 
are capable of supplyi ug a very powerf ul 
current, aud t hat the E. l\I. F. of  eaeh cell 
is hvo ,-olts.     Their   disadvantage   is   thnt 
t hey  require  to  be  peri_od ically  charged. 

 
Storage cells are generally charged  by 

connecting them with the terminals of a 
dynamo-electric  machine,  the   posi tive 
termi nal  being connected to t he positi,-e 
termi nal   of    the   dynamo.    Tlie   dynamo 
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may  be  provided  especialJ y  for  the pur 
pose,   or   the   chargi ng   cu rrent   may  be 

 

 
FJG .  24.-JULIEN  STORAGE   CELL. 

 
 

obtainetl  from  the  mains  suppl ying  elec 
tric i11carnlescen t lam pR. Sometimes, bow- 



ELECTRO-TH ER A PEUT I CS. 61 
 

 
Fm. 25 -C.\mNET  CoNTAINING   E1.EYE:-r  PnDIARY  VoL 

TAIC  C'EI.Vl  FOR   CJTA!lr.E  OF  Two STOR\ r.E  CELLS. 
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e,·er,   a   primary  battery  is  em p1oyed  for 
t h is purpose. For examp1e, as shown  in 
Fig.  %,  11 gravity ce1ls  are  con n ected  in 
a battery so as to charge  two storage cells. 
'f lie current su pplied by the pri ma ry bat 
tery is a feeh1e bu t steady cul'l'ent, and the 
storage ce1ls when charged by the action of 
this current, may be many  times  stronger 
for a co!1'espon<li ngly shorter length of 
time. 



 
 
 
 
 
 
 
 

CHAPTER  II I. 
 

ELECTRIC   RESISTANCE. 
 

\VE luwe pointed out, in the preceding 
chapter, th at it is not electricity wliich an 
electric source pri ma rily prod uces, but an 
electromoti ve force, or a force capable of 
prod uci ng a flow or curren t of elect ricity, 
when the termi nals or poles of the source 
are suitably coimectecl  by  a  coml ncting 
path or circuit. \Ve ba \'e also  seen  tha t 
elect romot ive force is measured in u ni ts 
called volts, and that  an  onli uary  blue· 
stone gravity cell prod uces, u nder ordinary 
condi tions, an E. .i\I. F. of a little  more 
than one volt. 'Vh en the termi nals of  a 
single  voltaic   cell  of  this  type   are  con- 

63 
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nected with  a circuit, the electric current 
which will flow  through  the  circuit,  that 
is, the amou nt  of  electricity  which  will 
pass t hrough it per  second, will  depend 
upon another quantity called  the  ?'esist- 
ance of the circuit. Electric  resistance  is 
that which opposes the flow of electricity 
through  a circuit. 

 
Resistance is measured in m1its of ?'esist 

ance called ohms, af ter Dr. Ohm, who first 
pointed out the  law  which  governs  the 
flow of electricity through a circuit. The 
resistance of a circuit def>em1s u pon its 
length, its area of cross-section, and the 
material  of  "-hich  it  is  composed.   A 
short, thick circu it, of some good cond uct 
ing material like copper, will have a small 
resistance ; a long, thin  circuit  of  some 
poor cond ucting material, like wet string, 
will  have  a  high  resistance.     The  greater 
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the  length  of  a  cond uctor,  the   greater 
will be its resistance. Thus ; if we clon ble 
the length of any  uniform  metallic  wire, 
we dou ble its resista nce ; or, if we  lrnl ve 
the leugth of the wire, we lrnl rn i ts resist 
ance. The              greater the area of  cross-sec 
tion of a comluctor the less its  resista nce, 
so t hat if the area of  cross-section  of  a 
wire be clou blecl, retaining the same 
length, its resistance  will  lJe  Lal Yecl. 

The ohm is the resista nce . of a d efinite 
length of a defi nite ma terial, ha vi ng a defi 
nite area of cross-section. The ohm is lle 
finecl as the resistance of a col umn of pure 
mere my ha d ng a length of  106.3 ems., aml 
a cross-sectional area of one srprnre milli 
metre, at  the  temperatnre  of  melting  ice, 
or  0°  C.  The  actunl  definition  requires, 
not that the cross-sectional area shoul(l lJe 
one squa re millimetre,  but  that  t he  "-eight 
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of   the  column  of   mercury  whose  length 
is   106.3  centimetres,   should   be   14.4521 
grammes, but this  is  equivalent, in  a  uni 
form coln           um,  to  a  cross-section   of 
 one square millimetre. In 
defining  the  length and the area of  cross-
section of the column of mercury which  

represents the ohm, it is necessary to specif 
y the tem peratu re, since the  resistance of  
metallic  bod ies increases wit h an

 increase in   temperature. The 
oh m  may also  be  roughly stated  as  being 
.the resistance offerecl hy t wo miles of ordi 
nary copper trolley wire, or by one foot of 
copper  wire  No. 40 A. \V.  G.  (American 
\Vire   Gange)    luwi ug    a    diameter    of 
0.003145  i n., at 45° F. 

 
In onler to compare the relati ve resist 

ances of  wires  of  different  materials, hav 
i ng tlie same length and area of cross-sec 
tion. as well  as  f or  the  purpose  of   being 
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able to calculate t he resistauce   of  a  gIYeu 
length   and  area  of   cross-section   of   any 
material, it is usual to consider  the ::;pec1fl c 
res1:.stance or re.sisti vity which bodies offer 
to tl1e  passage  of   eleetric  cu rren ts. The 
resistivity   of   a  substance  is   n u merically 
equal to t he resistauce off ered by a wire of 
such su bstance havi        ng   unit  length   
and u ni t  cross-section.  An y   u uits  of   

leugth aml  cross-section might  he  adopted
 for         this purpose, but the  u uits act 
ually mlopted   are   the   ceuti metre, for  the  

u ni t of  leugth,   aml  the  squa re   ceuti metre  
for the u ni t   of eross-sectiou n1  area.

 The resisti vi ty of a      su bstauce,
 therefore,   is n umerically  equal to the  
resistance  off ered by   a  wire   of  the   

substance,   oue   ceuti met re  loug  arnl  one  
square  centi metre  in area of cross-section. In    
the case of metals, the resisti ,,ity is a1'rnys                

a    nry small  fraction  of   au  ohm,  aml  is, 
m  fact, 
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usually expressed in microlwu3 ; i. e., rn 
millionths  of  an  ohm.  In the  case  of 
many liquids, the  resisti vity  is  conven 
iently expressed in  ohms, but  in  the  case 
of materials which possess very poor con· 
cluctive power, generally called iwmlators, 
the resistivity  becomes  enormously  great 
and is more con veniently expressed in 
megoluns, or millions 0£ ohms, in begolzms, 
or billions of ohms, 1:. e., thousands 0£ mil 
lions, or i n tJ"egolw z.<i, or trillions  0£ ohms, 
i. e., millions 0£ millions. 

'l'he following is a table  of  resistivities 
of various su bstances : 
Silver, annealed, 
Copper, " 
Iron, " 
Mercury, 
Platinu m, 
Pure water, 
'l'ap water,  . 
Hard rnbber, 
Porcelain, 

1.53 microh ms, at 0° C. 
1.594 " " 
9.687 " " 
94.84 " " 
9.03 " " 

about 3.75 megohms,  at 10° C. 
" 200,000 ohms, at 10° C. 

28,000 tregoh ms. 
540,000 " 



0 

f 
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In order to show the use of this table, 
suppose it to be required to calcu1ate the 
resistance of  a wire  of  platinum one f oot 

Iong  (30.48  ems.),  and 
1 

100 o an m. ei1 m· 

diameter ;  i'..   e., 
1 

area  of 12,730 

ha \ri n"'  a  cross.sectional 

square inch =0.0005067 

square centimetre. 
 
 

Looking at the table of resistivities we 
find for platin um the val ue 9.03 microh ms, 
and the resistance  of  the  wire  will, t here. 

9.03 x 30.48 . 
fore,  he     0.0005067     543,200  nncrohms= 
0.5432 ohm. Here we multiply the resis 
tivity  by  the  length  because  the  longer 
the wire, the greater will  be  its resistance. 
If the wire be 30.48 centimetres  l ong, and 
one square centimetre i n area of cross. 
section,   it   would    ha \"e   a  resistance   of 
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9.03 X 30.48   microh ms.  'Ve    divide    by 
the area, because the greater the area, the 
less the resistance. The resistance 0£ a 
platinum wire, one centimetre long, and 
0.0005067 square centi metre in cross-sec 
tional   area,  would   have   a  resistance    0£ 
0.0090.03 -1"',89.... 0 •       •    lllllS-0.01782 h 

Ill. 5067 I
 llllClO 0 

The resistance 0£ any metal can, tlie 
oretically, at least, be  computed  in  the 
same manner, but slight impu rities in the 
material are liable to affect markedly its 
resisti vity, and -  consequently  its  resist 
ance, so that, except i n the case 0£ very 
nearly pure metals, the resistances 0£ com 
pu tation  are  not very reliable.  The effect 
of im purities is always to  increase  the 
resisti vity,  and, therefore,  the  resistance. 

 
It will be observed that most 0£ the re 

sistivities  are  gi,'en  at  the   temperature 
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0° C.   Ord i narily, the eff ect of tem pernture 
is to increase the resisti vity of all metallic 
substance s. This eff ect is u ea rly the same 
for all pu re metals, and is, rnughly, 4-l Oth s 
of one per cent. per degree centigrade 
increase of tem peratu re aboYe zero centi 
grad e.   In the case of liqu id s, and  of  non 
m etallic su bstances generally, th e resisti,r  
ity d i mi nishes as te tem peratu re rises. 
Carbon beha ves in this respect like an 
insulator, rathe!' tha n a concl ucto!'. Tem 
perat ul'e has a mark ed influenc e in dim in 
ishing the resistivity  upon  the  best 
insulators. 

It may be seen from the table, that t he 
resistivity of pure wat er is 'rery high ; 
namely 3.75 megoh ms,  and  it  is  believed 
by some, t hat  if  water  could  be  obtained 
in absol ute pu rity it '':onhl not coml uct, or 
that   its  reistiYi ty  wonltl   be   indefinitely 
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great. Very slight degrees of impurity 
suffice, however, to greatly red uce the re 
sistivity, and the addition of a soluble salt 
red uces it to a f ew ohms. Thus the re 
sistivity  of  a  strong  solution  of  zinc  sul- 

 
A    D 

-------10-------)-(---------20--------- , 
--------------30---------------'>- 

 
FIG. 26.-CONNECTION OF RESISTANCES IN SERIES. 

 
 

phate in water is abou t 30 ohins at onli 
nary temperatures. 

 
l£  a  wire A B, of   10   ohms   resistance, 

be  connected  with  a  second  wire  OD, of 
20  ohms  resistance,   as   shown   in   Fig. 
26, in such a mann er that the current first 
passes through one and then through the 
other,  they  are  said  to  be  connected  in 
8el' ies, and the total resistance of the senes 
AD, \Vill  be  20+ 10=30  ohms. 
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If two conductors, ..A B aml  OD, Fig. 27, 
each of 10 ohms resistance, he cou 11ected in 
pa mllel,  as   shown,  so   th:tt   the   curren t 
divicles between them, as indicated 

 

 
FIG. 27.-CoirnECTION  OF  RESISTANCE  IN  pARALLEL. 

 
by    the   arrows,   the   ,joint rP.sistall(' e of 

10 
the pm·r w1·11 1u- e = 5 oinus. s·um·lmly, ·f 

three such wires  be  connected  in  pamlJ el, 
10 

their joint  resistauce  \\'onkl  he 3=:3.333 

ohms,  and  so  on,  for any  n um ber  of  par 
allel wires. 

 
The resistance of any instrument wou nd 

with wire, such, for exa mple , as a tele 
phone, <lepemls npon the  length and cross- 
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section of the insulated wire employed, as 
well as on the character of the wire itself. 
For a given size of coil ; i'. e., a given vol 
ume of winding space, the resistance in 
creases rapidly as the diameter of the wire 
em ployed to fill that space is reduced. 
Neglecting the variation of the insulating 
thickness of the wire, and its effects, the 
resistance will increase inversely as the 
fomth power of the diameter ; that is to 
say, if we halve the diameter, we shall in 
crease  the  resistance  of  the   winding   ap 
proximately  16 times  (24 = 2 X 2 x 2 X 2) =16. 

 
If one Daniell  gravity  cell, represented 

in Fig. 28, be connected th rough  200 feet 
9£ No. 25 A. ""\V. G.. copper wire, to a tele 
phone, the resistance of  the  telephone  is 
say  50  ohms,  the  resistance  of  the  wire 
6.5 ohms, and the resistance  of  the  cell, 
say   5  ohms.   'The  total  resistance  of   the 
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circuit will, theref ore, be 50+6.5+5=61.5 
ohms. 

The electric resistance of any organic 
substance, sucl1 as moist flesh, is Yery diffi 
cult to  tletennine.  As  soon  as  flesh  is 
dried, it becomes a non-conductor, and it is, 

 
 

6.6 OHMS 
 

 
 
 
 
 
 

FIG.  28.-RESISTANCER   IN   A   CmcurT   CONSISTING   OF 
A  VOLTAIC    CELL,  TELEPIIOXE,    AXD    CoxNECTING 

'VIRES. 
 
therefore, evident that the  cond ucting 
properties of the mass are due almost en 
tirely  to  the  conducting  power   of   the 
liquids   contained   in    it.    These   liquids 
may be regan1eL1 as formi ng physically a 
contin uous mass, although,  in  realit)',  the 
mass is diYidet1 Ly n umerous porous  parti 
tion  walls,  or  septa.    The  effe<.:t  of  these 
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division  walls is  to  increase  greatly  the 
resistance  offered by  the  liquids. 

 
For the same reason,  the  resistance  of 

the human bo<ly, or of any portion of the 
body, is a very  complex  quantity,  aml 
varies from time to  ti me.  It also  varies 
with the natu re of the area of the contact 
surfaces between  which  the  measu rem ent 
is taken. Thus if a ha re copper wire be 
grasped  in  each  hand,  the  resistance   of 
the body, as measured between the two 
copper wires, may be 100,000  ohms,  or 
more, depending largely u pon  the  dryness 
of  the  skin.  If now,  instead  of  holuing 
the two wires, the wires be comiected to 
metallic  electrodes,  such  as  those  shown 
in  Fig.  29,  the  resistance  apparently 
offered by the body, as measured between 
them, will, perhaps, he only 30,000  oh ms, 
for  the  reason   that  the  area  of  cross-sec- 
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tion 0£ skin, through which the current 
enters and leaves the  body,  Las  been 
greatly increased ; i. e., the area 0£ cross 
sectiou 0£ the conductor iu the skin itsel£ 
has  been  grea tly   increased.    l£  now,  the 

 
 
 
 
 
 
 
 
 
 
 

FIG. 29.-l\IET.\LLIC H A.XDLE ELECTHODES. 
 

same electrodes be held in the lwnc1, "·hile 
wmpped in absorbent cotton, tl10rougl1ly 
wetted by, sny salt wa ter, the resista nce 0£ 
the body, as measuretl between them, will 
be, perhaps, 5,000 ohms, owing to t he fact 
tha t the ski n h ns become thoroughly mois 
tened  by contact  with the saline solution, 
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and has  thereby  become  a  better  con· 
ductor, or lrn.s had its resistance lowered. 
Agaiu,  if  the  lia uds  be  dipped  to  the 
wrists in jars containiug  salt  and  water,  or 
dil u te caustic soda, so that the  entire sur 
face of  the hands is brought  into  contact 
with the  liquid,  the  resistance  of  the  body, 
as measnrecl between the two jars, will, 
probably,  be  only  1,000  ohms.  If, finally, 
the  hands  he  dipped  still   deeper   in   tall 
jars con taining the same sol u tion, the re 
sistance will still tend to  slightly  d iminish, 
owi ng to the gl'ea ter area of skin offeri ng 
passage to the current,  and  the  reduced 
effecti ve length of the circuit through  the 
body. 

 
The princi pal resistance which the body 

offers to the passage of  an  electric current 
is that of the skin, owi ng, not only to the 
nature  of  its substance, but  also to the fact 
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that  under  ordinary  circumstances  it   is 
dry. The strength  of  current,  therefore, 
that will pass through the huma n  body, in 
the event of an accidental contact wi th an 
electric  circuit, such for exam ple as a 
trolley wire, will depend markedly on the 
natme  of the contact, as we11 as on the 
electromoti ve force in the parts of the cir 
cuit in contact ; in  other words, the  cur 
i·ent recei ved will depend not 0111y on wlwt 
is touched, bu t also on !tow it is touched. 



 

 
 
 
 

CHAPTER  IV. 
 

ELECTRIC   CURitENT. 
 

\V HEN we speak of an electric current 
flowing th rough a circuit we mean the rate 
at which electricity passes through the cir. 
cuit, and this rate can he expressed by the 
amou nt of electricity which passes through 
the circuit in a given time, say in one 
second, just as the flow of water through a 
pipe can be expressed by the quan tity of 
water which passes in a gi\r en time. The 
nnit quuntity of electricity is called th e 
conlomb. A little consideration will show 
that in the case of  1i()_uid flowing through 
a pipe, since the entire mass  of  the  liquid 
in the pipe  is  in  motion,  the  quantity 
which  passes any cross-section of  the pipe, 

80 
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in a given time, must be the  same  as  that 
which  passes  through  any  other  cross-sec 
tion in  the  same  time,  since,  otherwise, 
there would tend  to  be  a  surplus  in  some 
parts of the  pipe,  and  a  deficit  i u  oth ers. 
The  same  is  true  concerning   an   electric 
flow or current. The amount of electricity 
passing any point   of  the  circui t  being 
always rigorously e<1ual to  the  qua ntity 
which passes any other point  in  the  same 
time.   ·we    d istinguish    between    the 
fluantity  of   electricity   and   the   rate   at 
which   it   flows,   just   as   we    disti nguish 
bet ween a gallon of water, and  the  rate  of 
flow  of  a  gallon-per-secoml.  The  elect ric 
nnit ntle of.flo w, or  unit of  current  strength, 
is called the a mpere, and is equal to one 
coulom b-per-second. 

The  ampere  is   the  unit rate  of  flow 
inYariably employed  in all  practical  appl i- 
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cations of electricity. Th us, an electric 
incandescent lamp may require for its 
operation a current strength of from 0.25 
to 10 amperes, according to its dimensions, 
a nd the amount of light it is designed to 
prod uce. In some applications of elec· 
tricity, as, for example, in electric welding, 
or metal worki ng, enormous currents have 
to he employed, 50,000 amperes being 
someti mes requi retl. In the application of 
electricity in electro-tbempeutics, the cur 
rent strength is always a small fraction of 
an ampere, and is generally measured in 
milliampues, or thousandths of an ampere, 
for the  reason that a current  strength  of 
one ampere would be  dangerously  great. 
In the application  of  the  death  penalty 
by electricity, as practiced in the State of 
New York, the alternati ng current strength 
passed tlu·ough the body of the criminal is 
usually 7 or 8 amperes. 
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When  an  electric current  is sent  through 
a metallic  solution,  such,  for  example,  as 
an arpieous solution of copper sulphate, t he 
passage of the current is attended by a 
decomposition of the salt, metallic copper 
being deposited on the terminal or elec 
trode connected with the negati ,-e pole of 
the battery, and a u acid  substance appear 
ing at the electrolle connected with  the 
positi ve pole, and entering into  combina 
tion wit h it. If such combination be 
chemically impossi ble this  substance  "·ill 
be liberated at the electrode.  Decorn po 
sition by electricity is called electroly8i8. 
Tlie amount of electrolytic decomposition, 
that is, the amount of saline substance 
decomposed, will depend upon  the quantity 
of electricity which passes, as well as u pon 
the nature of the  substance  itself.  Au 
ampere may, therefore, be defined by the 
amount of chemical  decompositio  which  it 
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can effect in a given time. Thus, since an 
ampere is a current of one coulomb·per 
second, and each coulomb of electricity 
passing through a solution of silver  de 
posits 1.118 milligrammes of silver, a cur 
rent strength of one ampere produces a 
deposit of 1.118 milligrammes of silver per 
second. 

 
\Vhen the resistance of  a  circuit  is 

known in ohms, and the electromotive f orce 
applied to the circuit  is  known  i n  volts, 
the strength of current,  which  passes 
through the circuit in amperes, can  be 
reallily calculated by a  law  known  as 
Ohm's lruu. Ohm's law is generally repre 
sented  by· the  equation, 

Volts 
Amperes=  Oh ms. 

Suppose, for example, a circuit having a 
resistance  of  10 ohms has an E. l\L F. of 



ELEOTRO-TJIEHAPE UTICS. 85 

5  volts  acting  on  it ;   then   the  current 
which  flows  through  the  circuit  ·will  be 
5 1 

10   2   ampere.     The     pmctical     electric 
uni ts of E. J\f. F., resista nce and current 
strength may, therefore, be defined, in 
terms of Ohm's law, as follows ; 

A volt is such a unit of E. J\I. F. as will 
produce a cnrrent of one ampere in a cir 
cuit whose electric resistance is one ohm. 

An ohm is such a unit of electric resist 
ance, as will limit the flow of electricity to 
a  current  of  one  ampere, when  under  au 
E. J\I. F. of one volt. 

The ampere is the rate of flow of  cur 
ren t which will pass through a circuit 
whose  resistance  is  one  ohm, under  au 
E. M. F. of one volt. 

 

 
The aboYe definitions, although con 

venient     for    defini ng    electric  units    in 
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terms  of one  anot her,  are  not  generally 
employed. 

The following examples of the applica 
tion of Ohm's law will show its imrior 
tance. Required the E. l\L F. necessary to 
prod nee a current strength of 10 milliam 
peres through the h uma n body, its resist 
ance bei ng, under given  conditions,  5,000 
oh ms. 

·11· 
10   nn   iamperes 

10 1 
=  ,ooo= 100 

 
ampere, 

and  the E. l\I. F. which  divided  by 5,000 
1 

ohms gi ves 100 = 50 volts, the voltage re- 
q ui red. 

 
A battery of fif ty silver-chloride cells, 

each ha,'ing an E. M. F. of 1.05 volts, and 
an internal resistance of  10 ohms per  cell ; 
it is required to k now whether a single cell 
or the whole battery of  fif ty cells in series 
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will gi v e the greater curr ent strength 
through  a  short  stout  pieee  of  copper 
wire. 

 
 

The resistance of th e sh ort pi ece of cop 
per wir e beiu g n egl igi bl y small  com pared 
wi th th e resistau ce of a si ngle eell, we may 
omit it al togeth er iu th e calculati on. The 
current  st reugth  frum  ou e  cell will, there- 

Ul 5 · 
fore, be 10  0.10 5 am pere = 105 milliam- 

peres.  \Vi tl1  fif ty cellti  we  have 50 tim es 
as m uch E. JU. F. arnl also fif ty times as 
much  resi sta11ce,  auLl  th erefore,  by 0hm's 

. 5.5 
law, th e cmrent  stren gth will  lw  500  = 
0.105 ampere = 105 milliam peres, or the 
same as lJefore,  so tbn t  it  is  eviLl eut that 
th rough  a  n egl igibly  sm all  external   resist 
a nce, or, as it is cnllecl , ou sliort circu it, 
there  i s   n o  ncl rnntage   iu   adding  similar 
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cells in series, since although each cell adcls 
its E. l\I. F. to the circuit, it also adds a 
proportional amou nt of resistance. 

 
 

If the silver·chloricle battery of the pre 
ceding paragraph, is employed  to  seml  a 
cu rrent through an external resistance of 
1,000 oh ms, what ·will be the current 
strength wi th one cell and with  fifty cells ? 

·wi th one cell, t he total resistan<.:e will be 
1,000+10 = 1,010 oh ms, aud the E. l\L F. 
1.05  Yolts,  so  that   the   current  strength 

w1·11 Le 1.05 
1 010 
' 

= 0.00104 = 1.04 m1·11r·nmpere. 

 

·with fif ty cells, the total resistance will 
be 1,000+500 = 1,500 ohms, ancl the E. l\I. 
F. 1.05x 50 = 52.5 volts. The cmrent 

. 52.5 
strength will, therefore, be 1500 = 0.035 = 
35 milliamperes. ' 
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As another exampl e, let 11s suppose tlrnt 
two  Gravi ty-Da niell   cells  h m·e  ench   au 
E. l\I. F. of 1.05 rnlts, a IHl  a. resi ta nce  of 
4 ohms. Fi nd  the  cu nen t  streu nt h  whicL 
tli ey ca.u seud th rough  a.  resi stan"ce  of  one 
oh m ext ernally ;  (a) 'Yh eu cou uected 
singly ;  (b) Iu series ; (c) lu pamllel. 

1.05 1.00 
(a) ..J- + 1 = -0 = 0.21 = 0.21 am pere = 

210 milliamper es. 
. 1.0() x 2 2.1 

(b) In  senes,  4 x 2   1 = T = 0.233 = 
233 milliampe1·es. 

(c)  lu pa rallel.  Here the  positi,-e  pule 
of oue cell is eou nected to th e po:,;i t i ,.e pule 
of th e other, a11d t l1e u egat i,·e pol e of one 
cell, con nected to t he 11ega ti,-e pole of the 
othe1·. Th e E. 1\I. F. of t h e  comhi natiou 
will be that of a single cell, hn t t he resist 
ance of the comLi na tion will  be  t hat  of 
two  e(pial  re istauces  in  pa rall el,  or  one 
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half  that  of  either ;  namely, 2  oh ms,  the 
. 1.05 

cu rren t strength will, therefore, be 2 1 = 

31.05 = 0.35 ampere = 350 1111·11m· mperes. 
 
 

An instru ment  for  measurmg  the 
strength of electric currents is called an 
amperemeter, or ammeter. For electro 
therapeu tic purposes, since the current 
strength to be measured is usually ex 
pressed i n milliam peres, the instrument is 
frequently  called  a milliammeter. 

 
 

Milliammeters are macl e in a variety 0£ 
forms.    In  nearly  all  cases,  howe\'e1·,  a11 

i nclex or poi11ter is lllO \'e•.1 over a grad uated 
scale  by the force  exertetl  between  a  coil 
of wire carryi ng the current to be m eas 
urecl, and a magnet in i ts vici ni ty. This 
movement   is  due  to the  fact  that  n   wire 



ELIW'f RO-TII ER APEUTICS_ 91 

carrying an electric curren t becomes  tem 
porarily invested with magnetic properties. 

 
FIG.  30.-Fomi  OF  lllILL!A)DIETER. 

 
A simple form of milli:un meter is shown 

in Fig. 30. In this a pai r of coils of wire, 
situated beneath t he horizontal face of the 
instru ment, become magnetized by the 
passage of the cmrent  to  be measured,  and 
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deflect a magnetic  needle, in  the  shape  of 
a split bell, from t11e posi tion it assumes 
uncler the influence of the earth's fiehl at 
the place where  t11e measurement is made. 

 

 
Fro. 31.-V ERTICAJ,  Fo1rn  '"" llh LLIA)D!ETER . 

 
 

The  scale  is  marked  1lirectly  in  milli 
am peres. 

 
Another form of instmmen t is shown in 

:Fig.  31.    Here  a  vertical   needle   is   <le- 
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fleeted by the attraction of a coil of wire 
upon  a  magnetized  needle  placed  inside 
the   instrument. 

 
Fm. 32.-Fomr OF  :i'IIILLIAMMETER. 

 
Still another form of instrumen t, d iffer 

ing only in constmetive details from those 
abo\'e described, is shown in  Fig. 32. 

 
'Vhile the preceding instruments are 

simple in thei r constrnction, yet t hey are 
all liable to have t heir imlications attend ed 
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by changes 0£ magnetic force occurring m 
their neighborhood, and eYen when all 
magnets are carefully removefl from their 
vicinity,   their   indications   are   of ten   at- 

 
 

 
 

FIG.  33.-"WESTON l\lrLLIAMMETER. 
 
 
 

tenclecl by appreciable error, d ue to some 
diff erence between the strength 0£  the 
earth's magnetic force at the place  where 
the instrument is emp1oyet1, ancl the place 
where  it was  originally  calibrated. 
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A  f orm  of   i nstrn men t  \\·h ich  is  practi 
cally   free  from   the   earth\;   magnet   infiu- 

 
 

 
Fw. 34.--WoRKTNG PARTS oF ·wEsTox 1bnmTER. 

 
 

ence is shown in Fig 33. This freedom  is 
owing  to the fact that  the  instru ment  hns 



96       ELECTRICITY  IN 

no iron moving  parts.  The  principal 
working parts are shown in Fig. 34. A 
horse-shoe permanent magnet Jl[ llI, Jlf ..J[, 
only partly visible in the figure,  has  sof t 
iron projections, or pole-pieces P, P, secured 
to  its poles.    These projections are shaped 
so as  to  enclose  a  cylin<lrical  space.  At 
the centre of this space is supporte<l a sof t 
iron, solid cylind rical core  I L  Between 
this core and the pole-pieces,  there remains 
a narrow an nular gap, or space, which is 
permeated  by t he  magnetic  flu x  from  the 
permanent magnet. In this space a deli 
cately supported   coil   c  of   insulated 
copper wire, is free to lllO\'e.  Coil springs 
8, 8, cal'l'y t he curren t to be measured into 
and out of the coil 0.  So long as there is 
no current t hrough the coil, it is unaff ected 
by the magnetic field i n which it is placed, 
and  the pointer  remains at  the zero  point. 

'Vhen,  however, a  current  passes  th rough 
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the  coil,  t he  electromagnetic  action  of  this 
cu rren t  upon   the   magnetic   fielLl,   cau ses 
n   mecha nical   force   to   be   exert ed   upon 
the coil, c1eflectin g ·it against the spi ral 
springs  8, )s:in   such   a   ma nn er  that   th e 
pointer R, move s  ov er  a  scnle  beneath  it 
th rough n d istan ce, which is nl most  di 
rectly porportional to the  curren t  strength. 
The   pernrnnent   magnet's    tieM    is    so 
very m u ch more pow erf ul tha n th e enrth 's 
magn etic fieltl, that th e i nflu eu ce of 'tl1e 
latter u pou the coil is negl igi bl e by com 
parison. The accuracy of t h e i11stnnneu t 
depernls u pon the d egree of  pem mnen ce 
1\'ith wh ich th e magn etism i n  t he  horse 
shoe  magn et  is retai n ed.  The  i n st rument 
has the  dis:ulvan ta ge  that  it 1rill  n ot  rend 
i n ei th er di rection , so that if the cmrent 
pnssing th rough the i n stru m en t bas t he 
wrong  tlirection,  t he  wi res  nt tnched   to the 
i nstru men t 11mst be re,·ersec1. 
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In   seveml   of   the   instrnments   just 
descri bed, means are  provided  for  varyi ng 
thei r sensi bili ty and the range of t heir 
indications.      Thus,   in   Figs.   29   and    30, 
a screw b utton is seen projecting from  the 
face of the appamtus,  marked  10.  If this 
scre"r be pressed forward, u ntil i t abu ts 
strongly agai nst i ts stop, a coil of wi re will 
he hro ngh t i u to connection with t he termi 
nals i n such a man ner  that  9-lOths of  the 
cu rren t  passi ng  th rough   the   i 11stnuueut 
will  pass  th rough  this  wi re,  and   only 1-
10th will  pass  th1·ongh  the  measuring coils.    
'l'he   i nstrn men t   under   these   con d i tions 
is said to he shunted, or to  h m·e  a slrn nt  
applied  to  i t  whose  power   is   10. The read 
i ngs of the instrn ment in milliam peres m ust 
now he  m ulti plied  by  10, in order   to   obtai 
n   the   actual   current strengths. In Fig. 33, 
three termi nals  are shown    and    the   inst rn 
ment    is   provided 
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wi th  two  sets of gm,t1ua tions  on  its scale. 
\VL en the right La nd a ml t he corner lef t 
han<l terminals are u sed, the lo\\·er scale is 
brought into use, hy whi ch the i n strum en t 
remls up  to  10  milliamp eres only ,  hut  hy 
u si n g t he right hand , and th e in ner 1eft 
hand term i nals, the upper scal e is utilized , 
by whieh cu rrents up to 500 milliam peres 
ca n be measur etl. 

 
In st rnm ents of t he pr eced i ng t)Tpes arc 

suilici en tly sensit iYe f or nll tl1e or<linnr 
re11uirelllen ts of el ect ro-th era peuti c npp1ica 
tions. \V hen, howeY er, pli ysiological re 
search es liave to he u uul e, in wh i ch n·ry 
feeble el eet ri c currents are m ensu re<l , it is 
11ecessary to u se a mi nor  gah·n n ornet  r, as 
a form  of  a mmeter.    Sncl1  a n  i nst rn men t 
is mad e  in  a  ,-ariety of  form s, ou e  of  the 
si mple st of  which  is illust mtetl in  Fig.  35. 
A circular  coil  or   spool   of   fine  insulated 

·. 
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copper wire is mounted upon a tripod 
frame,  and   a   small   magnetized   needle 

 

 
Fm.  35.-MIRROR  GALVANmlETEK 

 
 

is suspended by a fibre of silk at the 
centre of the coil.  A small glass mirror 
is  attached   to   the  suspension   in   such 
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a  maim e r  that  ally  clefleeti on   of   the 
little magn etized n et>clle wi ll can se an 
augular deflection of  tl1e  iuirror .  Faci1w 
the instrum eut is a  la m p an <l  scale, sh own 
in   Fig.   8G.       'l'Le    lamp,   wh ose    glass 

 

 
Fw. 36.-l\Imnoit GAL\'ANmIETER  SCALE. 

 
 

chim n ey  only  is  seen  at  G,  th rows  a 
beam of light  throu gh  the wind ow  TJ  on 
the mirror su spemletl i u the gah·a11ometer. 
The latter refleds the beam ou th e seale 8. 
Since a d eflection of tL e mirror th rongl1 an 
angle  of -!5°, would  be  suffici ent to llefiect 
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the beam through a right angle,  or  90°, 
and, t herefore, to seml the beam to the encl 
of an indefi nitely long scale, it is eviden t, 
that a very small angular deviation of the 
magnet u nder the influence of  the  current 
to be 111easmed passing through th e coil, 
"·ill suffice to prod uce a marked displace 
ment of the spot of light along the scale S. 
A cmrent in one direction  will deflect the 
heam to the right, aud a current in the 
opposite clirectiou, to the lef t. Such an 
apparat us has com monly  a  resistanee  of 
500 ohms, and a  eurreut  of  one  millionth 
of an am pere, on one mic1·0-ampel'e, will 
deflect the beam th rough a d ista nce of a 
millimetre  on a scale one metre distant. 

 
In researches of \"ery  great  delicacy, 

where exceedingly feehle  cmrents have  to 
be observed, special ,-ery sensitive mirror 
galvanorneters are employed.    One of these 
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is shown i n Fig. 37. Here four sets of coils, 
one above another, act on  four  little  mag- 

 
 

 
 

FIG . 37.-SENSITIVE  MIRROR  GALYAXO!ETEH. 
 
 
 

netic needl es situated  at  t heir  respectfre 
cen tres. A singl e mi rror, attnch ed to t li e 
upper   part  of  th e  suspension, reflects  its 
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beam  of  light  through  the  window   TV. 
The  terminals  of  the  coils  are  brought   to 
the connecting posts t, t. 111, m, are two con- 
t1·ollin y uatgnets employed for bringing the 
magnetic  needles  back  to  the   same  posi 
tion  af ter   the   application   of   the   current 
to  be measured.      Such  an   instrum ent   has 
a resistance  of  about  15,000 ohms,  and  has 
a sensibility  such  that  one  billionth   of   an 
am pere, or one bi'.cro-ampere, i. e. · one 
thousand millionth ampere, will prod uce a 
deflection of 15 millimetres  on a scale  dis 
tant  one  metre.   Except  for  delicate  work, 
and very feeble currents,  the Thomson 
gah·anometer   is   undesirable,  as   the  values 
of its indications ha \•e usually to be con 
verted into amperes  by  careful  measure 
ments   and   computations. 

 
A form  of gal vanometer, very   con 

venient  when  the  greatest sensibility is not 
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rec1ui red, is  shown i u  Fig. 38, and  is called 
the D'Arsonval gal vanorneter. Here a 

 

 
Fm. 38.-D'AnsONVAL   GALVANOMETER. 

 
 
coil  of  insulated   wll'e   C is  suspend ed 
bet ween the pules of a perman eu t magn et 
11£, and by means  of  the  nttacbed •mirror, 
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the cleflectiou of this coil cau be observed. 
It is evilleut that while iu the preced iug 
mirror galmnometers, the coil  is  fixed 
aud the magnet is movable, in this iu 
strument the maguet is fixed aud the coil 
is movable. 



 
 
 
 
 
 

CHAPTEH  V. 
 

VARIETIES  OF  ELECTRO:IIOTIVE  FORCE. 
 

'f n.E voltaic or pri mary cell, and the 
secondary  cell   alread y  described,  will   pro 
d uce an E. l\L F. which, so long as the 
chemicals remai n  unchanged,  does  not  yary 
in  strength.  Such  an  E.  J\I.  F.  is,  th ere 
fore, called a cm1 t i11 11011s E 1ll ]1 A con 
tin uous E. l\L F. is also  prod uced  hy  a 
variety of other electric  sources,  such,  for 
exam ple, as a co11 tinuous-cuPre11 t dy11 amo, 
which, so long as its  speed  of  rotation 
remains the same, prod uces an E.  l\L  F. 
which   is  practically   contin uous. 

Fig. 39, represents graphically a con 
tinuous E. l\L F.    The straight line AB, is 

107 
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drawn parallel to the base 08, at a dis 
tance representing 1.1 ''olts. Time is 
measured along the base 08, and the fact 
that  the  line  AB, remains parallel  to  the 

en 
I- 
6 
> 
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FIG. 39.-CONTINUOUS  E. l\I. F. 
 
 

base,   represents   the   constancy   of   the 
E. M. F., which might be that of a single 
Daniell  cell.   T"'o  such   cells,  con nected 
in   series,   wonhl   p1'0lluce   a   contin uous 
E. ::\1. F. of 2.2 Yolts, represented by the 
straight li ne OD, twice as far  above  the 
line  08, as the  line AB. 
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An E. l\I. F. possesses d irection, as well 
as magnitude; that is to  say, it may  tend 
to send a curren t through a circuit in one 
direction or in t he opposite direction.   All 
E. l\L F.'s that teml to seml the current in 
one direction may be reganled as positive, 
and all temling to send the current in the 
opposite  direction, as negative.    Positive 
.B:11f. Ji'.'s are represented  graphically  by 
distances abo,·e the line  08, and  1w1ative 
E. )J f F.'s, by distances below.  Th us,  in 
Fig. 39, the line EF, "·oul<l imlicate a 
negafo·e   E.  1\1.  F.  of   1.1  Yolts,  or   an 
E. 1\1. F. oppositely directed to  that  of 
the line AB. 

 
Fig. 40, shows the E. l\I. F. prod uced by 

a con tin uous-c urrent dynamo. Here the 
line A B, is parnllel to the base as before, 
but instead of being strnight, is a fine, 
wavy  line.   These  lit tle  waves  represent 
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variations in the amount of E. .l\I. F. pro 
duced eYery ti me that the bar in the com 
mutator passes u nderneath the co11ecting 
brush.    These    wavelets     exist     m    the 
E. M.  F.   of    e\·ery    continuous-current 
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Fm. 40.-TITE OF E.  L F. PRODUCED  llY A  CoNTIN 
uous-CunRENT   DYNA)IO. 

 
 

dynamo. \Vhen   they   are   very    marked, 
as represented iu Fig.   41,   the   E.   .l\I. 
F. is  said to be   p ulsator y. Such   E. 
.l\I. F.'s are   prod uced by  some con· 
tinuous-current genemtors, usually  for 
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supplying  arc  lamps.   It is  e\'ident,  th at 
at differen t ti mes th e E. l.I. F. Yaries cou 
si<lerably in its  magnit ud e,  hu t  neyer 
cha nges   direction,   the   li ue   AB,  being 
al ways 011 one side of th e zero l iu e Q,I.,' ,· 
that is to say, it always has th e same clirec· 
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FIG.  41.-PULS.-\TORY  E. ."1. F. 
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tion in the ci rcuit, just as t11ough a battery 
of voltaic cells were em ployed to send cur 
rent  through  a  circuit, aml  that  at  int er 
ntls a certaiu n u mher of these  cells were 
cut 'out aml re-introd uced. 
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"'When the waves start  each  time  from 
the zero line, the E.  l\L  F. is  said  to  be 
'l71 term ittent. Fig. 42, shows that, at cer· 
tain intervals, an E. l\f. F. exists in t1ie cir 
cuit  in one  direction,  and that  at  interven- 
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Fw. 42.-lNTEmnTTENT   E . l\I. F.   UNDIRECTIONAL. 

 
ing  intervals  there  is  no  E.  M.  F.  The 
in termittent E. l\I. F. can be obtained by 
connecting  a  conti nuous  E.  l\L  F.,  say  a 
''oltaic battery, to n wheel intermpter, in 
such a manner that the E. l\L F. will be 
periodically cut off and applied.  In all 
cases, although     the    strength    of     the 
E. 1\1. F. varies at tliff erent times, yet at no 
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time does it change d i rection, so that the 
curvell l i ne lies wholly above  the  base 
line.   'Vhen  an  E.  1\I. F.  changes  d i rec 
tion,  as   well   as  maPuitucle   it   becomes 

0 ' 
 
 
 
 

'!-10 
 

 
e,.n. 
+ & 
 
O--t---r-••co-ost--t----11 -; -; ---,-- •3 

 

. -6 
 
 

-10 
 

Fra. 43.-ALT ErtNATixo E. :;u. F. 
 
alter11atinr1.    Thus,    rn    Fig.   48,   the 
E. :;\f. F. is seen to alternate Letween 10 
volts posi ti ''e arnl 10 \'o1ts negati \'e, the 
transitions in this  particular  case  hei ug 
m:ule i nstantaneously. Such an E. :;\I. F. 
might be pl'Ocl need  by  connecting  a 
battery    of    \'oltnic  cells   with   a  current 
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reverser, in such a manner, that by rotat 
ing the hanllle, the E. l\I. F. would be 
periodically reversed without being with 
tlrawn from the circuit. 
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Fm. 44.-SnnrETRICAL  ALTERNATING  E. JU. F. 
 
 

It is not necessary that an altemating E. 
J\I. F. should change abruptly from its 
maximum positive to its maximum nega 
tive value. In most cases, in fact, the 
change occurs more gradually, as shown 
in  Fig.  4J,  which  represents  a  common 
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type of  alternating  E. l\L F. Figs. 45 aud 
4G,  repre8ent  the  same  altenrntiug  E.  l\L 
F.,  although  the  graphical   appearance   of 
tLe waves  is  changell, owi ng  to the varia- 

 
 
 
 

 
 

 
 

Fm. 45.-SnrMETRICAL  ALTERYATING   E. l\I. F. 
 

 
tions of the scale of time aloug the base, aml 
th e scale of E. l\L F. along th e Yertieal. It 
will be obse1Ted ha t in all representations 
of a1ternating  E. l\L F. there is a motion i n 
oue d irect.ion, in whic h the E. M. F., begin 
ni ng at the base line or zel'o, 'ld ttally in 
creases in  rnlue, and  then  grad ually  falls 



-+- 

116 ELECTIUCITY  IN 

until it again reaches zero, then changing 
its direction  and going through  the same 
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Fm. 46.-SnmETRICAL  ALTERNATING  E. l\I. F. 
 
changes  in  the  opposite  direction.  Th us 
the E. M. .F. com mencing, in Fig. 44, at 
zero, advances  in  the  positive  direction to 
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its maximum or greatest val ue  at A, then 
dimi nishing, but still in the positive direc 
tiou, to zero, at B, changing direction and 
increasing negatively to a maximum value 
at C, and then regularly decreasing again 
tq zero where it again repeats the former 
movement. Each of the waves OAB, or 
BOD, is called an altanation 1• so that it 
will be seen, that in the cases cousidere<l 
in Figs. 44, 45, and 46, an alternation lasts 
1/1OOth of a second, or, there are 100 alter 
nations  in a second.   A complete  to-and 
£ro motion is called a cycl e, and the time 
required to complete a cycle is called a 
pe1·iod. The period in the cases here con 
sidered is l/50th second and  it  is  evident 
that  the  number  of  cycles  in   a  second 
will depend upon the val ue of  the  period. 
For  example,  if  the  period  is 1/1OO th  of 
a second, there would  then  be  100  cycles 
in  a  second.    The  nu mber  of  cycles  in  a 
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second is called the f requency ; so that, in 
the last case the frequency would be 100. 
This is of ten wl'i tten 100. 

+ so A E 
 
 
 
 
 
 
 
 

-30 

 
 
 

FIG. 47.-SUDIETRICAL ALTERNATING E. llI. F. 
 
 

Alternating E. 1\I. F.'s may be sym- 
metrical, or dissymm etrical. A sym metri· 
cal E. 1\I. F. is oue w hich is graphically 
sym metrical about its  zero  line ;  that  is 
to say, the positi,-e "·aves are the same as 
th e negatfre wa\•es, except that they occur 
i11  the opposite direction.   Fig. 47, repre- 
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sen ts a type of  :sy 11w1etrical  ·11•a ce of  X  JJI. 
11 J m,-iug a fre< p1euey of 75 ;  aml, conse· 
tiuen tl y, a periuil of 1/ 76 tl1 f'eeorn l. ..J 11{.1.;. 

symm etrical alter J1atiuu ];_,  JI. F is one i u 
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FIG. 48.-Drn5nDIETHICAL ALTEUNATIKG  E. 111. F. 

 
wh icl1 the positiY e w:n·e d iff er;:; from the 
n egati,-c wa,'e not m erely in  dil'ediou  b ut 
abu i u outline. A  type of  lliss)-mmetricnl 
wav e i;:; ;:;l10wn i n Fig. 48. 

 
Synunet rieal alternating E. )I. F.  w:wes 

are prnd nced hy alternatin g-curr e11 t 1lyna- 
mos, or a lternators.   Dissymm etl'icnl alter- 
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nating  E.  l\f.  F.  waves   are  prod uced   by 
particular  ty pes of apparatus, such asJara- 
dic coil8, the construction of which will be 
explained hereaf ter. 
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FIG. 49.-SINUSOIDAL  E. M. F. 
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It is evident from the preceding figures 
that an  E.  l\I. F.  becomes  a1ternati ng  if 
it periodica11y changs its direction and 
magnitude, and that  considerable  varia 
tion may exist in the ma nner in  which 
both  of  these  changes  may  occur.  A 
wave  of  the  form  shown  in  Fig.  49,  is 
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called a .sin11.soidal 1Dft.i•e, au<l an E. I. F. 
alternating i u thiR man u er is called a sin 11- 

soidal E 1lL F. Tlti:; ty pe of E. l\I. F. 
possesses   important   characteristics. 

 
It is evi<lent that  th e following d istinct 

types of E. l\L F. exist ; namely, 

IPulsa ting j I?tennittent: 
Cout inuous 1 INon    -Internuttent. 

( Steady 
E. l\I. F.  

 
{ 

Alternating { 

 
Symmetrical. .. J  Sinusidal.. 

l Nou-smus01dal. 
Dissymmetrical 

 

A contin uous E. l\I. F. actiug in a close<l 
ci rcui t  prod uces i11 i t a <'0 1di1wo11s cu r l'ent. 
A   pl!l sating   E. l\I. F. similarly  prod uces  a 
j )/{1.wtting  cul'r ent. An   altemati ng   E.  l\I. 
F. produces  au alternat i11g  cu N ent. 

 
In fact, all  tl1e  variet ies of  E.  M. F. in 

the  aboYe  table,  when  acting in  a  circuit, 
 
I 
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prod uce their pa rticular type of electric 
current, although the graphic represen ta 
tion of  the  current  is  not  always  the 
exact con nterpart of  the  gmpl1ic  repre 
sen tation of the  E.  1\1.  F.  The  above 
table may, therefore, be repeated for cur· 
rents  as  well  as  for  E. 1\1. F.'s. 

 
The character of the electric current is 

dependen t on the character of the E. l\'I. F. 
prod ucing it. A conti nuous electl'ic Clll'· 

rent, like the conti n uous E. M. F. ff hich 
causes it to flow, does not vary in its 
strength at different times, but flows 
through the circuit like a steady flow of 
watel' through a pi pe or river channel. A 
con tin nous electric current is sometimes 
called a direct cnrrent, in contradisti nc 
tion to an alternating elect ric current, 
which, like the E. M. F. produci ng it, 
changes its directiou at every  half   ycle. 



ELECTRO-Tll ERAPEUTlCS. 123 

All electric currents, however, are protl uce<l 
by the action of some form of E. I. F., so 
that the presence of cu rrent i n an y circui t 
necessi tates the existence of an E. l\I. F. 
which  lrns prod uced  i t. 



 
 
 
 
 
 

CHAPTER  VI. 
 

ELECTRIC  WORK  AND  ACTIVITY. 
 

AN  electric  curren t  is  never  produced 
without   au  expend iture   0£   work. The 
greater   the  strength   0£   the   cunent,   the 
greater  is  the  amount  0£ work  done  in  a 
given time. In mechanics, the  amount  0£ 
work clone by  the action  0£ any  force  is 
measured   by  the  distance  through  which 
the force acts. A con venient nn it of worX 
is the f oot-pound, or  the  amoun t  0£  work 
done when one pou nd is raised, against the 
force   0£  gravity, through   a   vertical   dis· 
tance  of   one  foot. Since   to do   work 
requires   the  expenditu re   0£  energy,   the 
rate   at   which   work   is   done   represents 

124 
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the rate  at  which  energy  is  expended. 
Thus, a pou nd weight mised  through  a 
foot, requires, as we ha,'e seen, the expen 
diture of a foot-pourn] of work. The same 
amount of work would be clone if n pou nd 
weight were raised  through  a  foot   in  n 
min ute, or in a second, but the  rate  at 
which energy  would  be  expended  would 
be sixty ti mes greater in the second  case 
than  in the first. 

 
The mte of doing work, or expending 

energy, is called actim'.ty. For the elecfi'i c 
'l11dt f wol'l.;  the  foot-pou nd  migh t  be 
em ployed, but it is more con venient in 
practice to employ a  u nit called  the joul e. 
The joule is nearly  equal  to  0.738  foot 
pou nd ; that is to say, one foot-pound is an 
expenditnre of work equal to about 1.355 
joules. In the same \rny the foot-pound 
per-second, the meclrn nical unit  of activity, 
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might   he   employed   as   the   electric  u nit 
of aeti vity, but it is more con Yenient to 
employ the  juule-per-seco )l(l,  or  the  watt, 
of \Yhich 7-!() are eriual to one horse-power, 
of  550  foot- pou nds per  second. 

 
An electrornoti Ye force or pressure is 

always requ i reJ to send :1 curren t th rough  
a circuit ; that is to cause electricity to 
flow, and, as in the case of meclrnnical 
work, the amou n t of electrical work cl one 
is etprnl to t he amou nt of elect ricity set in 
motion multi plied Ly the pressure which 
ca uses it  to mon.  ·w hen a uni t of  E.  [. 
F., or one yoJt, causes one coulom b of elec 
t ricity to pass through a circni t, there  is 
one unit of work expended ca11e<l the 1,iolt-
co1rlom!J , or tlie joul e. \Yhen a pres sure 
of one volt causes a coulom b-per second 
to pass through the circuit, that is when a 
Yolt causes a current of one ampere 
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to flow, electric work is done  in  the  cir 
cuit at the rate of  one  watt, so that if  we 
m ultiply the volts in the circuit by the 
amperes, we haYe t he aeti Yity in the circuit 
expressed in watts. Tims, if an electri1..: 
pressure of 20 volts, rneasmed between 
eledrOlles, be applied to t he lrn man bod y, 
and the current produced in  the  circuit 
under these cond itions be 25 milliam peres, 
then the  electric  actiYity in  the  bod y will 

25 500 
be 20 X l,OOO      l,OOO      0.5 watt, or  half  a 

joule each second ; i. e., 0.:369 foot·pouml 
each  second. 

 
If a galvano.cautery be supplied with a 

cu rrent of 20 amperes, umler a pressu re of 
2 volts, the acti,·ity  in  the  k nife  ·will  be 
2 X 20 = 40 watts = JO joules· per.second = 
29.52 foot-pon rnls-per-seconcl  ; and , if this 
actiYity  be  snstnined   for  t \YO  minutes,  the 
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work done will amount to 40 X 120 = 4,800 
joules = 3,546 foot-pounds ; that is  to say 
to 1 pou nd lif ted 3,546 f eet, or to  one ton 
of 2,000  pounds lif ted 1.723 f eet. 

 
The amount of acti vity expended m a 

small incandescent lamp, of say 1/2 candle 
power, frequently em ployed £or exploring 
cavities in the human body, may be fou nd 
from the £act that such a lamp only re 
quires a current of 1.4 amperes, at a pres 
sure of 3 volts at its terminals.  This 
represents an  acti vity  of  3 X  1.4 = 4.2 . 
watts, or an expenditure of 8.4 watts per 
candle. 

 
Electric acti vity in  a  circuit  has  al 

ways to he provided by the source of  the 
dri ving E. l\L F. Thus, when a voltaic 
battery is supplyi ng a  pressure  which 
drives a current, it  is  the  chemical energy 
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m the battery which has to provide the 
activity and the work done. In  other 
cases,  where  a  dynamo  is  the source  of 
E. l\L :F., the power has to be suppli ed 
from the engi ne which  drives the dynamo. 
\Vhen, therefore, an E. l\I. F. dri ves a cu r 
rent, it does work on that current, ancl the 
work m ust he supplied by the source of E. 
l\L F.   On the other  hand, when an E. l\I. 
F. is dri ven by a cnrrent, that is to  say 
when :i current passes  in  :i  circuit against 
the action of an E. .M:. F., so that the cm 
rent overcomes the E. l\I. F., then work is 
clone 11pon the E. l\L F. instead  of  li y the 
E. M. F., aucl work appears  in  the source 
of E. l\L F. For e:xmuple, when a cnrren t 
passes th rough a 11oltaineter ; /. e., a vessel 
contni ni ng acid ulated water, and pro,·icled 
with plati num  elect rodes,  an  E.  l\L  F. is 
set up at t he surface of the immersed 
electrodes, opposing the passage of the cm·- 
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rent.    Such an E. 1\I. F. is called a CIJ1.tnter 

E. J1L F., and is abbreviated C. E. M. F. 
 

Fig. 50, represents a form of voltameter. 
The cu rrent passes between the binding 
posts through the acidulated wa ter con 
tained in the vessel A, being le<l  iu  aml 
out by platin um plates or electrodes. If a 
current of  two  amperes  passes  through 
such  an  apparatus, and  a  C. E. 1\1. F.  of 
2.5 volts be set u p at the surface of the 
electrodes, au  activity will he expended  of 
2. 5 x 2 =5 watts, upon this E. l\f. F., and 
this  work  will   be   expended  chemically, 
in decomposing t he acidulated water and 
liberating its constituent gases, oxygen and 
hydrogeu, which appear at the terminals 
connected respectively  with  the  positive 
and negative poles of the battery. As 
suming  that  none   of   the   liberated   gas 
is  dissolved,  it   will   accumulate   m   the 
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FIG.  50. 

 
collectiou tubes over the respecti ve elec 
trodes, and, if allo\\·ed to en ter iuto com 
biuatiou at any subsequeu t period,  will 
libern te  an   amount   of   work   iu  the   ex- 
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plosion, equal to tlie work clone by the 
electric current in evolving it.  A  'rolta 
meter is used £or  measuring  the  strength 
of a current by the rate  of  decomposition 
of water. It is not, however, as convenient 
for such purposes  as an ammeter. 

 
·when  an  electric current  passes  throngo 

a wire offering a resistance, a C:E. l\I. F. is 
practically <levelopecl in the  wire ; that is 
to say, if a current of 5 amperes passes 
through a resistance  of  2 ohms, a C. E. l\I. 
F. of 10 volts will be established in  the 
"·ire, for the reason that, by Ohm's law, 10 
rnlts are necessary at the terminals of the 
wire in order to send fi ve amperes through 
2 oh ms resistance.   The product of  the C. 
E. l\I. F. and the curren t, represents the ac 
ti vity expended on tlie C. E. l\L F., and this 
work is always expended in lieating the 
wll'e.     In   the   case  assu med,   50    watts 
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would be  expended  in  the  substance  of 
the wire as  heat.  The  apparen t C. E. l\I. 
F., which is prod11cecl in a circuit by its 
resistance when overcome by a current, 
expends  actiYity    in   heat ;   whereas,   the 
C. E. :;\[. F., which is due to chemical 
decomposition, or to magnetic action, ex· 
pernls activity chemicall y or magneticall y. 
In other worcls, work clone in a circu it 
agaiu:st the C. E.  :;\L F. of resistance, is 
work expended  thermally ;  ancl,  therefore, 
is practically inecoverable,  whil e  work 
clone in a circuit against  the  C. E.  l\I. F. 
of chemical decompositions, or of magnetic 
actio11, is capable of being partly or almost 
entirely  utilized. 

 
Fig. 51, represents an· electric <'alor im 

eter ;  i.  e.,  a  cleYice  for  easu ring  an 
elect ric current by the amou nt of beat 
protlnced  in a wire which is immersed in a 
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known vol ume of water. In the form of 
calori.meter shown in the figu re, the cur· 
rent en ters and passes th rough the resist 
ance coil 1Y1l£, smTou m1el1 by a known 
quan ti ty  of  water.    A  thermometer   T, is 

 
 

T 

 
Fm.  51. 

 
provided for measuring the increase in 
temperatme. The  amou nt  of  electric 
energy, which m ust  be  expended  a.s beat 
in order to  raise  the  tem perature  of  one 
cu bic centimetre, or oue gramme, of water 
through   1° C.,  is   called   a  wate1'-gmmme- 
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degree.centigrade, or a le8ser calo1·ie, aud 
is npprnximately equal to 4. 2 joules. Cou 
sequeu t ly, a pound of Wfl ter bei ng 453.G 
grnmmes,  wheu   misell   through   n  tern pern 
t u re of  10° C., recp1ireR  fill   expenJitme  of 
energy er1ual to 4,5:-rn 'rnter-grmrnne 
degrees, aml 4,536 x 4.2 = l !),051 joules. 

 
Tu the case of a cmren t of 25 rnilli:un 

pere:-1 passi ug th rough t h e  l1ullla u  bod y, 
u nder a pressure of 20 ,·olts,  nml  repre 
seuti ug fill adi,·ity of  0.5 jonle·per-seco11 J, 
or 0.5 watt, n certniu amoun t of this C. E. 
l\I. F., probably 2.5 Yolts, would be ll ue to 
electrolytic  nctiou,  nml  the   remai nd er,  or 
17.5 rnlts, tlue to the resistance of the lJoJ y 
as a cond uctor. The act i,·i ty expemled 
electroly tically  "·onkl,  therefore,  be  2.5 X 

'>;) 
I OOO = O.O G 25   joule- per-secoml,   ancl    t he 

1>- r:, x '15 
remai uder, or '" ' - -:_ = 0 4375 jonle-per- 1,000 . 
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second, would be expended in warming the 
cond ucting materials in the body. The 
electrolytic work would be  expended  at 
the surface of the metallic electrodes, while 
the thermal activity would be expended 
wherever the resistance was overcome ; 
and, moreover, expended in proportion to 
the amount of resistance. Assuming, 
however, for the sake of illustration, that 
the amou nt of heat so developed was 
equally diff used th roughout the whole 
body, and that the capacity  of  the  body 
for heat was that of 100  lbs. of  water, 
then one joule, expended in the body 
thermally,  would   raise   its   temperature 

1 1 
4.2 X l00 X 453.6 190,510 of   a  degree  cen- 
tigrade. 0.4375 joule would raise it 

375 
190 510 o  a egree centigra e. e  appI· 

' 
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cation   of  the   current  for  30   mi n utes,  or 
1,800  seconds,  would   raise  its tem perature 
787.5 

HI0,510 
1 £ - - o  a 

242 
1 

t egree cen 
. 

tigrade, ap 

proximately. 
 

It will therefore be evident that the 
current streugths ordi narily employed in 
elect ro-thempeu tics  can not directly raise 
the temperatme of the body to any sensible 
degree, although physiological acti,·ities 
called into action thereby may do so. A 
current of several am peres, however, passed 
th rough the body, for a few seconds, will 
raise the tem perat u re appreciably. 



 
 
 
 
 
 
 
 

CHAPTER  VII. 
 

FRICTIONAL   AND   INFLUENCE   MACHINES. 
 

OuR earliest uotious couceming  elec 
tricity were  obtained  from  the  electric 
effects proclucecl by the friction of one sub 
stance  against  another,  such,  for  example, 
as a piece of glass against a silk hanclker· 
chief.  Umler   these   circumstances,   both 
the glass that is r ubbed and t he silk with 
which it is rubbed, acquire electric ex 
citement, as manifested by their ability to 
attract  light  bodies,  such  as  shreds  of 
paper,  brought  near  them.  It  can  be 
showu  that  all  bodies  possess  the  ability 
of  acquiring  electric  excitement  by  fric 
tion  against  other  bodies,  and  that   when· 

138 
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ever two d issimilar substances, or even two 
d issi milar surfaces of the same substance, 
are  brought   into   contact,   an   E.  l\L  F. 
is procl ucecl at the con tact su rfaces, one 
substance becoming positive and t he other 
negati ,-e. The friction  of  one  suLstance 
agai nst anot her is, therefore,  another 
methotl of prod uci ng an E. l\ L F.. and, as 
i11 the case of  the  other  sources  referred 
to, this E. l\f. F., if proYided with a circuit, 
is capable of  setting electricity  in  motion. 

 
The E.  l\L  F.'s  prod uced  hy  friction, 

are m uch higher than those prOll need by 
either    n>ltaic    cells    or    dynamo-electric 

·machi nes ; consequently, t hey me capable 
of causi ng electrici ty to pass through a ci r 
c uit e\·en when separated by a small inter 
val or afr-gap.   It is fou nd that an E. .:\L 
F. of, approxi mately,  80,000  rnlts  is  re 
qui red   to  prod uce  a  tl ischarge   or  spark 
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across an air-gap one inch in length, be 
tween two slightly convex surf aces,  and 
that, roughly, 80,000 volt per inch of 
sparking distance, is a fairly reliable esti 
mate    of    pressure    for    distances,   lying 
between  1/100"  and 311

 Beyond   these 
limits, the rnle cannot be safely applied, 
and, in f act, for very large sparking dis 
tances of more than one  foot,  a  much 
smaller E. M. F. than 80,000  volts  per 
inch appears to be needed. -w hen  the 
opposed electrodes terminate in points, 
instead of in blunt surfaces, a  relatively 
much smaller pressure is needed to eff ect 
discharge. 

 
Various devices have been employed in 

order to prod uce electricity by the friction 
of  one substance  against  another.    Such 
<levices are called .f ricti01wl electric ?na· 
chines,  and  consist   essentially  of  a  plate 
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or  cylinder,  generally   of   glass,  so   rotated 
as to be rn bbed against  a  1·ubbe1·  of 
chamois skin, covered with an amalgam of 
mercury  and   tin.   By   th is  friction,   both 
the  rnbber  and  tbe  glass  acquire  an   elec 
tric  potential.  A  r'Omb  of  points  placed 
near the glass and  connected  with  an 
insulated  cond uctor,  enables   the  cond uctor 
to become charged. A smaller insnlated 
conductor, connected electrically with the 
rubber, enables the cond uctor to take the 
opposite  or  negatiYe  charge. 

 
A well known form of frictional elec 

tric machine is shown in Fig. 52. Here 
the glass plate PP, is rotated in a vertical 
plane between t wo ru bbers R, R, of 
chamois leather, connected electrically 
with   the   grou nd.    In   t his   form   of 
machine,  two  insulated  cond uctors   c c; 
are  connected  to  separate  pairs  of   combs 
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near the  snrface  of  th e  revoking  glass 
plate  aull  tL us  receive  a  positi ve  charge. 

 

 
FIG.  52. 

 
 

"'When an electric machi ne JS properly 
operated it l ias the power of send ing a 
torren t of minu te sparks through a con· 
siderable   air-space.    The   E.   l\I.  F.  pro- 
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duced by this type of source is of t he 
pulsatory character, and is shown in  Fig. 
53, here representetl at about 140,000 Yol ts, 
or  140 kilovolts. 

!GO 

 
 
 

"' so 
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Fm. G3. 
 
 

'Vhen  n  pulsatory  E. l\I. F. rises  to  such   
nu nmotm t as "·ill perm it  i t  to _l1ischarge 
t h ro ugh an air-ga p, it lll1l1enly falls on 
discharge to a mini mu m which is not 
always the same.  It  then  recovers  and 
again  d ischarges, t his action  being  carried 
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on  in a pulsatory  manner  at  frequent  in· 
tervals. E. :M. F.'s of  this  character  are 
frequently  employed  in  electro-therapeu 
tics  under  the  name  of  Fmnklinic E. jJ f. 

F.'s,  af ter   Benjamin   Franklin.     A  fric 
tional electric machine, however, is too un 
certain in its action to  be  employed  for 
this pu rpose,  being  too  much  dependent 
on the  conditions  of  the  weather,  since, 
duri ng dam p "'eather, tlrn film of moisture 
which settles u po11 the surface of the glass, 
and on the supporting pillars, is of ten 
sufficient to cond uct away the electric 
charges and prevent  their formation.     For 
this reason, frictional machines hm·e been 
replaced hy inf fo e11r:e mackin es of which 
there   are a number  of  diff erent  designs. 

 
In order to understand the operation of 

an influence machine, it is necessary to 
first investigate  what occurs in the space 
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surround ing an electrically charged bo(ly. 
If we support a metallic sphere A, upon 
a table  i1  a  room, B 0 D B  Fig.  54, 

B c 
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and connect  this  sphere  with  an  E. l\L 
F., the sphere will receiYe  a  charge.  If 
we connect the sphere by a wire to one 
terminal of a Yoltnic cell, the sphere "·ill 
become  charged,  thereby,  but  so  feehl.''· 
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that  delicate apparatus  will  he  necessary 
i n   order  to  reveal   the   presence   of   the 
charge. If ,  however,  we conn               ect the 
sphere  to  one  termillal  of   a  battery  of 
10,000 cells,  each  baYi ug an  E. l\L F. of 
one  volt,  an  appreciable   charge   will   be 
com m1micatetl to  the  sphere,  which  will 
now manifest distinct lectrostat ic  proper 
ties. Fi nally, if  we con nect  the spl1ere to 
one term i nal  of  an  elect rostatic  machi ne, 
lrnvi ng  an  K l\I. F.  of, perhaps, 200,000 
yol ts, t he  eharge  ncq ui rncl  by the  sphere 
will  be  com parat i vely  great.  That  is  to 
say, i t  wi11 recei Ye  a com pnrati vely  brge 
f1uan tity of electricity, which will be a cer 
tain  fraction of  a coulmnb. It is common 
to regard  such  an  eleetri c charge as being 
situated   on   the  smface  of   the  body A. 
Such, however, is  n ot  the  fact, the charge 
rea11y  resides  i n  the air, or more  strictly 
in  the ai r  and  the  ether  smrotrndi ng  the 
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body, and tlie function of the meta11ic 
cylinder is merely to provide a surface 
from wh ich the charge can enter and 
influence  the ether around  it. 

 
 

If we  assume, for  the  sake  of  illustra 
tion, that the <.:Large  eomnnmieated  to the 

sphere is  1 000\,or}h of a coulorn h, or  one 
micro-co11lom' l 1, 'aml  t hat  the  E. l\I. F. at 
which it was lleli,·ered to A, was 100,000 
volts, or, iu other wonls, that the poten tial 
of A, is 100,000  n>lts, then  the  work  de- 

1 1 
livered to A, is 100,ooo x 1000 000 10 

joule =0.0738  foot-pou nd. 
' ' 

This euergy is 
recei,·ed by the air and ether :rnrrou nd ing 
the sphere, aml is held there llmiug the 
maintenance of the charge. The energy is 
distributed through a11 the ether iu the 
room,  although   n ot  equa11y   d istri buted. 
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A certain fraction of a joule is  thereby 
charged in each cubic inch of space,  the 
greater amou nt being in the immediate 
neighborhood of the sphere, and  lessening 
with  distance  from   the  same.    The  charge 
is passed into the  ether by  an  action  which 
is called electr ic displace11ie11t. Electric 
displacement    takes     place    along   defined 
li nes or cu1Tes through the  ether  in  the 
room, or as it is sometimes stated, electro- 
static flnx proceeds from the charged body 
through  the  ether  i n  the  room  along  lines 
or paths called lines or cu1·ves of electro- 
static jlu.c. The shape of these  lines  de 
pends on the shape of the bod y, and on the 
shape  of  the  enclosure  in  which  it  is 
placet1, or  of  tl1e  bodies which  may he in 
its neighborhood. Fig. 54, gives a dia 
grammatic view of some of these displ ace 
ment cnrves, or curves of electrostatic  flux. 
The   total    amount    of    electrostatic    fl ux 
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is  proportional  to  the  cha rge  on  the 
body. 

 
Fig.  55,  gives  a  graphic  representation 

of  a mechani cal mo<lel showing the action 
 

 
FIG.  55. 

 
 

which an electrified sphere exerts u pon the 
space surrounding  it.   Let j  k  l m, be  a 
d iametral  sectiou   of  a  spherical   elastic 
hag   of  ru bber, and  e f g h , t he section of 
another bag of ru bber surrou ndi ng the fi rst 
concentrically. l\foreover,  suppose  these 
bags to lia \'e the space bet ween them en 
tirely  filled  with   water.     If now,  air  be 
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pumped  into the  interior  of   the   inner  bag 
it   will   distend,   and,   in   distending,    will 
cause  the  outer  bag  to   also   tliste ncl,  a}. 
though   to  a  lesser   degree,  since  the  water 
between   them   is practically  incompressible. 
The  i n uer  bag  corresponds   to   the  metallic 
sphere 0£ Fig.  5-!,  and  the  outer  bag  cor 
responds   to   the   walls   0£  the   room,  in 
which   the   sphere   A,  is   suspended. The 
water   filli ng   the  space  bet ween   the  hags 
co1Tesponcls  to  the  ether   filling  the  space 
bet ween  the  sphere  and   t he  walls   0£  the 
room. The air pressu re   commtmicatecl   to 
the   interior   bng   by   pum piug  air  in to  it, 
corresponds  to  the  electric pressure,  or  high 
potential comm unicated  to   the sphere. 
Uncler  the  infl ueuce  0£  this  pressu l'e, the 
inner  bag  expamls  or  receives  a  charge,  the 
expansion  ca uses  fop1id  fhix or stremni11gs 
t h rough  all the  mass 0£  liq uid, which  dis 
tends  the  outer   sphere. This     conesponds 
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to the  fact t hat  the cl1arge  communicated 
to the sphere is imparted to the surrouml 
ing ether and passes, i11 the form of elect rn 
static flux, t hrough the  whole ether space 
uut il intercepted by tlie walls of  the room. 
The total charge of t he sphere may be re 
ganled as beipg equal to t he total <l is 
placement   and  also  n umerically   equal  to 
t he totaJ negati ,.e charge accumulated  on 
the walls of the room. 

In order to sho\\" t he effect of the shape 
of a bod y  on  t he  direction  of  the  fl ux 
pat hs, a few exam ples may be notetl  Fig. 
56, shows two insulated concentric spheres 
connected with an E. l\L F., the  inner 
spl1ere beiug  positi ve.  Here  the  flux 
issues from  the  inner  sphere  in  radial 
liues, and termi nates on the surface of the 
outer sphere. The total amoun t of d is 
placement     which    pusses    through     any 
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spherical envelope, which could be drawn 
between A and B, is equal to the charge 
which resides on A or B. In other words, 
the system behaves as though a certain 
amount of ether had been liberated at the 
surface of A, passed through the surround- 

 
 
 
 
 
 
 
 
 

Fm. 56.-ELECTHOSTATIC FLUX PATHS BETWEEN CoN 
cENTRIC SPHERICAL CONDUCTING SURFACES, INSULATED 
FRO)!EACH   OTHER. 

 
 

ing space against elastic reaction, along 
radial lines, until finally, a certain amount 
is forced into the shell of the external 
sphere at B. The  quantity  of  charge 
which thus enters the system  depends 
upon  t\vo things ; namely,  the  magnitude 
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0£ the E. l\I. F. em ployed,  and , second ly, 
the  shape  0£  tl1e  mass  of   ether   brought 
u nder   the   actio11   of   this   force.      If we 
d ou ble  the   E.   l\I.   F.,   we   <l onhle   the 
eha rge, and  if we  Lal ,.e the  E.  ::\I. F.  we 
halve the charge.    Again, if  we  employ  a 

 

 
FIG.   57.-ELECTHOST.\TI C   FLUX    PATHS   BETWEEN 

I NSULATED  Co.:>CE:\TRIC  SPHERES. 
 
 

thin ner stra tu m  of  ether  we  shall  red uce 
its resiliency, a ucl i ncrPase the clw rge for a 
given E. l\I. F. em ployed.  If, for exnm plP, 
the i n ne r sphere be la rger,  as  shown  in 
Fig. 571  the  same  E.  .J\I.  F. will   uow   act 
u pon a th i n ner layer of a i r aml etlwr, a nd 
will    proLl nee   a   grea ter   displacement   or 
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cbaro-e · iu other words the resiliency 0£ the 
b  ' ' 

mass  of  ether,  enclosed  between  the  ter- 
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FIG. 58.-ELECTROSTATIC  FLUX PATHS, PARALLEL 
PLANE SPHERES. 

 

miua1s  connected  wit h  the  E. M.  F., has 
been re<l ucecl. 

 
Fig.   58,  represents  t wo   parallel  plane 

surfaces  connected wi th au E.  M. F. 
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Here  the  lef t-hand plane A , is  cousillered 
as  positi Ye ; /. e., the  electrostatic  flu x is 
assumed to emanate from _A , pass tlll'ough 
the in terveni ng space, antl terminate at tl1e 
surface  of  B.  There  will  he  a positiYe 
charge on A, an equal negatiYe  charge  on 
B, and t he same charge  represented in dis· 
placemeu t a11 th rough the mass of ether be 
t weeu the plates. The  amou nt  of  charge 
which  will  eu ter the system, will depeud 
upon  the  E. l\I. F. brought  to  bear  upon 
the plates  A  and B, the  thickness  of  the 
stratum of ether, and the area of the plates 
or  stratu m. If the  area  of the  oppose<l 
plates he increased, th e elastic resiliency of 
the mass of ether hehrnen the plates is <li. 
minishecl, and a  proportionally  greater 
charge enters the system. Similarly, if the 
plates  he  approached, so  that  the  stratum 
of included air becomes thiuner, its resili 
ency is <liminishe<l, and  the  E. M. F. ·will 
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force more :flux through the system, and a 
corresponding greater charge. In either 
case, therefore, we have what might be re 
garded as an electrostatic circuit. 

 
The amount of flux which will pass 

through the circuit ; i. e., the amou nt of 
charge which cnn be comm unicateJ to the 
surface of the dielectric involved,  will 
depend  upon  the  E.  l\f.  F.,   and   also 
upon  the  elastic  resistauce of  the medium. 

. fl E. l\f. F. 
ectrostatic U X =El  . .    ectrostatic  resistance. 

The greater the electrostatic resistance, the 
less the flux, and  vice  Yersa. This  cone 
sponds  com pletely  to  Oh m's law  for the 
voltaic circuit, except th at the elect1·ostatic 
1·esistance is not a resistnnce to the passage 
of electric  current but  is the resistance  to 
the passnge of electrostatic current or flux. 
Moreover,   the  same  rules   apply  to  the 
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resistance  offered by a wire  to the passage 
of  a cmrent, and  t he resistance  off ered by 
a  dielect ric  mass to   the   passage   of an 
electrostatic  flux. The longer the mass  the 
greater  the  resistance ;  the  greater  its area 
of  cross.section, t he  smaller  its  resistance. 

 
The rli8placeme11t li11e8, or    lines of 

electrostatic    flux,   which    may   he    drawn 
£or any com pletely  specified electrostat ic 
system, and wh ich ca n be experimen tally 
determined in most cases, represent lines 
in the d ielectric med iu m along which 
stress exists, by virtue of the electrostatic 
flu x.   This stress, which  is developed  in 
t he ether, is dependent u pon the energy 
ahsorl ed by the ether d nri ng the existence 
of the elect ric charge.  Along  these 
curves, in fact, there is exerted a continual 
tension, or, in other words, t he d isplace 
ment  lines are always tending  to cont ract 
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and shorten. For example,  the  two 
chargecl plates A and B, shown in Fig. 58, 
being connected by a number of displace 
ment lines,  tend  to  attract  each  other. 
The real tendency is for the shortening of 
the lines of stress, or fl ux lines. The ordi 
nary statement that positively and nega 
tively electrified bodies tend  to  attract 
each other, should more accurately be : 
positively and negatively electrified bodies, 
being connected by lines of electrostatic 
flux, tend to come together by reason of 
the cont raction  of  the flux lines. 

 
 

If, as in Fig. 59, a smaU spherical  con 
ductor c be introduced into the electrostatic 
flux, the eff ect is twofold ; first, the elect ric 
medium is thin ned locally by the presence 
of the conductor, so that its resiliency is 
locally diminished, and a  more  powerful 
flux  will  pass   through  the  system  in  its 
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neighborhood      thau    elsewhere.      Secoud, 
th e flu x will be in terce pted by  the con 
ductor,   which   will  form    t he  termination 
of the flux 011 the en teri ng sid e a1Hl a 11ew 

startiug  poi1it  on  the  le:n-i11g  side.  A 
uegati Ye cl rnrge will, tl1erefore, appear  on 
the smface  where   the  flux  termi nates,  arnl 
a posi tiYe charge on th e surface where the 
flux   reissues.     This   appearance   of   posi 
ti ve  aml  negati,re  charges,   on   opposi te 
sides  of  an   insu lated   body supported  i u 
an electrosta tic flnx, is commonly call ed 
electrostatic ind uction. It is merely a 
consequence of the fact that  the  holly 
relieves from electrostatic stress th e ether 
which it cfo;places, and  that,  in  conse 
quence of this  rel ief, charges appear  at t he 
surfaces  where  the  fl ux  enters  and  leaves. 

If in Fig.  59, the small  conductor l is 
cl1argetl by having been connected with a 
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suitable E. M. F. it will do more than 
merely relieve ether of  its d uties ; for, it 

 
 
 

 
 
 

 

 
 

FIG . 59.-DIAGRAMMATIC  REPRESENTATION  OF ELECTRO· 
STATIC FLUX PATHS. 

 
 

will add flux of its own to the flux in which 
it is  introd uced.   For example in  Fig. 60, 
t wo  spheres + and  -, are  shown,  at  A, 
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which hnve been con nected wi th  the posi 
ti ve  and   negati ve   terminals   of   a . high 
E. l\f. F. The electrostatic flu x passing 
between them, through the su nouncling 
ether, is partly repre entecl cliagrnmnrnti 
cally by the dotted  liues. These two 
spheres eviden tly beha,-e as though they 
attracted each other, mri ng to the contract 
ing forces of  all th e fl u x pnths  bet,Yeen 
t h em. If i.ve snppo e t hem fixed u pon 
suitable insubti ng pi llnrs, so that they 
cmmot approach ench other, nnd that a 
smaller cond ucting sphere is introduced 
betweeJJ them, as shm,·n, t his smaller 
sphere will acquire a posi ti Ye cha rge from 
the positi Ye  sphere, and "·ill th us become 
t he reci pient of a m1111her of flu x paths 
which emerge from i t., whi ch tend to pull it 
across toward the negatiYe sphere. Under 
the  infl uence  of  t hese  nt t ractiYe  f orces, 
t he  smaller spl1ere, if  i t  be free to mon, 
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will  move  to  the  right.  ·when  i t   is  in 
the position shown ou the right, midway 
between the two spheres, i t will be  seen 
that many fl ux paths connect i t with the 
negati Ye sphere, while no fl u x pat hs con 
nect it with  the positi ve  sphere.    As soon 

 

as it reaches the negati,·e sphere it will 
deliver up its charge, aucl red uce  the  po 
ten tial of the negati ve sphere u nless the 
latter be corn1ected with au electric source. 
It will then acquire a negati ve charge au<l 
new flux paths will en ter its su rface from 
the positi ve sphere. Owi.ng to the  attrac 
tion of  these  flux:  li nes  it  "'ill agai n  he 
d rawn to the lef t  and th us  a con tinual  to- 
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and-fro m otion  will  be set  u r)  so l on er  as a 
' 0 

difference  of  poten tial  or  E.  1\1. F.  exists 
between the brn large spL eres. 

 
 

Fig.  61, represents at _._-:I , th e  eff ect  of 
inserti ng, bet ween  th e  t wo large sph eres, 

 

 
FIG. 61.-E FFE<'T OF lJNCILHlGED SPH ERE. 

 
a small sph ere i n an trn charged condi tio11. 
It will  be  obse1Ted  tha t  th e  effect  is to 
i u tercept a larger 1mmber of  flu x path s, 
and th u s to relie,-e from tlut y t L e  eth er 
con tain ed "·itLin t h e  space  occupi ed  by 
the small sph ere. In t hi s case t h e att rac 
tion s, on each sid e of t h e sm n.11 sph ere, are 
balan ced. If , b owe,-er,  t L e  small  sph ere 
be placetl  u en rer one  sid e thn n th e ot h er, 
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as shown at B,  the  stratum  of  ther 
between it and the positiYe sphere will be 
thin ner than the stratu m on the righ t ;  and, 
consequen tly, a greater  electrostatic  flux 
will pass th rough t he space 011 the lef t, 
thereby entaili ng t he introd uction of a 
greater n umber of fl u x: Jines, ancl a greater 
electrostatic force mging the sphere to the 
lef t. 

 
It will he  seen, from  a  consideration  of 

the preceding phenome1rn, that  the  follm\·· 
ing  may   be   generalized   as  the   laws  of 
electrostatic  charges,  attractions  and  repul 
sions ; namely, 

(1) That eYery el ectrified body forms a 
locus or place where electrostatic flux 
enters or leaves a t1ielectric medium ; and, 
co11\'ersely, tha t all comlucting surfaces, 
where lines of electrostatic flux terminate, 
are said  to be charged smf aces, t he flu x 
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hei11g assumell t o lea \'e at pu:-;itiYely 
charged surfaces au<l to enter at negat ively 
charged  smfaces. 

(2) Liues of elect rostatic fl ux are the 
directions along which elect rosta tic stress 
exists iu t he ether, arnl  accompan y  t he 
tem porary absorpt ion of euergy iu to the 
ether. 

(3) Dissimila rly charged 110llies a ttract 
oue another, because liues of elect rostatic 
flux ternl to con tract. 

(4)  That   simila rl y  charged    1Jodies  a p 
pear   to   repel,   m\·iug   to    t he    fact   that 
no fl ux pat hs cu1111ect them, Lut that flu x 
paths cou uect each of t hem  wi th  ueigh 
boriug   objects,   so   tha t   they   are   d1mn1 
to tl1e neigh bori ug hollies a ml  are  not 
repelled   from   eacl1  other. 

(5) Electrostatic irnlnction  accompanies 
the introd uctiou of a cornluctor i nto  the 
elect rostatic    fl ux,   "-hereby    eha rges   are 
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caused to  form  upon  opposite  sides  of 
the  in terposed  coud uctor. 

 
The pri nci ple of  electrostn tic  i nd uction 

is   employed   in influence machines. A 
 
 

 
FIG. 62.-ELECTROPHORUB. 

 
 

simple form of  influeuce  machine  is called 
t he Plectroplwro. ,  and  is  illustrated  in 
Fig.  l:i.   A   disc  B, of   vulcanite,  resin, 
ur other suitable material, is vigorously 
rubbed, say with :t cat skin, and thereby 
becomes negati, ely charged , under the 
iutlnence  of   the  powerful   E.  lVI.  F.  set 



t 

ELECTRO·THEH A PEUTICS. 167 

up.    If such an  electrified  disc be laid  on 
a table, as shown in Fig. 63, so th at its 
electrified surface is u ppermost, the fl ux 
paths may be  represented  diagrammati 
cally  by  the  arrows. 
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FIG. 63.-REPRESENTING    ACTION   AND   OPERATION 
OF  ELECTROPUORUS. 

 
 
 

If  uow,   an   insulated   metallic   disc. A , 
Figs.  6:3,  and  6±, fu rnished with ronrnl 
eclges, be  rested  on  the disc, there will be 
no   great   change  prod ncefl  in  the electro· 
static system. There  will  only be a slight 
reduction  in the dielectric resistance of  the 
air, owing to  the  interposition  of  the  con- 
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d ucting disc across the electrostatic flux 
paths. \V hen, however, the  disc  is 
touched with a finger, as shown  in  Fig. 
62, or con uected with the grou nd,  as 
shown in Fig. 65, all  the flux paths are 
shortened, u ntil  t hey exist only bet ween 

 

 
FIG. 64.-REPRESENTINO ACTION AND OPERATION o· 

ELECTROPHORUS. 
 
 
 

the.excited disc aml the grounded metallic 
plate.  In otlier wor1h, the length of the 
electrostatic circuit has been red uced to 
that of a thin film of air, and, con 
sequently, the electrostatic flux, set up 
across this film, wi ll he comparatively 
powerf ul, and a powerful  charge will be 
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commu nicate<l to the plate at the point 
where the flux emerges from it. If now, 
the grou nd con nection to the plate be 
removed, and the plate lif ted, as show n 
in Figs. 136 and 67, the  electrostatic 
circuit  will  again  be  lengthened,  and  a 

 
 

  B r 
Fro. 65.-ELECTnorHonus. 

 
charge will be  lef t  in ·the  plate  as well 
as on tlte disc, the disc being  negatiYe 
and the plate  positi,'e.  The  metal  plate 
can be discharged and reclmrged many 
times in succession. 

 
An   ·infiu ence   mach ine   is,   m   reali ty, 

a  form   of   a   revolving   electrophornus . 
A  common   form  of   influence  machine, 
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called a Toeple1·-Holtz .M achine is shown 
in Fig.  68.  It  will  be  u nderstood  that 
since this .apparatus operates by electro 
static induction, no friction is needed.     A n 
i nitial charge is, however, required. The 
apparatus    consists    essentially    of    three 
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Fw. 66.-ELEC'rRoPrroRus. 
 

 
vertical  glass  plates  of  which  the  central 
is the largest in diameter, and  is  fixetl, 
while the t wo outside plates  are  mou nted 
on a  common  shaf t,  and  are  capable  of 
bei ng revolved i n the  same  direction  by 
the aid of the hatulle 11 . The central plate 
carries  two metallic   and  papered  surfaces 
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A B C and A' B' C', one of which A B C 
is positi vel y electrifi ed at th e ou tset and 
A' B' C', is negati ''ely electi·ified. Th e 
outside plates carry onl y metallic buttons 
on  their  external  smfoces,  each   button 

 
 
 
 

FIG. 67.-ELECTROPJIORUS. 
 

consisting of a disc of tinfoil, wit li a small 
bmss cap  in  the  centre.  Six of  these  ti n 
foil  tl iscs are  represented  as  bei ng cn rried 
on  each  outside  plate. 

 
An  electrostatic  circuit  will  be  set  up 

from the positi,,ely electrifietl to the nega· 
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tive1y electrified smfoce as shown at A, in 
Fig. 69. Tbe prese11ce, however, of the 
metallic  rod  RR, w hich  is  supported  in 

 

 
Fm. GS .-TmPLE-PLATE TOEPLER-HOLTZ ELECTnICAL 

MACil!NE . 
 
 

such a urnmier that the combs at its ex 
tremi ties come in contact wi th the insu 
lated discs on the outside plates as  they 
revol \'e, Ji m its the e]eetrostatic circuit al 
most   entirely  to   the   space   between   the 
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central and outside plates, as shown at B, 
Fig. 69, so that the flux paths become 
more n umerous and terminate on the inner 
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Fm. G9.-ELECTROSTATIC  CIRCUITS OF INFLUENCE 

ilIACIUNE. 
 
 

surfaces of the insulated discs as they pass 
by. Umler  these  circmnstances,  a  nega 
fo'e charge will form on the disc a', ancl a 



positi ve charge on the clisc ?/·    As  soon as 
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the  discs  have  been   carried  ·from   beneath 
the   combs   on   the    rod   RR,  they   retain 
these  charges  until  they  reach  the  opposite 
side  of  the  frame,  when   the  disc  x, comes 
in  contact   with  the  bl'usb   1/, thereby  com 
mu nicati ng  its  charge  to  t he   already nega 
ti vely   electrified  smface   A'   B'   C' on  the 
central    plate,  and,    passing with   the   re 
mainder   of   i ts   charge,   deli vers    this   re 
mai nder  to the  comb  of  poi nts  attached   to 
the  hamlle  aml  m:-tin  conductor   II'. Simi 
larly, the  d isc  ?/, which   retains  its   positi,,e 
charge   af ter quitti ng   the   com b   on   the 
lower   extremity  of   the  i·od  RR, is  carried 
tu  the brush  b, and  commu nicates its charge 
to   the   already  positfrely  electrified   surface 
A B G, t he remai nder of  its charge being 
collected by the comb on the handle If. 
Consequently, dming  rotation, the  half  of 
the rotati ng plates on one side of the rod 
RR, is posi tively,  alltl  the other  half, nega· 
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ti vely electr ified.  The cha rges on the 
electrifietl smfaces A B Caml A ' B' C;' auto 
matically increase, u ntil  a balance  is  main 
tai n ed bet ween tl1e furth er accession of 
charge, aucl t he leakage 'd1ich ta k es  place 
bet ween th em. This leakage I imits, there 
fore, t lic maxim u m E. M. F. obtain al)le by 
the machi n e.    \Vh en t he  tl i::;cha rgiu g  rod s 
fl 11 are brot wh t dose toaeth er  tli e l) l'es- 

' ' ::::> 0 ' 

sure  obtaiu etl  is  lower, owing   to  t11e fact 
that a smaller E. l\f. F. is requiretl t o pro 
tluce a spark <lisclrnrge across the  nir-gnp, 
and a more rnpitl stream of  discha rges m'er 
thi s air-gap arnl n lower pressu re may, eou 
seqnently, he expect et1.    On increasing t h e 
d istance bet"·een th e tlischa rging roc18, t he 
pressure    increa ses,  but    th e  frequen cy  of 
d ischa rge u sually  d imi ni sh es. 

 
A  form  of  apparat u s  kn own  as  a  con - 

denser  con sists  es:.;e nt in11y   of  an  electro- 
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static circuit of low resistance, that  is  to 
say, of an electrostatic circuit  of  short 
length and large cross-sectional area. A 
condenser, therefore,  offers a comparatively 
small elastic resistance to displacement of 
flux, and, under a given E. l\f. F., will re 
cei,Te a correspondingly  large charge. 

 
Fig. 70,' shows a Leyden  jar,  which  is 

the usual form of condenser employed  with 
high  E.  l\f. F.'s.  Here  the  acti ve  sur 
faces are formetl of inner and outer  coat 
iugs of tin-foil, an<l the  dielectric  consists 
of the glass  walls of  the jar.  The  length 
of such an electrostatic circuit ; 1·. e., the 
thickness of the glass, may be about  1/Sth 
of  an  inch, and the  cross-sectional  area of 
t he electrostatic circuit ; i. e., the area  of 
the ti n-foil surface, about a square foot. 
l\Ioreover, glass offers less  electrostatic 
resista nce than air, and, therefore, the glass 
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Leyden jar makes a better  condenser  tha n 
an imagi nary air jar of t he same <limen 
s1ons.    The relati,·e value  of  the glass  de- 

 

 
FIG.  70.-LEYDE"'  JAR. 

 
 
pends upon  its quality, but it may read ily 
offer fi ye times less electrostatic resistance 
tlrnu  air ; l'Onseqnen tly, the  capacity  of   a 
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Leyden 
greater 
densel'. 

jar condenser may be five times 
than tbat of a  similar  air  CGl1· 

Two small Leyden jars  are shown 
in Fig. 68, havi ng theil' in nel' coatings con 
nected wit h the main terminals H and H' , 
and their ontel' coatings connected by a 
metallic strip not shown in the figu re. 
The eff ect of these jars is to diminish the 
electrostatic resistance between the termi· 
nals, arnl, therefore, enables a gi ven E. M. 
F. to accum ulate a greater electrostatic 
flux or charge bet ween  the terminals. 

 
The electric energy obtained from the 

discharge of an influence machi ne through 
an external circuit is supplied , mechanic 
ally, in the effort necessary to reYolve the 
machine against electrostatic forces. One 
electrostatic machine acting as a gener 
ator, may rearlily be made to cause an 
other elect rostatic  machine  to  nm  back- 
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Fm. 71.-lioLTZ INFLUENCE   IACH!NE. 

 
wards, as a motor. The haml  has, there 
fore, to be appl ietl with greater force  to 
chive the  influence  machi ue, owiug  to  the 
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fact  that  it  is operating  so as  to furnish 
current  to the circuit cou nected to it. 

 

 

 
FIG. 72.-BOXE'ITE ELECTROSTATIC  INFLUENCE 1\IACHJNE. 

 

 

A nu mber of forms of iuflnence ma 
chines are in existence. The principal 
difficulty in operating such machines is to 
mai ntaiu their  insulatiou  clming  all condi- 
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FIG . 73.-'IVmsJIUIIST  ELECTRI CAL 1\IAcIIINE. 
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tions of weather, so that their charge sha11 
not  be  lost.  For  this  purpose  they  are 
of ten enclosed in  glass  chambers  in 
which the air is kept dry by some hygro 
scopic substance, such as calcium chloride. 
Such a form of machine chfren by a sma11 
electric motor is shown at Fig. 71. 

 
In some forms of influence machi nes, in 

order to ensure the presence of a sma11 
charge, a small frictional attachmen t is 
supplied, so that the proper  charge  sha11 
be  ensured  by  the  friction  set  up. 

 
Glass plates are not in variably used in 

these  machi nes.   Sometimes   plates   of 
harJ rubber  are  employed  as  shown  in 
Fig. 72. 

 
Another convenient form of influence 

machine  is  shown  in  Fig.   73  called  the 
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1V£mslw rst  macl1 ine.  In  thi s   case   two 
glass plates, s11ppor t i11g a mrn11J er of small, 
separat e    tin-foil    cou d uctor  ,  are    rn pidly 
d ri ven i n  opposi te  d i recti on s.   The  adion 
of tli e macL i n e d iff ers only i u detail from 
that   already   d escribed . 

In con clusi on , we m ny ohsen'e tl rn t all 
electrostat ic i nfl1ie1H:e mn ch i n es d epend for 
th ei r operati on u pon t l1e pri n ciple of t h e 
electroph oru s. 'l'lie el ectrostati c circui t  in 
such machin es is  peri odically  lellgtli en e<1 
anrl sl1ort en ed , n,Jl(l th e charges so iml u ced 
are  sepnrnt ed  aml   n ccmnulat ed. 



 
 
 
 
 

CHAPTER VIII. 
 

:MAGNETIS:\f. 
 

MAGXETIS:\I  is  the  science  which  treats 
of the properties and laws of magnets 
whether  artificial   or   natmal.   Although 
the nat ure of magnetism  is not known, yet 
a certain relationship  unquestionably  ex 
ists bet ween magnetism and electricity, so 
that a  knowledge  of  the  natme  of  one 
must  ine,Titably   d etermine   a  knowledge 
of th e nature of the other. Both are 
believed to be acti ve conditions of the 
uniYersal ether and are so related that the 
following  laws  appea r  to  hold  generally ; 
VIZ., 

(I) A motion of electricity invariably 
prod uces  magnetism. 

184 
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(2)  A  motion  of  maguetism  invariably 
produces an E. .M. F. 

 
The  na tme  of  the  action   which   exists 

bet wee u  electrici ty   and   magnetism   may 
 

  A  B 
 

 

 
=====!!-..  ,::':"'=="""' 

 
F10 . ';'4.-HYDRA ULIC ANALm;y  o· RELATION BETWEEN 

ELECTRICITY AND ;\[AGNETl8)f. 
 
 

he ill u strate<l by the following hyd raulic 
experi ment. Su ppose that  a  large  cy 
lindrical tank, re presented in Fig. 7-!, be 
completely  fi11el1  wi t h  "·ater,  an d  tha t  a 
pl u nger  P, is  provided   with  a rod   t, pass- 
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mg through water-tigh t packiug  rn  the 
centre of one circular  end.  It is  evident 
that if the rod t, be mo,'ec1 for ward, the 
plunger  P, will advance in to the tank.  In 
so <loing it will <lisplace the water in front 
of it, which will flow  round to the back of 
t he plunger iu vurtical  paths, formed  sym 
metrically  around  the  face of the pl uuger. 
These   vortical paths,   passi ng   from   the 
front to the back of  the  plunger, are illus 
trated diagram matically   at   A, Fig.   74. 
The  vortical  movement  of  the  water  will 
clearly he most markec1 in the immec1iate 
neigh borhoo(l of  the  edges  of  the advanc 
ing   plu nger,   grad ually   decreasing   from 
the edges to the sides of  the  tank. Imagi- , 
nary lines in the mass of  the  water, drawn 
so  as   to   represent   the   intensity   of   the 
vortical movement, form circles,  concentric 
to  the  axis of   t he  pl u nger,  and   at  righ t 
angles  to  the  direction  of   its  motion,  as 
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represented a t B, Fig. 74. Circles are 
marked with long arrows near the edge of 
the pl unger where the vortical motion is 
most i n tense, and with shorter and shorter 
arro ws at greater  (listances  from  it.  If 
now, we remove t he pl u nger frorn tl1e tank, 
and artificiall y cause a system of electric 
curren ts  to  be  prod uced   in  the  mass  of 
<1uiescent water, such as is represented at 
B, in Fig. 74, then accom panying  this 
system  of  electric  cmren ts, woulcl  he pro· 
<.hicecl a magnetic  d istribution  throughout 
the water, such  as  is  represen teu  by  the 
stre 'tlll   lines  at  A, at  right   angles  to  t he 
d irection of the  electric  cu rrent.  In nther 
word s, the relation  of  magnetic  rlistribn· 
tion, to electric curren t d istribution, in any 
space,   is   id entical  with   the   relation    be 
t ween the ::;tream lines  of  motion  in  a 
liquicl, arnl t he \'ortical t1ist ribu tion of 
motion   accompanying   the    same. 
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It follows from the preceding that  if 
the all-pervading ether were a non-com 
pressible fluid, like water, and  if electric 
currents consisted or vortices or whirls in 
this fluid, t hat magnetism would consist or 
a streaming motion in the ether. The prop· 
erties or the ether are not yet thoroughly 
known, and i t is by no means certain t hat 
electric currents are vortices therei n. All 
that can be saf ely asserted is the existence 
or a relationship between electric acti,·ity 
and magnetic acti vity in the nniversal 
ether, or the general nature we ha,·e here 
pointed out ; so that, if we should at any 
time, discover the nat ure or either electric· 
ity or magnetism, the natu re or the other 
would be immediately deduced. 

 
Magnetism may be prod uced m two 

ways ; viz., 
(1) By  permanent  magnets   or  iron  or 
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steel ; or, in a  lesser d egree, by other mag 
netic metals such as  nickel or cobalt ;  and, 

(2)  By electric cu rrents. 
 

Magnetism appearR to be an i nheren t 
property of the molecul t>s, or ulti mate 
particles,   of   i ron   r    steel.    In  other 
words, if we could iolate and percei ve a 
single molecule of  i ron, it  is believed  tliat 
we shouhl fi nd that i t natma11y and per 
manen tly possessed magnetism, :ts a prop 
erty i nheren t i n  it.  If th e  ultimate  pa r 
ticles   of    iron    are    essentiaJly    magnetic, 
t h e question natu rally arises, wh y all i rnn 
lloes  not  ma nifest  magnetic   properties ? 
The reason is belie,·ecl to he fou nd  i n  t lt e 
fnct that i n i ron,  which is appa ren tly u u 
magnetizetl, the molecules  lnek  a  d efinite 
arra ngemen t   of   <lirection,   ancl,   poi n ti ng 
i rregularly, mask or nen tralize each  ot lt er's 
magnet ic  i nt\ uence.    Such   au   u11< lireded 
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system wou 1d, therefore, necessarily pos 
sess   no   appreciable   extemal   magnetism. 
·when a bar of i ron is magnetized , it is 
subjected to a process wherelJy its molec 
ular magnetR are aligned , or similarly 
directed, aml, acting m eoncert, are 
thereby ena bled to manif est ex temal mag 
netic eff ect. 

 
The region smroumling  a  magnet  is 

filled with what is called magnetic fln,v or 
magn etism, wliich  is most powerf ul in the 
immeJ.iate  neighborhood of  the poles.  If 
we assume, as a working hypothesis, that 
magnetism consists of  a streaming inotion 
of the  ether,  in  accordance  with  t he 
hydra ulic analogue of Fig. 74,  t1ien  we 
may regard a magnet  as  a  device  :for pro 
d ncing such a  streaming  motion  in  the 
ether. The magnetic flux ;  i. e., the stream 
ing ether, wou1d issue from one pole of the 
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magnet,  and,  af ter  having  passed  i n  ex 
pamli ng cu rved paths th rough t he space 
smTonmliug  the  nrnguet,  wouhl  re-eu ter    i t 
at  the   other   pole.   The   pol e   from   which 
the   magnetic    flux    is    cou ventiunally    as· 
su med  to  issue  is  called   t he   11ort l1  role ; 
i. e.,  t he   pole   of   the  magnet,  whicl1,    if 
the 11wgnet were freely suspend ed, would 
teml to poi nt toward tl1e  geogmphica l 
north ; aud the pole at which t he  flu x 
enters  tl1e  magnet,   af ter   ha,'i ug  passe(l 
th rough tl1e region outside i t, is callell tLe 
south pole. The fl ux, af ter en teri ng thr 
magnet, passes t l1rongh tl1e hu(ly of tl1e 
magnet  to  the  north  pole,  "·here  it  agai u 
e merges. J\fognetic ±1.u x, t herefore, com 
pletes a dosed path or circuit called a 
magnetir' circuit, and t he cmwention em 
ployed as  to its d i rection in t his circuit, is 
si milar to tl1e con ven tion employed as  to 
the  d irection  of   electrostatic   flux   in   an 
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electrostatic  circuit,  or  to the direction of 
a current in a voltaic circuit. 

 
\Vhen an electric current passes through 

a cond uctor, the  conductor  temporarily 
 

A  

Fra.  75.-llfAGNETIC   FLUX   PATITS    SURROUNDING    A 
STRAIGHT   ACTIVE    CONDUCTOR. 

 
 

acquires  magnetic properties, magnetic 
fl u x encircling the cond nctor in concen tric 
paths. The   direction   of magnetic flux 
around  au  active   cond uctor,   depends   on 
the  direction   of   the   cu rrent  in  the  con 
ductor.  This  is  shown  in  Fig. 75, where, 
at B, the current is supposed to be passing 
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through the wire, in a direction  from the 
observer.   Here  the   circles   surrou nding 
the wire show tha t the rnaguet ic flux is 
passing i n concen tric ci rcles in t he <l irection 
of motion of the hands of a cloek ; wh ile at 
A, where the current pusses t h rough the 
wire in a direction  towards the  observer, 
the d i rection of tl1e magnetic flux  around 
the wi re is opposi te to the tlirection of 
motion of the hands of a dock, or counter· 
clock wise. A suspemletl magnetic needle, 
introduced in to the 11eigl1borhood of tl1e 
active wire ; i. e., into the influence  of  its 
ci rcular magnetic fl ux, is tleflected tl1ereby, 
arnl tends to set  itself  parallel  to the mag· 
uetic fli.1x, or  at  righ t  angles  to  the direc 
tion of the current, its nor th  pole  pointing 
in the direction of motion  of the flux. 

 
The  power  possessetl  by ::rn  ::tcti,·e con 

d uctor of  tlefiecting  a  magnetic  needle  is 
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utilized  in  a  num ber  of  ammeters, in  which 
a  magnetic  needle   is  defiectell   by  the pas 
sage  of   a   current    through   a   number   uf 
tnms  of  wire  placed  in  its Yieiu ity. -When 
a  wire  carrying  an  electric   current   is   bent 
into  a  turn   or  loop,  a11  tli e  magnetic  flux 
liukecl   with   the   wire   enters   this   loop  at 
one  face  a1Hl  leaYes  it  at  the  other  face. 
Conseq uently,  that  face  of    the  loop  from 
whid1   the   tlnx   emerges   must   correspond 
to    the   north   magnetic   pole,   and   that  at 
which  it  enters, to  the  sou th  magnetic pole, 
of   an   ordinary  bar  magnet. This is i11us 
tratecl  in   Fig.  7G,  both   in   the   case  of  a 
permanent  steel   magnet,  aml  of   an  active 
coil. In  the  case  of   a  magnet,  the  flux is 
represented    as   coming   out   of    the   north 
pole,  as  indicated   by  the arrows, traYersing 
t he  region  or  space  outside  of  the  magnet, 
re-entering   t he   magnet    at  its  south   pole, 
ancl   continui ng  through   the   bod y   of   the 
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magnet to  its  north  pole,  thus completi ug 
the  magnetic  ci rcuit.  Similarly,   i u   the 
case  of  an  acti ve  loop,  as  sho,Yn,  if  the 
cu rrent ci renlates arou ml t h.is l oop clo<.:k 
wise, as v iewell  by an  0Lse1Ter at  A, then 

 
 

 
 

Fro. 76.-D!AGHA IOF  FLUX PnooucED BY PEmIANENT 
l\IAGNET  AND  BY  CorL OF  ACTIVE  CoxoucTon. 

 
 
 

the flux will en ter at A, aml emerge at B, 
so that the face B, becomes a  north pole, 
aml A, a south pole, correspond ing to the 
permanen t magnet.. Iu the  case  of  a n 
acti,·e loop, the flux paths form close(l 
maguetic ci rcui ts as in the case of the mag· 
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net, although these are not shm·m 11 the 
figure. 'V hen  the curren t  in  the cond uct 
ing loop ceases, the magnetic flu  linked 
with   the  loop  entirely disappears. 

 
Magnetic cil'cuits are  of  three  kinds ; 

nam ely, 
(1) Those in which a11 parts of the path 

of the flux are corn pleted through  air,  or 
other non-magnetic mat erial, such as wood , 
copper, glass, etc.    Sucl1 a circu i t is  ca1lell 
a non f el' ric magnetic c·i1·r·uit. 

(2) Those in which all portions of the 
path of the flux  are  completed  th rough 
iron  Ol' steel.   Such a  cil'cuit  is ca11ed a 
fe1·1·i1· (·i1·c11 it. 

(3) Those in which parts of  the circu ital 
pa th of t he  flu x  are  completed  th rough 
iron or st.eel, and parts th rough air or other 
non-conducting    material.    This   is   called 
an aerof erric cir1.: uit. 
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Non-magnetic  circuits  are  formed   hy 
acti ve conductors, such as wires, loops or 
coils  carrying  electric  cmren ts  in  the  ab- 

 

 
FIG. 77.-FERRIC MAGNETIC CIRCUIT. 

 
 

sence of iron. An exa mple of such a cir 
cuit is represented by the acti \'e  coil 
shown in Fig. 77. Ferric magnetic  cir 
cuits  are  less  frequen tly  met  with,  from 
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the fact that the object of send ing a mag 
netic flux through a circui t is to employ 
such :flux i n the operation of some m echan 
ism, generally placetl i n a gap in the circuit 
itself.     There   is,    howernr,   a   compara 
ti vely large class of apparatus called alter 
nati ng-cmrent transformers, which will be 
briefly explai ned la ter, and which almost 
always employ f erric ci rcuits. 

 
An iron ri ng, or core, wrapped with  a 

coil of wire con nected to the termi nals of a 
battery, is an example of a f erric magnetic 
circu it. Suel1 a magnetic circui t  is  shown 
in Fig. 7 7. Here all the  flux  due  to  the 
acti rn cond uctors is  entirely  confined  to 
the iron ring. A practical form of a ferric 
circuit is represented in Fig. 78, which 
represents an alternating-cmrent trans 
former. The coil of actiYe cond uctor  is 
show u  at AA, linketl  with  a  lami nated  or 
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sheet iron core  BJJ.  Aero-ferric  magnetic 
circu i ts are commonly  oLserved   in the case 

 

 

 
Fro. 78.-ALTERNATrNn-CunnENT  TnANSFORMEH, 

FEnmc  MAGNETIC  CmcurT. 
 
 

of permanent magnets.  Thus  t he  bar 
magn et shown in Fig. 76, lrns its magnetic 
circui t com pleted partly th rough t he bar 
and  partly th rough the air ou tside the bar. 
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A very common type of aero-f erric 
magnetic circuit is represented in Fig. 79, 
which shows an electrornagnet,  consist 
ing essen tially of a bar of sof t iron A B, 
wound   usually  wi th   a  large  number   of 

,, . I 
A n .. J ....- :•...s B 

 
 
 
 

Fm. 79.-BAR  ELECTROMAGNET. 
 
 

turns of actiYe conductor. Here the pres 
ence of the iron core causes the flux pro 
duced by the curreu t passing tlirough the 
coil, to be  more  powerful  than  that 
which the coil alone would prod uce. The 
polarity of the iron core AB, will, of 
course,  depend   on   the  direction   of   the 
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cunent in the wire. If  this  tlireeti un  be 
such that the fl ux euters the  core  at  the 
end B, and 1eaxeR at the end A, then the 
north aml suutlt pule::; uf t he elect romagnet 
so f ormed  will be as marked  in the  figme. 
The  introd uction of  the iron core, has not, 
therefore, altered  the polarit y prod uced  by 
the helix, hut  it  has  greatly increased  the 
quantity   uf rnagnetie   flux,  so  that the 
magnet  exerts  a greater  influence at  a dis 
tance, and  also  a greater  attraetive  power 
at  its  poles.  Ioreo,·er, when t he  eore  i::; 
absen t,  the  cessation  of  the  magnetizi ng 
curren t  is accom panied by a  complete l oss 
uf  the magnetic properties of  th e coil ; that 
is  to say, t.he copper wire  f orming  the cuil 
possesses  no  perma nent  magnetism.   If , 
ho we Yer, a core be presen t, the m: gnet 
does  not  im med ia tel y  lose  its  magnetism 
011 t h e cessation of the curren t. A certain 
amount  uf   flux  called   re.o.;idual  jl1u,  or 
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1·ema11e11 t   ftu ,e    remai ns    i n     the    circui t. 
-When the core of iron is very sof t and 
carefully  annealed,  the  amou n t  of  this 
resid ual 11wgnett'.1im is ''ery small. \Vhen, 
however,  the  bar  is  formed   of  hanl  iro11, 
a considerable portion remains  on  the 
cessation  of   the   magneti zing  cu nen t.    In 
t he case  of  a  liar  electromagnet,  the 
magnetic circu it ifi largely formed  of  air, 
less t h an half of the d rcuit existing in  the 
iron  or steel. 

 
If we bend the  bar  shown  in  the  pre 

ced ing figu re, so as to bri11g the two poles 
nearer together, we get a form of electro 
maguet  calletl  the lwrse-slwe electromagnet 
i n which the length of the air pat h is con 
siderbly red uced. Instead of  actually 
bending the bar, it may, for purposes of 
convenience,  be  made  in  th ree  separate 
parts   as  shown   in  Fig.  80,  which   is   the 



ELl<;CTRO-THERAPE V TICS. 20H 
 
form ord inaril y gi,·en to au electromagu et. 
Here the magnet cousi sts of twu sepa rnt e 
iron cores, con uectecl together nt th e ends 
Ly a bar of sof t iron called a voke.  Eacl1 
of the two cores is prnvided with  a 
magnetizi ug coil. 

 

 
FIG. 80.-ELECTHQ)IAGNET. 

 

 
 

The value of  the  elect rnmagnet  depends 
ln rgely  on  the  fact  that  i ts   eore   lJeiug 
mad e of very sof t i mn , posReRses tlie prop 
erty 1ot ouly of greatly i nl'reasi ug  t he 
strength of the ft nx prod u ce(l by the  mag- 
11etizi ug coil ,  bu t  also  of  read ily  losiug 
n early all its magu etism on t he cessation of 
th e   magnetizi ng  cu rren t ;  so   that   such  a 
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magnet  when small can readily acquire and 
lose its magnetism, many times in a second. 

 
Various forms are given to electromag 

nets according  to the purposes  for which 
t hey nre d esigned. \Vbere  it is  desired 
that an electromagnet should possess the 
power of attracti ng ·cfr repelling magnetic 
bodies at a considerable rl istauce from its 
poles, the circuit is necessarily of the aero 
ferric ty pe, since the flux must pass for a 
consiLlerable distance thl'ough air ; but 
where i t is desil'efl that t he magnet shall 
possess the power of h oldi ng hea vy weights 
attached to its armature,-the  name given 
to t he bar of iron completing the magnetic 
circuit,-this circuit approaches more nearly 
to the ferric type. 

 
A form of magnet capable of prod uci ng 

very  powerful   magnetic flux  in  the  space 
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between  the   poles  is  shown  in   Fig.  81. 
It consists of  two  powerfu l  magnetizi ng 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fm. 81.-ELECTnmcAG.:\ET. 

 
coils  1lf, JI, wou rnl  on  iron  cores,  i ron 
yoke  } aml  iron pol e pieces  P, P. The 
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power of an active  coil  to  prod uce  a  mag 
netic :flux is callecl i ts magn etomotive f orce, 
generally contracted :\1. :M. F. This rnag 
netomoti ve  force  is  proportional   to   the 
number of turns of  wi re,  and  also  to  the 
cmrent strength passing through the same. 
Consequen tly, if  we  a<l tl  more  turns  to a 
coil,  or  iucrease  t he  current  strength  pass 
ing  th rough  it,  we  will  increase  i ts   l\I. l\I. 
F., and p1·ot111ce a greater magnetic flux 
through     the    circuit. 

 
In e \'ery  magnet ic  circuit   the   strength 

of the magneti c flux tlepemls on t wo 
quantities ;  namely,  the  reRistance  oppos 
ing tl1e magnetic flu x, calle<l the magueti'r' 
1·esistance or 1·el11ctanee. A similar resist 
ance to the pnssage of  electrnstatic  and 
electric fl ux exists iu  th e case of hoth the 
electrostatic   antl   electric    circui ts.    The 
val ue  of  th e magnetic flnx, Eke  that  of  the 



1 
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electric   flux nrny   he expressed    by   the 
formula of  Ohm's law, as follows ;  na111ely, 

1\1a
"' . .   11, _     _   l\fagnetomoti Ye   Force 

, 
net1c ux   - J> l t 

"e uc mice 
so that  if  we  know  the  11wgnetomoti ve 
force i n a lllagnctic cireui t, a ncl  t he  ,-al ue 
of the 111agnetic  resistance  or  rel ucta nce, 
by <for icling the former by the latter, we 
obtain  the val ue of  the  magnetic  fl ux. 

 
As i n the case of  the  el ectric  circuit, 

special  names  are gi ven  to  t he  trni t   val ues 
of these 11ua11tities. The u nits of 11wg11eto 
nwtil1ef orN are ca1le1l t he ({ mpere-t u rn , aml 
the  gilbert, the  a mpere-t u rn  heing   greater 
tha n t he gilbert in  tl1e  ra tio  of  approxi  
mately  5  to   -!.   By   an   a m pere-tu m   is 
meant the amou n t of mag11etomoti ve force, 
which is pro1luce1l hy a tu rn  of  wi re  ca ny 
ing n current of  one  ampere ;  that  is to  say, 
if   the  magnetizi ng   coils  shown  in   Fig.  SO 
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consisted of 200 turns in each spool, and if a 
current of five amperes passes successively 
through   these   spools,   then   the   total   M. 
1\1. F., u rging the magnetic flux:  through the 
circuit,   is   5  amperes    x   400  turns   = 2,000 

ampere-turns = 
2,ooo x 5 = _ ,;v;oo 

4 
._,1'lbe1·ts, 

approximately. The  amount  of  magnetic 
flux: prod uced in the circuit by this 1\L 1\L F. 
will depend en tirelx upon  the rel uctance of 
the circuit. l£ the air-gap is large ; i. e., if 
the magnetic circuit contains a long air path, 
the magnetic resistance, or reluctance, of the 
circuit  will  he great, and the magnetic  flux 
prod uced  by the nrngnetomotive  force will 
he  comparatively   small. If,  on   the other 
hand, the  length  of  the  air-path  is  small, 
tl1e  reluctance  will  he very small, am] the 
amou n t  of  flux  prod uce(]  will  be. corre 
spondingly   great. This  is  for  the  reason 
that the reluctarn:e uf iron is very small  as 
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compared wi th that  of  nil',  prov ided  thnt 
the  iron  is   not   satu rntetl ;   i.  e.,  is   not 
al ready conducting a large amou nt  of  flux 
per square  inch  01·  per  squ are  centimetre 
of  cross-sectional  area. 

As  in  t he  electric circuit,  the   resistance 
of a wire d epernls u pon its l engt h and cross-
sectional    area,   as  well    m;   011    tlie n nt 
me of t he materia1 of which it is com 
posed,  so,  i n   the   m agnetic   circt1it,   th e 
rel uctance  depemls  upon  the  length  aml 
area of cross-section of the circuit, and  on 
the nature of the substa nce  tl1rough  which 
the  flux  is  passi ng.  In order  to  decrease 
the  resistance   of  a   wi re,  "·e   may   either 
d ecrease its length, or increase i ts area of 
cross-section.  In  the  same  way,  in  orcle1· 
to decrease  the  rel uctn uce  of   a   magnetic 
ci rC' uit, we may decrease its length or 
increase   its   aren   of    cross·section.       The 
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resistivity, or  resistance  in  a  u nit  cube, 
varies  markedly  with   the  nature  of  the 
su bstance,  but does  not  vary  with the 
curren t strength passing through tl1e 
material, pro\rided  the temperatme  is con 
sidered  as  remaining  the  same. In   the 
magnetic  circuit, the  nlud ivity, or  reluc 
tance  in  a  u nit  cube   (reluctance  in  one 
cubic  centi metre  measmetl  behveen  par 
allel  faces) is practically the same for all 
substances other than the magnetic metals ; 
in  which  the  reluctivity  is much  lower. 

 
Unlike the case of  the  electric circuit, 

the relucti vity rnries marked ly with the 
strength of the nrngnetic fl ux: passing 
through the circuit.  \Vhen  the  magnetic 
flux passing through iron is f eeble,  the 
relucti vity may he a thousaml times  less 
than that of air, while iron magnetically 
saturated ;   i.  e.,  carrying   a   very   dense 
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maguetic  flux,  bas  a  relucfo·ity  pmc· 
tically equal to that of air. The u nit of 
reluctance is called the oel'sted, aml is equal 
to the reluctance offered by a cubic centi 
metre of air, or more strictly of air-pum p 
vacu um, measured het ween parallel faces, 
and is, therefore, nearly e(1ual to the reluc 
tance of a cu be of glass, air, woo<l, copper, 
etc., measured bet ween parallel faces. The 
relucti vity  of  air  i::;,  therefore,  ta ken  as 
u nity. 

The unit of magnetic flux is called the 
1oeber.  One weber will flow in a magnetic 
ci rcui t u nder a l\L l\I. F. of oue gilbert, 
through  a  reluctance  of  one  oersted.  If 
the reluctance of the magnetic circuit 
represented  in  Fig.  80,  be  0.5   oersted, 
then since  its l\I. l\L - F. has  been assumed 
at 2,500 gilber ts, the flux through   the  Cll'· 

cuit will be 2'500 
= 5 000 webers. 

0.5 ' 
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There are but two ways of  \'arying  the 
l\I. l\I. F. in a circuit ; i. e., by increasi ng 
the number of turns, or by increasing  the 
cu rrent strength circulati1ig in them ; or, 
briefly, by increasing the n u mber of am 
pere-turns. 

 
It is necessary to draw a distinction 

between the total flu x in a circuit  meas 
uretl in webers, and the in tensity of the 
fl.nx per unit of cross-sectional area ; i. e., 
pe1· s1piare inch, or per square centimetre ; 
ju:st as it is necessary  to  disti nguish 
between the total current strength in an 
eleetric circuit, as  measured  iu  amperes, 
aml the tlensity of that cu rrent, as  meas. 
med in amperes-per-square-i nch, or per· 
square-centimetre, of cross-sectional area in 
the wire com·eying the current.  Since, i n 
the case of the magnetic circuit, the intro 
duction  of  iron  is  invariably attended  by 
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an  increase  in  the magnetic flux,  it  is 
evident  that  by  the  introd uction of a suf. 
ficiently great amou nt of  iron, the amount 
of magnetic flux can be increased almost 
to any extent. Although this vould neces· 
sitate  a marked  increase  in  the  area  of 
cross-section of  the iron, yet the ftux  den- 
8ity per square i ueh, or square centimetre, 
may  not  be  increased. Since  sof t  iron 
practically saturates  at   an   intensity  of 19,000  
webers·per·square·centimetre,  and its

 rel uctance  near  saturation  rapid ly 
increases,  it  is  difficult  to  obtain  at any 
portion  of  the  magnetic  circui t,  intensi· 
ties higher than  Hl,000 wehers·per·st1nare 
centimetre ; i. e., 19,000 gausses, the [Ja1t88 

being the unit of mag11etic intensit y, or 
the density of one weber·per·square-centi 

metre  of  perpemlicular  area 
 of  cross. section.  The intensity of  

the earth's mag· uetic flux is, 
approximately, half  a gauss, 
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while  the  .highest  experimental  intensity 
on record is 45,350 gausses. 

 
It does not appear that magnetic flux 

produces   any  apparent   physiological    ef 
f ects  on  the  h uman  body.  The  lrnman 
bod y, containi ng in its com position no 
appreciable quantity of magnetizable ma 
terial,  has  practically  the  same   reluc 
ti,rity  as  ord inary  air ;   that   is   to   say, 
the  interposition   of   the  human   body  in 
a  magnetic  circuit  does  not  appreciably 
aff ect the distri bution  of  the  magnetic 
flux. For example, if a delicate]y  sus 
pended   magnetic  11eedle  be  deflected  hy 
a magnet placed at a certain distance from 
it, the  di rect  interposition  of  the  body of 
a person  bet ween  the magnet  and needle 
is not fou nd to  prod uce  any  appreciable 
eff ect, although if the same  person  wears, 
for   example,   an    iron   rimmed    pair   of 
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spectacles, or carries a key in  his  pocket, 
the eff ect on the needle may be very 
marked. This is beca use  t he  magnetic 
flux, acti ng on the needle, passes through 
the  body   of   t he   person   as   read ily  as 
t h rough  tlie  pre,'iously  i nterveni ng  air, 
but  the  mag1ietic  influence   of   the  iron 
ri mmed   spectacles, or  the  key, may  have 
a powerful i ufinence on a delicately sus 
pernled need le e,·en though t'rnnt y feet 
mvay from it. 

 
Not 011ly is the relucti vity of the L uman 

bod y pract ically the same as t ha t of other 
11011-rnaguetic  materials,  but  portions   of 
the bod y subjected to po,rerful  magnetic 
fluxes tlo uot appear to have prod uced  i n 
them a11y appreciable physiological effects. 
Although experi ments are st ill "·anting 
co11cemiug    the     physiological     influence 
\\·hich  long   sustained   powerful  magnetic 
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fl ux may exert, yet it has been sho"rn that 
human beings and dogs su Ljected  for 
many mi n utes to intensities of  magnetic 
flux of  about 2,500 gausses, and, therefore, 
about 5,000 times that of the em'th's 
magnetic flux, ha ve not experie11ced any 
influence that could be observed. Sirni 
lar1y,  experiments  made  both   with   con 
ti nuous and rapidly  a1ternating  magnetic 
flu xes ha\'e not shown any eff ect prod uced 
upon the circulation of  the  blood  due to 
the irnn it contai ns, u pon ci1inry or proto 
plasmic mm'ements, upon sensory or motor 
nerves, or u pon the brain. 

 
It has  been  positively  asserted   that  in 

a perf ectly dark room certain incli vi<l uals 
possess the power of obsen'ing  faint 
luminous phenomena, around the poles of 
permnnent or electro-magnets ; that is, that. 
these  persons  actually  possess  the  power 
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of being visually  aff ected  by  magnetic 
flux. Iuvestigatioui;;, ho"·ever, J m,·c not 
only tL row11 tlou bt u pon the original ex 
peri ments, h u t repeti t ious of tLese experi 
meu ts, wi th powerful elect romngnets, have 
eu tirely fail ell to confirm the statements. 

 
So far, therefore,  as  we  k now  a t  the 

present  t i me,  i t  would  appea r  that  mag· 
net:ie  fl ux  is  a bsol utel y  wi t hou t  iufi uence 
t'i tlier 11po11 the h u man bod y, or 011 my of 
its phy:;iologieal  proeesse:;.;, :rn tl that, <·011se 
< p1ent ly, if a11y t hempe11tic eff1:et:; do 
att.eul1 the use of m::i.gnets, tli e  ea uses u rnst 
be of a. psyc11ic rather than of a. pl1ysio 
Jogica] natme. It is to be remem bered, 
however,  that  carefull y  cond ucted   re 
searches  wi th  \Tery   powerful   magnetic 
fluxes   may   yet  sLow  lesser  resitlual    infl u 
ences, w hich tLe  experi ments up to tLe 
present  time  L::i.,T e  failed to hri ng to light. 
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But u p to the l)l'esent time experiments 
made on human bei ugs haYe  failed to 
establish any physiological effects  what 
ever, even when such a Llelicate organ  as 
the brain is placed in the  direct passage of 
a power-f ul magnetic flu x. \Vhen, for ex 
ample, a person is placed wi th his head 
between the poles of a powerful dynamo 
electric nm.chine ;from which the armat m·e 
has been  1·emoved, so that  the  flux  passes 
d irectly thro ugh the head, even prolonged 
exposure has failed to prod uce any  ob 
served effect ei ther on the pulse or respira 
tion, whether the magnetic flu x was inter 
mittent  or was stead ily  maintained. 

 
Or, take the case of a po1vednl electro 

magnet, made by wrapping an iron cannon 
wi th a suitable magnetizi ug  coil, and  pro 
d ucing a flux: sufficien tly great to cause 
heayy iron  ba rs or bolts to be sustained on 
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the person of a sold iel' stand i ng before the 
gu n, as  shown   in   Fig.  82.    Under  t hese 

 

 

 
Fw . 82.-lllA G NETIC  Gux ATTRACTIOX  THROU GH  A 

SOLDIER'S BODY . 
 
 
circumstances, no sensat:ions were experi 
enced by t he sold ier other thn n those of 
pressure  from the attracted  masses of iron. 
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It would appear evident from the pre 
cecl i ng observations that very lit tle cre 
dence can be  placed  on  the  extrnvagant 
clai ms as to the curative  power  possessed 
by small magnets carried or worn on the 
bOlly. The magnetic fl ux procl ucecl  by 
such magnets is necessarily compamtively 
feeble, and if the more powerful  fluxes 
before ref erred to failed to prod nee any 
apprecialJle physiological effects, there  are 
no reasons  for  believi ng  tlrnt  these  feeble 

• fl uxes  can  prod uce  any   marked   effects 
unless t hat cl ue to a f eeble influeuce, long 
sustaine•l      In   the   case,  howe\'er,   of   most 
of   the   magnetie   nostm ms,  for  which   cnm 
ti \'e eff ects are claimed, even  the  weak  flux 
they prod uce usually fails to be properly 
clireetecl,  d oes  not  pnss  t hrough   any   por 
tion  of  the   body,  and   ca11,  therefore,   have 
no  physiological  effect,  except   through   the 
med ium   of   tlie  imagination. 



 
 
 
 
 
 
 
 

CHAPTER  IX. 
 

INDUCTION  OF  E.  M.  F.  BY   lAGNETIC  FLUX. 
 
 

\VnEN  a cond ucting loop is filled "·ith, 
or emptied of, magnetic flux, electromotive 
forces are thereby set u p or ind uced i n the 
loop.  This  is called  the  i11dl{ ction  of E. 
jJ f.   F. O!f  magnetic jlu; e.   Four  cases  of 
such ind uetion may al'ise ; namely, 

(1)  Self  i nd uction. 
(2) l\I ntnal   i nd uction. 
(3) Electl"o·magnetic  irnl uction. 
(4) l\fogneto-electric induction. 

 

 
\Ve l1a\'e  seen that  when   an  electric 

current circulates th rough  a <:oil or loop, 
221 
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all the flux prod uced by the current is 
caused to enter the loop at one face, and to 
emerge at t he opposite face. "\Vhen a cir 
cuit is closed, su that the electric source 
begins to force  electric  currents  through 
the circuit con neded with it, some  little 
time is reqnfrecl before the full current 
strength  is  etablished ;  so  t hat,   d uring 
this time, t he lllagnetic fl u x that is passing 
through the loop is iuerensing i u sfrength. 
Also, when the circuit  is  opened,  some 
time is required for the ct11Ten t to ei1tirely 
cease fluwing through t he circuit, and, dm· 
ing  this  time,  the  magnetic  flux  passing 
th rough the loop is decreasing. Therefore, 
both at t he momeu t of making and ureak 
ing an elect ric ci rcuit,  a  temlency  will 
exist, if the circuit contains coils or con 
cluctfog loops, for electromoti ve  forces  to 
be ind uced in the circuit. These E. M. Fs. 
contin ue only while t he current strength is 
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varying ; as soon  as  the  current  strength 
iu the circuit becomes consta n t, t hey d is 
appear. 

 
The  amount  of  the  E.  .J\I.  F. i nd uced 

at any moment of ti111e in a co11tl ucti11g 
loop,  by filli ng  or  em ptyi ng  it wi tl1  fl ux, 
d epends   upon   the  rat   at  whid1  the  loop 
is fille<l wi th, or em ptied  of  fl u x.  R n p 
pose, for exam ple, tha t 100,000 webers are 
passed  th rough  a loop, i11,  say two seconds 
of ti me :  then  if  t he  rate  at  which  t li is 
flux  enters   the  loop  is  u uiform,  the  E.   I. 
F. generated i n th e  loop will  be  nwin 
tai ned d u ri ng the en tire t"·o second , a nd 
will   he  equal   to  th e  rate  of   ent ry in 

we1)ers- per-secouc1,  or 200,000 
2 

- 100,000 

webe rs-per-second  = 100,000 u nits of  E.   I. 
F. The 1mit of E. .J\I. F., the Yolt, has been 
so chosen  that  100,000,000  \Ye bers,  passing 



t11 

224     ELECTRICITY  IN 

through the loop per second, generate one 
volt ;  so  that  this  E.  l\I. F.  is  100,000 ...;-. 

1 
100,000,000  = l,OOO YOH.            If,   however, 

the 200,000 webers, abm·e mentioned, 
enterell the  loop  in  Ray  0.01  of  a 
second,  the  E. M. F. induced  in  the  loop 

would  be  200 . 11es greater, or 200'000= 
0.01 

20,000,000 units of E. M. F. = 0.2  volts, 
bu t this E. l\f. F. would only last for the 
1/lOOth of a second. 'Vhen,  therefore,  a 
loop  is filled with arnl emptiell of  a given 
u u mher of webers of flu x,  the  E. M.  F. 
wh ich will he prod uced in the loop de 
pends entirely upon the time in which the 
filling and em ptying takes place. If the 
filling takes place \Tery sud denly,  the  E. 
l\L F. will be  powerful, hut  of  very short 
tl nration. On the  other  band,  if  the  fill 
ing  or  emptying   takes  place  slowly,  the 
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E. l\f. F. will be correspondi ngly "·eaker, 
but  longer sustai ned. 

 
The direction of the  E.  1\1. F. ind uced 

by filling a coud ucti ng loop wit h flu x, iR 
opposite to that ind uced by em ptying th e 
same loop of  flux.     The  llirection  of  th e 
E. l\l. F. i nd uced by filling a conducting 
loop wit h flux, is readily remem bered by 
the following rule : . 

Heganling the loop as the face of  a 
watch, hehl  in front of  the observer, t hen 
if the flux passes th rough t he loop in the 
same llirection as the light  passing  from 
t11e face of the  watch  to  the  obsener's 
eye, t he E. 1\1. F. ind uced in the loop will 
have the same direction as  t hat  of  the 
hands  of   the  'rntch. 

Some general  idea  concerning  the 
manner in which  E. :i\1. F. is  generated  in 
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a loop by the passage of magnetic flux 
through  it, may, perhaps,  be obtained from 

 

 
Fm. 83.-MECHANICAL )loDEL HA vrna ANALOGIES w1Tn 

ELECTRIC CIRCUIT. 
 
 

t he mechanical  model  shown  in  Fig. 83. 
A cylinder AB, pivoted u pon  a  vertical 
axis OD, mechanically represents a con 
ducting loop of wire.    The cylinder is con- 
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nected with the axis by a n u m ber of radial 
spokes in  the  form of  fan-blades,  so  that, 
if   a  stream  of   li<J uid,  such  as water, he 
poured  through  the  cylinder  or  loop  from 
abm·e,  the  impact   of   the   water   on   the 
bl:ules ";ill cause the  cylinder  to  rotate  in 
a direction  opposite to that of  the hand s of 

a watch. If   , however, the water be 
forced u pwar<l. through  the  loop, its  im 
pact  will cause the cylinder  to  rotate  in  

the   oppo site  direction. If a gi Yen  num 
ber  of  gal lons  of water  be
 passed through the cylinder, the 
dri,·ing im pulse com m unicatecl to it  will  

depeml   upon   t he   time   during which  the 
water passes. If  the  water  be cleli\·erecl  

in  a brief  ti me, its rate  of  pas sage 
through  the  loop  will  be   great, and the  

clri ,-ing  im pulse  communicated  to  the 
cylinder  will   be   great,   though   of   brief 
duration.  If, on the other  harnl, the  time 
during  '"hich  the  \rnter  passes  through  the 
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loop be considerable, the d1fring im pulse 
exerted on the cylinder will be prolonged, 
but correspomlingly  feeble. It  will   be 
observed that the drfri ng im pulse or force 
in  this  mechanical analogue  stands  for 
electromotive force in the  electrical case. 
-When   the   water   is  first   poured   th rough 
the cylind er, the iner tia  of  the cyli nder will 
pre,Tent it  from  bei ng  immediately   set  in 
motinu.  Si mila rly,   w hen   the   water   has 
cease(l to pasf-\ 1  the motion of  the  cylin<ler, 
owi ng   to   inertia, does    not    immediately 
cease. In   the  electric   circui t,  this   corre· 
spomls  to  the  effect  of  self-iud nction  ;  for, 
the eff ect of  poming flu x i nto a  loop  is  to 
i nd uce  in  the   loop  all   E. l\L F., and   the 
effect  of  the  cmrent  so  set  11p, is  to  pro· 
<l uce in the  loop  a  flux  opposite  to  that 
of   the   inducing  flux,   pro(luci ng  thereby 
a C. E. .M.  F.  retarding  th e  development 
of   the   electric   current.      On   the   other 
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lrn1al, when the flux ha,; filletl the loop, 
the current does not  im mecliately  cease 
flo wi ng, being prolougecl  by the action  of 
t he  fl ux  set  u p  hr the  curren t ; i n  other 
worcls, the loop acts as though i t possessed 
electrical   inertia. 

 
\Vhen a num ber  of  tu rns  are  connected 

in series, a:-;, fur exam ple, i11 the case of the 
coi l of cond ucti ng wi re show11 in Fig. 77, 
the  effects  prud uce<.l  by  ead1   t u rn   are 
acld etl, so that t he coi l has i111l ueetl i n  it an 
E. 1\I. F. proportio11al  tu t h e n u m ber of  i ts 

tu rns. \V     hen  a  cor!ll udi ug  coil, 
contain ing many turns, has its termi nals 
con nectecl to a rnltaic bat tery,
 some li ttle   time elapses before 

the  foll  eu!'l'ent  strength  is established i n  
the  cir<.:uit. The  reason  is to  be  fou 

nll  in  t he  0 E.  11£. F  of  se{l 
-induction of  the coil.    Similarly,  when  the 
circui t of this  coil  is  opened,   the  curren t 
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does uot i nstantly  cease  flowi ng  through 
it, since the em ptyi ug of tlie coi l  of  the 
flux, proll uces i n it an E. l\l. F. whicl1 es 
tablishes  iu  the  coil a cmrent iu the same 
d irection as tliat sen t through it by the 
battery. In  other  words,  the  E. l\1.  F. 
prod uced in tl1e coil by  self-ind uction, at 
the momeu t of maki ng, tends to oppo8e the 
establishmeu t of the cmreut, and that pro 
duced at the momen t of breakiug, tend s to 
aid the passage of the curren t. 

 
\Vhen  the  circui t  of  an electric  source, 

such  aR  a  vol taic  battery,  i8  opened,  a 
min ute spark  is  fre<.p1eutly visible  at the 
point   of  opening. If,  howe \'er, a  coil  of 
many t u rns of wire "be contained in the cir 
c uit,  t he   t;park  u pon  opening  the  circuit 
will, probahly, be  m nch greater, aud a dis· 
ti nct  shock  may  be  f elt  u nder  favorable 
conditions  by the  persuu  opening  the  cir- 
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cui t. This spark  is  d u e to  th e  self.ind u c· 
tion of t he circu it. The cu rrent which  lws 
passed  tl1rough  th e ci rcui t ha s  produ ced a 
mag11etic fl u x l i n k ed  wi t Ii th e tu rn s ; i. e., 
th e  loops i11  the  coil or coils of  wir e. On 
th e ope11i11g of the ci rcui t , thi s cu rren t is 
smhl e11ly i u tenu pt eu, aml th e flux, rapid ly 
tlisappe:iri11g frorn  tl1t>  coi l  :  i. e. pourin g 
ou t of tli e111, i \1(1111.;es n, bri ef bu t powerful 
E. l\I. F., which, acti11g i11  th e  sarn e direc· 
tio11 as the curre11 t, t end s t u prnl ou g it. 

 
If t wo coib A awl  E, Fig. 84, connect ed 

i u S( pa mt e circuit s, a re pla ced sitle b.'·sid e, 
and au  el ect ri c cu rre11t  be  seu t  th rou gl1 
on e, ::;ay ....-1, the p:1ssage uf tl1i s cmrent will 
produce a ma gu etic flux, par t of '"h ich will 
pass throu gh B. Dmiu g  tl1e  process  of 
filli ng E, ''"ith tl1 is porti ou of" -1':-i flux, an 
E. :'.\ L  F. will  he set u p i u  each tmn of  B. 
ecpml, at n11y mom en t, to th e rate at  'rh i1.:h 



232               ELECTltlCIT Y  I N 

the flux is entering in we1ers-per-second ; 
or, expressed iu volts, to the rate at which 
the flux i rnteri ng in h unclrecl millious of 
webers-per-secoml.    As  soou as the  cur- 

 

 
Fm. 84.-DIAGRAI  lLLUSTHATING    lUTUAL  INDUCTION. 

 
 

rent  in   A,  becomes  statiouary,   the  flux 
t hrough B, d ue to this curreu t, is also 
stationary,  aml,  eou  equeu tly,  uo  further 
K l\I. F. is i ml uce<l in B. If, however, the 
current strength in A, <limiuishes, its flux 
through B, will he correspoucli ngly dimin 
ished, ancl an E. l\L F. will be irn1ucec1 in 
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B, in the opposite  d irection  to that origin 
ally prod uced,  and  equal  i u  n>lts  to the 
rate of e111ptyi11g in millions of wel>ers- per· 
secoml. -When the flu x through B, clue to 
the cunent in A, has  entirely disappeared, 
the E. .M. F. ind uced  iu B, has also disap 
peared. If there be  100 tu ms of   wire in 
the coil B, the E. 1\1. F. ind uced in the coil 
will be 100 ti mes as great as if it consisted 
of  a single tnrn, assumi ng that the sa me 
quantity of  A's flux passes  through  all of 
B's turns  alike. This ind ucti,-e influence 
externliug from one coil to another, whereby 
a current in one circuit ind nces an E. J\I. F. 
in another circuit, is called m ut ual induction. 
An  example of  m utual  ind uction  can be 
shown  by  means of  the  apparat us  repre 
sented in  Fig. 85, in  which  A , represen ts 
the 'indu(' inr; coil ; i. e., the coil in  which 
the current flows, aml B, t he coil iu which 
the  current is iml ucecl. Or, as  they  are 
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generally called, A, is the primar y coil and 
B, is the secondar y coil. If th e terminals 
of the primary  coil A, be connected  with 

 

 
FIG . 85.-1\IUTUAL INDUCTION. 

 
 

the rnltaic cell 0, as shown in the  figure, 
and the terminals of the  secondary coil B, 
be connected wi th an ammeter, or galva 
nometer,  G ;  then,  as  soon  as  the  current 
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Is established in ...d , no curre11t will be 
induced  iu  B,  as  loug  as  l,  remains  at 
rest. If, howeYer,  A,  be  moYed  ei ther 
toward    or  from  B,  cmren ts  wi ll  be  pro· 
d uced i n the secorn1ary coil, as will be i rn1i· 
cated  by  the  gah·tmometer,  the  cu rren t 
passi ng i n one <lircction, when A, is m1we11 
towan1 B, a rnl in the opposite !lirectio11 
when A , is 111oved from JJ.  I t  can  be 
shown t hat the cn nen t irn1ucet1 i11 a 
secondary  coil  is  i nd uced  in   tl1e   opposi te 
tl i rection to that i11 i t::; pri mary, 011 the 
approach of A to B, awl in the :-:a me 11i. 
rection,  011  its  with!lra wal  from  JJ.   The 
two ci rcuits A mHl B, altl10ugh elect rically 
tlisro11nectetl,  are  cun uectetl   ma gnetically 
Ly the fl ux permea ti"ng t he spnl'e betweeu 
them, and  tl1e  E. l\L F. of  mutual  i nd uction 
is ca used by tlte fl ux  proeeetli ng  from the 
pri ma ry coil Leing carried  towa rd  or  from 
the seco1u1ary  coil, during  its mot ion, so as 
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to  cau se  the  second ary  coil  to  be   filled 
with  more  or  less  flux. 

 
That mutual irnhiction may take place 

between stationary pri mary and secondary 
coils, may be experimentally Jemonstrated. 
For exam ple, if as in Fig. SG, the primary 
coil A, is fixetl at a constant distance from 
B, then on completing the circu it of tl1e 
primary coil, by closi ng  the  switch  FJ, 
"·bile the cmrent is increasing i1 the pri 
nrnry, the magnetic ftnx prod uced by it 
passes through  the conducting l oops on the 
secondary coil 0,  thereby   inducing   an 
E. JU.  F. aml  establishing  a current, as  1s 
shown  by the  galvanometer  G. 

 
The distinction between electro.magnetic 

and magneto-electric ind uction is seen  in 
Fig.  87, "·here  the  motion  of  the  magnet 
.Jf,  i n to  or  out   of  the   coil  of  wne,  pro- 
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d uces electromoti ve forces in the coil  c 
as shown Ly the galvanometer G. ,\Yhen 
the  magnet  is  thrust   into  the  coil,  t he 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 86.-l\!UTUAL   NDUCTION. 
 
 
 

galvanometer irnlicates a tem porary cur 
ren t in ou e tlirediou, and, on its "·it lt. 
drawal from the  coi l, it  shows  a  cmren t 
in t he opposite  tli reetion.   The  introtl uc- 
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tion of  the  south  pole  into  the  coil pro 
d uces  the  same  direction  of  c u rrent  as 
the  withdrawal  of  the  north  pole.   Here, 
as in  the  other  instances,  E.  1\1.  Fs.  are 

 
 
 
 
 
 
 
 
 
 

Fro. 87.-nlAGNETo-Er.EcTmc INn ucTroN. 

induced by the pas8nge of magnetfo flux 
through the coil ; the fl u x prod uced by the 
magnet, bei ng ad vnnced 01· moved so as to 
pass tbrongl1, or link wi th, the turns in the 
secondary coil. 

A   form of apparatus    for   produci ng 
E.  l\L Fs.  by mngneto-electric  ind uction is 
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represented in Fig.  SS. A permanent 
horse-shoe  magnet,  ..LlI1lI, is  supported  m 

 
FIG. 88.-l\lAGNETO-ELECTRIC GENERATOR. 

 
 
 a  'Tertical  position,  and  t wo  coils  of  fine 

i nsulated   wire   cc are  supported   on   a 
horizon tal axis, in  such a manner  as to be 
capable  of  rotation  by the  turning of  the 
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handle H, the rotary speed of the coils be 
ing made  greater than  the rotary speed of 
the handle, by the interposition of suitable 
m ultiplying  gear. The  coils  are  wound 
on cores of sof t iron, ,"vhich are connectetl 
by a  sof t iron  yoke  y. ·The  ends  of  the 
cores  revolYe  in  close  proximity  to  the 
poles  of  a  permanent magnet, leaving  a 
small  air  gap  or  clearance  of compara 
ti vely  small  reluctance.  -When  the two 
coils  stand  vertically,  the  flux  from the 
magnet  passes  through   the  air gap, the 
cores and  their connecti ng yoke, thereby 
filling all  the tu rns of  wire  wound  upon 
the core. An  E. M. F. will he ind uced in 
each t u rn equal in volts to the· rate of fill 
i ng  it with flux, in  hu nd red  mill ions of 
webers-per-second ; an<l, since all the turns 
in each coil, and the two coils themselves, 
are con nected in series, the total E. M. F. 
will  he  correspondingly   m ultiplied. 
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The cond ition of aff airs in tl1e preced ing 
machine,  is  represente(l   in  Fig. 89, where 

 

 
Fm. 89.-DIAGRA I R EPRESENTING CrrANGRS IN THE MAG 

NETIC CIRCUIT OF l\IAGNETO-ELECTRIC GENERATOR. 
 
 

the coils are shown  at A, as being imme 
tliately opposi te to t he magnet poles, aud 
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in such a position as to be filled with flux, 
so that  they cannot receive any fu rther 
increase of flux by a f mther rotation in 
either  d irection. 

 
At B, the coils are leaving  the  pole 

pieces, so that the reluctance  in  the 
magnetic circni t is increasing, and the 
magnetic fl ux, w hich passes th rough the 
cores  of  the  coihi,  is  dimi nishi ng.  In 
other words, t he coils are  becomi ng 
emptie<l   of  the  flu x  they  contai n.     A n 
E. -;\[,  F. is, therefore, in<htce<l in  them. 

 

 
At C th e coils are com pletely emptied 

of magnetic flux, ancl, therefore, lwxe no 
E. M. F.   At D, the  coils are being filled 
"·ith flux, bu t in  the  opposite  direction 
to that which exists at A.  Consequently, 
the  E.  l\I. F.  ind uced  has the  opposite 
d irection  to that in<l uced at B. 
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At E, the coils are full of flux in t he 
opposite   d i rection  to  tha t  at  A , and  th e 
E. 1\1. F. in  the  coils   will  lrnxe  ceased. 

 
It will, therefore, he  edtleut  that  d m 

ing auy half  reYol u tion, as from  A to E, 
th e E. ::\I. F. ind uced i n t he coils Las made 
a single  alternation  or  re,·ersal ;  and   that 
d mi11g the 11ext succeed ing half  re,·ol u tion 

1 
i n  which  t he coil reht ms to the posi tion  A, 
the .E. ::\1. F. i11<l ucec1 will be of the same 
mag11i t ude as auorn poi nted ou t, hu t in the 
opposite   tl i reetion. 

 
The ren1l,·i11g coils, t herefore, generate 

alternati ng cmren ts in  t he  circuit  con 
nected ,,·i t h them, the E. ?if. F. uei11g 
altemately i n opposite directions, dnri ug 
successiYe  l1alf   re,·ol utions.   One   com 
plete re,·oln tion uf the coil:; prod uces  (Ille 
com plete  du uMe a1ter nat ion, ur  cycle  of 
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the E. l\I. F. and electric curren t, con· 
sequently, the f 1·eque11f 'Y of the alternat 
ing curren ts produced ;  i. e., the  n umber 
of complete double altemations, or cycles 
per   second,   is   equal  to  the  number   of 

 

 
Fm. 90.-Dr.wnAM o·A PossrnLE WAVE  Fon:u OF MAG 

N ETO-ELECTRI C  GENEHATOI\  E. 111.  F. 
 

 
revol u tions made by the coils per secoud. 
The  alternating   E.   M.   F.   produced   by 
this macl1i11e migh t be represented dia 
grammatica11y i n Fig. UO. The exact warn 
form, in each case,  would depend u pon the 
shape of  the  poles  and  of  the  iron  cores. 
If, how-ever, a com m utator be employed on 
the  armature,  as  shown  in  Fig.  91, whereby 
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at each half revol ution the com1ectious of 
the coils "·ith the extemal circuit is re 
versetl, the curren t prod uced by the alter 
na ting E. 1\1. F. will be u nid irectional m 
the extemal circuit. 

 
Fm. 91.-DIAGRA)l  OP Two-PART  CO)DIUTATOR. 

 

 
Fig.  92,  represen ts  the  corresponding 

form of pulsating  E.  l\I. F.  wa,·e prollucecl 
in the external  circuit  wheu  the  comlllu 
tator  is  elllployed.  It  will   be   seen   thnt 
the E. l\f. F. is now [l,lways [tOOYe the line. 
I£  the  E. l\I. F. were  reversed,   the  waves 
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might be   represented   as  Leiug   entirely 
below  the  line. 

Fig. 93, reprt'se11ts a form of magneto 
electric  m ach ine, the  cmre11t  from   which 
is   capaLle    of    ligh ti ug   a    small    mcau- 

 

 
Fw. 92.-DIAG R.DI oF A PossrnLE'VAVE  Fomr OF  .MAG· 
NETO-EL ECTRIC   GENERATOR  E. )I. F. (WIIEN   A  CO)l· 
)IUTATOR   I S   E)IPLOYED). 

 
 

descen t   lamp. If  an   alternatin(! mag- 
neto-electric g en erator, that  is a mag11eto 
elecjric generator 11ot  employ i ug a commu· 
tator, j s c01111ectec1 to the body of a patien t 
by  suitable  electrod es, alternati11g  electric 
cmre11ts will  pass  th rough  the  body.  If, 
however , a  commutn.tor  be  em plo1ed, and 
the cnnent s be of the wave form showu i u 
Fig. 9:?,  t he  physiological  effect:s  will  be 
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somewhat  d ifferen t.   The  type  of   cmrent 
of Fig. 03, possesses pola r properties ; i. e., 
possesses    the   charncteristics   of   uuidirec- 

 
Fw .  !Ji.l.-l\f..\HNETO-ELECTHI C   GENEHATOH . 

 

 

tional cml'ents, while  sym111etrical alterua 
ti ng curren ts do not posseRs t1iesc pt"opel'· 
ties, since the polar effects protl ucetl by one 
wa\'e,  are   ueu trn.lizetl   by  the   following 
'rare  i n  t!te  opposite  tlirectiou. 



 
 
 
 
 
 
 

CHAPTER. X. 
 

THE  :'IIEDWAL  lNDU CTJO N   COI L. 
 

 

Tim 1w,r1ic111 i //11111't i1111  mi1,  generally 
cal h•<l t lie f m'({f / /1•  l'ui1, is  \·ery fre«piently 
em t1lny e1l i n elect ro-tlw ra pe u t.ics. It con 
sists e;.;,.;e n t ially of 111em1s wherelJy E. 1\L Fs. 
nrc i111l11(_'ed by rn n tual i n \1 n<.:t.ion, mid, con 
se111J e11tly, of a pri n1ary awl a secoJHbry cir 
cu i t.. A si ui ple form of imluctio1; coil is rep 
resen te1l i u  Fig. 94, where  tl1e  termi nals  of 
t he  pri mary  circuit  are  shown  at  I' , P, and 
those of th e secondary circuit at 8, 8. Fig. 
95, shows a similar coil in longitud i nal sec 
tiou. Au iuspection of t he latter figure will 
show t hat  the primary  coil P, cousists of  a 
compnrnti vely short leugth uf fairly coarse 

248 
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wire, wrapped  arnu n f1  a   h ollo w bobbi n. 
Th e secondary ci rcui t gen erall y con sists of a 
greater  length of fin er fire wrnppecl  ei th er 
directly OYe r th e secondary, or on  a hollow 
bobbi n   capable of   bei n g  m o,·ed  over  the 

 

 
Fin. V4.-Srnri.E Fo1m OF hm uCTION Cou,, 

 
pri mal)'· "W hen th e c111Te11t stren gt h i11 t h e 
pri111111·y ci rcui t is vari ed ; i. e., "·h en eith er 
an al t ernati n ;c:r, or a im1sator.y c11nent is sent 
th ron gh  th e pri mmy, an  alt ernati11g E. 1\L 
F. is irn111c ed i n  th e  secon(lnry  circuit  liy 
the i nfl u en ce of m u tunl  i nd u ction. 

 
Th e amou n t of E. l\f. F. imlu ced in th e 

secornlary circu it <1epend s u pon t h e mun 
ber   of   t ums  in  its  coil  and   th e  rate  at 
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which t he magnetic flux fills am1 em pties 
these  t urns.  The  ind uced  E.  I. F.  does 
not  ll epend  u pon  the num ber  of  yards or 
f eet of wire i n  the  secondary  coil, except 
m  so far as  a  greater length  of  wire pro- 

 

 
Fm. 95.-SECTION o' SrnPLE Fo1n1 OF INDUCTION COIL. 

 

 
vides a greater n umber of tu ms in t he coil. 
If we double the n u mber of tums  in the 
coil without altering in  any  way  the 
amount of ilux "·hich passes through each 
turn, we dou Lle  the  number  of  volts  in 
d uced therein ; whereas, if we double the 
nu mber of feet or yards in the secondary 
coil, we do not necessarily, and in point of 
fact  Yery  rarely,  double  the  n umber   of 
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t urns, and, t herefore, the 1rnrnber of vol ts, 
because the average leugtl1 of turn i u each 
successi ve layer i ucreases.  If we  double 
the rate at which the flux th reads or links 
wi th the  tu ms  of  the  seconllary  coil, "\Ye 
<lou ble the E. l\L F. ind ucetl in the coil. 

 

 
An icreased ra te of filli ng a nd emptyi ng 

cond ucti ng loops or  tu rns  wi t h  flux  cnn 
be  obtaiued  iu one  or  both  of  t\rn ways ; 
VIZ., 

(1) By causi1ig the same flux to fill arnl 
empty the loop a greater nu m ber  of  times 
per secoml ;  i. e., i ncreasing  the   frequency 
of  oscillation  of  the  flux  in   the  magnet ic 
ci rcuit ;  and, 

(:?)  By  increasing   the  amount   of  mag 
netic flu x in the circui t "·i t hont increasing 
the frequency of oscillat ion, so that  more 
fitL en ters or fills the coib at each alterna 
tion. 



252 ELECTRICITY    IN 

Consequently, for a given primary and 
secondary circuit, with a given geometrical 
relationship between them, we can only 
increase the E. M. F. in the  secondary 
circuit either by increasing  the  magnetic 
flux, or by increasing the frequency of flux 
oscillatiou,  or both. 

 
In order to increase  the  frequency  of 

flux oscillation, we require to increase the 
freq uency of the prima ry current. On the 
other hand, in order to increase th e total 
amou nt of flu x we m ust either iucrease the 
l\f. l\f. F. of the primary circuit, or diminish 
the   reluctance    of    the  maguetic   circuit ; 
t ha t is to say, we  m ust  either  employ 
more ampere-tu rns at the  same  frequency, 
or employ such a form of iron core in  the 
pri mary coil as will increase the  rnaguetic 
flux from a given  l\I. .:\I. F.  by tliminish 
ing the magnetic resista nce of  its circuit. 
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The frequency  rer1uirecl fur the  pri mary 
ci rcn i t 11111y be ohtni netl ei t her hy :m al 
ternati ng, or by a cout i!l uou,-:, hu t pu lsn t 
i11g   cmrent.    The   onl i nary   for:11l i..:   euil 

p p 
 
 
 
 
 
 
 
 
 
 

+  

FIG.  96.-PHDl.\IIY  COXXECTIOXS  OF _:i[EVIC.\L  IXD!TT!OX 
C'OIL. 

 
 

only  employs   tl1e  lat ter,   t he  cm1nect ions 
bei ng represeu tell  in  Fig.   H G.      As  suun  as 
t he cin:u i t is closell at tl1e SY\i tcl1 Tr t he 
curren t flows t hrough the  i11·i m nry  coil  of 
the i11strnmen t. iu to  t he ::;priu    ]' ,  tl1rough 
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the contact c, and the screw stud 8, in the 
support T. The 1\1. l\I. F. of this current 
prod uces a magnetic flux passi ng th rough 
the core, and through the air outside, in 
circuital paths. This flux being prolluced 
within  the magnetie  circuit, sets up a C. 
E. l\ L F. of self -ind uction, tend ing  to  re 
tanl   the   development   of   both   flux   aml 
cu rrent in the pri mary coil, so that  the 
primary  cmrent   does   not   instau tly   reach 
its full strength, but  rises  comparatively 
slowly to a maximu m. As soon  as  suf 
ficien t magnetic flux 11as been prod uced in 
the magnetic circ uit, to move, hy maguetic 
attraction, a sof t iron  armature  A,  sup 
ported  at  the  extremities  of   the  spring p, 
the spriug is forcell to leave  the  contact  c. 
and thus open the circuit. As  soon  as the 
circui t   opens, tl1e  cmren t   strength   'Youkl 
i mmed iately fall to zero, but for  th e  fact 
that  the  nrngnetic  fl ux  in  the  circuit,  being 
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u nsi1pported by  l\I. l\I. F., rapidly d isap 
pears, so t i.m t t he prim ary loops are rapidly 
emptied  of tlux aml  become  t he seat  of  an 
E. 1\1. F. te wliug to prol ong t he cu rreu t. 
This E. l\I. F. is cu111pa mti,-eJy powerf ul, 
owi llg  to  t he rapi<l  rate  at wl1icl1 t he tlux 
is emptie<l ; in fact, it may  )Je sufticien tly 
great .to ca use a spark to furrn betff ee11  the 
spri ng  aml  tl1e  eon tad  '"  Iu  this  ma uner 
bot b t he maki ng a11tl t lie brea king of the 
primary ci rcuit prod n ee E. 1\f. Fs. iu the cir 
cuit ; that on maki ug, tewl ing to oppose t he 
establish ment of tli e current,  and  t hat  on 
breaki ng,  tentling  to  oppo;;;e  i ts  eessation. 

 
On the closi ng  of  t be  primary  cirt:ui t, 

tbe t ime occupietl i n  prod uci ng  the  fu11 
flux is com pa rnt i n_.J y great ; th a t  is  to 
say, it may amou nt to, perha ps, t h e  one 
lrnml red th of a second ; t he loops tlo not, 
therefore, fill so ra pilll- ;  bu t wh eu t he eir- 
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cuit  is opened  at  the contact c, the flux  is 
necessarily  withd rawn wit h  great rapidity, 
and   tLe   E.  l\L  F.  imlueed   at   breaking, 
owing  to  this  greater   i·ate,  is  m uch  in 
excess of  tlie :E. l\I. F. inclueed  at making. 
The \'alue of tLe E. M. :F'. on breaking will, 
t11erefore, be increased by any cause wLich 
will  tend to diminish  the time required  for 
the complete  cessation  of the primary  cnr 
ren t. The spark w hich  bridges  the space 
bet ween the c011tact point  aml  the  spring 
Las, therefore, the effect of  prolonging  the 
cu rrent, since it provicl  s a path, of  heated 
air, through  which  the  cu rrent  may  flow, 
even  "·Len  the  contact  is  broken. Conse 
queu tly,  any  device  which  will  stop the. 
spark  will  result  in  the  prmluction   of  a 
higher  E.  l\I.  F.  of  self -ind uction  in  the 
pri mary  coil. This  is  sometimes  effected 
by  iu trod ucing  a  condenser  in to  the  pri 
ma ry circuit, with  its  terminals  connected 
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in  shun t  to  the  co11tact. As  :,uo11 as  the 
contact   i s   bruken ,  tlt e   cu rren t   i nstead   of 
followi ng tl1ro11gl1  t h e ai r  in a spa rk, rushes 
i n to   th e   condenser    a11d    d wrges   it. As 
i'oon  as  t he  l'omlenser   is  cliarge<l ,  the  cur 
reu t   cease:-;   Yery   sud denly,   a nd   is   then 
unahl e  t u   ju mp   across   the  inten•al   of   air 
whil'h  h n s bel'om e  i11 terposetl  betwee11  the 
contact  pui11 t  and   the   spri ng. Th e   resul t 
is,  t h erefore,  tha t  the  cu nent   i n   t h e  pri 
mary  coi l,  heing  ,-ery  smhle11ly   anested  in 
the coml e11ser,  tl1e ra t e  a t  whi ch  t he  l oops 
:ire em ptied  of  flu x  is greatly  iu crensed, 
n wl tl1e K l\I. F. i ml u ced in tl1e pri mnry 
ci rcui t  is correspondi ngly  increased. 

 
So far we haT e only con.;;i tl ered  the pri 

ma r v coi l  ns  thoiwL  t l1e  secomlnn· coi l 
were en ti rel y  remon•(l  fmrn  it.  \Ye  mny 
now consid er t he  eff ects tl1at  are  pro<l ucetl 
in  th e  sn perpo;.;; ed  ::.:eeomlnry coil.    If th e 
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terminals of the secondary coil be openecl 
so that its extemal resistance is practically 
infi nite, it can, therefore, send no current. 
The E. I. F. imluced  in  the  secondary 
coil is the exact cou nterpart of that which 
is incl uced in the primary coil,  except, 
that having   more  tums,  the  secondary 
E. l\I. F. is correspondingly   greater.    This 
is on tlie assumption that all of the  mag 
netic flux threading th rough the primary 
coil, also  threads  through  the  secondary. 
On closing the primary  circuit,  the  en 
trance of magnetic flux through the  pri· 
mary and  secondary loops  together  causes 
E.   l\L   FR.  to   be  i nduced   in  both   coils. 
This E. l\I. F. is a C. E. l\L F. in the pri 
mary  circuit,  since   it   acts   against  the 
E. l\I.  F.  i mpressed   upon  it, but  it  is the 
only E. M. F. which appears in the 
secondary circuit. If, for exam ple, the 
primary coil consist:; of  100 tu ms  of  wire, 
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and bas ind uced in it  a C. E. M. F. com 
m enci ng at, say one ,·olt, as sh own in Fig. 
97, th is C. E. M. F. dying away, along  the 
<.:lllTed   line   b u d ;  then,  if  the  secondary 
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eoil eon sists of 5,000 tnl'lls, the E. .:\I. F. 
i1Hluee1l i ll th is seeomla ry eoil will be repre:-
en te1l  hy  the  sam e <.:m·,·e  on  a seale 
50 ti m es a:,; grea t ; tha t  is  to  say,  corn· 
menei ng  a t  50  Yolts,   instea<.1 of  a t  1 rnlt. 
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The moment that the primary circuit is 
broken  at  the  contact  c,  the  E.  l\I.  F. 
ind uced in the pri mary circuit, instead  of 
bei ug 1 vo1t red ncing to  a1most  zero  in 
the lrn nclre<lth of a second, may be 5 vo1ts, 

1 
red ucing to zero i n, perhaps, 1OOOth of a 

secolH1, as is represented iu the F' ig. 97, hy 
t!t e  c u1Te  d r-f.  Similar1y  iu  the secom1- 
a r· ci rcui t, the E. ::H. F. i11<1uced will he 
represen te<1  hy the  same  cu n·e on  a scale 
50  times  n:-;  great, aud  will  eommence   at 
500  volt:-;,  red uei ug  rapid 1)"  to  zero.     The 
E. l\L F. of sue1t a fara<l ic coil is, t1ierefore, 
ol n-ious1y altematiug, but <lissymmetrica1 i n 
clmrader, the wa ve at breaki ng hei ng m uch 
greater i n am plit w1e. lint conespond i ngly 
more  brief  tha n  the  wave  at making. 

 
If  the  seconda ry  coil  be  moved   away 

from  t he  pri ma ry  coil,  as i n  inst rn rnents 



EL ECTRO -TH ER A PEUTICS. 261 
 

of t11e D11l>0is-Rayllloml  type, oue of  "·bich 
is   represeu tecl    i11    Fig.    IS,    where    two 
!'('eornlary 1.:oils nre sh o"·n ff i th the  pri 
mary    partly   i ns(•J'ted   1t1     011 t'    of    t hem, 

 
Fw . 98.-1NIJ VCTIOX   Cu11., Du1101,,..H.\ YMO!\D TYPE . 

 
t.he E.  M.  F.  of  self -i11t111ctiou,  i n  the 
pri11ia ry   ci renit,   will    not    be     i nfl uenced, 
l m t   tlr e   K   l\I.  F.  of   m utual   i rnl nct i on 
i11 t.lr e  secondary coil, \\"ill be re<l ncecl, 
hecanse     t.lie     amou n t      of       flux     linked 
\r i t.h     the    secondary     t urns    is    red uced, 
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and    fi nally,   when    the    coils   are   entirel y 
separated, the amou          nt of   flux
 from the    pri mary    coil,    which    

remains   li nketl wi th    t he    secondary coil, 
 is  so    small, that   i ts   filli ng   

anLl   emptying   protluces  au i11appreeiahle   
iml uce<l  seconda ry  E. .M. F. Conseq uen tly,  
in   the   use   of   the   Du bois Ray mond   ty pe   
of   coi l, wheu  i t  is  d esiretl to    increase    the   

seconda ry   E.   M.   F.,   the pri ma ry coil is
 pushetl   further iu    to 

secon<lary   coil,  01·  i•ice   t 1er..:;r1,  so  th at  the 
fl ux   prod ueetl  i n  the  magnetic  ci rcuit   may 
li nk   wi t h   more   and   111ore  t u rns  i n  t h e 
secondary    eoil.  [n 110  case, ca11  the  E. l\I. 
F. in  a  seeomla1-y coil  be    other   tlrnn · 
i ncreasetl   by   bri ngi ng the   pri mary    and 
8econcl ary  coils closer  together, so  long  at 
least  as  t he  second ary  circuit  is  open. 

 
·we have hitherto consi tlerecl the second 

ary coil as being  opeu, and  liaYe seen that 
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in  such   cases, although   E. M.  Fs. are  pro· 
d nced  in  the  secondary,  its presence  bas  no 
appreciable  effect   u pon   the   natme   of   the 
phe110111ena tlrnt  occu r  i n t he primary  cir 
cu i t. As   sotrn,  howe,·er,  as   the   terminals 
of  the secunclary  coil  are  con nected   to  an 
extel'llal   cireuit,  so   that   a  secondary   cnr 
reut  ca u  be  pr0tlucetl  in  such  ci rcuit,  t hen 
eff ects  are  prod uced,  "·hich  are  su perposed 
u pon  tl10:-:e  already existi ng ;    namel y, 

secornlary cmTen ts iiow. Tl1ese                  
seeond ary  cmrents   protluce  a  ::\!.  .:\I.  F.  
i u  the seconda ry coil, and  a magnetic  flu x  

th rough the   secondary   coil, part   of   which    
passes th rough   the  pri mary  eoil. This   

secondary iiux,    filling   and    emptying    the   
secondary loops, sets  up  a  C. E. M.  F  of  
self -i nd uc tion   in   the   secomlary    circui t    
tending   to oppose   bot h t he    development

 and t he extingnishment  of
 each cu rrent w:we. l\foreo,·er,  the  

flux   from  the  secondary  cir- 
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cui t, passing through the primary coil, 
induces in it an E. l\L F. by m utual 
induction, atHl disturbs the flow of curreut 
strengt h t hrough the primary  coi1.  It is 
to this disturba nce, ancl to t he flow of 
primary  cu rren t  agai nst  the  m ut ually 
ind uced C. E. 1\1. F., that t he energy is 
obtai ned from the primary circuit which 
appears in the secondary circuit. The 
amount  of  reaction  taking  place  from 
the seconda ry back into the primary 
circuit,  clepernls  u pon  the  strength  of 
the  secondary cmren ts, ·which in its tum 
<lepeucls upon t he resistance of the second 
ary circuit as com posed partly of the 
resistance  in  the  seconda ry   coil,   aml 
part Iy in the extern al resistance, and also 
upon the se1f-incluction, or, as it is usually 
ca1lecl, the inductanee of the secondary coil 
al ready mentioned. The greater the  cur 
rent    strengt h   in   the   secondary    circuit, 
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the greater the mutually  irnl uced C. E. )[. 
F. i n  the  pri mary  ci reui t, aud  the  greater 
the  reacti ve  d istmbance  i n  magnetic  fl ux 
and in any cmren t streugth t h ere  existing. 

Although, when the secomlary circui t is 
open, i ts K .l\I. F. at the peak of the wa,'e 
on breaking,  may  measu re :wo or 300 
'Tolts, yet 011 dosi ng t he secondary ci rc ui t., 
th rough  a  eom parati,·ely  low   resistance, 
the E. l\I. F. at the secou<la ry  termi nals 
may ouly be 2  or  3  rnlts.  It is  evident, 
that if t h e secon<la ry termi nals he short 
circu ited Ly a stout piece of wi re h:wing 
negligi ble resistance, the E. l\I. F. . at 
seconda ry terminals woukl be 0 ,-olts, Lut 
e,·en when the .seconda ry external resist 
ance is say, 1,000 ohms, the E. l\f. F. 
arnilaLle at seconda ry termiuals is ahrnys 
Yery small in th e rnetlical iud uction coil. 
This is both  for  the  reason  tha t, owiug to 
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the reaction of the secondary M. M. F. of 
the primary circuit, the E. M. F. in the 
secomlary coil  is  reduced,  and  because 
such E. ::\I. F. as rernaiu s, so soon as it 
temls to prod uce such a current iu the ex 
ternal circuit, as would flow in accordance 
with   Ohm's   law,  is   met  by  a   powerful 
C. E. M. F.  cl ue  to  its  self -induction. 
This C. E. l\I. F. is  most  powerful  when 
the wave of ind need E. l\f. F. is  most 
abmpt, siuce, at such ti mes, the imush of 
magnetic flux i u to the  secondary coil from 
its own rising cu rren t is greatest. The re 
sult is that the drop of pressure in the coil 
is  ::tlways  very  great,  owi ug  to  its  large 
resistauce   and    large    i nd uctance ;  i.  e., its 
large n u mber of tums an_d capability of 
prod ucing C.  E.  M.  F.  by  self-i nduc 
tion.  The  cu rrent  which   can   flow   in 
the second ary  circuit  is,  therefore,  not 
only   com paratively   feeble,   but    is   also 
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much less abru pt in wave character than 
the ind uceJ E. M. F. would lead one to 
expect. 

The core employed in the medical induc 
tion coil al mo:;;t invariably  consists  of  a 
bu ndle of sof t  iron  wires.  A solid rod of 
sof t iron can uot be efticiently em ployed, 
because, u nd er the influe11 ce of the rapi<l l y 
oscillating magnetic fl ux t h rough  such  a 
rod, electric currents wouhl be  prod uced 
aron ud it iu snch a  ma nner  as  to oppose 
the   development      f   the    magn etization ; 
t hat is to say, the  extemal  shells  of  the 
rod would act as closed second ary  coils, 
tendi ng to check and react u pon the pri 
mary    current    and    wastefu1ly    expeud 
t> nergy. By employing  a bu nd le of  fine, 
sof t iron wi res, all these i nd ueed ed d y 
cn1Tents are red uced to negligibly small 
streno·ths 
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l£  the  core,  inste:ul  of  being  limited   to 
the i n terior of the coil, be bro ug11 t aronml, 
so that i ts extremiti es shall meet,  and  th e 
core th us en tirely SUITOlllHl the coil, the 
magnetic finx, prod uced  in  t he  magnetic 
cin.:ni t  by  a  gi,,en  primary  l\f. l\I. F.,  ·will 
be   m uch   greater.     It  might,   therefore,   at 
fi rst sigl1t he supposed that such an 
arrange111en t would increase the ind uced 
secornlary E. l\I. F.; but 'd1ile the  :flux 
would certai nly he i ncreased , the resid ual 
magnetism i11 the ri ng of iron th us formed 
would  be  so conf;id erahle, tl1n t the  rate a t 
w hich  finx  eouhl  be  caused  to  oscillate  i n 
the ri ng woul<l be red uced in a greatt>r 
proportion than the total :flu x could be 
i11crea:':etl,  so that  the  employment  of  such 
a ri ng wonl tl  he  tletrimen tnl.  If the  pri 
mary   cmren t,   instead   of   bei ng   pulsatory 
or u nitl i rectio11al, were altemati ng,  its  i n 
fln ence in  eli minati ng the resi<l nal   magnet- 
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tism, at each reversal, woul<l he m uch 
greater, and the benefit of a completely 
ferric ci r<" ni t wouhl be proportionate. 

The mte of vibrati on of  the  spring  con 
tact 11a8 a11 im portant ben ri ug u pon  the 
actio11  o f  t he  appamt us.  Tlt e  frt>(1nency 
of t l1e primary pu lsati ng <.:U1T en t <l e11euJs 
upo11  t he   nat u ral fre<1ue1H'Y   of   ,·ibrntion 
of the 8pri ug, whil'h i11  t nl'll  (lepends upon 
i ts le11gt l1, br(•nd t h, t l1 iek ne'>,..;, elnst ici ty and 
the  \\'Pigl1 t   of   1he   nrma tn n· i t    supports 
n t  its  frl'C  encl.   Tl1e>   10\rest  toue,  which 
the  spri ng   ,-i brntor   "·ill  emit,  conespornls 
to  the   slo"·est   nat u ral   rate   of   Yi bmt iou 
at "-h i ch  the  spri ng  "·i ll  ,- i brnte  as  a 
whole.  By  causi ng  t he  con tact  to  ap 
proneh the core, so n,..; to recl nl'e  t h e  ra uge 
of Yi brn tion, the spring is  nidetl i u  pro<l ue 
i ng ocel'ton e8 ; i. e., ,-i bmtions set  np from 
the  con t nct  poi nt  as  a  nocle,  and  in  some 
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cases the vibration of the spring is com 
posite, bei ng partly performed as  a whole, 
and partly in  segments.  ha,·ing  th e  con 
tact  poi nt  as  node. 

 
The eff ect of increasing the frequency of 

vibration in the fi rst instance  is to increase 
the E. "JI. F. irnl ut'ecl in the primary ancl 
secondary C'()ils 1>y Relf and m u t ual incl uc 
tion, owi ng to t he greater  rapi<lity  with 
which the flux is com pelled  to  enter  and 
leave  the  coils.     O n   t he  other hand , when 
t he rapi<lity of Yi bration exeeells a certain 
value, clepencli ng u pon all  the electric con 
cli ti u ns of the circuit, the time iu each 
pulsation, <lu ri ng wl1 ich contact is main 
taine<l  at  the  Yi brating   spring,  is  so  short 
t hat the entering primary current  is greatly 
reel uced i n strength, si11ee  it has  not  ti me 
to overcome t11e C. E. l\L F. uf self imluc 
tion.     On   th s   accou n t   the   primary   cur- 
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ren t  waves  are  reduced  in   am p1itude,  and 
the  M.  l\L   F.  is em'l'espom1ingly red uced, 
thereby      restricting  the de,,elopmen t    of 
fl nx. \Vhen,    t herefore,  this  pa rticu1m 

speed   of Yi bmtion  has             been  obtained,            
the    gain i n seconda ry E.  I. F., by 
reason  of   the   higher  freq 11e11cy,  is offset 
and   neu trnlize(l   hy  the  loss  of   total  fl ux 
prod ueed   i n   the  magnetic  eire ui t.  .More 
over,  t he  greater   the   rapid ity  with   which 
the  second a ry  waYes  of   E. I. F.  are   in 
d uced ,  t he  more  rapid   wi ll  be  t he  "·a yes 
of I. M. F. arnl fl 11x in t he secondary coil, 
arn1 the  greater  t he  se<.:om1ary  C. E. l\I. F. 
of    self-imlnetion   tenl1ing   to   oppose the 

de,,elopmeut  of   abrn pt  cha nges in the 
seconda ry   emTen t streugt hs.   A1though 
t he  eff ect  of  these  sepa rn te  i nflnenees  l1e 
pends upon the particula r prnportions  of 
each i nd uction coil,  yet, broadly speaking, 
the  eff ect  of   increasi ng  the  frequency  of 
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Yibrntion m the contact spring may be 
expressed as fo11ows. In all cases the fre 
queney in the  secondary  circuit  increases 
in conformity with the increase in the 
primary.  Up to a certain  frefp1ency  both 
the E. 1\I. F. an<l the cu rrent  strength  in 
the seconflary circui t a re i11ereasell ; heyoncl 
this fref1uency, the E. 1\L F. in the :;;econcl 
ary ci rcuit is not increased , l mt the wave 
type of secondary current becomes mocli 
fie<l. The more rapid tl1e Yihratio11, the 
smoot her arnl less ahrn pt t he cu rren t 
waYes pro<l u cecl, pmticubrly, when long 
fine-wi re secornlary coil:-: nre employed, 
owing to tlie powerful C. E. M. F. :;;et up 
by rnpicl fl nct uation:;;, a11<l t he throttling 
eff ect t h us procl u eecl npou all abrnpt ,·aria 
tions of  cmrent  strength. 

 
In orcler,  therefore,  to  prod nee  in  the 

secondary circuit abrupt mff es of the type 
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diagnun matically shown in Fig. 97, t he 
se<.:omlary circu i t shoultl hm-e a compam 
tiYely small 1rnml>er of t u rns of wire, 
pla<.:ed as dose as possi ble to t he pri mary 
coil, so t hat t he th rot tling eff ect of self -i11- 
du<.:tio11 i11 its own  tu rus  may he  avoided, 

 

 
Fm. !l!l.-TYPE  OF      EC'OND.\TIY   lNnrcEn  E. :.'II.  F.  AT 

llmn FnEQPF.XC'l E l'xnBn  Lo.\n. 
 
 

and  the  freq1wncy  of   YiLmtion   cornpara 
ti Yely small.  011 t he otl1er lia rnl, i u onler 
to prod uce i11  the  secomla ry <.:i rcu i t, 
smooth, le:-:s abrn pt cu rrent "·ayes sueb :1:-: 
those shown i n  Fig.  90,  long,  fine-wi re 
coils, wi th  consid erable i mluctance, slwul<l 
be employed.     ::\ [oreoYer, it is not necessary 
t hat  all  th e  tu rns  sh ould   be  linke<l   with 
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the pri mal'y coil ; that is to say, the second 
al'y E.  l\I.  F.,  prod uced  by mutual  induc 
tion, can he induced in part of  the second 
ary  coil. The remainder  of  the  seconcl 
al'y  coil,  being  u nacted  on, will  serve  to 
choke 01· throttle  the sudden   variati ons  in 
the  secondary  cu nen t   by  its  ind uctance. 
This  effect   "-ill be  enhanced   by  maki ng 
the freq uency com·en iently great. It is to 
be remem bere<l,  howe,·er, that  in  110  case 
can   either   the   E.  M.   F.   wave,  or  the 
cu nent  \\"ave, i n  the  secondary  circuit  be 
made  sym metrical,  the wave  on  breaki ng 
bei ng always steeper  than  that ou making. 

 
The usual method of altering the fre 

quency in the primary circui t.,  consists in 
acl vancing the spring con tact, so as to in 
crease the tension of the vibrating spring, 
and . reduce its range of vi bration.  Tlte 
range of  frequency obtaiued in t his way is 
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comparatively small, as it is rarely that the 
frequency can be doubled in this manner. 
A device sometimes employed in connection 

 
BATTE;   Y 

 

 
 

 
FIG  100.-ADJUSTABLE   VIBRATOR   FOR  FARADIC   COILS. 

 
 

with larger ind uction coils is shown  in 
Fig. 100, where the screw S, and the nut _N, 
serve to tighten the vibrating  spring and 
th us vary its tension. The frequency ob 
tainett  from au oruinary spring vibrator  is 
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from 150 to 300 ; i. e., 150 to 300 com· 
plete periods per second. For higher fre 
quencies a ribbon 'V ibrator is sometimes 
employed,  such  as  shown  in  Fig.  101. 

v  
FIG. 101.-fNDUCTION CorL wrTn RmnoN VIBRATOR. 

 
In a ribbon  vibrator  the  contact  screw 

(], presses upon a  horizou tnl  steel  ribbon, 
at a point wh ich is  ahout  one  quarter of 
the  length  of  tLe  ribbon  from  the  fixed 
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support on the lef t.  The  ri bbon  can  be 
tigh tened by t he th u mbscrew 011 the righ t 
ktnll pillar or support. By \'al'yi ng the 
tension    on   the   ri bbon,   a   considerable 
range of frequency of Yihrntio11 can he ob 
tai nell. T11e illll uced seco1 lllary  cu rren ts 
obtai uetl  from ::mch a n appa rat us, with a 
long, thi n- wi re eoil, ha ve considerable fre 
c1uency, small strellgth, and com parati,-ely 
smooth,  wa ''e  el1arncter.  For   abru pt, 
powerf ul, secomla ry cu rren ts, a  slow speed 
vi brator  is  represented   at  v; in  the  same 
figure. It consish; of a vertical eledro 
magnet,  which  attra cts  an  armatu re  of 
sof t iron, attachetl to a horizontal steel 
spriug, a JHl is loaJed "·itb a spheri cnl 
weight, capable  of  being clam ped at Yary 
i ng d ist:rnces nlong th e rod attached to the 
rno,•i ng i:;ystem. R.\' d a m pi ng the weigh t 
near  the  free  extremi ty  of    the  rod,   the 
:;lowest ,-ibrations  are  obtained ;  while by 
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cla m piug it near to the  arm;1ture,  the 
speetl of vibration is increased. The 
secondary coil employetl with the slow 
vibrator   is   usually   of   fewer   tu ms  nnd 

 
FIG.  102.-lNDUCTION  COIL  WITII   HAPID  lNTERRUPTEH. 

 
 

coarser wire, offeri ng a smaller resistant:e 
and  a  cousiderably  smaller  ind uctance. 

Fig.  102, represents  a  type  of   medical _ 
ind uction  coil  in  which  the  freq uency  is 
varied by means of a small electromagnetic 
motor   JlIJl This motor   dri ves th ree 
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'''heels 1, 2 and :3, u pon the peripheries of 
which are  a  series  of  con tad  surfaces, 
wh ich are pressetl upon hy spri ng cont acts. 
By the i nsertion of one of t hese wheels ill 
tl1e pri mary cireui t of t he i nd uction  coil, 
the freq ueney of pulsatio11 of  the pri mary 
cu rrent can he varied wi t hi n wide  li mits, 
aml a high fretp1e ney at ta ined. The 
secondary coil l can l>e mo,·ed towanl or 
from the prima ry coil wi t hi11 i t, 1Jy t u rn 
ing  the screw  1S: 

 
A nother  method  of  varyi11g  t he i ml nced 

E. .;\I, .F. in a secondary eoil, "·ithout rnry 
i11g the fre<1uency, is by t he use of a 
metallic t u be  inserted  bet ween  t he  core 
and the primary t:oi l, bet ween the primary 
aml secondary coils, or O\T er the secondary 
coil. The secornl method is representetl in 
Fig. 103, where the  lia rn1le rl, is  attad1ed 
to one ext remi t y  of  a brass  tu be, inserted 
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between the  pri mary  ::rn cl  seconda ry  coils 
of the m edical i ml uction  coil , which  in this 

 

 
Fm. 103.- Noucnox  Co r L WTTll   [)ny  CELL  AND 

IXT EH:\"A T, D.U IPl:\" G  T UB!':. 

 
i nstance is sn ppli ell h)T a (l ry \Tol taie  cell, 
si t uat ed i n th e base of tl1e appnratus. An 
example of the thi rd  m ethod  is represen ted 
in Fig. 1OJ, \\.here tl1e t u he  T, i.;;  achaucecl 



 
O \·e1·   th e   Slll'fo ce  of   th e   second n ry   eoil. 
'flif' nction of  tl1e t11be 1s m  n11  cases  the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fw. 104.- NoucTroN Cou, wrTrr EXTERNA J, D.u1rrxa 
Tum:. 

 

sn me. Tt forms,  in  reali ty,  n n  i nd epe nd ent 
seco1Hlnl''   coil,   Irn,·illg   n   ,·ery   lu"·  resist- 
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ance, consisting as it d oes of but a single 
turn  of  cond uctor.   \\Then  the  magnetic 
flu x from the primary coil am1 core, fills 
aml em pt ies this  tu be,  it  sets  up  around 
it, com pamti,•ely powe1f ul ind uced current 
stl'engths, owi ng to its . low resistance. 
Although the i m1nce<l E. l\f. F. may be but 
feeble, yet with the  presence  of  a  si ngle 
tu m the effect of this  comparatively 
prrn·el'f nl secnrnlal'y c nrl'en t is to prod uce 
a n )[. l\I. F. an<l magnetic fl nx wi th such 
reacti,·e pn \\·er upon t he pl'irnal'y ci rcui t, 
that   the   resultant   magnetic   flu x,  linked 
\\·ith the seco11ll ary coil, is vel'y greatly 
enfeebled. The f nrthel' the  tu be  is pushed 
into or o ver  the  coil, the  greater  will  be 
its reacti ,.e i nfluence upon the pl'imary cir 
cuit, aml  the  smaller  will  be  the  i ucl uced 
E. M. F. i n the secornlary coil. 

 
The  Dubois-Raymond   method  of  vary- 
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iug the secondary E. l\L F. consists there 
fore, of \'ary ing the m utual  i nd ucti rn 
power of t he pri mary and secondary coils, 
by varyi ng their mean llistance from each 
other.  The  shiekl   methOll   consists   i n 
lea vi ng t he  prim ary  and  secoilllary  coils 
at   a  fixed   (listance,  bu t   so  dist ributing 
t he   magnetic    flu x    through    the   coils, 
u nder the i nfluence of poweif ul shield 
secomlary cunents, that the resultant nrng· 
netic fl ux th rough t he secondary circuit is 
reLl nced. 

Notwi thstarnl i ng the great Yariety of 
mellical i nd uction coils, and t heir seemi ng 
diff erences of constr uction, electrically they 
im'ariably consist of a pri mary and second 
ary coil i n mu t ual i rnlucti,·e relation  to 
each other, antl an i nterru pter, to yary the 
frec1uency  of  the  prim ary  current.   The 
pri mary coi l  may possess  a  greater or  less 
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resistance    a nd    inductance,   and    the    t"·o 
coils may  be so pbced  as to ha ve  a greater 
or   less  mutual   i nd uctance. The   n umber 
of  tu ms in the  pri mary and secondary coils, 
the   number   of   cells  to   be   em ployed   to 
operate    the    instrument,   and   the   manner 
in  w hich   th e  mu tual   i ml ucti ,·e  influence 
between   the   coils   is   rnriecl,  a re   merely, 
from an  electric stamlpoi nt,    i nciden tal 
to  the   mai n   purpose   for   wh ich   the   coil 
is i ntenclecl ;   1w.me1?,  to  prnd uce  nt  the 
secoudary terminals  an  E. 1\1. F. of  a gi ven 
freq11ei1cy,   Yal ue,  and  waYe  type,  when 
the   external   resistance   is  assigned. That 
is to  s:i.y, if  the  resistance  of  the  external 
ci rcu it  com prisi ng  the  body  of   a  patient, 
aud    tbe electrm1es   connected    therewi th, 
amou nts, to s:i.y 2,000 oh ms, then the  func 
tion  of  the  apparntus  is  to  prod uce   at  its 
second ary terminals a certai n effecti Ye  volt 
age, su ch  as would  be i nd icated  by  a suit- 



t:> 
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aLle voltmetel', a certain frc1pwnc:-, am1  a 
certai n  wave  cl1a racter  of  E. :JI. F.   If tl1e 
eff ecti,·e pressu re n m1el' tl1ese eircu111stm1ces 
at the seco11d ary ter111i nals be, say 6 Hll ts, 
the11 the eff ecti ,·e cmre11t th rmwh  t h ti 
external cin:u i t, provi!let1  t ha t  the  iml ud- 
auce of the ex ternal  ci rcuit  is :-:mall ;  i. e., 
that   t11c're  are  no  coi ls  of   nurn:-  tu rns  of 
wil'e  i n  the  ci rcui t, will  by  Ohm's la w, be 

6 = 
2,000 

!1 
1,u0u = 3 1m·111· mnperes. 

In ort1er to compa re the relati,-e electric 
eff ecti ,-e11ess of d iff eren t met1ical irn1nc 
tion coils, i t is only 11ticessa ry to measul'e 
the effecti,·e E. l\I. F. mai11tai uecl at tl1e 
tel'mi nals of the secondary, when con 
nected th rough (1iff eren t extemal irn1uc 
tionless resistances, the frequency of th e 
interrn ptel1 am1 t he wa,-e tn >e nf E. I. F. 
Lei11 a  at  the  same  t i111e  obsPITe!L   Fol' 
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some apparatus  a  high freq uency,  and  a 
sm ooth type of wa ve are t he desiderata, 
while for oth ers, a 1ow frequency, and a 
rough  mwe  type  are  desired.  The  coil 
whi ch will supply the requi si te nu mber of 
''olts at its  secomlary termi nals, u nd er all 
va riations of load, a nd wi1l, at th e same 
time, suppl y these frequen cies and wave 
type with the m axim um   econom y,  sim 
pli ci ty, d urabili ty and com-enience,  will 
he the most eff ecti ve coil, from an electric 
stand poi n t, and 110 stmctuml variations in 
an i ndncti on coil, whether obtai ned by 
altering its magn etic  circui t, its  windi ng, 
or its various pa rtR, can  do  any thi ng 
except to alter  the  frequency,  th e wave 
type a nd the magni trnle of the E. l\I. F. at 
its  secomlary  termi nals. 

 
It  migh t be su pposed that when   a 

medical inLluction coil, of  the Dubois-Ray- 
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mond type, has i_ts  secondary  coil  as  fol' 
over  the  pri mary   coil  as  it will  go,  tLat 
the cu rrent  strength  in  the   secondary  eil' 
cuit  will  be  a  maxi m um.   Thi  , }10we,T er, 
is not always the case, since t he  l\I. _;_\I.  F. 
of the current in t he  seeo11l1ary coil  may r-
o gl'eatly read upon the pri mary fl ux a nd mTen 
t,  as  tu  cause  t he  ecollllary  to   act like  a   
metallic   sl1iehl.     In  other   w·onls, t he    
secomhry    coil    may    oYerload    the pri 
ma1-y. Fol'  t h is  reasou,  it  is  possible that 
the maxi m u m cu rren t strength in the secoud 
ary  circu it  may   be   obtni necl  when t he 
coil is only  partly  coveri ng  t he  pri mary,   
say  one  half   01'    th ree   quarters. 

 
In a con ti n uous-cu rrent ci rcui t, since the 

E. M. F. is always acti ng·, tl1ere is no d iffi 
culty i n determiui ng its nd u e ; bu t since, in 
D.-11 alt.ernat ing-current circuit, the ni.l ue of 
the E. 1\I. F. reaches  a  maxi m u m  twice  in 
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every cycle, varying on each sitle of zero, it 
is more d ifficult to define what is the ntl ne 
of the E. M. F. The E. l\L F. is nhrnys 
definell as the ff'ecti ·ve tliamal E 11£. F'. or 
simply tl1e effective E JJf. F.  That  is to 
say th e rnl ue of an altemating or  pulsat 
ing E. I. F. is  taken  as  bei ng  eqnal  to 
that of the conti n uous E. l\L F., whieh is 
capabl e of   protluci ng the same heating  ef. 
f eet in an ind nctanceless resistance. Simi 
larly, when  the  elect ric  curren t  pulsates 
or varies, its eff ecti ve thermal ,·al ne, com 
monly calle(l its ejj'ectioe  r·w·rfnt  .<:;tren gtli , 
is equal to that strength of contin uous cur· 
rent which would prod uce in a gi,·en re 
sistance t he same beating eff ect. If, there· 
fore, the effective E. 1\1. F at the termi nals 
of a med ical ind uction coil be expressell or 
measu red as five volts eff ecti,·e, we mean 
that t he E. l\I. F. it prod uces, although 
varying  between,  perlrnps,  20  ,·olts  nml 
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zero, prod uces iu a simple resistance, the 
same   amou nt  of    hea t   by· its  cu rren t   in 
a   mi n ute   or   fi,-e   minu tes,   as   5   Yolts 
of con tin uous-eu1Ten t presstm·. Conse 
queutly,  t he  state111e11t  of   t he   f'ff ecti ,·e 
cu rrent streu gt h or  etfc·eti,-e  E. .:\ I.  F. at 
the termi nals of an ind uetion coil 11oes uot 
express t he ra uge of Cll l'l"('ll t or of E. .:\I. F. 
in  each  wm·e,  u uless  the  shape  of  tl1e 
wave   Le   known. 

 
The connections of the med ical iml uc 

tion coil are com mcml y so ana11ged t ha t 
the E. l\I. F. ind ucet1 i n eit h er t he pri ma ry 
or the second ary ei rcui t can Le externally 
employed. \Ye h[n-e seen that on break· 
ing, an E. M. F. of self-i nd uctio11 appears 
in the pri mary ci rcu i t, as "-e11 as an E. l\I. 
F.  of  m ut ua1  ind uction   in  t be   secondary 
ci rcuit, hu t  t he  E. .:\L F. of  mutual  im1uc 
t iou  is  prnetica11y  al ways  grea ter  t ha11  in 
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the  primary  circuit  owing  to  the  greater 
n umber 0£ tums in the secomlary coil. l£ 
P,, P., Fig. 105, represent the termiuals of 
the primary  l'nil, and 8,, S. the terminals 0£ 

 

      s, 

Fm. 105.-CoNNECTIONS  OF :l\IEDICAL  INDUCTION  CorL. 
 
 

the  secondary   coil,  while   P., is  con nected 
to  the  Yi brati ng  spriug,  then  it  will  be 
seeu that  when  the  spring  lJreaks  contact, 
the i n(lu ced E. l\L F. iu tl1e primary  coil 
will   be   de,·elopecl   between    the   terminals 
P. and P., while the m utually iucl ucecl E. 
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J\ L  F.  will  be  <leYelope(l  hebYeen ,(.,',,  S•. 
Th el'e is th is <lifforenee, h o,rnYer, liet ff een 
the E. J\I. F. of  th e  prima ry n ud  seeowbry 
eirl'n its,   t hat whel'eas,   8,  a ml S.,   ,, i]} 
su pply  an E. J\L  F. both  a t  mak illg au<l  at 
breaki ng, i u   oppo:;i t e   d i rL"diou s,   although 
the  E. J\I.  F.  at  breaki ug  is, as  "·e  ha Ye 
see11,  m uch  stronger  than  the  E. l\L F. nt 
mak i11g ;  yet, on  the  ot h er  l wnd , lJetweeu 
J>. aud P ,, t he E. l\ f. F. ou maki ng is al ways 
very s111all,   aml  111ust  he  less  tlwn  t he  R 
l\I. F. het w een  P , a nd   I' , ;   tl1a t  is to  say, 
i t m ust  be  less  t ha n  t l1e  E. :\:I.  F. of. tl1e 
bat tery. Urnler onlillary circlll l!Stauces, 
therefore, wl1en  tl ie  pri mary  l'uil  ha s eo111- 
pnratiYely  few   t u rns  of   coarse  win•,  tl w 
curren t   ohtainabl e be brnen   P, and   1\ is 
pmetiL"all y zero at maki ng, nml ri. es sud 
(lenly a11<l alJrn ptl y 011 lJreaking, or nets 
exnctly in t he sam e rn nm1er ns a Sl'eo11da ry 
coil  of  tlie same  nu m ber  of  t u rns.        nch  a 
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type of medical ind uction coil ls repre 
sented in Fig.  106. 

 
In  Fig.  107, a  common  form  of   com1e<.: 

tion of  the eiren itH  uf  a 111ec li<.'.al  iml uctiun 
 

 
 

FIG   106.-lNDUCTION  COIL   WITII  H.\NDLE  ELECTRODES. 
 
 
 

coil is shown. Here one eml of tlie sec 
uuclary coil is brought i n to eon nection with 
one end of  the primary coi1.  By this means 
we ohtain between P. nncl 81, the self 
irnlucecl  E. l\f. F.  of  the  prima ry,  and  be- 
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tween   8, aml  8., tli e  mutu ally  ind u c:ed   E. 
l\I. F. of   th e  seconda ry coil. Between   P, 
aml  8,, the  total   E. l\I. F. i u   botli  1·oils  i s 
obtai n c<1. Tlt e eff eet  i n  fad is  to  m111  to 
the :;ec:ou<1ary l'.oil  au other lay er "-}1ic11 is 

 
 

 
 

Fw .  107.-lNTEH -coxx ECTION   OF  Pm lL\lff   AX D SEcmm· 
ARY WINDINGS IX llIEDI CAL lN D VCT !OX Co rL. 

 
 
 

actually  servi ng,  before  breaki n g  eou tact, 
as a pri mary.  A t  maki ng,  how e,'el',  t h e 
eff ect <1 n e t o th e secon <1ary c:oil is great er 
t ha n t li e  eff ect  d u e  to  t li e  pri mar:· coil. 
It  is to be  reme111hered  t1w t  "-lieu  mff 
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combi nation takes place, by the superposi 
tion of a secund a!'y Cll l'l'ent upon a primary 
current: or of either u pon a continuous 
cmre11t i n  a ci reuit, the result will be the 
sum of all the infl uences acting indepencl 
ently, aml . will cousist electrically, of a 
pulsati ng or  alternati ng  wave  of  curren t, 
ha \·i ng a wave type which may be molli 
fied by t he simultaneous influence of the 
various com ponents. 

 
Fig. 108, shows a f orm of apparatus con 

sisting  of a  mell ical  i mluction  coil  and  of 
a battel'y  of silver  chloride  ce11s.   The  i n 
rl uction coil can be operated  from  a few of 
the cells i n this battery so as to  supply 
(li:.;sym metrical alternati ng cunents of, per 
haps, 200 , while the battery, which  will 
probably  ha \·e  an  E. M. F. of  50  volts, 
will be capable of supplying a continuous 
cunent. 
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\Ve li:we al read y seen  t hat  hotl1  tl1e E. 
l\f . F. and  the cu rrent strength at  making, 

 

 
FIG . 108.- NDUC TION COIL WITil BATTERY OF CH LORIDE 

OF  SILVER  CELLS. 
 

 

a.re smaller than the E. :M. F. and curren t 
strength on breaking. It is to lJe remem 
bered, howm'er, tliat in all cases, t h e tota1 
quantity  of  electricity  w hieh  passes  tIirough 
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the circuit  is  the  same  in each altemating 
cnrrent  wave. In the  secondary circuit  of 
an ind uction coil, no matter how great may 
he  the clissymmetry  of  wave  type, that  is 
to say, no matter if  the current  strength  is 
much  greater  on  making  than  on  break 
ing,  it  will  be  correspond ingly  brief er  in 
d uration. In, for  exawpl e, Fig. 97, which 
represents  dissymmetrical   alternating   cur 
rents prod uced  in the  secondary  circuit of 
an  iml nctiou  coil, the  wave  abed, in one 
direetion, or aLove the line, being produced 
at  making   contact,  and   def, the  greater 
"·ave, bei ng produced at breaki ng con tact, 
then the area of the wave  abed  as rep 
resen ted graphically, will he equal to the 
area def, under  all  circumstances.  This 
area  also  represents   the total   quantity  of 
electricity, measured in  coulombs,  which 
will   pass   through    the   circuit.    Conse 
q uently,  all   physiological   effects,  which 
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d epend  u pon  eu nellt  stren gth , will  be d is 
syrnmetl'i cal  or  polar i u tl1e secon<l ary cir 
en i t ; tl w t i s to say, th e eff ect pr ocl u cecl a t 
mak ing will  lJe  d iff ere11t  from  tl1e  eff ect 
pro1luced  011  brea ki n g  and ,  con sequ en tly, 
th e  eff eets  at  ou e  pole  \\:ill  he  d iff ereu t 
from  thrn:.;e   at  t li e otlH'r ;  bu t  al I  pl1ysi o 
logieal  eff e<'t s, wh ieli  d epe11d  only  011   th e 
(p1an ti t y  of  el eetrici t y,  \rill  be t h e  ;;m n e 
both  011   mak i ng  a11cl 011  break i11g. Tlrn s, 
i t i s well k n own t lrn t m u seulnr excitabi l i t y 
is  a  fn11eti on  of  t]1e  em re11t   st ren gt h,  so 
tha t  the  nm scular c.•xcitat i on  prncln cetl  by 
th e maki ng a rnl br eaki n g  cu rren t s  will  h e 
<liff ere11t.    On th e otlt er liau<l , a11   t h e elec 
t roly tic eff ed:;;;, \\·l1i eh  are d epeml en t  n pon 
th e  quanti t y  of  el ectriei ty  \\·hi eh  pa sses, 
will   be   alternat ely   prod u ced   i n   e11nal 
am ounts   at    ea ch    waY e.     Con sequ entl y, 
ei tli t> r   elect rolysi s   \\-ill   n ot   appear    at 
all,   01·   t h e   prod u cts   of    electrolysis   will 
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appear   m   equal   quan tities  at  each  elec 
trode. 

To su m up, the medical incl uction coil 
gives d ischarges possessi ng the following 
characteristics : 

It produces dissymmetrical altematiug 
current waYes of fairly high frequency, 
but intermittent, the waves being sepa 
rated by in tervals of no cunent. The 
waves on breaking are steep and abrupt, 
except in the case of very long, fine wire 
coils, with large self ind uctance, and chok 
ing eff ect. The E. l\f. F. ind uced in the 
secomlary coil may be hundreds of volts, 
bu t the E. M. F. available at the termi 
nals, under any ordinary load, will be not 
usually more than 15 volts effecti ve. 



 
 
 
 
 
 

CHAPTER XL 
 

DYNA:'IIOS,   :'IIOTOl!S  AND   'l'RANSFO!DIERS. 
 

A. Fomr of electric source, occasionally 
used iu elect ro.therapeutics, is to be fouml 
in t he dy /l( mw-electric uenemtor. Of the 
sources al ready discussed, the Yoltaic bat· 
tery protluces a conti nuous E. l\I. F. ; t he 
iufluence machine, a pulsa tory E. l\I. F. ; 
and the iml uction coil an alternat ing E. l\I. 
F. Dynamos, on the con trary, can be em 
ployed to prod uce either contin uous or 
altemating E. l\I. Fs., aeconli11g to their 
construction.   Those prolluci ng conti n uous 
E.  M.  Fs.  are  generally  termed   simply 
d ynamos, or genemtors ; "·bile those which 
produce alternati ng E. l\I. Fs., are usually 
called altel'lwtor&. 

299 
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The fundamental  principle  employed  in 

all dynamos and alternators, is the incl uc 
tion of E. l\I. F. by filling and emptying 
collllucting loops with magnetic fl ux. 
Dynamos and alternators  generally  consist 
of a fixed and a rotary part, by the m ut ual 
action of which cond ucting loops 1Jecome 
filled    aml  emptied   with   magnetic   fl ux 
<lu ring  rotation.     Th e  E.  ..M.  Fs.   so  gene 
rated will be  alternati ng,  u nless a com 
mutator be em ployed to render t hem con 
tinuously directed in the extemal  circuit. 
Any dynamo, therefore, which employs no 
comm utator is necessarily rm altemator. 
This has been alreacl y i11ustrated in the case 
of t he bancl magneto-generator described in 
Chapter   VIII. 

 
The E. l\f. F. obtained from a contin u 

ous-current generator is always slightly 
pulsating, as  represen ted  iu Fig.  40.    The 
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departure fru m a con t i u uous E.  I. F., sueh 
as i s pro<l1wed by a. ,·ol tn ic l1att P ry, i:' l ei's 
ma rk e(l wl1eu t h e nmn ber of C(•lll l llll btor 
bars  is  great.    \Yl1e11,   howe,·er,  f e \\·  La rs 
are em ployed , t he   pu ba ti u11   m ny   he   more 
c,·id ent, as  :'l1U w11  i n   Ji ig.  4 1. If it   wer e 
po::.;si bl e   tn  em plo.''  an   i11defi11 i tel y   great. 
n u m ber  of   com m u tator  bn rs,  tl1e   E.  l\ I.   F. 
wonhl  be  u n rn l'yi n g. Tli i;;  d e,·iatio11  from 
conti11u ity  occn1·s  at  encl1  pn:'l'a ge  of  a  com 
mu tator  bar  or  seg111e 11t  ben ea t h  t he bru sh. 

 
A dynamo, "·h eth er co11ti1111ons or al. 

temati n g, u su a 11y em plny s el eetrnm:1gnets 
to su ppl y t h e fl nx wi th "·lii d1 i ts loop::; uf 
wire are filled  a rnl  em pt ied .  In t he case 
of the magn eto-gen erato r il111st mt e<l in Fig. 
9::-1, a perman en t  magnet i s em pl oyetl  for 
t his  purpose.   Eled romag11ets  requ i re  to 
he suppl ie(l wi th  a cont i mw11s cnrrent  for 
thei r  exci ta tion.    Th i s  exci t i n g cu rrent  is 
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either supplied  from  the_  armatu re  of  the 
dy uaru o  itself,  or  from  some  separate 
source. In the former  case th e machine  is 
said to be self excited, and in  the  latter, 
separ ately-e:rciterl. \Vh en  th e  external  cir 
cui t of a  con tinuous  oe  a1ternating-cunent 
gen erator is open ed ,  the  machin e  requi res 
n o m ore power for its opemti on than that 
necessary  to  o Y ercome  its   friction s,   to 
geth er with the sm rtll amoun t of electrl.cal 
power su pplied  for  the  excitation  of  the 
field magn ets.  \Yh eu,  ho wev er,  the  ma· 
chin e f urni shes a cmreut tn an  external 
circuit, th e pow er whi ch  h as to be supplied 
to dri Ye th e dynam o is increased by the 
amoun t of electric pom•r i n tli e external 
circuit. If ,  for  exam pl e,  a  machin e  ex 
pen<l s 50 watts, 0 1· vol ts-amperes, in  its 
extern al   circuit,   the   power    applied    to 
dri Ye  it  i s  increased  by  som ethi ng   more 
th an  50  watts,  since  Rom e  loss  uf  power 
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occu rs in the macliine in on1er to furnish 
the external work. 

 
Contin uous-current  gen em tors  are   not 

very  exte11si ,-ely  usetl   i n   electro-t h em 
pen tics,  since  ot h er  somces  of   cou tin uous 
E. l\I. F. are  arnilaLle.  ·wh en  generators 
are nset1, they are generally <hfren Ly elec 
trie motor , taki ng tl1ei l' pu wer from neigh 
bori n g electric circuits.  For exmn ple, if i t 
he refp1ire<1 to obtain a low con ti n uou!' 
pressure, of say 5 ,-olts, in  order  to  oper 
ate an elect ric cautery, and  an  electric 
circuit of high er pressme, he arnilaLle  in 
the neighborhood , say of 110 or 2 20 rnlts 
pressure, as commonly usetl in electric 
lighting, a small motor, operated from t l1e 
lighting mains, may  be  employed  to clrfre 
a dynamo const rnctecl to gi,-e the neces 
sary  E.  [.  F.  aml  current  required   for 
t11e cnutery k nife. 
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Electromagnetic motors  are  operated 
either from con tinuous or altemat i ng-cnr 
ren t   circuits.    A motor,  howe,·er,   which 
is arranged to work on a  con tinuous.cur 
rent circuit is not usually capable of oper 
ating ou au alternatiug-cu rreut circui t, ancl 
vice ,i•ersa. Moreover, in either case  a 
motor  will  only operate  effectively  at  t he 
E. l\1. F. for which it is designed. 

 
A particular form of small motor, oper 

ated from 110 ,-olt conti n uous-current pres 
sme, is represented iu Fig. 109.    11£, 111, are 
t h e   field  magnets,  A, the  armature,  CC 
th e com mu tator, B, one of the brnshes rest 
mg upon the commutator,  and  P,  the 
pulley. 

 
Another form of small motor iutemled to 

be dri,·en by a pri mary or storage battery 
is  shown  in  Fig. 110.   A  form  of  small 
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Fro. 109.-ELECTROllAOKETIC   [oToR. 

805 
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alternator designed for electro-therapeu tic 
purposes is represented iu Fig. 111. The 
coils 0, 0, 0, on the field  frame, are wound 

 

 
Fm. 110.-ELECTito IAGNETIC  MOTOR. 

 

 
with brn circuiti;; ; a coarse wi re  circni t 
ex<.:i ted  hy  n  conti nuous  current  from  n 
pni r of bi nd i ng posts P, arnl a flue wi re ci r 
cui t con nected "·i th the bi nd i ng  posts  8. 
The armature A A, which ii;; rotated by a 
Rmall pull ey nt one ernl of tli e sl1af t, is con· 
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strndcd of 8Leets of sof t i rou,  aml  earries 
teet h 1; 1; iu such a man ner as alternately 
to  open  aud   close  the   magnetic  circuits  of 

 

 

 
FIG.  111.-ELEC'TRO-TllERAPEUTIC ALTEHNATOR. 

 
 
 

the coils (}, (}, C'. There  are 12 poles  m 
the fiel<l frame, so tl1at each revolution of 
the armature prod uces 12 com pl ete periods, 
or  24  altematious.    As  soon  as  the teeth 
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bridge neross adjacen t poles,  m ngn et ic flu x 
i s pou red th rou gh the second nry ei reui ts, or 
fi ue wi re ci rcui ts, i nd u ci n g i u them :111 E. 
l\I. F. in oue d irection, nrn1 ns soon ns t he 
teeth  pn ss  beyond   th1F:  position, the  mng 
u et ie ci rc u i ts nre opened, and the second nry 
coils n re em pti ed of fl ux, thus i ud ucillg an 
opposi tely d i rected E. l\L F.  Th e  nd vnn 
tnge of su ch n u altemator  is  tlrnt  i t  fur 
nish Ps nltemating  E.  l\I.  Fs.  of  approxi 
mat ely sin u soidal ty pe, nnd nt. a frequ eney 
whi ch, "·i thi n certnin limi ts, is u nd er con 
trol. At the high  speed  of  4,800  revolu 
tions per mi nut e, or 80 reYol uti ons per 
second , th e  freq11eney  of  alternation  will 
he 80 X l 2 =900 com plete cycles, or 1,920 
nlternn tious per secoud ; while at  1ower 
speeds the freqn eu cy win be conesponcl 
ingly red uced. Th e E. l\I.  F.  obtai nable 
from su ch a machin e  is  abou t  50  volts, 
The   E.   l\I. F.   at   termi nals   is,   however. 
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considerably less than this when ord inary 
loads nrc applied. 

 

 
Alternati ng curren ts are frefp1ently su p 

plied from electric lighting stnti ons to con 
su m ption ci rcui ts nnd buil(lin gs, at a eom 
pamti ,·ely   high   pressme,   1,000  or   2,000 
,·olts eff ect i ve Lei u g t he pressme eom- 
111011l y  empl oyed.    As  this  is a dm1ger- 
1 >11sl.\ ' l1igh pressme to handl e, it i s nt' rnr 
permi tt ed to enter a hou se,  the  pr essure 
bei ng re(lneed at som e poi n t ou tsill e t he 
l1onsc, hy n n appn m t u s callell a 8frp-dmc n 
tra 11. for11 1e1·, w hie h is a form of induct ion 
coil i u whieh t h e pri mary wi re contai ns a 
greater nu mber of t u rns tha n the second 
ary. Alternati ng  cmren ts  generntell  hy 
large altemators, placed in the central sta 
tion, are sen t through the pri mary coils of 
the transformer, usually by o,·erbeml wi res. 
The   secondary   coils   of  the  transformers 
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generate a pressure of 50, 100 or 200 Yolts, 
according to circumstances, aud  wires from 

 
S S 

FIG. 112.-AL1'ERNATING  CURRENT  TRANSFORMER. 

 
the  secondary  coil   enter   the   building 
to be  supplied.  A  form  of  transformer 
is  showu   in   Fig.   112, P,  P, being  the 
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prinrnry ,  and   8,  S,  the  secon dary  wi res. 
The ratio 0£ t he seco n(bry  to  th e  pri mary 
pressure is calle(l  the ratio  of  tran.ifonna- 
tion. Thus,  if   tli e   primar y   pressure  be 
t ween  the wires P, P, be  1,000 volt s eff ec 
tive, and   the  :;econd ary  pressu re  bebr een 
t he wires S, S, 50 v olt s  effectiYe, t h e  ratio 
of t.ran:oformatiou  is 1 :  O, and thi s will he 
approximat ely the ratio  0£  th e  n um ber 0£ 
t n m:; i n the eco mlary  coil  t o th e  num ber 
of  tu rn s in  th e  pri mary  coil 0£ th e t ran s 
form er. The fret        iu en cy of altern a t ion 
em ploy e<l  in  altenwtin g·cnrren t electric 
l igh ti ng is  n ot  high er  tha n  140-,  or  2 80 
altern a trou s per secon d, and  u sunlly  vari es 
bet ween  this  aml 125 or 2 50  cycles. In 
:;om e  cases, liowe,T er,  th e  frequency  may 
be 6 0 a ml eYe u as low 25 per  second. 

 
A  pnrti cu lar  form  0£  tran sform er,  de 

signed for  supplyin g  alternntin g   electric 
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currents at the pressure req uired  to 
operate a  cautery knif e, is shown in Fig. 
113.   PP, is the primary coil wou nd upon 

 

 
FIG.   113.-.ALTERNATING-CUR RENT    TUANSFORUER    FOR 

CAUTEUY. 
 
 

an iron core, consisti ng of a bu ndle of 
straight iron wires a nd resembli ng, there 
fore, in  general  £orn1, the  primary  coil  of 
a medical ind uction coil. The  second ary 
coil 8, consists of a short coil of tl1ick '''ire, 
\rhich,   having  a  low   resistance,   enables 
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comparati \'ely powerf ul  cmrents of  say 5 
to  30  amperes to be  produced  in  t he 

secondary circuit. The apparatus  is, 
therefore,  a step-down  transformer.  The 
primary  coil is  wound  for  an  effecti\'e 
alternating  pressure   of   50  or  100  \'olts, 
accord ing to the pressme em ployed in th e 
lighting circui ts of th e buikling. In order 
to regulate the E. l\L F. and current in th e 
secombry circuit,  the  secondary coil  8, is 
moved  from  or towards  the centre of  t he 
primary coil P, by t he  screw S, af ter  the 
manner of the         Dubois-Raymond  type 
of adjustment  in the med ical ind uction 

coil. 
Tl1e  contact  C, is  so  nrr:mged  that by the 
closing of  the  box,  the primary circuit is 
open ell. 

 
 

In some cases, where continuous cur 
rents are supplied  to a build ing f or light 
ing  purposes,  at  110 rnlts  pressure,  it  is 
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possible t u  dispense  entirely with the use 
uf ba tteries for the operation of a me<lical 
iwluctiun   coil,   or  for   the  pro(luction  of 

 
FIG.  114.-ADAPTim  t'OH   C.:oNTLNuous   CURRENT 

CIRCUITS. 
 
 

ft·eble continuous currents i n electro-them· 
pentic work. An apparatus for this pur 
pose - called  an  adapter  is shown  in Fig. 
114.    It  consists  esseutially of  a  rheostat, 
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placed  in  the  circ uit  of  the  electric  light 
i11g mai n s, i n such a mann er ns  to  retltwe 
tl1e cm!'en t ref1t1i!'e1l to the ri ght stre11gt l1 
withou t clanger.     A long cyl i mler RR s,i.,'8, 
of  hard r u bber, contai ns at  t he en <l  It It, n 
nu!nbel' of resi st:w ces, which are eo11neete1l 
wi th   lH·ass   con tact   stri ps   abO\·e.     The 
sliding  con tact  c: mak es  con nection  wit h 
one of these hrass :-; t ri ps, so as to  ind ml e 
any Llesil'ed 11u1111Jer  of  resistances i n  the 
ci rcui t. A t t h e  eml  of  t hese  resistan ces, 
aml con necte<l  wit h  them, is  a long  spiral 
of fine G.erman-sil Ye!' wi re, "·otmcl i n a fine 
grom·e  011   t h e  cyli mler,  SS, so  that   t h e 
con tact  C,. i n  sl id i1wu  on'r  th e  e.d i ml P r  to 
t he righ t, 111akes con tnct i n success io11 ,ri t h 
each    tu m    of    Gerrnan-si ker  wi re,  t hns  cu t 
ti ng on t t he resistan ce ,·er' gra<l nall y oYer 
this porti on 0£ the ci rcui t. JI,is a mill imn· 
metre , and l, an i mlu ct ion coil, wh ose pri 
mary circ ui t is operat ed by a cu rren t from 
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the  electric   lighting mams  t hrough  the 
lamps L, L, L. 

 
The  connections of the adapter are 

shown m Fig. 115. It     will  be  seen 
that 

 

B 
L L L 

 
 
 
 
 
 
 
 
 

A t  I B 
p 

FIG. 115.-CONNECTIONS  OF ADAPTER. 
 

the cu rrent through the mains AB, passes 
through the lamps LL, through  the  circuit 
of the patien t at P, and t hrough the ad 
jnstahle resistance and mill iamrnetre.  By 
cou necting  the  middle  lamp L, in the cir- 
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cuit,  th e  pressure  con nected  w i th  th e 
pati e11t can be con sid eraoly red u ced.  It 
will be  observed , that  i n  n o case can  th e 
ci rcuit of tl1e pati en t  be con n ected to the 
main s wi thout t h e interpt)s i tion of two 
11O-volt  electric lam ps.  Tl1e pri ma ry  of 
tli e i rnl n ction coil can  be thrown in tu cir 
cui t by the u se of  the swit ch 8. 

 
Th e  fact  th at  an  i n carnl esren t  elect ri c 

lamp  can  be   entirely  encl osed  in  a  11011- 

cond u cti n g a ir-tigl1t glass cham ber, rernl ers 
i t sni tabl e  for  i nt1wlu rt ion  into  t h e cm·i 
ties of th e hotly. Two            minia tme i 
nen n tl esce11t lamps, suitabl e for  sucl1  
expl ora tory  purposes,  are   shown in   
Fig.   11fi. Th ese  gi ve  ahou t  half  a  cnrnl l 
e, and  are operatetl  at  pr essmes  of  betw 
een and 4 volt.s, with a cunent  Rtreu 
gth  of  from 1 to 1 I/ :imperes.
 Care m u st  be tak en i u th e operat 
ion of su ch  lam ps, tha t t he pres- 
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sure slrnll not exceed that for which they 
are designed, as otherwise the  lam ps  will 
be destroyed. They can be supplied with 
either an alternating or a contin uous cur 
rent,  but  are  usually  operated  by  a 
battery.     Since  a  1/2  candle-power  lamp 

 

 
 
 
 

Fm. 116.-JNCANDE SCEN'f  ELECTHIC   LAIPS  FOR 
ExPLOHATION. 

 
 

requires an actiYi ty of about 3 1/2 watts, 
or at the rate of 7  watts  per  candle, 
while a lamp of 8 canclle-po,Yer requires to 
be supplied with about 30 watts, or at the 
rate of about 3 1/2 watts per candle, it is 
eYident, that when the lamp has consi(1er 
able illumi nati11g power, the heat it liber- 
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ates may be incouveuieu tly great. Couse 
queutly, when the candle-power of  lamps 
for exploratory purposes exceeds a certai n 
amou nt, it is  customa ry  to  eucloe  the 
globe iu a second glass clrn mher, th rough 
wh ich wa ter is circula ted,  so  as  to ca rry 
off the su rpl us heat. 

 

 
The  heati ng  l)ower  of   the   electric   cnr 

reu t    is    of teu    applied    in    smgery     for 
ca u terizi ng     purposes.     Eleetric     ca utery 
kn ives  consist   esseu tially   of   suita bly 
shnpetl  plati nu m  wi res,  heated  by  the   elec 
t ric cu rreu t..     Fig.  117, shows  se\'eral  forms 
of   such   ca u tery   k niYes.   The   amount   of 
ad i Yity   rel1n i red   to   1·eIHler   the    ca utery 
k ni ves  "·bite hot, llepends  u pon  the  surface 
of 11ot p1at i n u m  which  they expose  to  tl1e 
m r.   A    broad,    flat    k uife   requires  more 
acti Y i ty  than  1rn1Tow  hla<lP,.:.  .Either alter 
nati ng  or  cnuti mwl!s   cmTe11ts   are   suitable 
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for cautery kni,·es. Either primary or 
second ary cells are frequently employed 
for this purpose.    For  the  broadest knife 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fm. 117.-ELECTRIC  CAU'l'ERY  KNIVES. 
 
 

in the  figure,  25 or  e\ren  30 aiuperes,  a t 
a pressu re of  approximately  one volt, may 
be required, representi ng an activity in the 
k nife   of  from   25  to  30  watts. In t11e 
platinmn  snare cautery, a grovi'th or part is 
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remO \'ed by causing a length of wire to en 
circle the part and then drawing the loop 
tight, so that the glowing wire is pulled 
through the part to be removed. Here, 
owing to the length of wire wliid1 ha to 
be heatell, though the  total  acti vity may 
be comparatively small, yet the E. l\I. F 
necessary to send tl1e requi red current 
through the length of platinum  wire may 
be considerably greater than that for a 
cautery knife. 

 
\Ve have seen, that in accordance wi th 

Ohm's law, the cunent strength  in  :my 
circuit may  be  altered,  either  by  varying 
the E. l\L F., or by varying the resistance. 
Both   of    these   methods    are   employed 
in electro-therapeu tics. Instrnrnents for 
varying the  resistance  in  a  circui t  are 
called  rheostats.   They  consist  essentially 
of resisting  paths \vhose  length  or  area of 
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cross-section 11uty be adjusted, or varied at 
will. In most forms of rheostat, it is the 
length of resisting path and not the area of 
cross-section, which is varied. 

 
The form gi ven to the resisting paths 

depends upon the strength of the current 
which has to be regulat.ed. Currents for 
cauterizing,  which may be as high as 20 or 
25 amperes, require comparatively coarse 
wire coils ; for, each ohm t hrough 'd1ich a 
cmren t of 25 am peres passes, l iberates heat 
at  t he  rate  of   625  watts, or   11early  one 
H. P., arnl, consequently, if this one oh m 
consisted of fiue wire of  com parati Yely 
short length and, therefore,  possessing  a 
very limited radiating smface,  the  wire, 
being unable to d issipate this heat, would 
acquire a temperat ure,  probably,  sufficient 
to melt it.  The  comparati,·ely  feeble  cur 
ren ts    generally     employed     m    electro- 
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t hem peu t ies d o not req u ire an  extensi,·e 
rnd iating surface, aucl the rh eostats tbrongh 
which they pass may be com posed of fine 
wi re or of water or of carbon. 

 

 
Fw . 118.-CARnox H1IEOSTAT. 

 
 

One of the si m pl est forms of rh eostat for 
very feeble cmrents is sh own in Fig. 118. 
lere the resii'tiug col u mn consists of a thi n 
layer of graphite obtain ed by rn bbing a soft 
graphite  pencil  in a  circular  pnth  arou ml 
the  ri m   of  a  slate shb.  CCC'.   By  this 
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weans a layer of fairly high resisting car 
bon is  obtained,  and  the  length  of  this 
path  in  a  circuit,  determines  the  amou nt 
of resistance included. This length is ad 
justed by altering the position of the hrm;h 
B, attacheLl to tl1e rnilleLl-henLled scre-w Jlf. 
It becomes necessary in practice, to occa 
sionally renew the cai·bon layer. Its resist 
ance can  be  varied  by  rubbing  more  or 
less  graphite  over  the  surface. 

 
Another form of  carbon  rheostat  is 

shown  in  Fig.  119.  Here  the   resisting 
path is  com posed of pulverized carhona· 
ceous material  pressed  into  a  groove  in 
an insulating plate. A n umber of  brass 
studs, CCC, pass through  the  surface  of 
the insulating plate arnl make contact wit4 
the ca rbon column in the groove beneath. 
The length of  the carbon  colu mn  inserted 
bet ween the termi nals,  T, 1; can  be  varied 
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by turu iug t he handle H, so as  to  make 
con tact wit h the brass studs at different 
portions of t he circumference. 

 
Fra . l l9.-CA1<1.1ox R n EOSTAT. 

 
 

Fig. 120, shows another· form of carbon 
rheostat depelllli ng u pon a somewhat dif 
ferent  principle.    Here  pmnll'red   carbon 
is placed in a chambe r prO\·ided with elas 
tic sides CO. The  resistance  bet,,·een the 
top and  bottom  su rfaces  of  this  mass  of 
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carbou tlepeuds upon the pressme  which 
is brough t to 1Jear u pon the ]ayer. When 
the pressure is nry  ligh t  the  carbon  par- 

 

 
FIG. 120.-CAI\BON l'l\ESSUHE HILEOSTAT. 

 
 
ticles <lo uot make good electrie contact 
with each other and in terpose a compara 
tively great resistance to  the  passage  0£ 
the cul'l'ent from  one  to  another.    \Vben, 



0 
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however, th e pressure is cousiderabl e, t h e 
particles are brou ght i nt o  more int i mat e 
electric  cuutact  arnl   the  resi stauce  of   the 

 

 
Fro . 121.-'ilATE R TI1mol'TA T. 

 
 
mass 1s thereby greatl y retl u cecl. The 
pressme rn thi s iu str u meut is ,·aried Ly 
turniuo· th e mill ecl-h eaclecl screw J[ 

Fig 121  represen ts   a   form  of  1l'ater 
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dwostut. Here the col uw u of resistiug 
material is composed of  water, which,  as 
we have seen, possesses a high resisti ,.ity. 
The bimli11g posts M, coustitutiug the 
tenniuals of the in:;tru meut, are cou nectecl 
each to a triaugular mass of carbon, CC, 
armed at its extremity with the  sma1l 
spouge 8. Ju  onler  to  vary  the  resist 
auce, the milletl hea<l, JJ[, is tu rned, which 
hy means of a \\'Orm gear rotates the car 
hou plates RO as to moYe them into or <)Ht 
of   the  liq u id,  and   th us   vary   both   the 

length aml 
• 

cross-sectiou of the liqu id 
col umn  between   them. 



 
 
 
 
 
 
 

CHAPTER XII. 
 

HWII    FREQT T EXCY    JllP.l'Il A RHES. 
 

ALL  tJ1e  electric   sources   we   have   rle 
scribed prod uce E. ?IL Fs., aml all 
E. ::\I. Fs., wheu  permi tted  to  do  o, pro 
duce    electric     d ischarges     or     cmren ts. 
The    type    and    magnitmle    of    E.  ::\I.   F. 
<leten ni ne the type arnl mag uitwle of the 
electric curren t. It is, t herefore, to  be 
remem bered that, however d ifferen t  may 
be the appearance of the mad1iue which 
prod uces au electric tl ischarge, or however 
d ifferent  may  be  the  appearance  of   the 
d ischarge itself,  the  d ifference elect rically 
is simply one of frequency, magnitude and 
wave type of  E. J\I.  F. 

329 
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A  h igh  E. l\f. F.,  110  matter   how  pro- 
d uce(l, may discharge in three ways. 

(1) Com'ecti Yely. 
(2) Cuncl uctively. 
(3) Disru ptiYely. 

 
Either  of   the   two   last    mentioned 

met hods may be oscillatory or non-oscilla 
to1y. 

 
A convecti ve discharge is the  discharge 

w hieh occurs in the  11eighborhood  of 
points connected ,rith a somce of high 
electric pressure.  A  pressure  of  20,000 
volts, or upwards, will pro<l uce convective 
effects.  Such  a pressu re  is  f u rnished  by 
au electrostatic, or influence machine,  so 
that if au upright metallic rod S, f urnished 
"·ith a sharp pivot point, be attached, as 
shown in Fig. 122, to the prime conductor 
of a machiue, a wheel, formed of a n umber 
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of nvlial1y poi n t ed spokes,  :·m pported  ou 
tl1e pi,Tot, will be set i n to rnpid rotat ion by 
t!t e reaction of tl1e co11,Ted i,Te <focliarge of 
el ectrifie cl ai r particl es, tlia t are  thrO\rn  uff 

 

 
 
 
 

A 
 
 
 
 
 
 
 
 

FIG.  1'.!2.-ROTATION'  PRODUCF.D  IlY  CON YECTITE 
DrscrrA HGE. 

 
 

from t h e  poi n ts.   Th is  m oti on  of  the  air 
prod u ces a breezt> , call ed a strrtic or elect ri1· 
01·eeze, whi ch i som et i m es ern pl oyetl el ec 
tro-th erapeu  tically. 

 
If n <lamp conl be mml e to conn ect  t h e 

mai n   t ermi nnls   of   a   liigh-pressnre   ma 
ehin e, a silent or cu}l(l11d ive discharge  will 
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pass  through  it, the resistance  off ered  by 
sucl1 a cord being a very great num ber of 
ohms. It    might be supposed, that if a me 
tallic  wire  were  employed  instead  OT  a 
string, that  the discharge would pass more 
rea<lily than it would  through  a conduct· 
ing  string ;  but,  curiously  enough, this is 
not the case, owing to the fact that the low 
resistance of the wire causes an enormous 
current  strength  to  tend to  flow  through 
it  under  a  high   pressure at its  termi 
nals. Under  the  influence  OT  this enor 
mous. rush OT  current, the ind uctance  or 
self .ind uction OT even  a  short  length  OT 
straigh t  wire,  is  sufficient  to  produce  a 
C. E. l\I. F. so great, that a cl isruptiYe dis 
charge may take place across  a  consitler· 
able air.gap, before any appreciable o uan 
tity  can  escape through  the wire. 

 
When  a  knuckle  of  the  band   is  ap- 
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proached   to  the  rounded   pri me  cowluctor 
of   a:high-pressure   machi ne,  a  di.-.,r upt fre 
di8cl1 a.n;e OI'  8JXtl'k will pass tbJ"ough the 
air-gap,   bet ween   the  hand  arnl   t he  <:on 
d uctor.  Th is appears to consist  of  a single 
d iscl1al'ge,  bu t generally  consists, in reality, 
of a u u m bel' of  separnte dischal'ges to-a1Hl 
fro   between   the   machi ne  ancl   the  baud. 
In othel' words, the d isc1iarge is o::scillator y, 
and  the  cnnent oscillati ng. The  difference 
betwf'en   a   qu iet   steady   clischal'ge,   of   a 
gi \'en  t1tian tit y  of  electricity at  high  pres 
sn re,  ns  comparetl  wit h  au oscillatory  d is 
charge  of   tlie same  q uan tity, is  shmn1 in 
Fig.  123.  A t A , ·a steady d is<:l1arge, com 
menci ng at  say 100,000 \'o1ts pressure, falls 
stead ily to  zero ;  that  at  B,  starting n,t  nn 
er1ual  rnlt nge,  falls   more   rapidly  to  zero 
aml is   sligh tly    oscillatory ;    that   at ( 
rapidly changes direction n,ucl becomeR 
osci1l ntol'y. The            cm'l'ent   stl'engtb   i u   the 
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circuit Las the same graphic type in each 
case. Th e frequency of oscilla tion of these 
diseharges is of ten exceedingly high, reach· 
ing sometimes hundreds of millions  of 
cycles   per  second.    The  total  irnmber  of 
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Fm. 123.-0scILLATORY   DISCHARGE. 
 
 
 

oscillations, howe\'er, in any clisclrnrge  is 
not  very  great,  usually   varying   from   2 
or 3 to 20 or 30, accon1ing to the cond i 
tions of the circuit. The entire tlischarge, 
therefore, is usually completed in a small 
fraction of a second. 
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If a steel spring, such  ns  is  represented 
iu Fig. 12-!, be clampetl nt i ts u pper ex 
tremity, while its lower end is lonclecl with 

 
F F 

 

 
Fm . 124.-MECllAXICAL   VmHATOH,  SIDE AND  Exn Vrnw. 

 

n weigh t TT n ncl also carries a v-nne v; 
mornhle i11 n ,-iscous liq ui(l, t hen, if the 
spring  be   (lra wn  aside  from   i ts   position 
of l'l:'st,  to the position S Tr' Y', and  then 
releasl:'(l ,  i t  will  af ter  a  n muber  of  Yilmt- 
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tions or oscillations retum to rest, in  a 
manner whid1 wi11 depend u pon the fric 
tional resistance off ered hy tbe liquid, u pon 
the elasticity of the spring, and u pon the 
"·eight wi th  which  it is loaded. 

 
If the  frictional   resistance  of  the liquid 

is very great, relati vel y to the elastici ty of 
the spri ng, sneh, for example, as migh t be 
off ered by impulse" to the motion of  a 
large Yane in  molasses,  then  the  spring 
win uot oscillate, h u t wi11 slowly retu rn 
towards its positiou  of  rest.  If,  on  tbe 
other  hawl, all  frictional  resistnnce  coultl 
be withclraff n, not only i n the vessel of 
liqui!l, hu t also i n the air aml iu the mo 
lecula r R trncture of the spring, theu tbe 
spring wnulil perform oscillations which 
would con ti nue for eYer, as  there  would 
then  be  no meanR  for  !lissipating  the 
energy  of the vibrati ng system.    In a cou- 
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cl ition intermediate  between  the  preced 
ing, t hat is to say, when the frictional 
resista nce offered to the motion is appre· 
ciable, bnt not excessin', tlie spri ng will 
execute, by reason of  its  elastici ty,  1cer 
tai n m1rnber of oscillations of successi,·ely 
dimi nishing amplitude before it comes to 
rest. 

 
The freqneucy of the oscillations ex 

ecntell by t he spring d epemls u pon its 
elasticity, aud t he weight it carries. The 
weaker t he spring ; i. e., t h e less its elastie 
force, the slower t he ,- ibrations ; the greater 
the loml, the slower the ,-ihrntions.  In 
order, therefore, to prod uce a high fre 
quency,  we  rel1uire  a  nry  stiff  spring ; 
i. e., a short  thick spring, a ml a ,-ery small 
weight. On the contrary, for very low 
frequency ,-ibrations,  we  require  a  long 
and  thin  or  weak  spring,  wi th   a  hen ,-y 
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lonc1. Provitled the frictional 1·esistance of 
tlte liquid is not sufficien tly great to cheek 
all vi bration, the mnom1t of friction will 
ha,·e only a very small i nflue11ce u pon the 
freqtiency, and will aff ect only the n umber 
of oscillations performed before t he system 
comes to rest. In other words, if t he spring 
oscillates, the friction can onl y cbmp the 
system, but if the friction exceeds  a cer 
tnin quan ti ty, depend i ng  u pon  the  size of 
t he spring, its elnsticity and load, then 
oscillntion  will  be  i mpossi ble. 

 
A ny electric circuit, in which a discharge 

smhlenly  takes  place,  obeys   ln ws   which 
nre   precisely   pnmllel    to   those   "·e  h:we 
n bO\·e i nd ic:i tec1 i n relntio11 to the d isturbed 
spri 11g. The frictional resistance of  the 
liqui<l l'Ol'l'espouds to the resistance of the 
electric circu it in oh ms.  Th e  weakness  of 
the  spri ng   corresponds   to  t he  electl'ostatic 
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eapacity   of    the   cil'eui t,  or   its   capability   of 
lJeha ving   as    a   condenser,   and   the   load    or 
weight   added    to   the   spring,   cor responds    to 
the  i nductance  of  the  circuit  ;   so that  instead 
of   mechanical    inertia,   in   the   electric   circui t 
we  meet  electro111ag11 etic  inertia,.  \Vhen, 
therefore,    a    discharge    takes    place     in     an 

elect1·ie    circui t,    t his  discharge will be 
oscillatory   or   11011-0:-:;cillatol'y,   according   to 
the    amou n t    of    resistanc e    i n the     circui t 
relati ve     to     its   capacity    a11Ll    ind u ctance. 
The    greater    the     resistance,    t he    l ess    the 
p!'obability   of   obtai n i ng    au   oscillatory    d is 
chal'ge,    and    when     t he   resistauce    is     ,-ery 
high,   the   d ischarge   takes    place    slowl y   and 
wi thout   o:>cillation. If,   however,    the    re 
sistance   is  sufficiently  small   to  permit   oscil 
latious    or   alternations    of    cnrreut   to   take 
place   in   t he  circuit.,   then   the  resistunce  will 
have   very    little   effect   upon     the    frequency 
of     alternation,    bnt    will    affect     only    the 
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damping out of  the  vibrations.  'f he  less 
the resistance, the more slowly the oscilla 
tions will  clie  out,  and  the  greater  the 
num her tl1at ·will be performed hefore 
exti11ctio11. In the same way, a circuit of 
large electrostatic capacity behaves like a 
weak spring of  great  length, aud a  circuit 
of sm all electrostatic capacity, like a small 
or short, stiff  spring. 

 
In order to produce rnry  rapid  oscilla 

tion or alternations i n the clisdiarge of a 
circuit, it is necessary to have a small con 
denser, anll a small ind uctance in the cir 
euit. On the other ba11ll, a large con 
de11ser, 1lisehargiug th rough a circuit of 
many loops of  wire, and  having, therefore, 
a large irnl u cta11ce, will perform slow oscil 
lations or oscillations of low frequency. 
Unfortunately, bmrnver, for the prod uction 
of  very high  frequency oscillations, a very 
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small   condenser   on1y   contains   a   small 
<"luan ti ty of electrici ty fol' a given pressure 
applied,  and,   consequentl y,   the   ampli tude 
of  the  eul'rent  stl'ength  i n  the osei llatious 
is f eeble, and the total amou n t of energy 
comparatively   small.     On  the   other   hand, 
a large jar, which will  hold  a  large  quan 
tity of electrici ty, and  gi ve  l'ise  to  po"·el' 
ful oscillations, l'an  only prod uce  l'Om para 
ti \'ely   low  freq uency   ellt'l'ell ts.    The   fre 
<Jlleuey of al ternati ng-cu rren t d ischarges, 
when of an oscillating  charaeter,  and  from 
a11 o!'d i nary Leyden jnr of pi ut size, is 
roughl y  about 15,000,000 of periods per 
secontl, when  only  a  short  leugtll  of  wire 
is employed to connect the external and 
internal   coatings. 

 
In Fig. 125, a condenser or Leyden  jar 

J is represented as being abou t to dis 
charge  through  an  air-gap  in  i ts  circuit 



c 
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JabC'.   The  discharge  will   be  oscillatory 
if the  resistance for the circuit be suffi 
ciently small. Similarly, if  as shown  at B, 
the condenser C, Le charged hy t mni ng the 
switch  S, to a, the  chnrge  from the  E. lVI. 
F.  will   be   oscillntory   if   the   resista nce 

 
B 

b 
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Fm. 125.-CIRCUIT  FOR   THE  PRODUCTION   OF  ALTER· 
NATING OR OSCILLATORY CURRENTS. 

 
 

of the charging circuit be sufficiently low. 
The condenser may receive a non-oscilla 
tory charge and give an oscillatory d is 
charge, or vice 'Vei·sa, by properly propor 
tioning the resistance  of  the circuits. 

 
The E. l\I. F. of t he discharge ·will, of 

course, be greater, the greater the distance 
through  which  the  spark  discharge passes, 
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but whatever the  E.  1\1.  F.,  the frequenq 
of oscillation in the  circuit  will  be  the 
same, and only the  am pli tude  of  the 
waves  will   be  affecte(l    It  will   be  evi 
<lell t, that if a Yery low E. l\I. F. be em 
ployed,  t he wmres  will   be   ,-ery feeble and 
a high E. l\L F., such as supplied by an 
influence  machine,  i necessary  for  power 
fol   oscillations. 

 
The frequency of oscillat ion in a gi,·en 

eircuit is not remlily computetl with a ny 
degree of accmacy, wheu t he circui t  is 
Yery short, owi ng to the fact that e\·en a 
straight wire offers an amount of ind uc 
tance appreciable to rapid discharges, aud, 
although the ind uctance of a coil of many 
turns of wire can be measured or calcu 
latetl, that  of  a  short length  of  bent wire 
is d ifficult to estimate. The frequency of 
oscillation   of   spark   discharges   has   been 
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experimentally obser ved, in a num ber of 
cases, by observing or photographing the 
succession of sparks i n a  discharge  with 
the aid of a rapidly rotatiug mirror._ 

 
It is possi ble, therefore, to render the 

charge 01· discharge of a  circuit oscillatory 
hy suitably regulati ng its capacity, iucluc 
tance and resistance. Such discharges are 
frerp1ently usecl  in  electro-therapeu tics 
under the title of  ::;tatic  i1lfluced  cun·enf8, 
an u ufortunately  misleadiug  term.  The 
usual connections em ployed in  such a cir 
cui t are shown in Fig.  126, where  A  and 
B, the main terminals of an influence 
machine, are maintained  at a high pressure 
u ntil they discharge through  an  interven 
ing air-gap. Bef ore llischarge occurs, the 
Leyden jars j, j, become charged by this 
pressure, and the  discharge  of  the  jars 
occurs as an impul8ive discharge, that is to 
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say, an oscillatory discharge.  The n umber 
of oscillations in the discharge will depend 
upon  the resistance  in  the  circuit, both of 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fm. 126.-0scILLATORY  CURRENT CrncUIT oF INFLUENCE 
l'IIACIIINE. 

 
 

the spark gap G, and the resistance R, of 
the patien t between A and B. The resis 
tance of the spark gap is not definitely 
known, but from the observed  dampen 
ing eff ect in experimental circuits, its resis- 
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tauce appears to be ouly a few oh m::::. The 
frequency 0£ oscillations depends upon the 
c:1pacity 0£ tlie jars and the i nd uctance of 
their  eircui t.  U mler  onli uary  cond itions, 
tl1e £re11uency is seYeral h u udred thousand 
periods  per  second. 

 
In onler that oscillations  shall  be  set u p 

in the ei rcni t CD, it is 11ot  esseutial  that 
two Leyden jars should he  m;ecl,  although 
thei r  preseuce  assists i11 11rnin tai11i ng  the 
i nsulat iou 0£ the prime eoncluctors  of the 
machine.  The  spark   d iseharge,   wl1ich 
occms at the air-gap U, will always he 
oscillatory, proviclec1 that  sufficient  capac 
ity  exists  com1ected  wi th  the  machine, 
relati ''e to tl1e resistance a.ud iuductance 0£ 
the clischargi11g ci rcu i t.  Two  equal  Ley 
den jars, iu series, are shown i n the figure, 
eou uected  as  a  siugle   Leyden  jar,   and 
equi rnlent  to  half  the  capaci ty  0£  either. 
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As alrea<l y statecl on  prige  Sl, the pass 
age  of  on e conlomh   of   el eet l'icit.\'  th rou gh 
a circui t in 011e  secornl  of  ti m e  m enu s  a 
rate of flow, or Clll'l'e11t stre11gth , of ou e 
ampel'e, 011 th e  :w erage, 1l mi11g  tliat  tim e. 
If this  coulomb  passed   th ro11gl1   t.h e  cil'cui t 
in one  thou sand th  of  a  secon1l , tli e  m eau 
cu rre nt  stl'ength  would  be  1,000  amperes, 
and  if  i n   th e  mil1i o 11th   of   a sel'.011d, the 
m ean cul're11t strength won1<1  be  1,000,000 
am peres.  For  th is  reaso11,  alth011gh  th e 
total  quantity  of  electricity  in  a  pai r  of 
Leyd en  jar s, such  as  represented  in  Fig. 
122, e\'en  "·h ell  chargetl  at  a  pl'e,;; u l'e  of 
th ou sarnls  of  \'Olts,  is Y ery   small,   yet, 
owin g to  tl ie  great  fre11ueucy, or  ra pid i ty 
wi th  w hich   thi s  elia!'ge  is pa ssed   th rough 
th e   circuit,   the   cmre11t   strengt h    <l nri11g 
th at ti m e m ay he Yery  con si rl erabl e.  Th e 
pati ent placed  in  th e  circui t  bet ween ....-1 
arnl  B, may,  t h erefol'e, he  t nw e!'sed   by an 
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alternating cu rrent · of m   uch greater 
strength  than  he ·would  he able to receive 
without   pain   under   ordinary   cond itions. 
For reasons   which are yet not  thor 

oughly understood,  but  which  are 
believed   to  he  physiological   rather  than 
physical, as soon as a certain  frequency  of 
alternation,   in   an   alternating   current    is 
attained, the  sensory  effect  of   the current 
almost  d isappears,  as though  it required  a 
certain  interval  of   time to ehpse  between 
successive alternating  currents  for a nerve 
under the influence of this current to register 
sensory eff ects in the brain.  Itwould  seem 
probable,  therefore, when  such  discharges 
of  higl1 frequency  pass  through  the  body, 
that owing to their   high   current  strength, 
as 've11 as to their  high  frequency,  power 
ful physiological  eff ects  may be  produced. 

 
So far as is at  present  known, no cur- 
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rent   can   pass   through such   a  mass   of 
materials   as   that   of    which    the Lu man 
hocly is composed, withou t eff ecti11g eler'f ro- 
lytic  decomposition or, in  other  won1s, that 
the  only  med iu m  of cond uction   in   such 
a  mass   is  cl1enu'cal  decomposition  or  elec- 
trol!J81'.s. Accordi ng   to  this  vie\Y, rapidly 
alternating     currents     produce     electrolytic 
effects, not only in the medium  immed iately 
surrou nd ing   the   poles  or   electrodes,  hut 
also  in  the  intmpolw·    or   intervening  tract. 

 
It has been suggested that alternating 

currents of such high £reque11cy \rnnld  be 
u nable, in traversing the lrnman body, to 
penetrate more than a Yery mo<lerate dis 
tance below its surface, and t liat, therefore, 
only superficial portions of the ho1ly could 
be directly affected by the discharge. 
Owing, hO\rnver, to the feeble electric 
conductivity of  the  materials in  the body, 
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this skin ejfect, or tendency 0£ the current 
to seek the outer layers to the exclusion of 
the inner layers, is comparati,,ely small at 
the frequencies which can be practically 
prod uced, £or, while the depth to which 
such cunents would penetrate in good con 
d uctors, such as copper wires, is very 
sma11, yet in the case 0£ comparatively 
high resisting materials, suc11 as those con 
stituting the h uman body, the penetration 
would probably extend practically through 
the entire mass. High ·frequency alternat 
ing currents are, therefore, powerf ul but 
painless currents, and are, probably, at 
tended by electrolytic effects in  the entire 
mass, although, as in the case 0£ all alter 
nating currents, little if any accmnulation 
0£ electrolytic materials can take place. 

 
It is  not  necessary  to  employ  a 1  in 

fluence  machine  £or  purposes  of  obtain- 
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ing high-frequency altemating curren ts. 
Alternating-cu rren t dynamos ; i. e., alter 
nators,   can   be   employetl   to   prod uce 
directl y fre11uencies  up  to  10,000  periods 
per second, although such machines are 
expensive a rnl troublesome to  operate,  re 
quiri ng Ligli speeds and special corn;;t ruc 
tion. Powerful i wl uction coils, cliargi ng 
condensers, are also capable 0£   produeing 
high pressu res th rongh  the  tlischarging 
circuit, in the same manner as influence 
machines. 

The general method employetl £or pro 
d ucing high-frequency alternating cur 
rents, is ill ustrated i n Fig. 1:?7. Here 8 8, 
is the second ary wind ing 0£ a powerf ul 
inchwtion coil, pro,-itlecl with a spark gap 
a t G. 8.')', is preferably exci ted by a lmY-
frN1uency alternating cunent, passing 
through i ts primary coil, say £or example1 



n 
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froru an alternating electric  lighting  cn· 
cuit. The function of s s' , is to produce 
high pressures which  charge  the condenser 

t----- '8 
--- --1 

c==!== 
 
 
 
 

s s 
Fm. 127.-APPARATUS FOR  Hmn FREQUENCY  ALTERNAT· 

ING  CURRENTS. 
 
 

C, with a quantity of electricity propor 
tional  to this pressure.  The spark gap G, 
is so adjusted  that  the  pressure  is  able 
to discharge across it and in such dis 
charge  to  permit   the   condenser   C, to 



ELEC'l'JW-'l'IIERA PEUTICS. 353 

ernpty its  charge  through  the  circuit 
CppGC with oscillations depend ing  for 
their frec1uency npon the capacity of  c 
ancl th'e ind ucta nce in the f'ireuit  compris 
ing the coil pp. This coil pp, consists of 
eomparati vely f ew t urns of 'rnll -i mmlated 
wire, and sel'\'es as the primary wi nding of 
an i nduction coil, whose secondary SS, 1rns 
also compara ti vely f ew  tums,  although 
more tha n the primary pp,  bnt  the  turns 
are very carefully insulated  from  each 
other. The effect of passing these very 
rapitlly alternati ng currents through the 
primary pp, is  to set up, by mutual  induc 
t ion,  very   powerf ul   ind uced  E.  l\L  Fs. 
i n  SS,  of  the   same   frequency,   whic11 
K M Fs. may be  util ized  directly.    These 
''ery po\\'erfnl induced E. l\I.  Fs.  are 
capable  u nder  suitable  conditions, of  giv 
i ng sparks several feet in length, and these 
tlischa rges,   representing   the  snrgmgs   of 
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h u nd reds of thousands of volts, are, never 
theless, almost painless, owing to their 
high frequency.   One   of   the   methods 

 

 
FIG.   128.-APPARATUB  FOR   CREATING   RAPIDLY   0SCIL 

LA'l'ING 11IAGNETIC FIELD. 
 
 

which have been applied electro-therapeu-. 
tically, in connection with high-frequency 
currents, is represented in Fig.  128.  Here 
the secondary windinr; 88, of  a  powerful 
ind uction  coil, charges and  d ischarges  tJie 
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condenser c th rough a l arge soleno!d or 
open  coil  F, of  com para ti,·ely  few  tmns, 
u pon a Yertical cylilld rieal  frame  about 
six feet h igh. The  pntien t  is  introd uced 
into  this   frame.    His   body   ncting   as  a 
:-;eeondary circuit, ind uced  alternating  cur 
ren ts circula te arou nd  i t  generall y  pnrallel 
to t hose  i n the pri ma ry coil. 

 
\Vhen the best resul ts are  tlesired  from 

high  fre(pteney  d ischarge,  i t  is   essent ia l 
that the k n obs betwe e11 wh ich t he spn rk 
1lii,;eharges take place, shall be brigh tl y 
polished.  If this  preea ut ion  is  not  taken, 
the <liscl wrgf':S ncro :-> the ni r-gap are npt to 
assume n eon Yeeti ve rather tha n a clisrnp· 
tive  clrnracter. 



 
 
 
 
 
 
 

CHAPTER  XIII. 
 

ELECTROLYSIS   AND  CATAPHORESIS. 
 

Tm; more modern theory of electrolysis 
regards the cond uction of  electric currents 
th rough  all  substances   except   metals   as 
a conncti,-e action, in which  only  free 
atoms or radicals can take part ; that is to 
say, a molecule of any substance is in 
capable  of  conducting   elect ricity,  except 
in the case of metals. "Where molecules, 
however, are dissociated into their atomic 
constituents ; i. e., into free atoms or radi 
cals, these constituen ts are capable of re 
ceiving  and  con veying  electric   charges, 
and so become the mediu m of transport in 
au  electric  current.    As  a consequence  of 

356 
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this, the  atoms,  af ter  having  delivered 
their electric charges, accumulate at the 
electrode  to which  they  are directed. 

A molecule in variably consists of two dis 
t i nct parts called ions, or radical1:;, named re 
spectively the electropo8itiu e aml the electro- 
ne[Jath'e ion or radical. ·when electrolytic 
decomposition of the molecule occu r:-;, it is 
the electro-positive radical or ion "·hich 
appears  at  the  uegative  electrode,  called 
the cathode, or the upway, ancl the electro 
negative rmlical or  ion  whieh  appears  at 
the positive electrode, calle(l the a node, or 
the dowuway. \Vheu, for exam ple, a cur 
rent is lecl between platinum electrodes, 
through hyd rochloric acid, it is  supposed 
that there exits in  the  liquid  besides  the 
hyd rochloric acid molecules proper, a con 
siderable nu111ber of atoms or radicals of 
hyd rogen,  aml  of  chlorine,  in  an  uncom- 
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bined state, resulting from tLe tleeom posi 
tion of  some of  tLe  molecules.     \Vhen  an 
E. M. F. is con uectetl to  tLe   electrodes 
these atoms recei ve eledl'ic cLarges, tLe 
hycll'ogen, 01· positi \'ely charged atoms, 
being attracted to the negativ e  electl'ode, 
and t he chlol'ine, 01· negatively charged 
atoms, to the positive electrode, so that t he 
passage  of  the  cmrent  is  accom pan ied by 
t wo streams of ions movi ng in opposite 
directions  thrnugh  th e liquid. 

 
\Vhen a quantity  of  electricity  passes 

th rough a liquid, the products of  electro 
lyt ic decom position, collected at the elec 
trodes, arn found to be in strict proportion 
to tLe quantity of electricity which ha 
passed. EYery coulomb of electricity, in 
its passage tL rough the solu tion, leaves at 
the electrodes a definite n umber of ions 
differing in diff erent liquids.   Thus, wLen 
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l1yd rogen is liberated, this quantity is 
0.01038 milligramme-per-coulomb ;  so 
that one am pere ; i. e., one coulomb-per· 
second, passi ng t hrough a solution antl 
liberating hydrogen, will liberate 0.01038 
milligramme·per-second. 

 
A certain critical ·rnlue of the  E. 1\1. F. 

is required bet ween the electrodes, in a 
liquid, before  electrolysis  can  take  place. 
In other  words,  a  liquid  offers  a  cerbin 
C. E. l\I. F. havi ng a defi n ite mini m um 
value, and this C. E. :L\I. F. mnst be o\·er 
come, in addition to the C. E. M. F. clue to 
oh mic resistance, which the liquid possesses 
by virtue of i ts resistivity arnl geometrical 
proportions, before the current will pass 
through  the  liquid. 

 
"\Vh en liqu ids that are capable of mi x 

ing,  are  placed   in  a  Yessel,  in  com part- 
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ments separated f rom eac11 other by 
porous  partitions,   an   unequal   mixing   of 
the two  takes  place  t11rough t11e pores  of 
the partition or septum. This            
unequal mixing  through  the  pores  of  the 
intercept ing medium  is  ca11ed osmose.
 Under   its influence, the level of  
the 1iquitls  on oppo site  sides  of   the 
septum  will  be  changed. In the case, for 
example, of sugar and water, placed on 011e 
side of the septum, formed of say a piece of 
hog's bl m1c1er, and pure water placed  at the 
same height  on  the other side, the liquid  
current  from  tl1e  pure  water is stronger  
than   the  ctITen t  from  the  sugar and  
water,  so  that  the  leve1 of  the  liquid rises 
on  the  side  of  the  sugar  and  water. The   
two   cunents   are   s01netillles d istiu 
guished as fo1Jo,Ys ;  vi z., the  one  towards 
the  higher  level  is calle<l  the  en rlosmotic 
cmrent,   nncl   the   one   toward   the   lower 
level,  the  exosmotic  cmrent. 
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"\VLen an  electric  current  is  sent 
through a porous septum separating either 
two  d ifferent  liquids,  or  two  portions  of 
t he  same  liquid,  some  of  the  ·liquid  is 
trn nsportecl  bodily   th rough   the   septum, 
al most always in the direction of the elec 
tric current ; that  is  to  say, from the posi 
ti ve pole or anode  toward  the   negati ve 
pole 01· cathode. This is called electric 
o.smo8e or cataplwresis. This electric os 
mose takes place independently of ordinary 
osmose, and since its d i1·ection varies with 
the current, it  may  be  made  to either  aid 
or  oppose ord inary osmose.   The quantity 
of liquid t ransported depends both on the 
nature of t he liqnid and on  the  nature of 
the porous  d iaph ragm, but  i n  every  case 
is directly proportional to the quantity  of 
electricity 'Yl1icL passes. The quantity 
transported in a giYen ti me is, theref ore, 
proportional  to the current   strength.     The 
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thickness and area of the  porous  dia 
phragm have no effect upon the amount of 
liquid transported, providecl the current 
strength  is constant,  but  it  is eviden t, that 
a thick septum or diaphragm with a small 
acti,-e surface, will add  a  greater  resist 
ance to the circuit than  a  thin  diaphragm, 
of large active surface, and, consequently, 
wi11 tend to restrict the current  strength, 
and, therefore, t he amount of liquicl trans 
ferred.  ·with  any given  porous  membrane 
the rate of t ransfer, or  the  quantity <..:t 
liquid transferred per-coulomb of electricity, 
is directly proportional to the resistivity of 
the liquid ; the higher the specific resist 
ance or resistivity of the liquid, the greater 
will be  the  amount of  lit1uicl transferred. 

 
For the above reason, a very dilute  so 

lution of a salt in water is m uch more 
rapidly transferred  through  a porous  dia- 
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phrngm by electric osmose or cataphoresis, 
than n dense or nearly saturated solution, 
since the d il ute solution has a greater re 
sisti vi ty, or smaller cond ucting power, but 
the total quantity of  salt  transferred  in  a 
gi ven mass of dilu te solution will be less 
than that  transported in  the same  quantity 
of  concentrated  solu tion,  so   that   the 
athan tage of em ploying  a  dilute  and 
rapitlly transported solution frequently dis 
appenrs. 

 
Since the h uman skin, from a physical 

point of Yie\\T' is a porous diaphragm, it is 
possible to cause almost nny solution to be 
transferred t hrough it i nto the  suhjacent 
tissues, by placing ::in electrode thoroughly 
moistened with the  solution  over the  por 
tion  of  the  skin  selected,  and  connecting   it 
,\'ith the positi,-e terminal of the source of 
con ti nuous  E. l\I.  F. employed, "·bile the 
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negative electrode is placed in contact witl1 
some  other portion of  the body.   Methods 
of treatment based u pon tl1is action, 
whereby drugs or medicaments are directly 
introd ucted into the  parts  to  be  acted  on, 
are called cataplwric medication. 

 
The combination of electrolysis with 

cataphoric medication is sometimes called 
'metallic eled rolysis. Th us, if a moistened 
copper electrode be placed oYer  a  surface 
of skin, or m ucous rnem brane, and be con 
nected with the positive pole of a source of 
continuous E. 1\1. F., while the negatiYe 
pole is placed in connection  with  some 
other part of the body, a salt of the metal 
will be formed at the surface of the metal 
by electrolysis, and this salt, entering into 
solution at the surface of tlie skin, will be 
carried through the skin or membrane by 
cataphoric  action. 



 
 
 
 
 
 
 

CHAPTER  XIV. 
 

DANG ER S  lN  THE  THEIU.PEUTIC  USE  OF 
lLECTRlClTY. 

 
AN uni nsulated electric cond uctor ca ny 

ing a current, though  held in the baud, is 
not dangerous from the passage of the cur 
rent, unless the wi re is so overheated  that 
the wire  becomes  dangerously  bot. If, 
however,  a high  E.  JL  F.  be  connected 
with the wire, t hen holding such ff ire in the 
hand may become dangerous, if a circuit he 
established  th rough  the  body for the  pas· 
sage of  an  electric current from the E. l\L 
F.  That is to say, the  body  may  recei,,e 
a dangerously  powerful  electric  current. 
A man  standing on  a dry, wooden floor, 

355 
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may safely touch a wire connected ·with a 
high pressure. For exmnple, he may bold 
in  bis  band  a bare  wire  leading  from  a 
dynamo supplying a n umber  of  arc lamps 
in series, and, therefore, having  a  diff er 
ence of electric  potential, relati vely to the 
ground, of  several  tbousam1  Yo1ts. The 
man will, probably,  be alJsolutel y uncon 
scious of any effect prod uced by the current 
passing   through   the wire. Bnt,  should 
the man, while touching  this  wire,  come 
into contact with some other electric con 
ductor, sucl1, for example, as an iron beam 
connected witl1 the grou nd, or a grounded 
wire, he may recei ve a dangerously power 
ful, and even fatal, electric current through 
his  body ;  for,  if  a  groum1  exists  any 
where in the circuit of  the wire  he  holds, · 
he  wi11 thus  permit  an  elecric circuit to 
be closed through his body, having  in it a 
considerable E. M. F. 
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In other words, mere]y touching at one 
point  a circuit  through  which  a  powerful 
cu rrent is passing, is not sufficient  to cause 
a cmren t to pass through t he body.  Not 
only a point  of  entrance, but  also a point 
of exit  and a com plete circuit m ust be 
provided t hrough the bod y, before a cur 
rent can be receiYed. It is for this reason, 
that the rule is frequently adoptell in elec 
tric lighti ng stations, where cond uctors 
carrying high pressure curren ts are em 
ployed, al ways to keep one harnl i n the 
pocket when  touchi ng  a  conductor.  By 
this meaus, if the floor is insulated, it will 
be  Yery  d ifficult   to  establish   a  circuit 
th rough  the  body. 

The current strength which will be re 
ceiYed by the body under any giYen condi 
tions in which a circuit is established will, 
of  course, depend  upon  the  E. l\I. F. and 



368      ELECTRICITY  IN 

011 the resistance of the entire  circuit  in 
"·bich the body is introduced, nccording to 
Ohm's law. Tbe resistance of the hnman 
hody may Yary enormously, as already 
pointed out, so that it is almo1< t impossible 
to say what the current strength wm be in 
any pnrticnbr case, but, generally  speak 
ing, the greater tlie surface area of skin 
coming i nto contact  "·ith  the  electrodes, 
and the moister  t he  skin, the  greater  will 
be the danger of receiYing a fatal  shock 
from  a po"·erfu] E. l\I. F. 

 
Ge11eral1y  speaking,  a  contin uous E. l\I. 

F. of O ,·olts, applied any where to  the 
human bod y th rough the u u broken su r 
face of the  skin, may be regarded  as hann 
]ess, since the current strength t hat can be 
made to pass through an y portion of the 
body by means of such an E. l\I. F. is very 
feeble.   Alternating E. M. Fs., at frequen- 
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cies commercially employed, rnay he pain 
ful under certai n ci rcumstances at pres 
sures us low as e ven 5 ,-olts ; us, for 
example, when  the  hands a re immersed  i n 
a jnr of saline solution, aml these jars  are 
con nect.ed  with  an  altenrnti ug pressure  of 
5 Yolts effeeti ,·e. As the pressure is in 
creased  a boYe  5  ,·olts  of  alternating  E. 
l\l. F., or 20 ,·olts of cout.iuuous E. l\I. F., 
tl1e ph ysiological  eff ect::;  become  more 
pai nful, mul the con t inum1ce of such a cur 
ren t may produce serious effects.  Fif ty 
volts of alteruuti ng E. 1\1. F. is cnpable of 
killiug a dog, in t wo or three seconds, \rhen 
suitably applied through large "·et elec 
trodes, in  such a  rnau ner as to  meet  with 
a compurn.t i,·ely red uced resistance iu the 
body of t he aui urnl. 

 
At  ordi nary  conunercial  frequencies,  it 

would appear, from experiments con- 
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tluctecl upon tlogs, horses and cows, that 
the danger of  a giYen alternating-current 
pressure is t wo  to  three times  as great as 
t hat of the same amount of continuous-cur 
ren t pressu re, and, moreover, under tl1e 
action of a po"'erfnl alternating  current, 
tl1e animal is depriYed of Yolitional control 
of its m uscles, which are th rown into 
tetauic rigidity, a much greater strength of 
tlie contin uous current being necessary to 
pro<l uce a similar eff ect, eYen in a partial 
degree. At extremely high frequencie8, 
ho"·m·er, far aho,-e those at present com 
mercially em ployed, we ha,-e seen that the 
physiological effect of alternating curren ts 
is considerably less than that of continu 
ous currents of the same strength. 

 
Umler onliuary circumstances, a man re 

cen-es a shock from a wire through  his 
bamls  and  feet.    A  pressure  of   100 volts 
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continuous is not m ueh more than appre 
ciable when the hands are d ry,  :.mcl  the 
same  may he said  of  50   rnl ts  of  alterna 
ti ng cu rrent. A pressu re of 500 rnlts is 
capable of gi ving a ,-ery se,·ere shock, 
especially  when  a  man  stamling  on   the 
wet grou nd, touches a cond uctor in conuec 
tion  with  a  t rolley  wire,  at  ahon t 500 
volts pressure. Ilare insta nces are said to 
have occmred in which t his con ti nuous 
cmrent pressure has been fatal  to  ma n. 
Such a pressme is very read ily capable of 
killing a horse, partly mYing  to  the  fact 
that its skin is almost   entirely  u npro 
tected. It 'rould also appear from such 
experimen tal kno\\·ledge as we possess that 
animnls are more remlily killed by electric 
pressu res than bnrnan beings. 

The cmrent strength  whid1 it is d a nger 
ous to employ  depends both upon its poin t 
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of application and upon its duration. A 
current of 250 milliamperes is, in some cases, 
harmless when conducted through por· 
tions of the human bod y for a short inter 
val of time, while, in other cases, this 
strength of current, passecl through vital 
organs, might produce fatal results. In 
continuous-cunent strength, however, any 
excess of 25 milliam peres is usually at 
tended with pain under normal conditions, 
and is, therefore, regarded as a strength of 
current that should only be administered 
with clue preca utions.  Even this strength 
of current through delicate organs, such as 
the eye, might produce serious results. 



 
 
 
 
 

CHAPTER XV. 
 

X-ltAYS,   OR   HONTGE   HA Y  . 
 

Tim d iscovery annou nced in December, 
1895, by Professor \V. C. Rontgen of \Vi.irz 
bu rg, Ban1ria,  of  a  new  form  of  radia 
tion,  placed  at  tLe  hand   of   the   smgeon 
and general practitioner a  mea ns  for  the 
ready  location  of  foreign   substances  i n  the 
h u man   body.      The   photography    of    the 
i nvisi ble thus rendered  possible  Las  proved 
of great val ue, especially since it also re 
Yeals the presence of any abnormal comli 
tions of tLe skeleton or e,·eu of t he sof ter 
tissues.  Prior  to  1895, the  onl_v  known 
means for t he location of tleeply seated 
foreign bodies 'ms the use  of  t he prohe ; or, 
in  rare  cases,  tra nsill u mi nation  by ordinary 

3i3 
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]ight. It is true t hat the electro-nrngnetic 
ind uction balance of Professor Hughes was, 
in certain cases, abl to give some limited 
information, but its use was so restricted 
as to be practically val ueless. 

 
Professor Rontgen d iscovered  that  glass 

t ubes in which a very high vacuum existed 
were capahle of emitting a  rad iation  for 
wh ich he proposed the name of _}{ rnys, or 
the 1mX·now n mys. 

 
The  X- rays  possess,  among  others,  the 

f ollowing peculia rities : 
(1) They prod uce no effect on the · 

naked  eye  and  are, t herefore,  invisible  to 
such an eye. 

(2) They are capa ble of t ra\·ersing, al 
though in tl ifferent degrees,  substances 
which  are opaque to ordi nary ligh t. 

(3) They  possess   t he   power   of   pro- 
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cluci ng a ki nd of fl uorescence, or the em is· 
sion of l igh t i n cer tni n bod ies  on  wLich 
they  im pinge. 

(!) They are capable  of  aff ecting sensi 
tive photographic plates. 

 
The three last-mentioned proper ties are 

possessed in  certain  degrees  by  ordi nary 
1u mi nous radiation or ligh t. 

If the term i nals of an i nfl uence m achi ne 
be .connected  to   a  11ighly exhausted  glass 
tu he,  such,  for   exam ple,  as   the   Crookes 
t uhe, represented i n Fig.  10, t he negati,·e 
ter mi nal, to the catlwde c am1 t he positfre 
termi nal, to t he anode .d., t hen, on the op 
eration of the machi ne, n  series of  elect ric 
d ischa rges will pass through the t ube. 

If the  ,·acu u m  i n  the  tu be  iB  lo"·, the 
d ischarge will t nke pl ace bet ween the 
cathode and the  an ode.    Such a tu be does 



376       ELECTRICITY   I N 

not prod uce X-rays. \Vheu, however, as 
Crookes first showed, the vacu nni is suf. 
ficiently high, the discharge is no  longer 
bet ween the cath0l1e and the anOlle, bu t 
proceeds  rectilinearly  from   the   cathode 

s 
 
 
 
 
 
 
 
 

Fm. 129.-Cnomrns Tv11E .    ELOXG.\TED  PEAR  SnAPE 
OLD TYPE . 

 

across  the  t ulJe,  as show u  by  the  dot ted 
Jines  in  Fig. 129. Although  m uch  differ 
ence of  opinion  still exists as to the nature 
of  the cathode 1·ay8, yet  they are genemlly 
1elie,·ed  to consist  of  streams of  nega.ti,·ely 
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electrified material  particles either of the 
resid ual atmosphere or  of  particles  torn 
from  th e cathode.   This belief  is strength 
en ed hy the fact that such a stream of elec 
trified molecules  should  be the equirnlent 
of an electric cmreut, aud should  therefore 
be deflected by magnetic flux. This is 
actually the case. The cathode rays are 
deflected hy a magnet, aud  the  succession 
of brigh t ancl dark bands of fl uorescence 
prod uced on a screen recei \'ing the mag 
netically deflected rays has been called a 
magn etic spectr a m. 

\Vhere·:er the ca thode rays nnprnge, 
whether  ftgai nst  the  walls  of  the Crookes 
t ube  or  agai nst  some  solid  bod y  placed 
wi thin the tube, they prod uce  :fluo 
resceuce and heat. 'f he molecula r born 
bartlmen t of the impingi ng stream of 
cathode  rays may be so  violent  as to  melt 
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the walls of the tube on wh ich i t falls, 01· 

eYen to melt a plate of plati n um placed in 
thei r path. The snrfoce rem1ered fluo 
rescent by the molec ular horn bard men t  is 
the seat or origin of the X-rays. Conse 
quently the cathode rays are the parents of 
the X-rays. 

 
If t he excited tube be placed in a ligli t 

tigh t canl bo:ucl box BBBB, Fig. 130, 
then in a cla rkenetl room, no ligh t will be 
Yisible outside the box from the excited 
tube. It will be i m possible to tell, with 
the unaided  eye, whether  the  X- rny tu be 
inside the box is excited or not. If, how 
ever, a screen Sis:of  wood or card board, 
covered on one sitle wi th a suitable-fluo 
rescent material, such as bari nm platino 
cyanid e, or calci um t u ngstate, be held "·ith 
its coated  side  opposi te  the  eye,  the 
screen will glow u n iformly with fluorescent 
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l ight  exci ted  hy  X-rays,  wl1ich,  emi t ted 
from a poi n t, say p, pass th rnugh the  si<l e 
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Fw   130 -DL\GR.U!  ILLUSTRATI NG   LSE  OF  FLl:OHES 

CENT ScnEEN. 

of  the  box  BB,  and  the  card board  or 
wood  of  the screen. If a  metallic object 
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00', such as a coi n or a key, Le held 
between the radiant poi nt p, and the 
screen 8'g, it will intercept  the  X-rays 
that fall upon it and will cast a shadow on 
the  screen  at  oo', the  remai nder  of  the 
screen glowi ng as before. Consequently, 
an eye placecl at E, will see a dark shadow 
of the metallic object 00' , surrou nclecl by 
a fluorescent fie1cl 

 
It is on this pri nci ple that the apparatus 

callecl the .fluoroscope is constructed. It 
consists essentially of a light-tight  box, 
shown  in  Fig.  131, shaped   something  like 
a stereoscope, and provilled with an aper 
tme at F for the eyes. I1mne1liately oppo 
site the eyes is placed a screen of card board 
A AA A , coated on the inside wi th a layer 
of calcium tu ngstate. The apparatus is 
supported in  the  band  by  the  bamlle  IL 
If the  instru ment  he  so  held  against  the 
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face as to excl ude aU ou tside ligl1t, with 
tl1e eyes d i rected toward the :fluorescent 
screen, a brigh t phosphorescent  glow 'rill 

 
I 
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Fm. 131.-TIIE FLUOROSCOPE. 
 

oc observed when  the  screen  is  exposed 
to X-rmliation, as, for example, by being 
held in the neigh borhood of nn  X-rny 
tuhe.    Suppose,  now,  the  extended   hand 
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FIG.  132.-X-H \Y  FLUOTIESCENT  Sn.mow PICTUTIG  OF 
HAND AND  \\'ms·r. 

be helcl agai nst tl1e screen AA ; then, i n 
stead of a general d iff used ill umi nation  of 
the surface, t h e  shadows  of  the  hones  of 
the  haml  and   less  deep shadows  of  some 
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of   tl1e  t.issnes   will   lJ e  depicted on   the 
screeu , ns sho\Yll i n Fig. 132. 

 
 

The   X-rny   i ll n miuat ion    protl uced    by 
flu orescence 011 the  screen  of  t he  fl uoro 
scope  rnpi(ll y  d i m i u ishes i n   i u t en si ty  wi th 
t h e d ista uce from  tlt e  tu be.    Li k e all nH1i 
nt ions, tlt e i11te11si ty, 11eglect i11g ab::(orption, 
is i n v ersely as t he sq nnre of  the  ll ist ance 
from tlt e so1rn:e  reganl ell  as n  poi nt.  Con 
seri n en t.ly, i n onle1: to obta i n a rn nxi m u m 
degree   of   bright ness,   i t   i s   im portant   to 
bri ng  t he  fl uoroscope   ns .close   as  possi ble 
to  t he   sou rce   of    X-rnys,  \\·hi ch,  for  con 
venience,  is  repres en ted   i n   Fig.  130  as  a 
poi n t on t he wall of  the glnss t ube. 

 
 

The i n ten sity 0£ t he sbad ov1s prod uced 
u pon the screen i n the fluoroscope d epends 
upon   t he   brightness  0£  the  illumination 
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and  t he   opacity   of   tlie   substance   pro 
d ucing the  shadow.  "Wi th ordi nary ligh t, 
the opaci ty of a  substance does  not  de 
pend upon the density of  that  su bsta nce ; 
th us, a sheet of al um inium one milli metre 
thick is apparently as opaque as a sheet of 
lead of the same thickness,  while  glass, 
which is usually  sligh tly denser  than  alu 
mi ni um, is transparent. -\Yi th X-rays, 
however, the d egree of opacity of sub 
stances increases wi th their density,  al 
though  not i n the same  proportion.  Th us 
pla ti n u m is Yery 1_lense and also ,-ery 
opa1111e to X-rays.   Glass is a1so a dense 
a ml opaque sulJstance ; aluminium, water 
card board, and wood, are less dense and 
more  transpa rent.  Consequently,   the 
shadow  which   1rnultl  be  projected   upon 
a screen hy a thick ness of 1/lOOth of  an 
inch of platinum might be as dense as that 
projected by a t h ickness of 6" of wood. 
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The fluorescen t screen 88, Fig. 130, 
only prod uces a tem porary shadow image 
of t he coi n. If, however, the screen be 
replaced by a sensi tized  photogrnphic 
plate, a permanent reconl of t he light and 
shadows will be impressed ou the plate 
after i ts suhseq uent de,·elopmeu t ; for, 
where t he X- rnys trike the  plate,  they 
prod uce a chemical change which results in 
the development of photographic effects, 
while the pa r ts co\·erecl by the coi n  are 
lef t unaded on. Some plates are  more 
sensiti ve to X-rml iation than others, and 
special photographic plates are now nrnnn 
factured for radiogrnphs. 

In Fig. 130 the X-rays  are  represented 
as bei ng emitted from a si ugle point on the 
wall of the  glass t u be, lli rectly opposi te 
the cathod e. Alt hough such a tu be might 
furnish  a  point  source  of  X-rays,  if  the 
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catltotle  were  concav e  ns  shown , so  as  to 
focus t he cathode rays u pon n si ngl e poi nt 
of  t he  t u be, yet, i n such  n  case,  the  h eat 
de,·el opetl at  t hat  poi n t, by the  mo1ecular 
bombard men t, "·ou hl 1Je so grea t as to fuse 
t he t u be,  and  such  a  plan  w ou hl,  there 
fore, be  impracticable. Cou sequ en tly, the 
catlt olle  rays are  mad e to fall  u pon  a SU I'· 

face aud not u pon a poi11 t ; a large area of 
th e  snrface  of  the  tu be  t hel'eby em it.ti ng 
X-rays. Urnler these ci rcu m stan ces, u nless 
t he  opaq u e object  h e placed  cl ose  to t h e 
sereen, the sh:iclom;; will  be ind isti nct and 
confused.  Th us, in  Fig.  133,  t he  X-rays, 
e m i ttt>d  from  the  poi n t, A, prod uce  the 
s]w,(lo\V of  an  object  00, u pon the  screen 
or fluorescen t plat e nt aa' . Similarly,  mys 
from t he poi n t .B, project a shadow  at bl/ , 
nml mys from t he poi nt, C, project a shadow 
at cc'.  Th e space, ac', will show a complete 
shntlow, while the spaces, ac antl c'a', which 
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are  partly  i l l u mi n ccl, will  show  i n(l i:::;t inct 
a n ll partial shallow s.  To  obtai n sharp ou t 
lines  of   shallows,  therefore,  i t   is   n ecessary 

 
 
 

 
FIG . 133.-Dt.\ G n.ur  Srrow1:rn  C.\ t: E  OF l:\01 n:-;cT 

NEs IN R,\DIOO HAPmc hrAGE. 
 
 

either to place t li e object on, n ear the 
screen S,,_':, or to mak e the d ista nce of t h e 
oLject  from the screen  mu ch  less  than  t h e 
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d istance  of  the  object  from  the  tulJe.   In 
the lat ter  case,  howe,Ter,  the  radiation  will 
be   faint,   a11tl   the   ti me   of   exposme   for 
a radiograph i mage will he necessai:ily 
lffolon0o·ed. 

This tli:sad van tage of placiug an object 
far from the X-ray tube, when the object 
eannot be brought c1ose to the screen, reu 
tlerecl it clesi rnHe to obtai n a practicable 
form of .f ocusing t uie ,· 'l. e., a t u be in which 
tl1e :X:-racliation is practically limited to a 
poi n t source. Such a tu be is obtained by 
means of a cle,·iee shown i n  Fig.  134, 
where a piece of  platin um  foil,  a,  called 
the anti-cathode, is placed i n an inclined 
position, so as to recei ve the focnsecl molecu 
lar bombard ment from t he conca,Te alu 
minium cathode C'.  The  an ti-cathode  is 
itself made the anode, th rough its wire 
support  A, although  this   is  not   essential. 
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The anti-cath ode n ow  become::;  th e 
source of the X.ra ys, a ucl if it be so si t 
uatetl that a com par at i \'ely small su rface 
recei ves t he bombanlm en t, t he t u be be 
comes practically  a point  sou rce of  X-rays, 
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Fw. 184.-::lINGLE-Fuc us X - H.\Y  T UBE. 
 
 

from wlt icl1 eit her sharp tln oroscopic :shml 
nws, or ratl i ographs, may be obtai ned , e\·e11 
wh eu t h e opaque object is at some distance 
from t h e screen. Th e ant i.cat h o1le is fre 
qnently rendered red hot, wh en th e t ub e i ::; 
iu pow erful act ion, but bein g of plati nm11, 
an tl  su pported     in   free   space,  t his   Joe.s 
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not tbmnge the t u be.  In  a11 focusing 
tubes, howe,·er, the  cathol1e rays, pn rtia1ly 

A B c D 

 
 
 

Fw. 135.-DIFFERENT  Fomrs OF X-RAY TunEs. 
 

 
reflected from the nn ti-cnthoc1e,  strike 
ngainst the walls of the tube nml  there 
excite  faint  X-rnys,  which,  however,  are 
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usually  too  f eehle  to  prnd nce  m uch  d is 
tu rLi ng  effect   upon   the    maiu  sou rce. 

 
\Vheu a  symmetrical  altern:-t ti ng curren t 

is  l!sed  for  excitiug  an  X-rny   tuLe, each 
ter minal is altenrntely the an oLle and the 
cathode.  In  t his  case  the  an t i-cathode  is 
set  opposite  hot h  elcctrndes  as  shmn1  at 
B, i u   Fig.  1:3:5.   Such   a  form   of   t u be 
is  called  a  dr)//U e;f iJcus  tu11e.   The  an t i 
catho<le  is  here  a  little  weclge,  or   bent 
pla ne of plati n u m foi l, as show n, placed so 
as to recei \'e the cat hOLle mys  from  each 
term iual  alternatel y.  Th e  direction   i n 
which t he X-rays are most powerf ully pro 
jected is, approxi nrntely, the same  as  the 
path that "·0111d  he  fulloweLl  by  t h r 
cathode rnys on reflect iou from the ant i 
catbode.  'f h ns,  t he  d irecti on  of  most 
powerf ul X- r:Hliation  from  t he  double 
focus t ube, is iu the Lli rection uf t he wedge 
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on the anti-cathode, but some X-rays are 
emitted in all directions from ·which the 
bombar<lecl surface of the anti-cathode is 
visible. 

 
A, 0 and D, in Fig. 135, represen t other 

forms of single-focus t u bes. The dimen 
sions of an X-ray t ube depend to some 
extent upon the  E. l\I. F. aml  the  power 
of  the  electric  exciting  source.    A  short 
t ube, with a comparatively small distance 
hetween terminals, is better suited to a 
comparatiYely f eeble source of excitation. 

 
The exact nature of X-rays is still un 

known. The followi ng t heories have been 
proposed : 

(1) That they consist of streams of 
material particles projected from the snr 
face of the anti-cathode , and capable, not 
only of  passi ng  through  the  walls  of  the 
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tube  but  also through the objects  outside 
the t ube placed in their patl1. 

(2) That they consist of  longitudinal 
wave motions, in air, like sound wiw es. 

(3) That they  consist  of  longitud i nal 
wa ve motions in the ether. 

(4) Tha t they consist of streaming mo 
tions of the ether or non-periodic impulses 
im pa rted  to the ether. 

(5) That they consist of tra ns,·erse vibra 
tions of the ether similar to t hose of light, 
bu t of much higher frequency. 

 
It would seem that the cause of X-rays 

m ust be fou nd in one or anot her of these 
theories. \Yhile it is still too early to de 
cide, yet t here are some facts which would 
appea r to throw the balance of probability 
in fa vor of  the  last  theory.  The  reason 
for rega rding the X-rays as of a totally 
different  nature from ordinary  light,  was 
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fouud in the fact that the X-rays seemed 
incapable of being reflected, refracte(l , 
polarized, or subjected to interference, like 
ordinary light. Quite recently, ho1Ye \·er, 
Becquerel has disco\•ered a peculiar form 
of rad iaion ealled the Becquerel ?'ttys, 
which,  to  a  certain  extent,  removes  this 
d ifficulty. He has found that when  cer 
tain uranium salts are subjected to solar 
radiation, they acquire the power of emit . 
ti ng au in visible racliatiou, wl1ich, like tl1e 
X-rays, will pass  th rough  bodies  opaque 
to ordinary light and prod nce photo· 
graphic shadow images u pon sensitive 
photographic plates. The Becquerel rays, 
however, u nlike the X-rays, are capable of 
bei ng reflected,  refractell,  arnl  polarized . 
It has been suggested, therefore, that they 
may occupy an intermediate positi on be 
tween ordinary lu minous radiation and X-
radiation, so that, if this theory be true, 
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the  exte11sion  of   the  spectrum  beyoml  the 
visible  l imits of  the  Yiolet  rays wou ld fi rst 
reach  the  region  of  t he Becq uerel  rays, nrnl 
finall y that   of   the  X-rays.  It is  for  tl1is 
reason   that   the  X-rays   are   sometimes  re 
fened   to   as   beiug,   perhaps,   1dtm-11ltm- 
'11iolet 1·a!JS. It  has   also   been   suggeste(l 
that whereas  ordi nary  light  is d ue to vil H"a 
tion    frequencies    of molecules,    t hat   the 
X-rays   ma y  he  d ue  to  the  v ibration   fre 
q ueneies of  a toms aml consequently  poss(•ss 
a  much   h igher   frequency.  A ccord i ng  to 
this   theory,   it   is  possi ble   that   when   we 
obtain  molec ula r  Yibrat ions '"e may finally 
attai n   freq uencies   as   high   as  t he   ultra 
violet,   whe reas,   when   "·e  obtai n   atomic 
Yibrations,  "·e  may  reach  frequencies   cor 
respondi ng to the X-rays. ome        physicists, th 
erefore,   hope   that   whe reas   t h e   micro 

scope  at  present   is limited   in  its penetrat 
ing power to masses, u w mg to the 



396 ELECTRICITY  IN 

com parati,-e  coarseness   of   the  ·waves  of 
ord inary  light,  tlmt  in  the  Becquerel and 

-rays "\Ve may have f u t u re 111ea11s for 
optically revealing tlie constit u tion of 
molecules or e,·en of  the atoms by t he aid 
of t he finer and shor ter waves of t hese 
frequencies. 

 
X-rays may be prod uced by any  suffi 

cien tly high-tension electric source. The 
apparat us  at  present  employed   is  either 
the irn..l uction coil or the influence machine. 
The ind uction coil may he excited by con 
tinuous currents, t hrough a vibrator or 
rernlving   circ uit-breaker,   prod ucing   high 
d issymmet rical alternating E. 1\1. Fs., or, it 
may be excited  by  osci11ati ng  discharges 
of Leyden jars  or condensers, thereby  pro 
d uci ng sym metrical alternating E. M. Fs. 
The influence machine also produces oscil 
lating  discharges  through  the  tube. 
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The  practical  apparatus   em ployed   at 
the present ti me for t he prod uction  of X-
rays rna y be t1i,·ided  into t he followi ng el 
asses : 

( 1) Irnl nct iou   coils   operated    t hrough 
vibrators  or  rota ry   circuit.breakers, 
either by pri mary ba tteries or hy storage 
batteries. 

(2) Incl uction coi ls operated from  con 
tiu uous-e u nent electric-l igh t circuits. The 
elect ric-ligl1t circu i t may be cou nected  to 
a sma11 motor-cl y umuo for prod uci ng a low 
K l\I. F. with a po"-erful cmreu t, practi 
cally red nci ug the  appa rat us  to  t he  first 
ty pe ; or, the  electric-ligh t  circuit  of, say, 
120   ,-olts   pressme,   may   be   connected 
d irectly to the primary "·inding of the 
i1Hluctiou coil through a suitable resistance 
and  a coutnct-breaker. 

(3) lIHluctiou coils opera ted  by  a1ter 
na ti11g-cnrrent electric-light circuits, in con- 
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nection   wi th  a  spark  gnp  n nd  ind uction 
coil. 

(.J) Iufluence  nrnchi nes. 
 

A Rn bmkorff coil operated by n primary 
hnttery of t he  Eclison-Lnbncle  type  is 
represeu te<l  in  Fig.  136.  Here,  the   bnt 
tery A, of  eight  cells  connected  in  series, 
hns  its terminnls  led   through  the   cord  B, 
to the primnry tenni n nls  of  the  induction 
coil   C   through   t he   reversing   switch .F 
On closing the  switch,  the  cnrrent  is  sup 
plied to  the pri mary wind i ng through the 
vibrntor DE. A powerful dissymmetricnl 
ltenrnti ng E. l\I. F. is generated in the 
seconcbry wi nd i ng, nnd this is led directly 
from  the   termi na ls   J III   to   the   tube  Il. 
O wi ng to the <l issymmetrical nnture of the 
secon<l n ry  E. M.  F., the   reversing   switch 
m ust be thrown in the proper direction in 
or<ler   to  bring   the   cntl10de   opposite   the 
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FIG . 136.-PRDIAHY  BATTEl\Y A XD  lXDL"CTIOX  COIL X-

RAY  0UTFl'l'. 
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reflector. A bat tery of 2 or  3  secondary 
cells (4 or 6 Yolts) may be employed in 
stead of  the primary  bat tery shown.  The 
eff ecti \'e cmrent stl'ength  may  be  from 4 
to 1::? am peres, ncconli ng to t he size of tl1e 
appal'atus and the length of the spark that 
may be ob tained. 

 
A form of i llll nction coil    sometimes 

em ployed is    shown in    Fig.    137. The 
E. 1\I. F. supplied to t he pri m ary wi ndi ng 
th rough  nn  interrupter  may  be from  6  to 
:O am peres u nder a total pl'essure  of  from 
4 to 8 Yolts, acC'ord i ng to the size and 
power of the appa rat us. The primary 
"·i1Hling \rhich occn pies the i n terior of t he 
appa rat us next to t he i rnn  core, is  shown 
at P ; while th e seconclary wi ndi ng is 
brought ou t at t he terminals 8,8. The 
apparatus is immersed i n a highly insulat 
ing oil contained iu the box shown, so as to 
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Fw . 137.-Fon:u o' INDt:CTION  CorL. 
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main tain  the  insulation.   A  small  motor 
11£, :Fig.  138, d riYen   by  the  low-pressure 

 

 
 
 

 
FIG. 138.-Co::rnENSElt AND   HoT.\TIY  CmcUIT-DnEAKER. 

 
electric source ; i.  e., the battery,  dri ves 
an interrupter  I, by  a cord  passing  over 
a  pulley.   The   in terru pter   consists   of 
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a   metallic   wLeel   provided   ,with    gaps 
in its periphery. O n t his periphery rest 
brushes  so  that  the  circui t  is  in terrnpted 
a n um ber of  times <1u ring each revol ntiou 
of  the  wheel,  which   ru m;  u nder   'rnter. 
A comleuser c; is also used across the 
termi uals  of  the  i ntermpter,  in  the  same 
manner  that  a  condenser  is  employed  i n 
the  base  of  the  ordinary  Rulnnkorff   coil. 
""\Vheu  a  l '.W-rnl t conti uuous-cmrent  cir 
cui t  is  employetl  to  excite  the  coil, con 
siderable  attentiou  has  to  be  paitl   to  the 
circuit-breaker  iu  onler  prom ptly  to extin 
guish   sparks ud   thus  ensure  the  prompt 
breaking  of   the  circuit. Fig.  139  shows 
a  form  of   apparatus   em ployetl   for   this 
purpose. .ilf   is a small motor tlri veu from 
the  120-Yolt  circui t  aud  operatetl  by  the 
switch   8.  The   motor   chfres   a   pair   of 
rnetallic  wheels T V; aucl  an  air  pum p P. 
Bmshes  rest  u pon  the  corrugated  smfaces 
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of the ·wheels,  making  and  break i ng  the 
pri mary circui t of t he im1uction coi l from 
the 120-,rolt mains, t h rough a sui table 
rheostat.    The   air   pump   deliYers    small 

 

 
Fw. 139.- NsTANTANEous Am-BRAKE '\VnEEL. 

 
 

streams of air th rough t he t ubes 1 to 
nozzles so situated as to blow out the 
sparks as soon as they are formed. Au 
otber form of wheel hreak or interru pter, 
opernted by a 120-rnlt motor in 'rnter 
instead of in air, is represented in Fig. 140. 
Here,  the   motor   Jlf,   d rives   through   a 
'rnter-tight   gland  a  contact   wheel   sub- 
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merged  in water in the ta nk  T. The  only 
diff erence   bet ween   an   i ml uction   <:oil   ex- 

 

 
Fm. 140.-1'\AT ER  I ::\TEH 1tr rTER . 

 

 
c:i tecl by    tlte    120-Yolt   cireuit,   aml one 
exci ted  by a  bat tery  of ar G  rnlts  lies  i u 
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the  insertion  of  resistance  in  the 1'.W-volt 
circuit, the pri mary wi nd ing nrnl th e greater 

 
FIG. 141.-X-RAY APPARATUS. 

 
precautions  ·which are taken for the sup· 
pression  of  sparks tit  the  interrn pter. 

 
Fig.  111 shows  an  ind uction  coil  con- 



, 
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str u cted  for  operat i n g  X-ray  t nbes  from 
110-vo1t contin u ons-cmren t  circni ts.  I is 
the  i mlnctiou-coil.  CU th e  core  of  iro11 
wi re   inclosed in a hard rnbb er   t nbe. 
ss  are the secomlary termi nal s, which  cm1 
be  approach ed or  rece1led  by t n miug  th e 

handl e  h. pp are  th   e   primary 
 "·ires. H the rheostat  hand le 

for  con t ro11ing th e cu rrents, \Yhich  Yaries 
from  :1  to  15  am peres accorJi ng  to  t h e  

si ze  of  appn rntu s and length of spark r 
e1.1nired.  Th e box B con tnins a 

condenser, awl on i t  is m ounted a   circuit-
dosing   and  re,·ersin g  swi tch  8, Fig. 14, a 

condenser  ndjn c;;tm eut switch .<1, and an 
electromagn etic Yi brator v. This is exci 
ted  by  a high-resistanc e  shu nt  cir cuit  

con tro11ed  by  th e switch lt. One of the  ,-i 
brat or  con ta ct  screw s  con trols  tb e 

vi brator  m ngn et   11 wh ile  th e  oth er  iml e 
penden tly makes  and  br eaks  th e  primar y 
circuit of the incl ucti ou coil. 
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Ind uction coils for use wi tl1 X-ray tubes 
are usually rnted  by the  secomhry spark- 

 
Frn. 142.-VrnRATOR   AND   Crncu n·-CoxTnOLLING 

SWITCIIES. 
 
 

ing distance, usually from 3" to 12". The 
greater sparking distance, corresponding to 
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a more powerful E. J\I. F., enables more 
powerful  X-ray tubes to be operated. 

 
The  connect ions  usualJ y  employed  f or 

exciting  X-ray  induction  coils  from  alter- 
 

'G TESLA COI L 
 
 
 
 

J    
L 

 
 
 
 
 
 
 
 
 
 
 
 

FIG. 146.-COXXECTIOXS OF TESL.\ (\HL. 
 
 

nating  cmren ts  are   shom1  in  ·Fig.  1-13. 
C is an induct ion coil ff hose primary cir 
cuit may Le exci ted Ly a con t in uous  cur 
ren t th rough au i n terrupter, bu t is pref 
erably excited by a . suitable  strength of 
alternating  cu rren t,  say,  10 amperes at  the 
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regu1ar  frequency of  125 employed   for 
elect ric  lighti ng. The   tenuiuals   of the 
coil  are led  to a comlenser, wh ich consist 
of   metallic   shee ts  separated   from   eacl1 
other and  immersed  in  oil, or of a Leydeu 
jar J, as shown. The Leyden jar  is alJfo 
to disclmrge through au oscillatory circu i t, 
consisti ng of an air-gnp G, and  the pri ma!'y 
wi rn.li ng of a Tesla coil, which is also im 
me!'secl  i n oil.   A Tesllt coil consi ts of an 
i ncl uct ion coil  uf a fol'm sui taL1e fo r very 
l1igl1 i nsulation and wi thou t au i1·ou cure. 
The pri mary  may  be   formed   of,  perlrn ps, 
I 00 t u ms of wire, w Iiile the secomlm·y may 
consist   of,  pel'haps,   500   tu rns.     The  sec 
omlnl'y  "-i mli ug  may  consist   of   a   si ugle 
layer  of  fine  wire  wou nd  u puu  a   11eavy 
mica ui te t u be,  carefully  i nsulated  frum  t he 
pri mary   "·i m1iug by  rn ica nite aud  oi l. 

ud1  an  apparat us  has  alread y  1Jee11  (le 
crilJecl  i n  connection  with  Fig.  B7. The 
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sccond al'y tcl'm i11n ls of th e  Tesla  eoi l  :11'e 
con n ected  di rectl y   to   t l1e   X-l'ay   t n1Jc, 
whi ch  is  prefembl y  of   d o11lJle-fol'11s  ty pe, 
i f :111  alt enrnti ng  cmrc11t   c i rrn i t   i s   t l1e 
pI'i m e   sou rce  of   power.    Th e OS<: illn tory 
d i scharges o f  t h e Leyd en  j :1r, a t  say 1f>,000 

Y ol ts p1·essu re, pa ssi n g th rou gl1 t l1c p1·i111a ry 
wi nd i n g of tl1e Tesl a coi l :1t  tl1e frec1u cncT 
cl eten ni n etl by t h e l'ela t i ,·c a11101111t ol' i11- 
tluctan cc  and  C:1paci ty  i n  t h i s  ci rcui t, :1S 
ex pbi n ed i11 th e ch a pt er 011 lt igh -frerp1e11cy 
cl isL·hal'ges,  clot erm i n e   nry   powerful   E. 
l\L F's. o f the sam e h igh frequ en cy i n th e 
secon clary  will(li n g. 

 
A si m ilar :1pparat n s  for  produ ci u g 

X.rnys from an  :1ltern nti n g-cmw11t ci rcui t 
is I'epl'esen ted i n Fig. 144. .Jl! is :1 8rn all 
nltern atin g-cu1Ten t   motor  "·h i ch  suppl i es 
:1 blast of ai r throu gh th e h ose II an d t h e 
1107.zle  1V, to  t he  spark  g:1p   0,  bet ween 
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which the condenser tlischarges pass, cor 
respondi ng to the gap G, in Fig. 143, or the 
gap G i n Fig. 127. The high-frequency 
secondary terminals are brought out at TT, 

 

 
FIG. 144.-X·RAY TnANRFommn FOTI ALTETINATING 

CunnENT CrncurTR . 
 
for d i rect connection to the X-my  tu be. 
The box is fil1etl wi th insulating oil and 
contai ns both the low.fre<J.uen cy aml the 
high-frequency transformer.  A  regulating 
coil for Yarying  the  strength  of  primary 
cu rrent  with  this  appamtus  is  represented 
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in Fig. 145. It con sists of a small ch oking 
coil 0, wi th an iron  core  R, i n serted, hy 
the term i nals Tl; in  the pri mary circu i t of 
t he low-freqn eu cy i1uluction coil , nnd cnpn- 

 
 

 
Fm. 145.-HEGULATIN G   C01L   FOH  X-RAY  TRANSFOmmn. 

 

 
 

ble   of   hav i n g   its   im pedan ce   altered   by 
th e m o,·em ent of th e  conta ct  handl e  I-£, 
O\'er a n u mber  of  m etallic  stops  con nected 
to  different  port ions  of  the  wi ndi ng. 
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Fro.  146.-ELECTROSTATIC   INFLUENCE   lllACJJINE   FOR 

ExcITIXG    X-R\Y  Tl'I:Ei>. 

 
Fig. 14G shows a form  of  influence ma- 

c/t ine for exciting X-rny t ubes. Th e t ube 
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is con uecte<l het ween one of the  sliding 
termi nals /{, of  t he mach i ne, and the  cen 
tral insulati ng post P, so that  au  adjusta 
ble  spark   gap  is  lef t  i n   the  X-ray  tulJe 
ci rcuit, bet ween tl1e pnst P and  the  other 
slid i ng termi nal  8.  By  111eans  of  th is 
spark  gap, the  d ischarge  t h rough  the  tu he 
is   renderetl   oscillatory.    ·w hen    powerful 
tu hes ha Ye to he excited by  i nfluence  ma 
ch i nes i t is not onl y necessary to em ploy 
machi nes gi vi ng a  su fficien t  length  of 
spark,  but   a   sufticien t   elect ric   quantity 
m nst also he  1mwided,  hy a  suitable  area 
of acti ve su rface ; i. e., a u i table n u mber 
and size of  plates. 

An y of the aboye mentioned typPs of 
electric sources may be em ployed for X-ray 
tu be exci tation wi th succei's.  Their choice 
is O'enerall v d etermi net1 by local coml i- 
tions.    -w here   an  elect ri c-light  circuit  is 
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available, it is preferable to  em ploy  this 
circ uit for the excitation of th e apparatus, 
employi ug  ei ther   an   altemating-current 
set, or a conti nuous-cu nent  set, to snit the 
natme  of  the  eleet ric-1ight circuit.   ·when 
an electric-ligh t circ uit is not available, an 
influence machi ne, or a voltaic  bat tery of 
the primary or secondary ty pe must be 
employed.  Such  apparatus, ·when power 
ful,  will enable  a  radiograph  of  the hand 
to  be  obtai ned  in  a  very  few   seconds 
and will per m it of fluoroscopic exami na 
tion  of   the  interior  of  the  body  th rough 
t he  t horax.  Apparatus  f or  produci ng X-
rays is u ndergoing stendy im provement, and 
, whereas,  not long ago i t was a matter of 
difficulty to pass X-rays through a thin stri p 
of irnn or lead, at t he present t i me X-rays 
can be prod uced of sufficien t in tensity to 
pass through half  au  irich  of iron  without  
complete  absorption. 
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'·\Vhen   an   X-ray  tu be  is  operated,  the 
vacu u m  withi n  it  tends  to  i mproYe,  aml 
this tendency con tin ues u ntil t he t ube fai ls, 
by reason  of  i ts  inabili ty  to  permit  a d is 
cha rge  to  pass  t h rough  i t. In such cases 
the d isch arge  may  pass  ent irely  o\·er  the 
external surface of the t ube, if t he E. ::\I. F. 
be  high  enough.  \Yarmi ng  the  walls  of 
the  t u be  by t he  flame  of  a spirit  lam p or 
Bu nsen  burner will  someti mes temporarily 
red uce the vacu u m to the  extent necessa ry 
for  operati ng  the  tube. A Ligh  rncu u m 
aml high E.  I. F. generally prOll uce X·rays 
of a very penetrati ng  character, capable of 
passing th rough com parati,·ely great tl1ick- 

11esses of dense material, and of re,·eali11g 
in  the  fluoroscope   or   photographic   plate 
the  presence  of  tlense  bollies  deeply  im 
beddell  in  the  skull,  i nt est i n es,  or  d ense 
m uscular tissue. On th e other hand, sharp 
fluorescen t  contrasts  bet w·een  hones  and 
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m uscular  tissue  are  best  obtaiuecl  by   the 
less   peuetrati Ye   X-rays   generally   accom 
pa n yi ng lower Yac ua and E. JU.  Fs.  In 
i'50lll e tu bes a bul b is added contai ning  a 
salt, snch as phosphoric anhy(.lritle, tlwt is 
Yolatili;1,ed by heat, so that  by  carefully ap 
plyi ng  a  finme  to  the  bulb  tlte  Yacn u m 
mny be su ita bly lowel'ed. 

 
Fig.   147  shows   a  self -regulati ng  X-ray 

t u be e111bod yi11g au  extensi on of this pri u 
t:i ple. V,.l O V is  a si ngle-focus t u be sui t 
able for use  wi th an i.rnl uction coil oper 
ate<l from au i ncamlescen t lamp circuit or 
hattery, tdd' is au au xiliary t u 1Je  conta i n 
iug a bulb b, i n which is place(l the Yolatil iz 
able  salt. The cathode e of  t he au xil iar· 
t u be  is  con nected  to the  stiff wi re TVi1• 
pi,·oted at JV: If the free end w of this wi re 
is brough t close to the negati ,-e termi nal JV 
of  t he main  tu be nearly all the discliarge 
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Fw. 147.-SELF-R EGCLATL'W  X-H.H TrnE. 
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will  cross  the  air  gap  at  _,\'1u  aml  pass 
by Trt  trnd  c  through  the  auxiliary  t ube. 
On the contra ry, "·hen the wire fVw  is 
pushed far mrny from _._v; all the discharge 
will  pass  through  the  main  t ube.  If t he 
air gap f Vi1 is  set  at  say  t wo  inches, t he 
mai n tuhe will recei,-e th e entire discha rge 
arnl deli rnr  its  X-rays  from  the  anti 
cath0tle  A,  until  t he  vacuum   rises   to 
such au exten t that spark d isclrnrges pass 
across the air gap arnl through the  auxil 
iary or shu nt t u be.  The effect of  these  is 
to wmm the  bulb  b aml cause it to e,-olve 
su fficien t gaseous mat ter u ntil no fu rther 
discharges  cross  the  air  gap.   The  action 
of the bul b b promptly follows the stim u 
lus, so tha t the vac u u m in the main t u be 
may be kept either  ''ery low, with  a  sh ort 
air ga p, or  Yery  high,  with  a  long  air 
gap, o r readily clwuged from 011e to  t he 
other. 
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" The  accu rate   loC'ali zation   by  w ean s  of 
rmliogrnpLs  of  an y  small  solitl   su bsta nc e 
in  the h uruau  bo<ly gen erally refp1i res  t\ro 
md iographs   taken   at  righ t  angles  to each 
other, m1less the depth of  t h e su bsta11cp i n 
t he  tissu es   is '1    mat ter  uf  ce r taint y, i n 
wh ich  case a si ngl e rad iogrnph is, of  l'.Ourse, 
s1dticien t. Th us,  a  sl ug  sh ot  i n  tl1e  fuut. 
migh t  requi!'e  t wo   rncl iog1·aphs  to  l1efi ue 
i ts posit ion com pletely ; oue taken   liy 
Yer tical nml the ot her by h ori zouta1 X-ray s. 
A   shot  i n   t he   haml, howe \'er, migh t   lJe 
locatetl  wi th   sutticieu t   preci sion   fur   the 
sul'geon's   r equi rem en ts by  one r:uli ogrnph , 
l i ke  that   of    Fig. 132. Cnses 111ay   arise, 
however,   i n  which   i t  is  on1y  poRsi Lle to 
secure  a   si ng1e  rmli ogrnph , t h e   trans\·ere 
view  beiu g  interf ered   wi th   auatomicall.\-. 
In such  cases   informat ion   concern i n g  t he 
distance of   tlte  object frum  t he tluoreseen t 
screen  m ay   Le  deri n Ll    Ly  u bsen·i ug t he 
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degree of sl1arpness on its shadow outli nes. 
1£ it is situated close to tlie flnoresceu t 
screen, its shadow outlin es will be relafo,ely 
sharp ; if remote from the screen they will 
be relatively  indistinct. 
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426 INDEX. 

Cell, Primary, Defi n ition of, 54. 
- --, Secondary, Definition of, 54. 
- --, Storage, Chloride, 56, 57. 
- --, Storage, Definitio;i of, 54. 
- --, Voltaic, Blnestone or Gravity, 29, 30. 
- --, Voltaic Dry, 48, 49. 
- --, Voltaic, Exciting Liquid of, 30. 
- --, Voltaic, Leclanchc, 27, 28. 
---, Voltair,, Partz Grav ity, 46, 47. 
- --, Voltaic, Silver Chloride Form of, 36, 37, 38. 
Cells, Voltaic, Double-Fl uid,  30. 
- --, Voltaic, Single-Fl nicl, 30. 
- --, Voltaic, Various Couplings of, 88, 89. 
Charged Cell, 54. 
Charging Current, 55. 
Chemical Decomposition  or  Electrolysis  Produced 

in Human Body, 349. 
Chloride Storage Battery, 57. 
- -- Storage Cell, 56, 57. 
Ci rcuit, Aero-Ferric, 196. 
- --, Closed, Defin ition of, 34. 
- --, Electric, 333. 
- --, Electrostatic, 156. 
- --, Ferric .Magnetic, 196. 
- --, Magnetic, 191. 
- --, Magnetic,   Character and Dimensions, 

Effect of Reluctance.of, 209, 210. 
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- --, Ind uci ng, 233. 
- --, Ind uction, Simple Form of, 249. 
---, Primary, 234. 
- --, Secondary, 234. 
Coils, Faradic, Ad jnstable Vi brator for, 274. 
Comb  of  Points  of  Frictional  Electric  l\Iach ine, 

141. 
Comm u tator, Two-Part, Diagram of,  244, 245. 
Con denser, Defini tion of, 175, 170. 
Connections for Adapter, 310, 317. 
- -- of l\Iedical Ind uction Coil, 290, 291. 
Contact Theory, Volta's, O, 7. 
Contin nons Cu rren t, 121. 
- -- Ci rcui ts, Adapter for, 314, 315. 
--- Dyna mo, 107. 
- -- Generators, 303. 
Contin uous E. JU. F., 107. 
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D'Arsonval Galvanometer, 105, 106. 
Dangers i u the Use of Electrici ty, 365 to 372. 
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- --, Disruptive , 333. 
---, Im pulsi ve, 344, 345. 
- --, Oscillatory, :133. 
---, Silen t, 331,  332. 
DisehargcR, High-Freq ue ncy, 32!J to 355. 
- -- of l\Ied ieal lllll nctiou Coils, Characterist ics 

of, 298. 
Displ:lcemen t, Electric, 148. 
--- Lines, 157. 
Disrn ptive Discharge, 333. 
Dissociation, l\Iolecnlar, 356. 
Dissym me trieal Alternating E. :\I. F., 119. 
--- E. l\I. F., 118. 
Donbl e-Fl n icl  Yoltaie  Cells,  30. 
Dr.  Ohm,  G4. 
Dry Vol taic Cell, 48, 4!J. 
--- Yoltaie Cell, E. l\I. F. of, 49. 
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Dubois-Raymond Ty pe of Medical Ind uction Coil, 
261, 262. 

Dynamo, Con tin nons-Current, 107. Dynamo-
Electric Generator, 299. 
Dynamos, 299. 
- --, Alternating-Cu rrent, 119. 
- -- and Al ternators, Fu ndamental Principle 

Involved i n Prod uction of  E. l\I. F. by, 
300, 301. 

- --, l\Iotors antl Transformers, 299 to 328. 
- --, Self -Exciting, 302: 
-·--, Separately-Exci ted, 302. 

 

E 
E. l\I. F., 25. 
---, Al ternating, 113, 114-. 
- -- and not Electrici ty Prod nced by Electric 

Sources, 24, 25. 
---, Con tin uous, 107, 121. 
- --, Con tin uons-Cnrrent Dynamo, 110. 
- --, Con tin uous, Graphic Representation of, 

107. 
---, Con nter, 130. 
- --, Dissymmetrical, 118. 
- --, Dissymmetrical Alternating, 119. 
- --, Effective, 288. 
- --, Effective Thermal, 288. 
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E. l\I. F. in Dynamos a nd  Al temator s,  Fu nda 
men tal P1-iuci ple lnvoh·ecl in Prod uction 
of, 300,  301. 

- --, Ind uction of, by ::\lagnetic Fl ux, 221. 
- --, Intermit tent, 112. 
- --, l\Iethotls of Discharg e of , 329, 330. 
- --, Negative, Graphic Reprcseutation of, 109. 
- -- of Contin uous-Cu rren t Dynamo, Grapl1ic 

Hepresen tation of, 110. 
- -- of Dry Cell, 49. 
- -- of Ed ison-Lala nde Cell, 44. 
- -- of Ind uctiou  Coil, l\le thods of Yaryiug 

Val ue of, 250, 251. 
- -- of Pa rtz Gravity Cell, 47. 
- -- of Self-lnd uctiou, Di rection of, on Break- 

ing Ci rcui t, 229. 
- -- of Sel f-Ind uction, Di rection of, on Com- 

pleting Circu it, 229. 
- -- of Sil ver-Chloride Cell, 38. 
- -- of Zi nc-Carbon Cell, 41. 
- --, Positi ve, Graphic R epreseu tation of, 107. 
- -- Prod uced by Friction, 138, 139. 
- -- Prod uced by Friction, High Value of, 139, 

140. 
- ---, Pnlsatory, 110. 
- --, Sin usoidal, 121. 
- --, Sy mmet rical, 118. 
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E. .:\ L  F., Symmetrical,  "'ave of,  11(). 
---, Unit of, 28. 
E. J\I. Fs., Franklinic, 144. 
Etl ison-LalaIHle Cell, E. l\I. F. of, 44. 
--- Vol taic Cell, 43, 44, 45. 
Effect, Skin, 350. 
Eff ective Cu rrent Strength, 288. 
- -- Thermal E. l\I. F., 288.    
Electric Activi ty, Source of, 128, 129. 
--- Breeze, 331. 
- -- Calorimeter, 133, 134. 
- -- Ci rcuit, 333. 
- -- Curren t, 80 to 106. 
- -- Current, Defi nition of, 80. 
- -- Displacement, HS. 
--- Osmose, 361. 
- -- Resistance, 63 to 79. 
- -- Resistance of Flesh, 75. 
- -- Resistance of  Hu ma n Dody, 76,  77, 78. 
- -- Sonrces,  Classification    of, :l'J. 
- --- Unit of \Vork, 125. 
Electricity   and   Magnetism,   Relation   Bet ween, 

184, 185. 
- -- and Magnetism, Transmission of, Th rough 

Vacua, 20, 21, 22. 
- --, An imal, Concl usions in Regard to, 9, 10. 
- --, Decomposition by, 83. 
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Electricity, Nat u re of, 13, 14. 
- --, Unit of Qnantity of, 80. 
Electrocutions,  Cu nent  Strengths  Employed  in, 

82. 
El ectrode, Negative,  357. 
- --, Positive, 357. 
Electrodes, 357. 
Electrolysis and Cataphoresis, 356 to 364. 
- --, Defin i tion of, 83. 
- --, l\Ietall ic, 364. 
Electrolyte, Defi nition of , 30. 
Electrolytic Decomposi tion, 83, 349. 
Electromagnet, 200, 201. 
- --, Aero-Ferric Circuit of, 200, 201. 
---, Horse-Shoe, 202, 203. 
---, Yoke of, 204. 
El ectromagnetic Iml nction, 237, 238. 
--- In rnsh, 338, 339. 
--- l\Iotors, 304, 307. 
Elect romotive Force, 13 to 62. 

Force, Abbreviation  of, 25. 
- -- Force, Nat u re of,  24,  25. 
- -- Force, Yarieties of, lOi to 123. 
Electro-Negative  Ions,  357. 
Electrophorns, Description  of, 166. 
- --, Operation of, 167 to 171. 
Elcctropoion Fluid, 41. 
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Electro-Positive  Ions,  35'7. 
Electrostatic  Attraction   and  Repulsion,  General 

Laws  of, 164, 165, 166. 
- -- Circuit, 156. 
- -- Circuit, A pplication of Oh m's Law to, 156. 
- -- Circuits of Toepler-Holtz l\Iachine, l '73. 
--- Cunen t, 156. 
--- Flux, 148. 
- -- Fl ux, Line or Curves of, 148. 
- -- Fl u x Paths, Represen tation of, 160. 
--- Induction, 144, 145, 146, 159. 
- -- Law, General, of Attraction and Repulsion, 

164, 165, 166. 
- -- Resistance, 156. 
Electro-Therapeutic Alternator, 30'7, 308. 
Electro-Therapeutics, Galvan i's Contribution to, 9. 
Elemen ts, Voltaic, 31. 
- --, Voltaic, Varieties of, 33. 
Endosmotic Curren t, 360. 
Ether, Luminiferons, 19, 20. 
- --, Transmission of Heat by, 16, 17, 18. 
- --, Un iversal, 14. 
Exciting Liquid  of Voltaic Cell, 30. 
Exhausted or Ru n Dow n Cell, 54. 
Exosmotic  Current,  360. 
External Damping Tube  for  Induction  Coil, 281, 

282. 



 
 
 
 

Fal'adic Coil, 248. 
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F 

- -- Coil, Ad justable Vibrator for, 274, 275. 
Ferric l\Iagnetic Circu it, 196. 
Flesh, Electric Resistance  of, 75. 
Flow, Electric, Unit of  Rate of, 81. 
Fluid, Electropoion,  41. 
Flux  Density, 213. 
- --, Electrostatic, 148. 
- -, Magnetic, 190. 
- --, Magnetic, Apparent Failure to P!'od ncc 

Ph ysiological Effects on Hu man Dody, 
214, to 218. 

- --, l\Iagnetic, Ind uction of E. l\l. F. by, 221 
to 247. 

- --, Passage of  through  Human  Body, !HS, 
219, 220. 

- -- Paths, Effect of Shape of Body on Direc- 
tions of, 151 to 155. 

- -- Paths, Electrostatic Representation of, 160. 
- --, Remanent, 202. 
- --, Resid ual, 201. 
Foot-pound, Definition  of, 124. 
- -- per second, Defin ition of, 125. 
Force, Electromotive, 13 to 62. 
- --, Electromotive, AbbreYiation of, 25. 
- --, Electromotive, Nature of, 24, 25. 
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Force, Electromotive, Varieties of, 107 to 123. 
- --, l\lagneto-motive, 206. 
- --, l\fagneto-moti\'e, Unit of, 207. 
Franklin, 144. 
Frankli n ic E. l\L Fs., 144. 
Frequency,  Defin i tion  of , 118. 
- -- of Oscillation, 337, 338. 
Friction, Developmen t of E. l\L F. by, 138, 139. 
Frictional aml Influence J\Iacbines, 138 to 184. 
- -- Electric l\lacl1ine, Com b of Poi n ts of, 141. 
- -- Electric l\lacl1i11 e, Plate Form of, 141, 142. 
- -- Electric l\lachines, 140, 141. 
- -- Electric Machines, Amalgam for, 141: 
- -- Electric J\Iachines, Rubber of, 141. 
Frog, Galvanoscopic,  2. 

G 
Galvani, Discovery of, 1 to 5. 
Galvanometer, D'Arsonval, 105, 106. 
---, l\li rror, 99, 100. 
---, Mirror, Sensitive, 103, 104, 105. 
Galvanoscopic Frog, 2. 
Gauss, Definition  of, 213. 
Generator, Alternating l\lagneto-Electric, 246, 247. 
- --, Dynamo-Electric, 299. 
- --, l\lagneto-Electric, 239. 
Generators, 299. 
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Gc11erntors, Con ti n uons·Cu1Tc11 t, 303. 
Gil bert, Defi n ition  of, 207. 
G raphic   Representation   of   Conti n nons  E. M. F., 

107. 
--- Representation of Oscillatory Discharge, 

33-i. 
Gravi ty or Bl nestone Vol taic Cell, 29, 30. 
Grcnet's Voltaic Cell, 41, -!2. 
Gri1l of  Storage Cell, 56. 

 
H 

Heat, Tra nsmission of, by Etht·r, IG, 17, 18. 
Hi gh -Frequency Al temating-Cu rrcn ts, Apparat us 

for, 352. 
- -- Discharges, 329 to 355. 
- -- Discharges, Physiological Eff ects of, 3-!7, 

3-!8. 
- -- Electric Oscillations, Co1Hli tio11s Requisi te 

for, :H o, 3-i l. 
Holtz In tl.ncucc  l\lachine,  Form of,  1 79. 
Horse-Shoe Electromagnet,  !"JO:?,  203. 
Iluman Body, Electric Resista nce of, 76, 77, 78. 
- -- Bod y,  Electrolyti c  Decom position Pro- 

d uced in, 3-!9. 
- -- Body,   Heat    Procl n cetl    i n ,   b· Diff e ren t 

Curren t Strengths, 135.  136.  137. 
- -- Uody, Passage of Fl ux through, 218, ::l l fl, 

220. 
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I 
Im pul si ve Discharge, 344, 345. 
Im pn ri ties, Effect of, on Resistivi ty, 71, 72. 
Incand escent  Lamps  for  Exploratory  Pn rposes, 

317. 
Ind ncecl E. 1\1. F., Direction of, 225. 
Ind ucing Coil, 233. 
Ind nctance, 332. 
- -- of Secondary of Ind uction Coil, 264. 
Ind uction Coil, Ext rnal Damping Tube for, 281, 

282. 
- -- Coil, l\Ied ical, 248 to 298. 
- -- Coil, Ra pid Int errn pt er for, 278, 279. 
- -- Coil, Ribbon Vibrator fot", 276, 2 77. 
- -- Coil, Sim ple Form of, 249. 
- -- Coil, Internal  Damping  Tube  For, 281, 

282. 
- -- Coils, Medical, Relative Effectiveness of, 

285, 286. 
- --, Electromag11etic, 237, 238. 
- --, Electrostatic, lH, 145, HG, 159. 
- --, l\fagneto-Elcctric, 238, 230. 
---, Mutual, 232 to 235. 
- -- of E. M. F. by l\Iagn etic Flnx, 221 to 247. 
- -- of E. l\I. F. by .l\lagnetic Flux, Varieties 

of, 221. 
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Ind uction of  E. l\I. F., l\Ieehanieal  Analogue  of, 
226, 227' 228. 

Infl u ence  l\Iach i ne,   144. 
- -- l\Iachine, a form of Electrophorus, 16!l, 170. 
- -- l\foeh i ne,  Oscillatory-Cu rrent   Ci rcu it  of, 

345, 34G. 
Inrush , Elect romagnetie, 338, 33!J. 
Insulators, 68. 
In tensity, l\Iaguetie, Un it of, 213. 
lntereon nection   of Prima ry and  Seconda ry'Villll-     

i ngs of  l\Ied ieal  lnd netion Coil, 2!J3, 2!J4. 
Intermi ttent E. JU. F., 112. 
Internal Dam pi ng Tu be for Ind uction Coil, 280. 
Ions or Radicals, 35 7. 

 
J 

Ja Leyden, 176, 177. 
Joi n t  Resista nce,  73. 
Jon le, Definition of, 125, l 2G. 
--- per second, Defi n i tion of, 12G. 
Julien Storage Battery, 5!J. 

 
 

K 
Kathode,  357. 
K ni vcs for Electric Ca ute ry, 319, 320, 321. 
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L 
Lam ps, Inca ndescen t, for  Exploratory  Pu rpose , 

317. 
Law,   General,   of     Electrostatic    Attraction     and 

Rep u lsion,  164, 165. 
---, Oh m's, 84 to 90. 
Lecl::in che Cell, E. l\l. F. of, 28. 
- -- Voltaic Cell, 27, 28. 
Lesser  Calorie,  135. 
J,eydcn Jar, 176, l 77. 
- -- Jar Discharge, Oscillatory Character of, 

341. 
Light, Natu re of, 23, 2-L 
- --, Transmission of, hy Lnminif erous Ether. 

19, 20. 
Li nes, Displacement, 157. 
- -- or Curves of El ectrostatic Fl ux, 148. 
Lu mini ferous Ether, 19, 20. 

 
 

l\l. l\l. F., 206. 
- -- of  Circuit, l\lcthods  of  Varyi11g Val ue of, 

212. 
l\lach iuc, Frict ional Electric, 140, 141. 
l\lach ines, Frictional au d Infl uence, 138, 183. 
l\lagnet, North  Pole of, 19 l. 
- --, South Pole of, 192. 
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Magn etic Circu it, 191, 192. 
- -- Ci rc u i t, Oh m's La w applied to, 207. 
- -- Ci rc u i t , Va rieties of, 196. 
- -- Fieltl, Ra pid ly Oscilla ti ng, Apparatus for 

Pro1l neing, 354, 355 . 
--- Flu x, 190. 
---Fl u x,     Apparen t     Fa i l ur e     to     Prod uce 

Ph ysiological  Effects  on   Hu man   Bod y, 
214   to  2 18. 

- -- Fl ux,  Con \'en tion as to Di recti on  of, 191. 
- -- Fl n x,  Ind uction   of   E.  M. F. by, 221 to 

24-7. 
- -- Fl u x Paths of Aeti,·c Cond uctor, 192, 193. 
- -- Fl u x, Uni t of, 2 11. 
- -- In tensi ty, Un it of, 2 13. 
- -- Needle, Inflncnce of Active Loop on, 193, 

194. 
- -- Rel uctance, 206. 
- -- Resista nce, 20G. 
l\lagneti sm, 184  to 220. 

a nd  Electricity,  Relation   Between,  184-, 
185. 

a n tl  Electricity,  Tr:rnsm ission  of, th rough 
Vacua,  20,  21,  22. 

- --, Defi nition of, 184-. 
- -- l\Iethod of Prod u cing, 188, 189. 
- --, Permanent, 201. 
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1\Iagnetism, Resid ual, 202. l\Iagneto-
Electric  Generator,  239. 
- -- Generator  changes i n l\lagnetic Circuit of, 

241, 242. 
--- Induction, 238, 239. Magneto-
1\Ioti ve Force, 206. 
- -- Force, Unit of, 207. 
1\Iechanical Analogue  of  Ind uction  of  E. J\I.  F., 

226, 227, 228. 
- -- Analogue of Relation Between Electricity 

an d Magnetism, 185 to 188. 
- -- 1\Iodel of Action of Electrified  Sphere, 

149, 150. 
--- Vibrator, 335, 336. 
1\Ied ical Induction  Coil, 248, 298. 
- -- Ind uction  Coil, Characteristics of Dis 

charge Prod uced by, 298. 
- -- In d uction Coil, Connection of Vibrator in, 

269 to 275. 
- -- Ind uction Coil, Connections of, 290, 291. 
- -- Ind uction Coil, Core of, 267. 
- -- Induction  Coil, Diagra m  of   Pri mary In- 

d uced E. 1\I. Fs., 259. 
- -- Ind uction Coil Discharges, Characteristics 

of, 298. 
- -- Induction Coil, Dubois-Raymond Type, 

261, 262. 
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Medical  Ind uction Coil, Eff ect  of  Increasing Fre 
quency of  Vibration, 

- -- Ind nctiou Coil, Intercon nection of Primary 
and Second ary Vindings of, 293, 294. 

- -- Ind uction  Coil,   l\Iethods   of   Increasing 
Freq uency   of    Fl u x    Oscillations    Pro 
d uced   by,   252. 

- -- Ind uction Coil, l\Iethods of Increasing 
l\Iagnetic Fl ux of, 252. 

- -- Ind uction Coil, Operation of, 254, 258. 
- -- Ind uction  Coil, Primary Connections of, 

253, 254. 
- -- Ind uction Coils, Relati re Effectiveness of, 

285, 286. 
l\Iedication,  Cataphoretic,  361. 
l\Ied inm, Dielectric, 157. 
l\Iegohm, Defini tion of, 66. 
l\Ietallic Electrolysis,  364. 
l\Iilliameter, Construction of, 94 to 98. 
- --, Definition of, 90. 
- --, Varieties of, 91 to 94. 
l\Iilliampere, Definition of, 82. 
l\Ii rror, Galrnnometer,  99 to I02. 
- --, Gal va nometer, Sensitive, 103, 104, 105. 
l\Iolecular Dissociation, 356. 
Motors,   Dyna mos   and Transformers,    299   to 

328. 
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l\Iotors, Electromagnetic, 304 to 307. 
l\Iutnal Ind uction, 232 to 235. 

 

N 
Natnre of Electricity, 13, 14. 
Negative E. l\I. F., Graphic Representation  of, 109. 
- -- Electrode, 357. 
- -- Plate of Voltaic Cell, 31. 
- -- Pole of Voltaic Cell, 34. 
Non-Ferric   fagnetic Ci rcuit, 196. 
Non-Polarizable Voltaic Cells, 32. 
North Pole of Magnet, 191. 

 

 
0 

Oersted, Defin ition of, 211. 
Ohm, Definition of, 65, 66. 
Ohm, Dr., G4. 
Oh m's Law, 84 to 90. 
- -- Law, Appl ication of to Electrostatic Cir 

cuit, 15G. 
- -- La w, Application of to l\Iagnetic Ci rcuit, 

207. 
Oscillations, Frequency of, 337, 338. 
- --, High-Freq uency, Electric Conditions 

Requisite for, 340, 341. 
Oscillatory Character of Leyden Jar Discharge, 341. 
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Oscilla tory Curren t  Circu it of Influence  l\Iacbine, 
345, 346. 

- -- Discharge, 333. 
- -- Discharge, Graphic Representation of, 334. 
Osm ose, 360. 
- --, Electric, 361. 

 

 
p 

Pai r, Vol taic, Defini t ion of, 30. 
Parallel-Con nectefl Resistances, 73. 
Pa rtz Gra vity Voltaic Cell, 46, 47. 
Period, Defi11itio11 of, 117. 
Permanen t  1\Iagnetism,  201. 
Physiological   Effects   of   High-Freq uency   Dis- 

charges, 347, 34 8. 
Plate Form  of Frictional El ectric l\Iachine, 141. 
Platin um Snare Cau tery, 320, 321. 
Pl u nge Battery, Voltaic,  52. 
Polariza tion of Voltaic Cell, 32. 
Pole, Nega tive, of Vol taic Cell, 34. 
- --, Posi tive, of Vol taic Cell, :14. 
Portable Sil ver-Chloride  Battery, 53. 
Positi ,·e E. l\L F., Graphic Representa tion of, 109. 
- -- Electrode, 357. 
- -- Pla te of Vol taic Cell, 31. 
Primary Cell, Definition of, 54. 
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Pulsating Cu rrent, 121. 
Pulsatory E. l\I. F., 110. 

R 
Rad icals, Electro-Negative, 357. 
---, Electro-Positive, 357. 
--- or Ions, 357. 
Rapid Interrn pter for Ind uction  Coil, 278, 279. 
Rapidly  Oscillating  l\Iagnetic  Field,  Apparatus 

for Prod uci ng, 354, 355. 
Ratio of  Transformation,  311. 
Relucta nce, Effect of Charncter and Dimensions of 

Circuit on, 209, 210. 
---, l\Iagnetic, 206. 
--- of Human Body, 218, 219, 220. 
---, Unit of, 211. 
Rel ucti vity, 208. 
Remanent Flux, 202. 
Resid ual l\Iagnetism, 201, 202. 
Resistance, Calculation of, 69, 70. 
---, Dielectric, 167, 168. 
- --, Electric, 63 to 79. 
- --, Electric, Defin i tion of , 63, 64. 
- --, Electric, of Flesh, 75. 
- --, Electric, of Human Body, 76, 77, 78. 
- --, Electrostatic, 156. 
---, Joint, 73. 
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Resistance, l\fagn etie, 206. 
- --, Specifie, 67. 
- --, Un it of, Eleetri e, 64. 
Resistances,  Parnllel-Cou n eeted,  73. 
- --, Series-Con nected,  7 2. 
Resisti vi ties, Effect of  Temperat u re on,  71. 
- --, Table of, 68. 
R esistiv ity, Definition of, 67. 
- --, Eff eet of Im pu rity on, 71, 72. 
- -- of ·water, 71. 
Rh eostat, Carbon, 323, 324, 325. 
- --, Carbon Pressu re, 326. 
---, "ra ter, 327, 328. 
Rheostats, 321 to 328. 
Ri bbon Vibrator for Ind uction Coil, 276, 277. 
R ubber of  Frictional Eleet rie l\faehines,  Hl. 
Rnle for Direction of Incl u eeLl E. M. F., 225. 

s 
Seale, l\Ii rror, Gall·anom ete1-, 102, 103. 
Seeoudary Coil, 234. 
- -- Ind ueell  E. )f. F. of  l\Iedieal  Indn ction 

Coil :i t High Frequency u nder Loatl, 2i3. 
- -- of  In tl11cti o11 Coil, Ind n ctanee of, 264. 
- -- or Storage Cell, For ms of, 55 to 62. 
Self-exeiting Dynam os, 302. 
Sclf-Ind uetion, 222, 229, 230, 332. 
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Self-Ind uction,  Cou n ter  Electromotive   Force  of, 
229, 230. 

Sensitive l\Iirror Galva nometer, 102, 103, 104. 
Separately-Excited   Dynamos,  302. 
Series-Con nected Resista nces, 72. 
Series Con nection of Voltaic Cells, 50. 
Short Circu it, Definition of, 87. 
Si len t Discharge, 331, 332. 
Sil ver-Chlo1·ide Cell, E. l\I. F. of, 38. 
- -- Cells, Battery of, 39. 
- -- Portable Battery, 53. 
- -- Yolt aic Cell, 3G, 37, 38. 
Single-Fl u id Vol taic Cells, 30. 
Si1111soi Ll al E. l\I. F., 121. 
--- \Vavc, 120, 121. 
Source:::, Electric, Classi fication  of, 26. 
Skin Effect, 350. 
Snare, Plati n u m, Ua u tery, 320,  321. 
South Pole of l\Iagnet, 191. 
Sparkin g Distance Tl1rong!t Air-Gap, 140. 
Specific Resistance, 67. 
Static Breeze, 331. 
- -- Ind uced Currents, 344. 
Step-Down Transformer, 309. 
Storage Cell, Chloride, 56, 57. 
- -- Cell, Definition of, 54. 
- -- Cell, Grid of, 56. 
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Storage Cell, .Julien, 59. 
- -- or Secondary Cell s, Forms of, 55 to G 2. 
Symmetrical E. 1\I. F., 118. 
--- ·wave of E. 1\I. F., 119. 

 
T 

Table of Resistiv ities, 68. 
Tern perature,'Effcct of on Rcsistivitics, 71. 

'l'h erapentic  Uses  of  Electricity, Dangers in, 3G5 
to 372. 

Toepl er-Ilol tz Influ ence 1\Iachine, Construction of, 
172. 

--- Machi ne, Operation of, 17 3, 174, 175. 
Transformation,  Ratio  of, 3 1J. 
Tran sformer, Alternating-Curr ent , 30D, 310. 
---, Step-Down, 309. 
Transform ers, Motors and Dynamos, 299 to 328. 
Tregohm, Definition  of, 66. 
Two-Part Comm utator, Diagra m of, 244, 245. 

 

u 
Un i t of  E. 1\I. F., 28. 
- -- of Electric Activity , 12G. 
- -- of Electric Resi sta n ce, G 4. 
- -- of  Electric  \York, l 2G. 
- -- of 1\Iagnetic Flux, 211. 
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Uni t of Magnetic Intensity, 213. 
- -- of l\Iagneto-Moti ve Force, 207. 
- -- of l\Iechanical Activi ty, 125. 
- -- of Qnantity of Electricity, 80. 
- -- of Rate of Electric Flow, 81. 
- -- of Rel uctance, 211. 
--- of 'Vork, 124. 

Un iversal Ether, 14. v 
Varieties of Electromotive Force, 107 to 123. 
- -- of l\Iagnetic Circuit, 196. 
Vi brator, Ad justable  for Faradic Coil,  274. 
---, l\Iechanical, 335, 336. 
Vol t, Definition of, 28. 
Vol ta, 6. 
Vol ta's Contact Theory, 6, 7. 
Vol taic Battery, Defin ition of, 50. 
Vol taic Cell, Bi-Chromate, 41, 42. 
- -- Cell, Edison-Lalande, 43, 44, 45. 
- -- Cell, Elemen ts of, 31. 
- -- Cell, Exciting Liquid of, 30. 
- -- Cell, G renet, 41, 42. 
- -- Cell, Leclanche, 27, 28. 
- -- Cell, Negative Plate of, 31. 
- -- Cell, Partz Gravity, 46, 47. 
- -- Cell, Polarization of, 32. 
- -- Cell, Positive Plate of, 31. 
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Vol taic Cell, Sil ver Chloride Form of , 36, 37, 38. 
- -- Cells, Con nection of, in Series, 50. 
- -- Cells, Double-Fl uid, 30. 
- -- Cells, Non-Polarizablc, 32. 
- -- Cells, Single-Fluid, 30. 
- -- Cells, Zi nc-Carbon, 40, 41. 
- -- Couple, Defini tion of, 30. 
--- Dry Cell, 48, 49. 
- -- Elements, 31. 
- -- Elements, Varieties of, 33. 
- -- Pair, Defi nition of, 30. 
Vol t-Coulomb, Definition  of, 126. 
Vol tmeter, Defin ition of, 129. 
- --, Description of, 131. 
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'Vater-Gramme-Degree-Ccntigrad e, 135. 
- --, Resistivity of, 71. 
--- R heostat,  327,  328. 

'Vatt,  Defi n ition  of,  126. 
' Vaves,  Si n nsoi<lal,  120,  121. 

'Vcbcr,  Defi u i tion  of,  211. 
'Vimshmst Electrical  .i\Iachine,  18:2, J 8:3. 
'Vork  and  Aetivi ty, Electric,  124 to  137. 
- --, Electric, Un it of, 125. 
- -- Rate of Doing, 125. 
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Yoke of  Electromagnet, 203. 
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Zi nc-Carbon Cell, E. l\I. F. of, 41. 
--- Voltaic Cells, 40, 41. 
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