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THE ELECTRIC CIRCUIT.*
(C&tinoesfnm e4tril/ Xume'rr.j

ipg.u/aion.-Iieforc proccc'diig tu tie practical details of the
construction of the various :îpparatus in tuse, il %vill bc ativisabie
to dt'ote a short space ito t cosisideraîtion of the miobt iipoî t.
ant ut all points iii connecio % it h cecctî ic:î engiiiceriing viz.,
duit of msnlaîlioi>. Thuis is the rock thl ;îlîîîosî iîîvariably
%vrtcks the tyro lit clecîrical inlaters. andi more paîrticularly evenl
Ille niat %%ho, posse.ssmng but aî slighit 1kîwlec(lge (if Ille science,
ranicies dlicte s sio ilystery about it.

It will be iciineiibcrted ilat it ,vas sited ai the beginning of
tlle book that alîliougli bodies divîded îlîcinscives roughly 11nt0
thice groîips, whîlchi iiglit bc ttrnîcîl for c îîveiknce, con duc-
tors, scîi'icoiîdlucicr., and inistilators ; ycî te diifféecnce %vas
only unt: ofdiegrec. Ail bodies conduci, ail bodies offer somne
rcsistanice ; aid 6ç]ither a> current passes or not, and wlîat
cuirrelit passes, us (cld(c(i bv O1ln's Ian', ito Inlatter ît'Iîat the
substanîce nia> bc.

It lias becn :îrcad>' puintcd out thai a long letigth or fine
wire offiers a> higler resibtance itan a river, fui instance, thougli
the wire i!, ciassed as gond coîîductor, anîd walera:s a vcry hall
one. Il slotild ;utlso I>e noied tuaIt the c-ondncting or insulating
prou>eulues of et// bodies vary wvith îhicir physical condition.
*i*liub dry cotton us a gnoo insulator, wvcî cottnn a very bad one.
Dry glazeul eartlicsiwa.re or glass are gond insulators ; the saine
witli a filin(if inoisiture condcnscd ont their surface arc very bat]
insulators.

Furihier, the relative valties at diifférent substances as insula-
tors vary wvitiî the E. M. F. opposcd to lisent ; and also, iu inlust
not bc: forgotticu tliat thic eectrîcal resistance of the insulator
IArough il% substance followvs the saine law% as to Icnglii and
cross sectioni as conduiclors, su that a substance wvliicli may
insulate very vi-cil wvlîii oiily a situait cross -section is exifosed to
the E.M.V. piesent, niay unit (Io so if the sectioni is large. As,
ror insttnc, i tic case of two coveretd 'ires tucuii tcts
utiles- ouilsîie thecir covecrsiig ; if ilicy toticl only at one' point,
te resistaiict or theic nsulating Ilnzîteril-or the insulat'îon

rt~sItice, as it is techlîîcally called-l-s higli because the
dimensions arc simili ; Iu' if thet wo %vires are twisîed, andi lie
togcthetr for souteî distance, ste itîsulation resistance ia Lie
t'en' iiîîuch lest,.

A bulbtancc tlî;t will insulâte 1îe:rfectly în sie preselîce or zn
E.M.I'. of a few V'olts, sud> aS are tnsed lit telephuait andi cectric
bell uork, îi.i>' break clown entirely under uIl strtin, say, of too
toIts, tlle L.M.i'. noiv uscd li inost clectnc ligli: %vork. Andi
agaîli, a1 substanice thiat ttill an11swer for 100 volts. mat' break
dowi iiier the strauii of 2,S00 %,uilts, tie E.MF.wlicli the
litus>li CoN. are sing, and wliiclî apparently is ici bc used in
to%% il suppiy.

:Again, iii tic choîce of aus iiistlator for anv partîcular %vork,
uit e tlyi lîralierties% 1îossebbecd by the curreuît. andi thich
l>..'. c bccln alreativ desenheci, inusi tini bc uîverlooec(l, nior its
abilix>t in Nark across -short distances. A iubstance that niay
bc a perfect insuilator wliîn new--if placet! to scairaite two
point!, or mirfaices bctvecn tvliicli an ii.M.1'. cxists-ia grati.
all% brerak don ni flous the action of the corsent itse!f. Renient-
bcninx, onic muire', tuai tin zs lawv hoids good licrens clsewhcre,
m haieteri the frau.tii of ali> ampère of curreait iii.t* bc wich the
Iau satVs shahi pas!s ; sisat currcrnt w:!pass, and tvîll tdo %vorl-,
and %vill itnUîobb aiter the nature of the insulating substanre,
-,uetn 1> but surclv . Iowvcniig the resistance of sice insulator, ii

sain inelianca-action conc-s into play, suc> as ste sharp cdge
utf ail non îîl.îie, or aî needle')osit icrt lin -t casting, anti ciller
bîe..iks tic slation donzsii, or, t»y lesbeiîiing tle distance
ta) the licaresi point in the %v'ire, IîrovieIs the conditions noces-
satn fur ' z>liark to imtst, %vis prncicaliy the saine result.

Agaiun, the posbition of tic points or surfaces thant ire to bc
inbulatvrd, %%lits refertnce to tc resi of the circuit, isti be
tonbîdcrcd. Sis;î;Mîse a ceriain voltage, ba' sou, volts, to be

iresenit ai the csàtis of ste %vire.% of thet e\diîing shunst coils of a1
dviiniti. Let tic rcbi>t:incc of ste colis bc S0 ohnis, the
catrrcnt i sn in %liens tuil bc 2 anmpères. Now, si ttull bc
apparent tuait %%e la.t the full soo t-cits prcert on!>' bctwecni
the outer cndis uf %lie soit>. slveci the inîdldlc andi 0oe end
mmc hast% 50 %%sits ut%!, beausec front tjlîîns l.'uw hm C R, Cm
as bci'orc, and R h-: ohiiîs. .*. E-5o volts. Su, if the field
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nigiiets htave four legs each with 12*5 ohms resistance, thet
1...%.F., or dlifférence of potential exisîiiîg betwcent the ends of
the couls out citlier keg, us 25 volts on!>' ; andi tliis us ito question
or îlîeory, il inayî be proved b>' an actual test %with an instrumnt
calked a voltineter, to he descri>ed later, or by an>' of the
iuictiods detscribeti ini Ille exi.books. It is obviotis that nve
inay carry tliis in;îtter aîs far as nve like. Say thîaï,iliere are 25
layers of %vire n eachi Ieg. Assunîîng that the %Vire is uuwfortwly
waounci, cadi layer wvill have a resistaice of 5 o1h11, andi as thie
saisie curreni pases, vi-2., 2 amipères, the E.M.F. betwecn an>'
coil aid tic one above or belowv it %vilI li i volt. Furthcr, if
tic layer coiîsist of 2o turns, tue resistance of each tuînt will bc

'0-25 ohmu, and the voa e twecn an>'. two adjacent turns ai
an>' puint='025 x2-'05, or i. volt.

Titus it wiii be scux th't thte.F. or différence of potentiai,
îisualiv piesent between rnany points tt'hiclî are in close proxiîn-
i>. in cols anci ailer apparatus is very snîatU inteed ; andi
tlierefoie as long as the voltage andi institution reinain the saisie
ai goes wvelI ; but slîoîild the insulatioii ofany pari be lowercd,
as by wcil, oit, etc., b>'adjacent coils coming into contact, or by
the detcrioratioii of the insulator, the normal sirain is increaseci.
'lhîis, suppose that a quarter of the- resistance of the colils of the
d>'iianio ma;gnes before referred to be cnt oui, say by the ends
of the coils of one kci having conte into contact wkth cach 'other,
su dit tic current passes across this path bnstend of round the
coils. Assîiming that oui- E.MI.F. romains the saine, ive have
now onl>' 31'5 ohms opposeti to thie loci volts and "- 2'663;.5
ampères passing, insteati of 2 ampéres. Our voltage wilh now
be in eacl i log, 12'5 x 2'66= 3375 v., instead of 25 volts, andi the
resu in proportion.

An increase of tbis mnagnitude or the present construction of
dynainos %vould' probably not be serious, the only thing that
wvouid huappeit bting increnscd lieatbng of tht cols that wcre flot
cut, andt-lan attenation in the lines of force. But suppose the
above figures werc ntultiplied by 2o, andtheUi short circuiting
of a coil gave risc Io an incrcased voltage of 25o V., between
thc endîs of tlîe coil of oîîe log, then the itiatter iniglit be very
serious intet.

'Thi substances useti for insulating are, silk andi cotton, in
places wbere they .vili not beconte %vol, as in cols of bells, lote-
grapili antd telephone apparatus, dynamos, iotors, etc., where
also the space available for insulation is sinlaîl, and the covering
cnnnot casil>' bc subjeci tu tiechanicai injury. In sortie cases
the coîton or silk is turiher lîrotecied b> a coating of soute
insuslaiing varn'îsii, such as sliellac tir 'indi.i-rubber ; but it us
tiicesNary Io avoiti ail possibility of cheinical action betweeît tic
varnisti andt thc tUrc, or bttween the varnish and the coeimg.

For %vires whicli are exposed to nioisturc, or ihat have to
'stallid a certain aniotni of rougis uisage, iniîda-rtibcr, xtutta-
percha nd Ca.llcndler's piuch conîpouti .îre uscd, gcncsuilly un
'oibinatinn ttbthi wrappings or plaits of cotton an(] tape.

For %vires ilhat rurn overheid, as telephone- anti tclc'graph
tuireIS, no covcrisg ii, nccdtedl,thcair bcing the vcry besit irîsulator
obtaina-lîl, whtiiisdjy'. For these xt'ireb the resis .ire. fornied
nof higlgîi> glazc-d porcehain, or vitreoius cart hen-A are, made into
special foritis, ,zo tlîat the path front tIe %vi-e i0 the i-on boit
c:trring the insulzîtor is as long as possible, and of as siahli
a cross section as possible.. Ohm's la%% cornes in again here.
W~itli tt'Icphone anti toegrapli appatraxus the wire is connecteti
soi grouti ai cach end, andi a branch circuit will bc foninedti 1

grounti froin the wire by way cf eachi insulator andI its support,
Ix. i a p>oli or the roof ni' a honse. Il till be obviotîs that the
icsistaitce of a single such leakage path wiill bc ver>- higli ; and
that. provitîct tlle E N. F. bc low, the leal.age current nmust bc
'eu-y sitait indeed ; andi so, on short lines, it usnally us. But ut
'vili alsn bc -apparenît thnt, as tht lcnigth cf the Une increascs,
îiîc nuiber of thiesc Icakage pâaths wuili increase also, ancd îîe
leakzage current înay bo a ver> serions mialter.

It li ibiç nhich ntakcs tlie problcmi of iclcphoning ovcr ver>'
long distances soi diffcuit in our hunbid cliniate.

'%Vhîere tite ENI F is iigh, as, wtvi higli tension electnct light
circuits, uie leakagr frui even a coniparaîivcly sîtail nttbL-erot
i-est-s tav lie serions ; but ai prescrit the ioss. by icalzagc on
higi-lcnsuon c<'ieric lighi circuits caried overhcadl us inappreci-
able, because the lengths of the lines are so strait. It will bc
seen later on thal the insulation re.sistance of these electric lbght
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