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its ldace, 'te shai Snt req:îire flie saille effoart ta reilate it asý
hmeflhre. Tiois mhenaienan wvoud faniiî a ver>' seriams il ntba.ck
ta the waorking tif nîany fornis aif clectro-iia.giictic apmuartus if

I liere %Vcre: min mliîe:s oi gettiiig oî'er it. Fortuiately tIierc are.
hil is sufliciemît if We break tlle irait imagnetie: circuit by a fiiî of
atir, a1 layer <mi palîir, tir, mumre coilîvcrnitiy, a tilin pilate oi brass,
me) gel rid] oi %lîat wvoild atlîemwise hie tlie troululesamle efiects tif
n'smdtiil ilîagnetisiti.

\\'e sîmali aise fi aimailier piienmaienaon ai1 Ise fronît our liaiîg
braken oui rinmg bY takng1 atm:t a sixteemîti part ams de!scribed. Ih
lias been explaiecti fitua flic ni;gictic influenice aiwayb passesý,
no limmter wlmat iay be tlie medium ; tlie effcct ai tuec insesi mn
ti a resistiitg imedium leing merci),'flic reductiait of flie stremîgth
ni mite niagnetisil ; andI it iras aisa expiaaiîled tua: thimîgl imm;mg-

mmtisii passed ilivisibly, it couiti he rcndercd cuident I>' flic
itresence ai iromi. Th'iis mima> be slmawî iiia î'ery striking iiamîiir.
If wce take aur siiîg minuîts its sixteetîtlm, pliace a suicet ai paimer
or glass over it, anti si,.-itikle iron tilings over tlie apertuîre, ire
,hall finc tîmese filiiîgs, uviteit rec ta iiove under tlie inifluemnce ai
tlie exciting powier, sarraigîng tiemisIi'es iii regular order fromi
niei auit afur rinig ta tlie otier, across tlie break ; auit if ne
investigate the mîatter furtîmet, ire sitaîl ind timat tlic reasýoîl
iese irait fiîgs arrange tiieiiîseiues iii tis way is becatîse

cacil lias becoime a simiai mîagime: under (lime influence ai tlie
cxcitiimg liouîcr af our ring, and cadi places itseli iii accordanmce
witi tlle two iaws beinre stated, riz. -

i. Thlat, it bcbng a lîlagîlet, iaiing a N. paie, tîmat simoulc
pîoinî:ta iteli S. polhe ai tlie large iiagmici, anmd tuec S. pmole ai the
filing ta tlie N. pole ai tIe large mîagîîci.

2. Triait the N. paies ofitlic filings reimel tlie N. pales ai otimer
fiiings, anid flic S. paies tile S. joules ; andmilite joint operatian ai
timese twa laws produces the curies simown, urbîcî Faradfay
îernied tlie unes ai force, or tlie directioni in whicii the miagimetio:
force is îmaimiested.

As a ring wvould iat usuiaiiy bc a coimtelieiît fornm for a iagimel
that is ta bc useci in ectro-iîagnetic ajmpar.îtSuis, tlecliarse-sliae
boru is generaliy adapteti. For permîanient steel iirgnets, a
strip ai steel is bent ino tlie frui simawi in Fig. i, and ils
inagnetic circuit is clased by anather s:rip of
steel or iran, or b>' seune portion ai tlie
;uppar;ats ai uuliich it is ta formi a part. For
electro-a.ints, tlie iorse-smae fari is aiso
generali>' adapted, but it is mnade ii lotir
pieces jnstcad ai twa, ii, twa iinibs upan
wvhich the irr that is ta carry thec exciting
curren: is uiouid ,a >'oke, or back uice ta,
coitplete tlie maguietio: circuit an tliat side
antI thc arnmature, facing the poles, and

iîaing in accordance witmftue irili ai the
operatar who contrais flie electric current,
ta cotopiete tue ilaglîetic circuit on tit otiier
side, as Fig. 2.

Ït~

Littes of Force.-Ile arc going further, it wiIl be as - wcll ta
dcal witb Faraday's vcry beautifual, but somncwhat puzzling,
conception, the Uines of force.

Lincs of force bear flie saine relation to mnagnetisni tlm:m
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current does ta clectricity. The production oi Unes oi force is
the resuit offic vark donc hy a givcn mnagnetic cxciting povcr,
in opposition ta thr magnc:ic resistancc opposcd ta it ; jus: as
an ec:r.ic current is the rcsui: of a .gis'n E.MN.F. acting in

cipîosiianin t a givcn electrirai rcsistaiîce. 'iiorcmîver, tlie naiin-
ber if filles tif foi ce p;mssilmg a: any> point ks a1 nic'sure o ile
strcmîgtli of flic iîagnetislîîi at tat point, just as tlic iîimnbcr of
almperes liassing In ami>' eicr-c circuit, or paîrt of a çircuit, is
tlic ieasurc o fictu strcimgtl if fic tuecîccrmi. c:trrent passimg. As

Int am1 electrie circuit alsat)e flcurienlt b!lreigtli i% uIl sainle iii
cicr) part oi tlle circuit. So tan in flie Ilmag mmcic circuit, tilt

iiuiîir ofaille.- tif force passiîg is fle saine ili evily ptart ; with
the pr0%SO, ilS as aiti the Cekitrl( tirLtlit, that If tuaO tr 11oi e 1imtlt
are pe mi fic u ligies oi force. :Iiey wii di% ide hein% ccii thase
liathls or brauîcl circuits in flic iiîc:sb rati ti f rite resistanmce if
tlle sevcral patits. if ilier(! be tma phas open ta i thesll.
of force, amie mliroiîghlic u r andi flic collier thmîî)j,'lî irmi, fie
dlimenision!, beiiîg flic saine. timcy %-tl dii ide in flic ratio, atird
ing ta Mr. K'app's figuires, tif i440 i. ont piart pîassimg ilirotigli
tlic air antd i 44o tîtratili tlic troll. Il tui e.mily foc stei, liait
ever, fiit if tlic a'ir pail slîould be short andi of large cross sc
irons, wlîîle flic iran patit %%as tlie reverse, an aîîprciiable poirtionh
orii tligies woulcl pass :iimaigiile air. Tihis point coltes oui
îcry strotîgi> iii tlie mîaticr of debignîiig dynamoi mmachîines ;
whlat is knawnvi as' tlic Ieaktutc pattit hciîg iii sautle caises ai cain-
parm:i î'ely IawV resistailce, owiiîg to fiw farmî (if tile mîacine.

A\s %vit aipcrcs aise, fimlles ai force are clcfiite imcastrable
qîuanifmies. D)ynamoî ilianimîiacttirers caicuilate limie iaiy files
ai fomcc titey liaie passing iiita .in tlaturi', and mi bat fie se( -
tion ai tlic iran sitauid be ta accoînilindate theiti, just as file),
calculate tlie utner af aliperes requirecl iii a g.iveîi case, anid
file section ai cantluctor reqîtited ta accammaidate iliecm. Boit

irhe lit mi cannientt ljtiits :îs yci, like 11-e tolt anmd lire
ohmgi and thle aliîpere, that ie cati reler ta as aîiaiogouis ta tile
ioa:.potind in miecimanics. \Vc have rio famiiliar maine rcpre-
beiltîug sa iany lines, titotîgit probably it inay fii: hc long lie.
fare WC have oiîe. iii orcier ta tender tlie sîîbject clear, there-
fore, nve c'Il oimy reicr back t> tlle foindatioiîs oi ail îlwse îîîits,
titase ai force, as.anti tinie. The unit fine is that farce wltich
%vil]ilmneue tile unit body', tile granmmîe, mver unit distance, tile
centimietre, in uit fintie, tlic second. Tiieeore, îhien wve say
tlint therc ire s0 mtn> liiecs of force pabtsiiig juta tlle armature
of a giî'cn diynanma, iuc iniean that wve have tlie plimer present
within tile armnature ta <la thtat mner af cenîisnetrc-grn. mes
af îîarl iii unit finie, uinder tile influence afich lmagiictisin
createci iii the machine ; and, ab engîncer-. %veil knowv, thesc
quantifies are chrectl>' convîertile imta tue nmore faîiiair foat-
îxîîmuds, anid H-.P>.

Liumes af force, Shen, show ficm direction in whicî flic magne:.
msnm present %viil cause any frc inagnetizable body ta mie; ani
the number af themi at any point, reicrrcd ta unit quantities as
tietailetl atie, show flic force af i uamneisni au'aiiabie there, or,
as il is terned, tlic strengîh affic tunianetic ficeld.

It nniist mia: be imiiîajincd timat niagnetisin and iunes ai farce
represent contintiaus motion ai the iîtaîccules if tlie body titrough
which the inagnetismîl passes ; or that tic shauli be justiicd iii
caiiing whîat we now k-naw as flles ai force, a miagni: current.
*rhe>' arc no:hing ofiftie kind, mior are they angalogaus ta an
clectric cirrent, cxcept in so far as bas been describeil, anid for

lia rmisonis. First, bccause magnetismîl is an influcencing or in-
clucing farce, like graî'i:y, and flat a miiaving farce like hea: or
electricity ; andi sccandly', we have a nmagnet current, viz., tlie
motionl that takes pilace mn tlie niagnetmc circuit, ainong the
malecules ai tile bodies tîtroujUt whicii tlecnmagnet: inîfluenîce

passes, a: tlie moment Ille excitimîg pos apphmed, andI at the
moment whie.n it ceases.

It ivili bc Casily umderstoati froimi wimat lias p:ssed, flm: as tlie
uines af farce paessing throux'ii air, say iramn pole ta paie ai a
niagnet, cao radiate in ahl directions, unless their pa:h is simaped

*for thcm by the introduiction ai saine
picce oi iran, such as elie armature, the
force cxerred varies, as in aIl similir
cases, ini-erscl>' as time square ai tlie
distance iront the pales. If is daubfii
houverer, if thiis lau' halds gaod ini a
sufficment nunîber oi cases to be af any
value, as it is crident that it muîst be
subject ta modification by cvery change
in the conditions present.

FIG . 3-

Il bas, beesi mcntioned that time existence alan electric curreot
passing thm-augh zo canductar, implies a miagnet:c field aromnd
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