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*circuits sbould be kept Up for another reason, viz., the safety of
thc public.'

l.or the mnsîlatîon of apparatus and parts of apparatus used
in clectrical engineering, varnous substances are used. Hard
nood, wlicn dry, is a very good insulator for niany purposes;
wet Wood is a vcry bad insulator for any purposc. Thus, a
rîîwîîîg kcy at a colliery slîaft bottam, if nîotnted on wood, tnay
nork pcrfectly at first, and fait afler a tinie, owing io the "'ood
beconming saturated witlî moisture.

\ uilcanite-bard, black vulcanized india-rubber-is a first-rite
iii.î,tlator for nearly every purpose, and it does not readily
absorb inoisture;, but it is brittie and expensive, and niaisture
mlI condense on its surface. It is unsurpassed for sniall collars,
Lknobs, etc., designed ta insulate two parts of ani apparatus
tween which a highi difference of potential exists, yet wbicb

uiîîst froin the construction of the apparatus be close together.
Vulcanized fibre, another substance somnewhat similar to

vilcanitc, is of great service in inany places wbere the brittlcness
~Ind e.xpense of vulcanite forbid its use. It is tougb, and, as its
naine iniplies, of a fibrous nature. lis one drawback is, that it
absorbs Moisture, and then its insulation resistance diminishes
very considerably. It must not therefore bc used wberc it will
bc exposed to danîp or oil, except where only a low E.M.F. is
prCert.

The flexible fibre is flot a good insulator.
M~ica and asbestos are also used for insulation chiefly on

:îccotint of their non-combustible properties ; but tbey can only
bc used in certain cases. Asbestos, wben worked into inill-
Ihoatd, answers very '%cll for many purposes, sucb as the insula-
tion of commnutator sections, coils of magnes, etc., always
provided it can be arranged that tbe sheet shail flot bc tor;
but it is flot a perfect insulator.

The use of mica is more limited. Oiîng to its peculiar
I,ýrinatcd character, you can bave a plate of mica of a certain
size as thin as you like, but it inust bc a plate of one tbickness
aIl througb. It is flot workable to section like other substances.
It is somiewhat brittle too, and it is doubtiul if its insulating
properties are as high as some people tbink. Slate and porce-
lain are now being used for tbe bases of electric ligbt switches
andI fuzes ; but t 'he former is flot a good insulator, and will nt
.ansvter at ail for bîgh E.MN.F.s ; the latter bas tbe disalvantage
that si is diffidult to wnrk, and is easily braken.

Once more, it miust flot be forgotten, tbat in the use of .111
thlc substances Ohmi's law is tbe wbole arbiter of tbe fittest,
coupled, of course, %with tbe law of dimensions and resistance.
Thus, it may be quite practicable to use a coinpatratively poor
insulator in tbe presence of a low E.M&\.F., especially if tbe
insulation patb is or can be nmade long and of snxall cross section,
where it would flot be if tbe conditions aie reversed.

Indutiû.-Aseries of phenomena in connection with elcc-
:ricity that have a veiy important bearing upon tbe working of
:îll electncal apparatus, are wbat are known as electrical
induction, or. electricail action at a distance.

It bas been cxplained hîow electrical currents pass throîigh
tonductors wbere continuity exists-where continuity docs not
exîst, another beries of actions takcs place.-induccd electro-
st.atic cbarges are fornied, and induced currents are gencrated.

WVhcn ani ectro-static cbarge is lield upon a conductor
completely isolated froni otbcr conductors, a cbarge af an
opposite naine is i'rduced upon aI otber conductors in the
neigbborbood, that are not insulated.

>\gaîn, wben a current cif electricity passes round a piece ai
iron, iniagnetism is intlucd in the latteri, and will bc rendered
visible on clasing tbe magnetic L..,uit.

\\*hen a permanent steel magnet is brougbt necar a piece ai
iron or steel, mangnetism is inducid in the latter, provided it lies
in tbe paib of the mnagnetic circle.

But the most important pbcnomeiia oa al are magncto-clectiic
induction, -and tbe induction ai currents upon cacb otber.

If a permanent or an electro-niagnctic bc brought into the
ncigbborbood 0< a conductor, so that the latter lies at rigbt
anigles, or ncarly so, ta the path af the niagnetic circuit, or ta
tbe lines ai force as it is usually cxpressed in the text-books, an
E_.17.. is generated in the conductor, wbicb will give risc to.a
current, if a path bc open for it; and this gcnr.crtion takcs place
as long as :hc motion continues, or -as long as. an ttlteration in
tic field in the neighborhaod of the conductor is going on.

Thus, suddenly exciting an electro-imagnet wbase iiîagnetic
circuit crosses a conductor, wilI generate an E.M.F. in the latter.
Suddenly causiiîg an electro-niagnet ta lose its miagnetisin will
have a siinilar effect ; but the E..M.F. in the formier case wilI Ix'
in the reverse dlirectiont ta thiat iii the latter ; tint is, it ivili tend
ta produce a current iii the opposite direction tlîraugli the
elcctric coiiductor. Varyiiîg the strengt oUan electrniagnet
ivili have the saine citéets, uliaugh in a iii dcgree, ais sud.
dcnly înagiîetizing it or causiîîg it ta hase its magnctist.

Upon the plieîîoiena ai induction tlîe dynanio electric
miachine, the induction coil, and tue trantsfornmer have been
reared.

The property of inducing currents also extends ta "ires in the
ncigbborhîood ai otîter %vires. If, for instance, a second tvire be
wtrapped round an electro-inignet, in addition ta tbe exciting
wvîre ; cacb tiîiie tîtat the cxciting circuit is choscd, an E.Mý\.F.
will be generated in the second wire ; and eacb tinte the exciting
circuit is broken, it E.M.F. will be gcnerated in the second or
secondary %vire, as it is usually termiec, tlîe excitini: wirc bcing
cadled thte primary ; but the direction of tbe E.M.F. gecrated
in the two cases wvill be opposite ta cach ather.

A variation in thte strength ai tîte enrrent passing in tbe
pnimary or exciting ivire is also folhowed by a geiieratiois of
E.M.F. in the seconclary, tboughi in a minar dcgrce.

The directions of tbe secoîîdary E.MN.F.s are always sucb as
to resist tbe action ai the primary current. Thins, the current
îvhich passes in tbe secondary wben the prirnary circuit is
closcd, is in tbc opposite direction ta tbat passing in tîte priiary;
that whicb is generated, in tbe secondary wvben tie prirnary,
cirLuit is broken, is in tbe saine direction -is tbc current that ivab
passing in the former.

Similarly, weakening tbc priiay current generates a current
in tbe secondary in tlîe saine direction as tbat wlîich is passing
in îîself. Strengthiening the priiîiary bas tie reverse effect.

It is not necessary evcn for two ivires Io be togetîter on anr
electro-inagnet for indluctiont ta take place. Suddenly miaking
or breaking tîte exciting circuit ai an clectra-ina-gnet, generates
opposing E.M%.F.s witliin tbc couls of the exciting 'vire itsclf ;
that 'vbcn it is made opposing the current, and tbat wben it is
broken assisting it. T'he latter lias bcen known as the extrai
current, bavini, been sa nanied by Faraday, ta vhioin Wr .tre
indebted for sa niany researches uipon electroniîagnetic induc-
tion. It is the extra current that gives such a sinart and ofren
fatal sliock, îvben the crcîiit ai a higb.tcnsion electric ligbt
machine is broken ; the coils on the fieldi inagnets of the dynamo
generating, by induction, a very niuch bigber E.M.F. than the
%vorking E.M.F. af the macbine.

The sccondaîy E.MN.F. generated in ail these cases depcnds
tipon tbe îîrimary E..?d.F., the number of couls takcing part in the
induction ; or, wbat amaunts ta the saine tbing, the lcngtbs of
tbe ivires expaseci to induction - upon the skecd of motion wliere
onc ar botb bodies inove ; and invcrscly upon the distance
betwveen the exciting and sccondary apparatus.

lit must bc renieinibered, lio%%ever, that in aIl these cases
induction only takces place white motion is proceeding, or
cbanges ai magnetisîn aie taking place, andl the currents genier-
atcd a-re therefore îîsualhy only ai very short duration.

Blut it is not even necessary that irait shiould bc present for
induction ta takze place. If two ivires bc necar caci otîter and
1para.llel ; iuben a current passes in anc, an E.«.M.F. is iîîduced in
the other at the manment the first starts antI aI the momueîint the
first ceaseb , andI thtese: two arc in opposite directions, and obcy
the samne rate as bciore, vi.., the secondary currcnt is in tbe
opposite direction ta the priniary, wbcn tbe latter commîiences,
and in the saine direction as the priniary wben the latter ceaseb.

A variation in the ciirrent passing in ane wvirc alsa izives risc
ta induced E.Nl.F.s in the ather, just as in the case ai the
elcctro-magnet, witb twvo %vires woundt on it.

Tbe induction in the case ai twa wires also fahhaws the sarie
rule as ta dilstance apart, and ta the lengths ai wire exposât ta
induction. The induction, for instance, beuiveen two Ielephonc
or tclcgraph wires running p:tralhcl for zeveral miles, and-witbin
a iew inches ai eacb other, as on ordinary tclegrapb pales, will
bc very grcat ; white tbat betwecn wires separatcd by the '%idth
ai a street, or only running together for a short distance, may
bc inappreciablc..

he reason for E..M.F.s being generated in coiîducîoîs under
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