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'IOII,PEDO IIIAIrUAL.

vo[. r.
- - - _ - - - -

CIIAPTER I.

. rn*oduct-r-r"l#il;ilH:;d graviry, is one orth_oso_ natur,al t"brces of rvlroie ""ul ;;;;.;";w",l; ;;;' k;;; ;ilr sraviry is,- but we n-"ito5,l:X, ::"";l'i"t;

F#i;}llt:l;$fiti*,"..ar"n*lft*+":i,,ij,,:frY,'riibeen observed tlnt when hea? i, "p;iffi";; lvater, the warer
il:'"t'Ji':t.ff ":? 

li:" "''t:'1:':' A "k" 9i"r'ag"' "r tt'i" r""t' "'; ;
i"r;r;i";";;"#.#;P";fi,l:lu' ot steam, were whar red to the

In the same lvly. b.l

*.rui$ai'r"*;;$fiiiill*Tfi iT'l'Ti5:ilr;is:11;t',;
,'"*f,,l:,1ut 

of elect'icity it g"";t"riy-.liviclecl uncler two hearls,
Electrostatics, vzhich deal lvith the e.ffects producecl by
_.electr ici ty when at resr.

:':iji?Ji.1,*i".,li:l; [l'lil,,*iir 
wirh the enects prorr'�rced bv

,h";1,",:i::l"l"l,;:lri:;6!,iHf,&" j,r",Tl:urJ,""u't:":i:i.ff
each case, and that rhis divisiorr ;;;,ilfia.l" Lor thc salic ofconvenience.

y,ril*,iJ"o:yoffJJ"1',li*,,*'jlt'i:r'*l:.:':i""?",'#'jh:'ff;
discovered.

- Electrification.-If a stick of sealing-rvax
rubbed wiih a piece of

*ip:iii,':",":jr,ii'#;i${,'riffi #i,ii+;-;ffipaper', _or balls of pit-h, Ihe sertingiiu*, 
"giorr, 

or whateveris used, is then .ui,l to rr. ,;J""iiin'.1i, T. ,scharged ,rithelectricity."
e (3)509F3.



'lVhen this experitnent is made, ii will be noticecl that the bits

of paper or chrtff are lilst attractecl and fly torv:rrds the electlified

loiv, Uut aflel having touchetl it, they aie immediately repelled

ond'f ly arvay frotrt  i t ."  ' I 'his crru best bb showu by means of a b:r l l

of pitir susfentled frorn u, silk thread (n'ig. t). If a glass rotl

I'rc. i.

rvlrich has been rubbetl 'lvith a piece of silk is brought near th-e

yrith ball, this effect will be observed, the ball being first attracted,
i ,r , l  "s.oon as i t  has touchecl the gia-"s, being violently repel iet i '
I l '  u non-electr i f icd bor: iy, such tsthehantl ,  is thenbrougbt neal

thc rr i t i r  bal l .  i t  wi l l  bo seen that i t  is again attracted; sothai the

lrith blll, by touching an electrified body, has also acquired a

lr lolrcl ty that i6 did not possess before.' il',r "shorv 
this more clearly, tlvo pith balls may be hung siile

b.v sitlc lrv tlo strings, and both electrilied by approachl"C t9
tlrcu uu clectlified glass rod and allowing them to touch it' lt

I.re. 2,

'lvill then be secn that not only alc they repelled by the glass, but
also they repel one anothc'r, and instead of hanging dolvn sitle by
side, the,v are pushcd apalt and haug at au engle (Fig. 2). 'Ihe



conclusion we draw from this l* 

o*ut 

ut.",.ified bodies repel one
another.

Illectrified bodies do not, horvever, alrvirys repel each otlier.
Suppose rve take tivo pith balls, hrirrq by silli threads from
separate syppo_rts, and.electrify one_l)y allorving it to touch a glass
rod that has been rubbed with silk, an,l ttre 6'ther by allorviilg ir
fo touch a rod of sealing-wax that has been rubbed ivith flaniel,
the following facts will bs observed :-

I. The two uith bails attract one auother.
2. The ball- that rvas electlifieil by touching the glass is
^ ,^. ."-p.]].q by the glass lrrrt attractpd b"y the*sealing:wax.
3. 'Ihe ball that ryas elecrr.ified by touching the sealin!_wax is
, __ repellecl by the scaling-rvax but attracted by the"glass.
4. If rve h:nrg up the glasJ arrd scaling-rvax by sitk fie find

that they attract etrch other..

- Two h.inds of Electricity. - I'hc conclusions to be draryn
{rom t irese facts are that there are two kinds of electr ici ty. and
that each kind attracts electricity of th. other ki*d rvhilc it'repels
its orvn kind. These two kinds of electr.icity Lave been nailed
posit ive *nd negative, that pro,Jucc.l  rvhen gla"s is r.ubbctl  rvi th
s i Ikbe ingca i ledpos i t , i ve ,andtheothe l .k indn1gat ive .

It is fbund, holever, that the kind of 
"etectriciiy 

that, is.
protluced- depends not, only on the substance rubbed, but also on
rvhat i t  is rubbed rvith. _ Tbus, altLough glass yields posit ive
electr ici ty_ rvhe'rubbed *i tb si lk, i t  I ' iel i ls r igative rvhen'rubbed,
rvith catskin, and resin, rvhich givc.s ne3rt i 'e"rvhen.ubbecl with
t lrLrrrrr l .  .gives posit ive * ' l r t :n rub6cd rvi i i r  a mixture of t in ancl
t u , . r r ' t l t \ '  : l , l  I t ( 1  u l t  l I i r l  l r , . r . .

I t  is also found bv cri lefui obserr.at ion that neither kint l  of
clrctr ici ty is eler produced t loue, but ahvavs an cqual &morrrrt
of ctclr ;  .one sort appea-ring on the thing i 'ubbetl  and arr equal
amount o1' the othel kind on the rubber. 

-, Ihis 
can be proved' iu

the following Dran-uer r-If a piece of scaiing-rvax is eleetrifi.ed by
beirg rubbetl  rvi th a.picce of-f lannr:I ,  each 

"bcing 
lrelt t  by a ghJs

llandle, the unroLrut of' charge on each can be measured bv mians
of an insulated pot connected to an instrunrent called uo" ,, ul."-
troscope." 'fhe electroscope will be described later, and ir will
suflice to say now thtrt it is an instruueut that can be used to
detect anrl measure clrrges of electr.icity. If eithor the sealing-
\vax or the flantt:l be inserted alone into the pot, the electroscoie
:rt  once shorvs. tho pt.esence of a char.ge ot '  electr ici ty, while' i f
both are put in together no efiect a[ all is observed. the two
opposite charges exnctly neutralising one another.

In the follorving list the differint substuuces are arransetl in
such order thar if any trvo are rubbed together. the onZ that
:t:rnds earlier in the list becomes positively- electrifietl, ,n.t Ui"
one that cornes later becomes nega,tivelv electrifled:--Fur, lvool,
ivor-r, :ilk, Dretals, sulphur, indiarubber, guttapercba, celluloid.

Conductors anrl Insulators.-It was founri by early experi-
nrent€rs rh.t tlrere was a class of bodies tirat could not be readily
rl,,ct.ilitd, 'rrrlel,r., met:rls, and also that tlamp nearly, ahv#

^ .)
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prevented the mauifestation.of any of the effects so far urentionetl'

It was at first sril.rposed that tliese substa'uces wcre not capablc

"i fr.i"" "f*trilie,ll 
' 

After a time, horvever, it was discovcrcd

il;;;iri.-;;u1,1 lre clectlified it' ihey were mounted on handles

made of class, ebouite' or some similir substance' Then it was

f";; ;;-? 
';;it1y 

ull substances coul'l be roug.hly dividetl. iuto-

two classes, tlrose that apparently allow electricity to flow-lreely

through tlrem ot' over their surface, a-n'I. those that apparent'Iy

offer sonre resistance to the passage of electricity' The former

class 'rsas giren the name of c'ontluitors, and the latter ihe name

;?' ;;','i;;;;. 
- 

ir'"t" is uo sharp dividing line between thern'

antl indeed there are ^any substaoces thai cannot be said tlefi-

nitelv to belonE to eithef clnss, bnt nearly all the substances

conrironly rnet iith car be classified in this way'""S;;. , ; ; ; ; ;h;; ;  
vcrvbad conductors are said to offer a

n..^i- t i  .o. ir t&nce" to the'f low of electr ici ty thlough-them'

il,ere is intleecl no substance so good a cottduetor as to otrer no

;.;;;; ut, uti, una rhere is no sibstance of so high I 
lelista-nce"

as not to conduct a little. Even silver' which conducts best oI

all kno'wn substances, resists the florv of electricity to a small

"rt"J t -J, o" tft" other hancl, such a non-conducting substalce

;t ;l"t;. tnoush its resistance is many million times greater. t'han

ir"" -ir"i- ,io"* orio* a very smrlli quantity of electricity to

nals th|oush i t '  In the fol lowing l ist,  the suhsta'trces Dame{t r lrc

;i;;.;"i;-;;a.t, "".rt condueting-better than those lower dorvn

on the l ist:-

Silver -
Copper
Other metals
Carbon
Sea-water
llhe humrn body -

Cotton
I)ry l.ood
Ilarble
Paper
Oi ls
Porcclaiu
lYool
S i I K
l lesin
(i  uttapcrt:ha
Shellac
Ebonite
Paralliu
GIass
Quartz (fused)
Air

insrrlr,tors,

\Mhen the chalge o[ clcct|icitv is lcmovetl frotn a chalgeti

Uoay,- l i* Unay irosri . l  to be t l is l 'argrrr l .  ( iootl  contluctors of



o

electricity rir.c immediately discharged if touched by the hand. or
any conductol in contact with the ground, the chargo being thus
providetl with a means of ^escaping to earth or the- surroJnding
rvalls. A body composed of some insulating substance, howeve{,
is not.discharged merely liy touching it, sinc6, as before'explaiueil,
elcctricity does not seem to be able to move about on insulatorsi
but seems to tre somehow bound to the surface.

-ll[anifestation.s of Electricity.-The presence of clectricity is
not manifested only by attmction and repulsion, which we have
hitherto taken to be the tests of electrification. it is also observed
that sparks and flashes of light can be obtained from highly
electrifiecl bodies rt the moment that they a.re discharged. Suc[
sparks are ac^companied by a crackling 

-sould 
suggeltive, on a

smaii scale, of the thuncler accompanving the lightning spark.
Causes of Elet,trification.-It must be remenrbered that

friction is not the only means of pr.oducing electrification. It is
tlue that friction betrv6en two diffeient subfiances always produces
electrification .whatover the substan^ces are, and generally the
subsfiance becomes- negatively eleetrified whose particles are rnore
easily r_emoved try frr^etion. There are, howeveri many other rvays
of producing electlification which rviil be mentioned- Iater. T[re
quantity of electricity produced r,vhen trvo different substances are
rubbecl together seems to depencl rather on the nature of the
substances than the amount of friction used. Hence it appears
tloubiful rvhether friction is actuaily tire cause of electrifiiation.
It  sccnrs l ikcl l '  tLat the only [unction of the fr ict ion is to bring
the sulfaces irrto int imrte contaci.  Certainly i t  is found thai
n'lien the surfaccs of two diIl'erent bodies have been brought into
contlct they ar.e chalged with clectricity when drarvn api,rt, and
though a certain amount of frir:tion beiween them may increase
tLis chatge, no amount of friction rvill increase it beyond a certain
r;loint.- 

(fnit Quantity.-fn consequence of the attraction and
repulsion that charges of electricity exert on one another, it is
fould most convenient to make them the basis of measurement of
the amount of electricity present in a given charge. I'he unii;
quantity of electricity is therefore defined as followJ:-,, One unit(' of electricity is that quantity rvhich, rvhen placed at a distance(' o1' orrc centiutetre in ail frcm a similar and equal quantity,
"^repels it rvith a folce of one dyne.,, A dyne is ihe unii
of force il rvlrar is calleil the C.G.S. system. if insteacl of air
some other substance such as oil or rnica occupies the space
bctween the charges, the repulsion will be less.

The lorce of attraction or lepulsion that one chargc of
elcctricity exerts on another is called 6. electric force.,, uod' "no
space in which sur:h force exists is calletl an (6 electric helcl.',

Er,ncrrirnrca.TroN By Innr,uoncr.

It lias been said above tbat it is tbe charges of eleetricity on
eleptrified bodies, and not the bodies themselv-es, tbat attract'an([



reJ)el one another, and
that support this vierv.

(j

rvc lvill norv

Fro. 3.

tlesclilre sorne experiments

Suppose we electrify positively a ball C, .shown in Fig. i
and piace it near to a lo-ng- sausage-shaoed piece of metal held
upon a glass support. This conductor, so-callecl because it is
made of metal, which allorvs eleotricity to pass freely through it
or orer its surface, is supportetl on a glass rod to prevent the

escilpe of electricity to earth. The Jrositive eltarse on the ball C
rvill-be found to induee electrification on the conductor' which'
althoueh it has not been mbbed itself, will be found to behnve at
its endi as an electrified bodr. The ends of the conductor will
attr&ct little bits of paper' and if pith balls are hung to the ends
1|1g1, rvill he repelled. It is found, however' that the middle
po.iiort of the conductor exhibits no sign of electrification at all.
Further examination rvill show that the trvo electrifications on the
entls of the contluctor are of opposite l<inds. the end nearest to
the baLI being negativelv electrified and the further end positively

clcctrificd. When the ball C is removed, both the charges dis-
ar)t)elrr anrl leave no trace behind. This action is spoken of as
.,^eloctrification by influence," antl '!ve can explain this phenomena

in the follt-irviug 1vay. If we suppose that on eYery body when
not clectlifieti there always exists a certain amount of each kind

of electricitr'. in exactly equal quantities-if the two kinds of
electricitr- are cqualiv distributed over the surface of the body,
eacli s'ilt eracth'neutraUse the other, and no sign o{' electrifica-
tion rvill be apparent. When, horvel'er', a positively electrified
bo{v i-. broug}rt neat', it l'iil attrtct t}re negative electricity on
the first 

'|otlv 
lntl dlarv it aii as near as possible and repei the

positive, e,:cording to the laws of t-'lectric nttlaction anrl repulsion-statecl 
on prge 3. 

'l'he cffect n'ill be tliat the non'electriffed

body rvill ,.hc,w ir tttgrtive t'ltarge at t'lle elnrl rtearest to the
elecir i f iei l  botlr ' , : t t tr l  I  posi l i lc cl tr t t 'st ' rr t  the end frtr thest away.
lYhen the electrified liodr' is rvithtlrawtl, the attraction between
the trvo opposite charges rvill cattsc thertt to rush together and
neutralise one another once morer so that the body will again shorv
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no signs of eiectrification. It will be seen that ihe ordinary
phenomena of electrification can also be explained by this theory.
That is to say, we may imagihe the glass rod and the silk in the
first experiment described, each to have an equal arnount of each
sort of electricity before being rubbed together, and rvhen they
come into contact, a certain amount of positive electricity to be
transferred from the silk to the giass, and an equal amount of
negative electricity from the glass to the silk. Thig will leave the
glass wilh more positive eiectricity than negative, and therefore
with a positive charge, while the silk in a similar manner hag
acquired a negative charge.

If a conductor be made in tlvo parts, rvhich, while under the
influence of an electritied bodv. c"o bu separated. then on the
removal of the electrified Uod;''the trvo charges "uo oo longer
return to neutralise onr, anotirer', but renrain- each on its oivn
portion of the conductor. In the same w:r,y, if a coniluctor while
under the influence of an electrified body bc toucherl by the hand,
or otherwise momentarily put iu colnection rvith the earth, the
positive charge, instead of merely being lepelled to thc other encl
of the conductor, is repelled right alvay to the earfh, and 'lvhen

the electrified body is removed the conductor is found to be left
'rvitir a negative charge.

Amount of fnifluence Ch,arge. - The quanl,ity of the trvo
charges thus separated by influence on such a conductor in th<.r
presence of a charge of electricitl,, depends on the arnouut o1-
thc charge. a,nd on the distance of the charged body frorn bher,
conductor. A highl;' electlified giass rod rvill exelt a greater
influence than l less higbly electrified one ; and it produces a
glcatel eft'ect as it i:; blouelrt nearer ancl ncaret.. Thc utmost it
can r lo is to induce r legative chargc tr iual in anourit  to i ts owrL
positive chrrge, nnd l similar anount of positive r:lectrifical;ion a,t
the other enel ; btit usually before the electriiied lrody crr,n brr
brought near enough to do tlris, something else occurs which
errtilely alters the conditiori of aifajrs. As the electrifled body is
brought nearer and nearer the cbarge of opposite sign on the iwo
opposed surfaces attract one anorher more and more strongly arrd
accumulate more and rnole densel.v. unt,il. rrs the electriiied body
approaches very near, a spark is'seen to jump across, the trvo
charges thus lushing together to neutralise one another, leaving
the rnduced charge of positivc cLectricity, which was tbrmerly
repelled, as a pernlanent charge after the electrified body is
removed, If oil irrstead of air is the merliurn betwcen the two
bodies, not only i:i the attraction bebrveen the two charges very
much less than bcfore, as was statecl abor,e; but even if the charges
are incleased unti l  thc at lract ion is the same as lrefore, the oif  is
lbund to staud a muchgreater strain fhan air',and the Lrodies must
be brought much closer before it breaks do'wn and allows a spark
to pass.

- 
Trro Er-scrnoscopE.

The electroscope is an instrument for detecting and roughly
measuring charges of' electricity. 'Ihe most common form is
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known as the "gold leaf " electroscope (Fig. 4) '  which consists of

two very thin stnYps of gold leaf suspencled lrom ametal rod wlricl

Frc. 4.

\:---

F> \1.).tT
K  l / u  , . .e1?t

uasses thlough the stopper of a glass jar" ' l l rc jar scrves both 1o

lhi" ld t l ,"  le ' ives frout 
-draughtJ 

and to i .su6te thenr from thc

earth. 
'Io the upper end oT the metal rod is fixecl either a flat

rrlate or a metal knob. When a charge is inparted to the knob or

ilate, it immecliately distributes itself all over the metal and gold

ieaoes, "od the leaves repel each other ancl lly apart, as did the

t*o pith balls described in the fir'st experiment. -The grealer is

the charge, the greater is the angle at which the leaves stantl out

from ote-uoothei, antl so, by obilving this angle, the amount of

a charge can be roughlY measured.

Distri,bu,tion of Charge on Boilies'

If electrification is produced at one point of a non-conducting

botlv i t  remains at thai point and does uot f low over thc surfacc,

or i t .  ntost f lows very slowly. 
' fhus i f  a glnss trrbe is rublred a[

ole entl ,  that end only is electr i f ied. Tire case is holvever quite

difleleni rvith conducfors placetl on inoulating supports. Fol if a

ch:rr ' ;1e of elet ' tr ici ty is imparted to any palt of a contluct ing botly

i t  imilerl iatelv cl ist i ibutes i tself  al l  over the surface, though not in
geleral unif . ,rnly orer the rvhole surface. We carl investigate

ihe distr ibutio" of the charge by rneans of I  small  disc o{ metal

mountecl on an insulating hrntlle. calleil a proof plane, and an

electroscope. lf the prooT plane is put irr contact with- any-part

of an eldctrified bodi', pari^ of tlre chalge orr llte -body rvill be

imparterl  to i t ,  the amuuot of :uclr. inpartet l-charge being-prrcpor-

t io'nal to the density of the eleclr ici ty at rhe- point touched' f f

the proof plane is tlen put iu coutaci with the electroscope, the
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electricity on the proof plane will be imparted to thc electroscope
and will cause the leaves to tliverge.

Charge resides on tlte outside of Cond'uctors.-A charge of
electlicity is found to reside only on the outside surface of a
conductor', and this fa,ct can be proved in the following rvay. It
is found that it is immaterial what the interior of a conductor is
made of ; it may be solid metal, or hollorv, or even consist of wood
or ebonite covered with tinfoil ol gilt, but, if the shape be the
sanre, the charge will distribute itself precisely in the samc manner
over the sulface, Also this importani fact can be proverl by
direct experiment. Suppose 'r,r'e take a hollow metal ball with a
hole in the top, and set it on au insulating stlnd, as in Fig, 5, and

Frc. 5.

charge it rvith clectricity. If the proof plane be applied to the
outside of the ball and then touched on the knob of the electro-
scope, the lcaves rvill tliverge, thus showing that there is electricity
on the outside of the ball. But if the proofplane be applied to
the inside of the ball by putting it thlough the hole, care being
taken that it does not tour:h the edge in passing it through, there
rvill be no divergence of the leaves on touching the electroscope,
thus ehorving that thele is no electricit,y on the inside of the ball.
An electrifiecl pewter mug will show the same result, and so will
a cylintlcr of wire gauze.

I)oubtless the explanation of this behaviour of electricity is to
be lbund in the property already rrot ictd, as posressed by either
kind oI '  electr ici ty, nauely, that of repel l ing i tseU; hence i t
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retreats as fat as it can from the centre and t'ernains on the
surface. Tarada.v constructed a conical bag of lincn gatrze,

supported as in Fig. 6 upon an insuiating stantl, and to rvhich

- l  rG. ' / .

silk striugs rvere attacheil, by rvhich it coull be turnetl insitle

out. It iua. charged, ancl' tb"e charge was show^n by the proof

nllnc ancl electroslope to be on tire outside of tlre- bag' Qn
i,r lnir,g i t  insit le-out ' the elebtr ici ty was ouce more found to be

:i l l  outside.
Distribution of Chargc.-A charge of-electricity is not usuall.v

distnbuted unitbimly ov"er the sttrface of an electr i f ied-body,.as
rvas saitl a,bove. Exper:iment shorvs that there js more elect|icity

t,n llrtr etll]es and coinels of bodies than on their' flatter palts'
' l ' i r t .  telm"" eieclr ic t lensity" is used to signify the umourrt of

elt .ctr ici ty at any point of a surfacer- and may be. t lef inetl  .  a

l i , l lorvs, j- l ' l ,u " i ." i t i .  density at a point is the nunrber , f  .ni ts

of clectlicity per unit of area (f.e., per squartr ilch, or Per squa're

c.,nt ir 'etr.c) i  ih. . l i r tr ibotion being supposetl  uniform o'er this

. r r r u l l  s r t t  l : r c c
,\phere.-�'llte tlistrihution of a charge over an insulatccl

.plrure' of contluctirig material is unifortn, provided the sphere is

Frc. 6.
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isolated, that is to sai,, is remoto from the presence of other
conduetors arrti all other electrified bodies. 

^ 
The density is

uniform all over it. This is symbolised b.y the dotted lino round

_tle 
slhele in Fig. 7, which i, an equal d"jstnnce flonr the spher"

1t;l jound,;suetgesling an-equal thickness of charge at every point
ot the surface. lt must.be. remembered, howeve{ that t}re'cdarge
is not really of any thiekness at all; it resides at or on tte
surlace, but cannot be said to form a layer on it.

Cylinder with Rounded Ends.-lJpon such a conductor as
shown in-tr'ig. ? the density is greateit at the ends where the
curvature is greatest.

. T*o- Spheres in Contaet. - Tf two spheres in contact be
rnsulatect antr.  charged, i t  is foulrI  that t l re density is greatest at
^the parts f'arthest from trre point of contact r,nd leasi in ihe crevice
between them. If the-splicres zrrc of unequal sizes the clensity
is greater on the smaller sphere. rvhich has the surface morL
eurved.

Cone.-The density is greatest at the apex, ancl if the cono
terminates, in a- sbarp point, the density thele is rruch greatcr
trl&rt anywhere else.

,,Eft:t ,of P.oints.-At a poinr, incleed, the density of the
col lecterl .elcct l lciry may-be-so great as to electr i fy the neighbour_
rng part icles of. :r i r . ,  which are tben repel lerl .  t ,ausing wl, lLr is
k r ro ' rvn  r rs  : l l r  "  e lec t r ie  rv ind . "  an , l  t l ru i  l r .odr rc i r rg  a 'co l l t inu i l l
loss of charge. 'ilhis 

effect is also caliecl a ,, silenii, or 6. brush
tlischarge."

.Rcdistri,butiol oJ' Chanae.-If any portion of the charge of
an lnsulate(l  cotrductot '  be lerDoved. t l ie rerrraiDdcu of t i re cbtrrge'rvi l l  immediatelv redislr iLure i tselt  , ,r , t ,r  the ,.urf:rce in the sarie
manner as. the original charge, prorideil it also is isolated, i.e.
tbat no other conductors o-r charged b.dies are near enough to
disturb the distribrrtion by their influence.

If a conductor be charged with any quantitv of electricity,
and another conductor ofthe same size and shaper'but,,ncha"gelt j
be brought into contact with it for an instant no,i theo sepu"a?ea,
it 'lvill be found that the charge l.ras dividecl itself equalf
between them. fn the same rv,ry zl clrar.ge may be divide"cl
equalty- into three or rnore palts by treinf attrituted simul_
taneously over r-hree or mofe.€qual and sirnila"r conduetors brought
into contact and symmetrically-placed.

. _If  two equal rnelal bal ls, suspended by si lk str ings. charqed
with unequal quantities of ciectrieity, are brought fo"'un j"*;;;
into contact and then s^eparated, ir r.viit be found that the charee
has redistributed itself'failly, the charge on each ball beine noil
half the sum of the two original ch-arges. fhis may "u?o nu
extende,l to the case of chatgei of^ oppoiite signs. Fo'r, suppo.se
two si ' -r ihr conductors tobe electr i f ie, i ,-une wiih a p'si t ive "LurEu
of five urrits and the other witb a negative chargetf tt r"u ""iir.
when they rrre made to touch and siparated, e_lch rvill have I
positive cliarge of one unit; for the l,hree negative units will
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neutral ise three of tbe pr 'si t ive units, le' ivi lg two posit ive units

i" U"'.fr"*,f bv the trvb concluctors' Another: wa-y of^stating'

i i i . l " i r" i"  . , ,y i l tot the l lgebraic srtm of *5 ani l  -3 is f  ! '

;;i.;, .littl.i t .t*..o the'two equal conductors, leaves * I ftrr

cach.

CaP,lcrrY aND PoTENTTAL'

lf tfre coniluctors be unequal in size, or rurlike in form' the

.h,,itJuf."n t,y "rclt in this ietlistribution will not be equal' but

,r'iii rr" prnporiional to the electric " capacitie's " of the conductors'"' 
i;"'i#;i;teil conductors of the Jame form but of clifferent

sizes rlilfer in their electrical capacity; for the larger one. must

have a larger amount of electricity-imparted to it in order to

;;;;r#yil;tr".u io the qame-degt"t'^ trhu. term'( potential " is

..tf"oi,a in this connection in Lhe following-way:-A given

;;;;;it" of electricity will electrify an isolated body. up to a

;;;i;i'pote"tiat 
" ("ot power ot' dirine elec.trical rygr'k)'.tlepenrl-

il;;it.'i cupn.ity')' A l*.g" guattt'i-ty ,of electricity, impnrted

i l 'o .o"au.tor 'of imall  copaTity, wi l l  clectr i fy i t  rrp to.1very

l is. l t  notential , '  . iust as a large quanti ty o^f water-pottre(t l r) to a

-';:;;i "a nurro'tu" section will iaisci tho surface of the water to a

very high level." ' t i ' r?i1-rr.  
found coove' ient to refer ro a_posit ively clectr i f iet l

boclv ns one electrifiecl to a positiue or hi-gh potential ;. wbtlc t

neehtively electrifieil body may be regtrded &s one etecrrtreo ro a

;,'r"r;";i;;";i;;; iotentiai. :intl juJ as we take the level of t1e

;;; ' ; ; ;r ; ;" i" ' , r61, uod measure thb heights of mottntains above i t '

an, l  t l ,e depth of sea below it ,  so rvelake the' -potential of tLe

ea.th's soifuc" (for the earth is always electrifietl to a certarn

deEree) as zero potential, and use it'as a convenient point ,of
;[t;;;it;; *[i"h to measure differences of electric potential'

Tnn IruvopN JAn anp orrrER Cowopxsnns'

I thasbeenshownthatoppos i techar 'gesofe lec t r i c i t ya t t ra r l t
on" ^ottl,., ; and that electricity cannot {ow through glass; and

il,,,t ,'lectricitl' can act acloss glass by influence' Iwo suspended

;i;1, l;;11.. ;;i "i..t.in"a posifively and' the other -negatively, will

;;,;;il;';;;otlter across'the intervening air' If a plate o{ slap

;; t;;; betwter them they will stiil attiact one another' though

""riir..;h;; "; the electiic charges on them can pass.throrgh

;;;;l;.,. 
'If 

u pu.t" of glass be ta[en, -and a piece of tinfoil be-

il"'i;,;;" ,r.. ti iaar. oF """riru"" of 
'the 

paue,' and one pieceof

tt e- riuioit be t'h:trged positively and the otire.r negatirul{'^ llu
two chrrges wil l  ai trnct one alolher across the glass' l t  - tne
;;;"; ; ' ; ;  "p oo "dg" so that neither piece of t i rr foi l  toucbes

in" t.ui", it 'ulll L" fJun,l that har.dly any electricity :-.1,-!:-c,",:
bo merelv touching either of the foils, for each clarg9 ls " bouno,''-

.6 to tptnt. Uy t*he attract ion ol '  the other'  In fact l t  wl l l  be

footta flut ih"iu tt"o pieces of tinfoil- may be, in -this manner'

;;;g-i ; g.eot a.ut'more strongly than either of them coukl

,,
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possiblv be if it rvere stuck to a piece of glass alonc and then
electrified. In other rvords, //re capacity of a conductor is greatly
increased uhen, it is placed ne(n' to anothet' condut:tor electry'ied
with tlrc opposite hind of charge. If its capacity is increased, a
greater rluirntity of electricity may be put into it before it is
charged to an equal degree of potential. Ilence, such an arrange-
ment for holding a large cluantity of electricity is callecl a
tt condenser " of electlicity.

Noxt, suppose that '!ve have two brass discs, A and B
(I'ig. 8), set upon insulating stands, and thar a glass plate is

Fre. 8.
l
I
I

I
J +
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placed betrveen them. Let ts be counected by a wire to an

Llectric machine, which is a machine for giving any amount of

electricitv,'while A is joined by a wire to earth. The * charg-e
on B rviii act incluctively acroes the glass plate on A, and will
repel its positive eiectlicity into e*rth, leaving the-.nearest face
of-A nc'gni irel l 'elcctr i{ icd. This - chalge on A rvi l l  attract the

* chalge on B to the side nclrest the glass, ancl a f lesh supply

of electlicity will come frorn the machine. I'h-us this-arlange-
ment 'rvill Lecome a condenser. If the two blass discs are
pushed close up to the brass plate there will be a s-till stronger-ati,raction 

between the f and - charges, because they are norv

ne&rer one another, and the indubtive action will be greater,

herce a still larger qunntity cen be accumulated. in the plates.
"!Ye see therefore'that the capacity of a conclenser is increased by

briueine the plates nearer together. If norv while the discs are

stroigli cirar'fecl, the'lvires aie lemovetl and the disr:s are dralvn

bachiards frdru orre anotlter, the two charges will not hold one

another ttbouutl " so strongly, aud thet'e will be rrlore tt fr€e "

electrification than befole 
-over 

their surfnces. 'lhis would be

reudered evident by the little pith balls fixed to them (see the

fleure). which rvould fly out as the brass discs were moved apart.

W. have put no t'urther charge on the disc B, and yet, from the

iudicationi of the pith ball, we shouid conclude -that by-being

moved lway flom tie disc A it irad become electrified to a higl'pr'

tleslee. 'ILe fact is. tlrat rvhile the conductor ll 'r,-as near the
-"cl,a, se of A, the capacil 11 of B was greatly increased, but on

morinE"it  uvrry from A i ts-crprcity has dirninished, and hencc

the simc ,grrntitl' of eleci,ricity now electrifies it to a highor
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ootential t l ran before. The presence therefore of an eurt lr-con-
^nec te t l  

p lu te  n ( ' : r t ' an  insu l r ted  conductor  inc reases  i t s  capac i t ' r ' ,

and perinits i t  to acertmulate a gleater charge by attracl ing ,and
condTnsing the eltrctricity upon-the face of the nearest earth plale,

the elect.ical density ott tltit face being ve'Y [Irert.; ]rence the

approprit teDess of the term condenser as apphed to thls

flrfrDgeIr]eDt.

Drnr,ncrsrc Conrtnrcrnxt.

As befbre statecl on page 5' if the medium between the

plates is oil, glass, mica, or- sorne similar substance, th-e force of

attr.rtction beiween the t.wo charges is less than if the plates are in

air. It follows, therefore, that-in order to electrify them t-o the

same potential-as i f  they t 'ere in air,  that is.tg salr unti l  the

ort"u,,fioo is the same, a larger qutntity of electricity is required'

In other words, their capacity depends in some way on -the
rurrture of the medirrm between rhem. It is said to vary accorrling

to & property of the metliurn, wbich is called its " specific

irrthrctive^ capacity," or " dielectric coefficient." 
'l'ire dielectric

coefficient of air- is taken as l, rvhile those of all otber sub-

siauces are greater tharr I. To give-an example oJ- lhis, suppose

the r,wo plites were septratetl lry a lrryel of paraffin'lvax, rvhose

dielectric-coeffcient is 2, it rvould requirt twice as much electricity

to lrroduce the same diflblence of potential betlveen them as wher-r

tlr& ale separated by air. Anoiherway of looking at this is to

say'tlrat the same diffelelce of potential rvill force twice as much

tlectlicity irrto the platers lvhen separated by parafiin as when

-cprlntei bt' r,ir'. Or:, in otlrer rvottls, their capacity is increased
l,v the sul-,stitution of paraffin fol air as the mediurn bel'lveen

them.

CapacitY of a Condenser.

It appears []ren that the capacity of a condenser rvill depentl

on-
( l)  The size and forrn of the metal plates or coatings;
(2j The thinness of the layer of irisulating material l,-or€€n

tnem;
(3) The dielectric coeflicient of the materisl.

Condensers.-Condensers for practical use are built up of

alternate layers of tinfoil and palatnecl paper ; or'-irr ̂larger ones,

thin sheets bf mica are used as the clielectric instead of the paper.
'fivo insulatrd brass pieces on the top of tlie box containing these

sheets are connected respectively rvith tire two series of atternate

sheets of t infoi l .

Leyrlen. Jur.-L Leytlen jar is merely a simpie form of- con-

denserl It corroists ,rf a glass jar coated up to a certain height on

lhe insicle and outsitie rviih tinfoil. A brass knob fixeri on the

end of a stout lvire passes down through a lid or top which may

be made of ebonite, and connunicates by a loose length of brass

cbain or rvirc with the inner coating of tinfoil. To clrlrge the
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jar the knob is held to the conductor of arr electrical machi'e. the
: l1e l  

cou j i lS  o f .  ihe  
ja r .  be i r rg  l .e ld  in  tLc  L rnd .  Wben " ' { " "

crralge o1 erect ' ic i ly is i ' rparted {ronr thr: machiue to the inner
coatrng, i t  acts jnductively on the outer coating, attract inq a _i l
charge inlo tlie face ol' tire.outer coating "urr"rt the gli-sg and
jifl]li{l l]-" -..hols. to rhe outsitl" of rl," outer corling, and
t l rcnce through the haud to earth.

" 
I f  rhe jai is dry and free from dust, i t  wi l i  retain i ts charseior ' .rrrrrry lrours. l t  can be discharged by connecting thu knib'rvirlL the r,rrter coaring of tinfoil, *:t.r, i ,pri.k ,;il ;;:";;;' l 'h:.  - lrori . , l  r ,)r  l )e d6ne by hund, or u poi ir fut , fr". l - ." i i iUu' .  r : r r . ( : .e , .J .  s  l . : t .h  u i l l r t  be  dar rgerous .  

'

. no*! <,! E^ur1y.-In rrll c:rses of charging jars or oon_
==_1a *6 -ui, .r . : ,rr-: \ .  and ir  is t6is"stored. energyr r l l - - - - - - _

r4frfif$t L 
"l"j," ,'u * ;'rr ui- siro"]' 

:ni" .i
!l[l: T Tt 

pb.. of tiofoil rre lrreer. n i.cytrerr rrrr rnlttc
|I llr ;|ril h|s -r gr€at€r cepcity as r con,i.rr.e-r. ilrilD ir iltr(,k
aE or rD€ sDe eze; bu3 if it is too thirr it will be tlesrr.o'etl.
rbeo p'orerfullv charged, bv a spark actually pi"*i"frl," gi;Jr"'

, 
I*ydet. Battery--lf. it is desired to accumrrlare a very rarge

cDrrte ot etectr lcrt .v, a nunrber of jrrs r lust be errrployed, oi l  t l_,u' ir
:nner cqrr ings. Lej lS connected tcgether, and al l ' tnel.  oute".u:,nngs uDrtrd, Ihls al 'mngement wil l  be equivalent to ono
i:, : '11t. j i rr .  L.t  of -ore conve[ien[ Ibrm, and rvi l f  so huue;r;; ;
Ir ,  ; , , 'h l ' rgu. cul ' 'c ' i ty than one single jai.  I t  l ,  .ul l" , l -u1;r; ; ; i
, ' t  Lr..r( l t . 'J:rrs. \ \ 'ben charge,I i t  prot luct,s r.er 'po*., ,r frr l  el fectJ.
a. ' l  er-rr ' . \ 'c:rre must be takeri to aioit l  a shoc( i i" ," i f  1","r i"1t irruugl i  the per.son, as ib might be f&tal.

Orrrun Jfprnons oF pRoDUcrNo Er,r:crnrl ,rcATroN.
It has bcr:n .emarked tha,t therc a.e otrrer methotls of producino

ele.'riticatio' rha' those of friction and i'fluence," ra,,i"r".iiJal
lbrne of the others will now be namecl.

I. Perutssion -A violent blorv struck by one substance
rrlron anothel produces opposite electrical states on the two
: t l l ) s r .aDCeS.

2' l'ibratiott.-vitrrations set up rvithin a rocl of metal coated*-it'.sulphur or other insulating s,.trtrrrce, p.oao"u, ;;;;";;;"t' electricities at the surface" separating 
'the 

metal f'r.m ther l  { , t r  -  ( .On, lUCtOr .
3. Cleaa_age.-If a card is torn asunder in the rlark, sparks:.:'c :cer, and the two halve; are,fou'tl to be opposit"ly "l"'.fifi;;:

]lrn-v ..bstances, arnong thcm linen, mica, dri otf,.ir, .froiuif.i,' ' f l rct.
J. _F.tupo.ratioz.-The evaporation of liquids is often accom-

J, 'nirt l  h1. , . lectr i6t.at ion, the 
- l iquit l  

and the vapo.r assuminn
ul)posite stiltrs' though apparently onry rvhen ,hJ ."rti." ir"i3sglt{ltlou.
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5. Atmospheric Electricity' 
-ll1s atmosphere is ahvays"founcl

to ;; ;i;;;ieed relatirrely to" the ealth; this is due possiblv to

evapot'ation going on over the oceans'"' ^ 
E: 

"i;;,i;' -,i7 - 
it ; " i*ti ii tt't ot''_�The contact of two d i s'

.i.ilu, *"t"ts in"air pr.odo"tt opposite kina; o{ electt'ification' ottt:

il;ffi; p*itiuay, and tl'e otier negatively electlified' This catt

be proved by means of " atn"ut" electtottnpu' Metals can be

alt'augecl in a serres ut b"lo*, in- :uch ,a rvay that. each o-ne

"rt*EJ"Juecomes po'sitively eiectrified rvhen placed in contact

in airlvith one that comes below it ln the sert-es :-

Sodium. 99PPt"'
Magnesium' )rlver'

Zirrc' Gold'

Lead. Platinum'
'Iin, Carbon'

Iron.

Carbon is incluiletl, as, although it is not I Putul' yet it is a

"o"i,i.i"" ""a "*ttit'it''tt'e same properties in this connection'

7' Other Contact Actions'-A'difference of potential' is also

protluced by the .on't-#"oi' two aissimitar liquids *'ith one

another.
A liquid and a metal in contact' with oue another also exhibit

".litr";;;;f- potentiii, ""a, if the uretal -tends 
to dissolve into

;#'ilildfi" S.i'r *iii Tt''"tg'tivelv' and the liquid positivelv'

electrifiecl.

E r,n ctnolr,lcNETrcs'

W e h a v e h i t h e r t o t l e a l t o n l y w i t h c h a r ' g e s o f e l e c t r i c i t y a t
rest, anrl the effects Pt;[";J. d{ them tnrlir t}rose conditions'

ll'hen wo come to sloiiy et"cttic "hutg"* flowing alo'ng conducJors

in the form of ,, currlntsr" we fijd that_ a totallY rrerv set ot

effects are *uoif"'tttl]"'Tn"t"" "n""t*, wnich are 
-exhibited 

by

currents of electricity, U"i-""t !'f "itu1g"3 at ' 
rest' are ctllled

#;;;;i" ;tr..t*, uoa'lt" geuerally stuclicd under the n'tte ol

;ffi;ffi;ili.'l e't"" i'o'"'oi"g l:-,t^l.t 
stuilv ,f' electro'

magnetics, however, it is 
- 

more convenient to examine the

nature antl proPertles of magnets as we know them'

Natwral Magnets or Loilestonef'-Iig n&me 
(' magnet" \\-ns

civen by the ancients ;"-;;;"it hard-black stones fountl in

iarious parts of t f ' " '**fa, notably at Magnesi* in Asirr ) [ inor '

;:liil;"p5;;J tn. p;;;;'iv of altractins to tlemselses srrtrll

nieces of iron and .;;.f"'il *ur-utro fou"nil thlt tlre stones hxf

iff;.*..,u "t: r*rtii"s oottu, u"a,touttt .when 
hung up by a

thread. Ihrs p,op"'ty" *u' turnecl to account in navigafion'

and the magnet tttii""a-" 'nt 
- 

"urn" of '( lodestono " (o'

tt leading-stone 
").

Artif icial nlagttets'-I l a piece of iron or" better sti l l '  &

niece of hartl steel, ;';;'b"i Jil i lodestone' it will be lbu"'l

i; ;; "r." ,.qtitla-tlt" thut,ltttristic properties of the magnet ;



i trvi l l  attract I ight bits of
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iron, and if hung up by a thread it
Fig. I represents-a naturni lodestone

Frc. 9.

rl r :{il qfadrlich brye been dipped into iron
-fff f Qrabaf rod "there irr tufis^.

lr ril tr Lea b ta {&rr..lrre lr,,\\.pi. or I magnet
atrlst to rcaidc rt trg rltioos, eori in a r,.,rrg_sn:rpe,, -uni,ot
ttee rru *g,9"a or poleq ir* usuall., at the err,ls tl." fi=iSl.
IDe pr r t lon  t , t  the  m€net . th r t  l i es  be tneen the  t r r .u  l ,o l , . .  j sap.ar '-nt l .r  le.s m.agnetic, aud does not attrtct the iron t i i ios_. , ,
i r r "ng l r ' ;  s l r r l  . l l  roun, r  the  m rg .e t ,  rLar f * 'a1 '  be tween tne l " r . - r
r : . . . : - (  : -  t )o  s t t : .a ( t iou  n t  i r l l .  . ' f l , i ._ r ,eg io r r  i s  ca l led  the  , ,  equ i to r l ;
t . i  ! l , r  n,agnet. and tLe imaginary l i rr i  joining *. pofu, i ,  "uiLa
t l . r  . ' a r i s . "

- l lugnetic -\-ee,l le._To investigate more ful ly the propert ies
. , :  r r ; rg r r ( ts  l rn r l  ny2o11s1 js  fo rces  a . (  magnet ic  need l l , ' i ,  in . , i toua l .
. t  h's rurr-rst:  of n l ight needie cut out of steel,  and f i t ted i i i t  u
. i l i ru ul l) ,  t , .r-nrcans of rvhich i t  cau be hung on a sharp point, so
: t r . ru  lu rD * i t l r  re 'y  i i t t le  i i ' i c t i , rn ,  I t  i s  made in to  u  i "ue" . i ' l r y
r,€rr lg rutr lred upon a magnet, and when thus magnetised-it  wi i l
trrrr) ioto the north and south posit ion.

. -'llugnetic Attractions and Repulstorzs._If we take a maEnet
reitber naturai or rrt i f ic ial),  in lhe hand, and present , fr""t*o
l ioles of i t  successively to, the north-poin_i ing eni of u-*;;r ; ; i ;
rrr" ' r l le. rve sbal l .  obse'vc that, orre pole of '  tr I  uagnet attracts i t .
*'Lile rhe otirer rep_eis it. If u'e r^epeat tbe experimeri *itrr"tilJ
:orrth.po,int iug end of the needle, rve f incl t iat the ""0 tnui

:::i,Tj:1l lL:, 
norrh-pointing end reuets trhe south_pointing end,

aniJ ttcc L'et'sa.

I i .ue  t ry  a  s imi la r  exper i rnent  on  the  magnet ic  need le ,  us lng
insterr, l  of the magner a second nrrrgnetic neei l le which i , ; i ; ; ; ;
I ' r ' , .vroust.\ 'suspended, and. has harl i ts north_point ing end marked
tL' disrir.rguish .it . f'rom _its south pointing e",t, #e ,t"ll-- fi";
: l , l '  ' t1,. . .  - \ .-point ing pole repels t ie N.-[oirrr ing pole, ""Olf, .
S  - l . ,  r r r t r r r I  repc ts  the  S._po in t ing  po le ;  bu t  tb r , t  a  \ r ._po in t ins
I,Ji , i  at:racts antl  is attractea ty a-S._point ing pole. 

r---- '^-o

1'bt.rc rvould, therefore, afpear tb Ue tiv'o opposite kinds of
mrrgnr:ic lroles, which attract and repeJ_each other o""y ,ou"n io
lbe :aure \',-a.r as do the two opposite kinds of electric"itr.. fl i,
convenie'r to hare some simpre name to dist inguish in" 

- i*o

t
I

€  50 r , 53



t 8

ilifferent sorts of poles from one another, so in future the

N.-pointing end or pole of a magnet will tre referred to as the

Red^pole, intl the S.:pointing pole as-the Blue poler.as that is the

*uy ih"r' ,,rc generally painted by the makers. W'e have seen

th# thai r lerl"pole attracts a blue-pole but repels a recl pole, and

th:rt a blue pole attracts a red pole but lepels.a blue pole. 
-We

mav t lrcrefore sum up our obiervations as foi lorvs : -" Lihe

rt,riq,,etic poles repel- one another. artd ttnlihe magrtetic poles

att'rad one another." I'his is the first law of rnagnetism.
'fuo Poles Inseparable,-It is irnpossible to obtain a mlgnet

with only one pole. 
-I f  

we magnetise a piece of steel or irotr,  by

ub,rtevei method we like, rvishrll find that it always has tn'o
p.rles. one N.-seeking and the other S'-seeking' And if \Ye tly

io seplrate the trvo poles by breaking the magnct into trvo pnrts,

we shall still find that each half has & red pole at orte end anci a

blue pole at the other. This breaking may.be,repeated-as maly

tinres-as we like, and each small piece will be {bund to have trvo
poles as had the original magnet.

Magnetic Force.-The force rvith which a magnet-attracts.or

repels i.nother magnet, or any piece of iron or steel, is called
'( maEnetic force."

TLe force exerted by a magnet on a bit o[ iron or on another

magnet is not the sarne at alldistances, being greater rvlren-the

malnet is near and less when the magnet is fr'rrther off. In fact,

it is said to 6'vary inversely as the square of the clistanr:e "

between the two things on rvhich it is exerted. That is-to say,

if two magnets exert a'celtain force on one another at a distance

of one inei, if the ilistance is cloubled and matle two inches.-the

{brce between them will be one quarter of what it was before'

And if the distance is made three inches the force will be recluceil

to one ninth of what it 'was nt one inch. This is called the " Larv

of Inverse Squaresr" antl is the second larv of magnetism'

Attraction across Bodies.-If a piece of glass, rvood, papet',

or any substance excep$ iron or steel, be interposed between the

orngnet ar.ril the piece of iron or steel that it is- attlacting, it rriti

still rttract it a; if nothing rvere interposed. Across water,

\-acuLlnl. antl all known substances, the magnetic forces lvill act;

rr i th a sinqle exception, nnmeiy, that magnetio fort le n' i l l  not act

acl. :-  i r  st ir t 'en of mag'et ic st ibstaoce, The re,rson t l f  this * ' i l l

l re erlr lrr int 'd later.

-\fur1'tttit: Substartces.*A distinction must be made betrvetn

mrgnet: rnr,l magnetic substauces. A magnet attracJs onh-..:r't its

pole.. at, , l  t l rer '  l iossess opposite propei ' t ies. But a iump c'f  - i rou
ilill attr',rct eitliel pcle of u toagnet, no matter rvhat part of the

lump be trrL--rentc(l fo the magnet. It hirs no distinguishable flxed
polds, ar,d nu trrrgtret ic equator '  A true magnet bas poles, one

fi  * i l i " l  i .  r ' .1,ei le, l  by the pote o[ another rxagnet. The oniy

known n lagr re t  i c  s t lb : tauces  are  i ron  a l IL l  s f  ee l r  wr tn  tne  exce l ) l lun

of nickel iobalt aud a ferv other metals, which exhibit magnetic

quaiities to a vely slight degree.
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The l-,',rrth a )faqnet,-The earth itself is a great magnet,
rrhc,.e I ' r i l . -  , , , inci, l t-  niarl .1,,  but not quite, with tn.-n"on*rir i#
no.t l i  rr . , l  : , ,  i rh 1role.s, anrl  th,rt  is whyitcauses a f". . i f  . ; ; ; ; ; ; ; ;
rnrtgrr, . .  i , ,  trrrn inr,r a north and south posit ion. i t  iu uoia"ni
rr. , , : . .  : : . . . ; ;1-.;  !xrv o: '  r ' : rgnetism that the north pole of t f ,"  "o. i f ,
r :  . . :  _ ; . .a  i , .u*_  p61, .  - i r r , , , . i t  a l t r .ac ts  the  red  po les  o f  suspend; ;
n ' J _ - . . : i .  a n d  t h e  s i u r h  r , , , l e  , , t ' t l r e  e a r l h  a  r e d  p o l e .

-V,tgtctic Indr<ti,tn.-ll;tgnetism may be communicated to.
" 'q: c. i  i r ' ,u r irbout ecrual coutrrct rvi th a magnet. i i  ; ;h"r,L
: l- 'o. r i3n.$-grlrcd-br of ir , ,n is placed near some f i l ines. and
. 

-;r;1c3 ! baoatls r:rr ji^; i,,,i-. rir,. l,resenee ot' the *ngo;r- =C qlFlf f  E ioe rr, ,u I 'ai .  i ro,r tr  wi l t  behave aS a

Ile" lO.

{TCF
*'ti.ro Lc rerv simirar to 15,,t orrser'err rrhen an electriflerr rrocir.
: :  Y : *Ol  

o i .  "  non-e le t . r r . i l i eA U"ar .  " " , i ' i ,  i .  four r , l  rha t  t l ,ei r r ,c .Fr  tbus  magnet ise . l  l ,_v  induc t ion  has  t rvo  po les ;  the  nrares tt,  . tbe.poie of rhe inducing uragner being of 
' tU" 

oppo.i t l  i i r i isbiie rhe-poie ar thc, Ihrther entl-of the Uri. is of th;' ;r;" l'i;;t  r ! : , :  i r :duein? pol,. .  ) Iagnetism can, however. only be t"d;; ; ; ;:-  : i . ,rse l ' . i : . i  wLir. l .r .e hi ive nr,u-e.oie,La, _ogo"ri" ."frr iuir.ui
u I  :L.. : .- .  br,, i i , . .  i r ,  rrhicb a ' t-agnetising forcdproduce. u f . iJi, l .=r-.  of nr,s.et i :rr ior ar.e sri t l ' io huue'" ir igi i '  , ; ; ; ;A;r; t";
t-  rr: . .4i ' : i i t r ' ." '

\\-e can Df,\\- :..ts 
..,,,.11y -u uagnet should attraci a piece ofma;3'ntt ic subsr:rntt .  *,hich has n"ot pre' iously been _rd;;; i . . ; .

I l  t i :st rD:rgnrt ises i t  by inductioo a'n, l  then attracts i t  ;  for the'. '"- ' . l t  , l : i  
: i  the piece. of rnagnetic substance *i f f  fruo" t i lu":. ; 'o ')r '  krr 'r  ot rnagnetism induced in i t ,  antl  wi l l  be attractei.' l ' i ' ' -  

r ' rhe. t ' . t l  of tG magnetic substancJ is at trre same t irne: ' . : . - . . , . r1 ,  bu t  as  i t  i s  a t^a  grea ter .< . l i s tance f rom the  po l "  o t - tnJ: ; . : : . ;ng  ur_agnet ,  the  fo rce  o f  repu l -s ion  is  less  t f , ' an  
- tha t  

o ia:r: . , , :r ,_)rr.  i .  accorda.ce tvi th the larv of inverse squares statedai" 'r  ' - .  a1,i  t l rr :  , t tract ion pretlominal,es. rt  must t" ,r t  a.". iooa]i- t ' rr . .r ' rr .  tLrrt  i rr i luct iorr prececles attract ion.

_ 
I!tyntion of )fagttetisatittrt._Not all magnetic substances': tr .  r , ,  cr 'me perlna]lcnI magnets. Cast_iron and impure quali t iesI rr-r '61191,1-1.ou retain. magnetism imperfectiy, but '  steel '  retalns: '  a: .r  :r l l  

. l  l rc rt t ;19oa1,"m rmpar. lecl 1o i t  almost pelmanentlv.
r '  : :  :  r r  r  ) l .onr  I rower .e r ,  i s  a lmost  incapab le  o f  l l tu in ine  onr lrnt: !-r i :r ' r  ut al l .  anrl  loses nearly al l  i ts dagnetir_ "; ; ; ; ;?r;; i.  agaei:. i r .g force is removed. 

-ahe 
fol lo#ing experi ' rent i l l ; ;_trat(:  !h:- :-Let a few pieces of soft i ron be' iaken. I t  " ; ; ;I i rr .r  i . . l , lat.rr l  in contactwith the pole of apermanentmagnet, i t  isi l t Ir :rcred ro ir  end becomes i tself  alemporarlmagnet. Ariother bi lc, i  ' ' r ' '  nrar.t l re. be hung to i t ,  and anotirei, ,  ur i t i l  a chain of foi*

r<-r3 d - h'oo 6lin:r. r[-jg. l0). Ihi, i"cluciiva

e 2
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ii"{Li:::Tiiiit:t}'t.[*d;'"':,1'ru-;f:1ru.;
|; il?'":rT.'l",i1il'",;ut.;^f";;il to'"tuio"t-t'ei" *'so"ti'*
*'TlTiliiil;rs,""d,o"I""l.lJJ.*:f 

iii;;:t'i##."fi i'"r?li
to tnagnetise than au

*l i n t.r l:1.*1ry m;:m tn.';.l"ilil fi . jif"#lii
ii.'.:'.litt"f ,,#"*."':1i?tl;;;;;r;u.a-.t"ett',".iii:"ti;[*,li*:
.* .ot it'o" is very small; the hardel the stee

c,rercive force''-ir,tr,oa.,.o7*"oo,nn{,:{ff 'ilTt';i'fl lt::t"Jg,,*fffr l,'""*"1
i:' ;iiJ'il' ::l ;"T H;:;;';H:; t $":r, 1:;i,,i,*,;, ltl; x
in no ease can a bat 'bt

iliil".?il" d;* r J ?il" "J s:r; ;*lr -'.|'il T rk*F:' li i :
;;"s;;;';;;;il'b':ii'*:*:.':'f H:'f ,".3;j'i:":'1"'$:ll:;
:ili'j #F!:'"TiTa ;,k";"1; *1,"o r,".'rv-;*f;*g', Xl
.l.r"f. *iirt a hammer, is founrl to be magn

ru;t5t*itk:ru'"*:,?J',:TBl-',i'i,lll*';".'"uabaror
i.oo 

-o*-.t."r *n *"g;;iis" *j:';ru.;t"lill i[T iT ::,1]':
Hh"#g,rl;'l'n".0 l rrr*, 

" 
.o" ti""u, to fl ow,. an ct i s t lren ca'erl" an

:i:il;;.-;;;";." I:hi' 
-;;;tement 

will be rullv describecl

later.
.Fortns of Magnets'-Natural magnets are usually of irregular

H# ;,""ff J:l "-:""-iTy r ti;uF 'trft *x..lx
{orm the poles are -bent 

rounci so as to approach one anr-rther' thc

iln{*i":*"$"'l'l}:::,i?}":4li""il!fi #:l;ff :;lJi,T;
;ii:!"li; \'"":f, i: + i l ;'"-ix',,"id:il' i:l.lill ";"-E'lt 

^li
i" i,,.' i " " *i' en it .i s *:"?:,:f *,il' 

".,"t:lT' .f * i','i,;':l" i: Til
*:t;:.1"1-1,:J*i' ito* ; r i;';;," ",u g o "ti *a r'i ",. "' p"1" "" r;-

,us,,etict,!",il:::,,,;""*i?il:it*i*,iiii:*t#,,__
i;-#:,:lilLi,'.,T,*"i":ii,iil:,,Ti,ffi $[:l;,f .i,Jlt,'"Hll."i,,T
:it"# ::J;-':ii;' r-'"' r'"'' ceasecr an e'

sx?"tr"r;:,...** i -l*** il r itiTlr T,:{1, ff+**}:';:*
il:ff:lT*r:}:"i":;:;l;"i,; "i''." b'i"s ;a;"tise'''et"i"s u
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small  anount of nregnetism when i ts "temporary

lras cl isrpl,errrrJ. I 'his small  remaining amount of
ca l le r l  ( '  r t - : : , i t ta l  rnagt te t i s tn . "

magnetism "

magrretism is

,\ /r t i , , . t / ,  g1't t  ̂ l faqit t ' t ,- Ihe strength of a magnetis measuled
l , r - r l .e  r : , : , j r . r : r : c  iu l re  r r ' l r i ch  i t  exer ts  a t  a  d is tance on  o t l te r
t : . , : : . , : l - .  

' fhu{ .  
:u r ,posr .  the fe  a t 'e  two magnets ,  A  and B,  whose

-r:. : l : : . .  we tt i . l ,  to-t ' , ,nr l ,al ' , : .  \ \ 'e can do this by making each of
: l .e: l  !c:, ,u r| t  red pt ' l r  r ' f  rr  thirr l  magnet, C' I f  the red pole of
- l  n-p.L ( 'r :rb tr icr- a-. nruclt  force as that with which the red

p ie' . . f  t t  r .pls C. n'ben 1,l i r t , ' t l  at the. same cl istance, then rve
,:,-,.rl,l -tt tirr rbe strengrh e,f --\ u'rts tivice that of B.

t';g,t Polt--A ndf orgr:ttit ',',,1r is tlefiued in this way, very
:lcl r tb d efrF of elntr:cirv s'irs tlt:fined, as follows:-

A - ---.  a.cl tbat. rrhetr unacted on by other

trf f f ibdooe ctr, t :rr ,r t te lrcim a similar and

r--r i*f*h-, I  r tpel- '  i l  rsi t i ,  r I  l l r 'ce 6f 61s-r lyne. --- 
f  Id - Leorbt '  !  i r  -F i i ,-  . .^..- .  , ,ui  .  r .r  ur a,^

-S of Dgoctst bot elso of dl m.'r'rrrrlrrtnt: of eleotric

cttar!\ s rill be seco larer.

Denrtaior of -l[agntti"atiorr.-A steel magnet loses most of

ir- osgterisarioi i f  hl t  or krockei slout, ot otherwise subjected
r.,  r t ,ugb u:rye. an.l  also i f  heated to red heat.

Distribution of )[agnetisr;.-Ilie space all rc-'un{ a m^ag-nei;

oerrr,i<i bv the 
-rDagr,elic 

forces is calletl the tt field " of that
'-rg....,. 

Ii is rnost ir-rtense near the pole of the magnet, and is

*.,'ker r,l.(1. \reitker at greater distances away from it' At every
pr,::t in {r n)rt(Jnrtic helcl the force has a particular strength, and

i i . ,  ;-"g,, , . . t ; .  i r ; t l  rct iotr :rcts in a, pal i icular direct ion or l ine. In
r L,, , :s si .r , .  tr i :rgret thc f iel ' - i  is mosf intense between the two

p.,'Ie.. :rn,i th,' lirre's of' ruagletic ineluctiotr_are curves wltich pass
irrvlq c,nt lrole to t-he' othei across tlte field'. A practic-al w.af 9f
inv.-sri : lat ing t le t l istr iLution of the l ines of magnetic_inductio-n in

a uirgrct ic l ield wil l  be clescribecl later qn-der the head of
" J[;rg-uetic Figures." When the armature is placed on the-loles
r,,f a'horse-shde magnet, the force of the magnet on all the
r.\ lel 'nnl regions is wcakened, for the induction now goes on

ti,rough ttre.'irott of ttre keeper, anil not thlough the surrounditg
. l)acel In frtct,  a closed sy*tem of magrets--such as that macle

l , \ ' 1 ,1 , , , ' i ng  f , 'u r  t , l r  *agnets  i r lu r r {  tLe  J ides  o f  a  squarer  the  nor th
pl l . .ot , ,nu tuucLing t ire south pole of the next-has scarcely any

extenrul fitlcl of forie. A ring- of steel may be thus magnetised

:o to hir\-e neither external field nor poles; or rafher any point in

it nrrv l,c regarded as a north pole and-a south pole, so close

t, grt l i t r  tLrrt  they neutral ise cne another's {orces.
l  l ,r i t  1'ules of 'opposite name do neutlal ise one another TBy bg

.hol rr l rr" l runging a snal l  object, such as a bit  of iron, to lhe red
p,,k t,, ,, l,r,r' riragnct. If now the blue pole of another magnet is

L*,le r., tourlr lb"e first. the two poles will neutralise each other's
Io r ( 'F .  i r r r r l  t l i , ' l r i , ' ce  o I  i ron  w i l l  fa l l '

It has alr'",irl.i' been stated that when a-magnet is bloken into

t\,t'o ol' rDL)rr Pl(ces, each piece is a eomplete-magnet possessing
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',,?lk"?;lJ."h#ii,T'toffo:'J"?ffi :'*:J'*"'il1:tT'31"i;':'il'll
Fro.  11.

tll--- 
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>N 
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i'ti,',!t{:}x}iJil:r*illisti*}!*fhi,j##rffi
:.im:i$l,i;:"t;.'ff "*net- may therefor.e be regar.ded. 

-as 
eour-

It1+"1:#J"#i''iill'""f "l*":n:l'l',:",'ff :^1:;'i"''$:rl"$:
Fre.  12.

from which it wiU be seen that if th-e- magnet is broken asunder

I"J";;il .ttil"t" "iihe fracture will pre:ent onlv north poles'

rtntl the other only 'oir'o- pol"t' 
'Ihis will be true horvever smali

ire the indiviclual Partlcles'"'- 
t[";;;;i;-i;gi"''.:ft a sheet of paper or card be placeil

orer a magnet, uno "oo filings are ilustecl over the paper' they

Frc.  13.



f igures obtained in the
as shown in ,F' ig. 15.
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f ields! betrvet 'u the poles in the t 'wo cases,
ln the f irst case the poles rre of opposite

Frc .  15 .

kinds, and the l incs of fotce curve ,,cross out of one pole into the
other ; in the second case, rvhich represents the action of ts'o
sinilar poles, the lines of force curve away as if lepelling each
other, ancl turn nway at right angles.

Magnetic So'een.-It-has been stated above that the magnetic
force wil l  not act acloss a screen of magnetic substance. The
nagnetic f igule shown in Fig. 16 i l lustrates this and shows the

! 'rc. 10.

reirson of it. If a cylinder of iron or steel is placed close to the pole
cif a masret it will'be scen that the lines of force follow the path

r ' f  the i ion as far as possibleandseem tobealldl 'awn into the iron,

It l r ing the space inside quite clear, so that a magnetic needle
r, lrrrt t i there iJ not affected.

L-ttit trIagnetic ?tield.-A unit magnetic pole has alreldy
l,e..n . lef inerl  as t lat pole which, rrhen placed at a r i istance of one
c€.r l t imerre from a sinri lar l ike magnetic pole in air,  repels i t  rvi th

a  fo rce  , , f  one dyne.
A unit nagnetic field is the field existing at a distauce of one

(entinrtre in air f i 'om a unit magnetic pole'
Anctlcr definit ion, which comes to the same thing, is: ' -A

unit nlgret ic l ieid is a f ield of such st 're^ngth that a unit  pole,
nl ien piaced in i t ,  is acted on wiih a force of oue dyne.

'Iunonrns or lI-s'cxnrrsu.

There have bc-en mrny theol iet prrt  {brl 'ard to explain the
phenometr:r oI nlragne't i :rr .  Tl.e noit  convincirrg of tbese l lrs

elnunciated by Professor Ex' ing, and is knolvn as " Ewing's
' Iheory of Molecular I Iagnetisnr."
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Before erpbining t l i is theorv i t  is necessar'1' to ;qive a short
rccount ot ' the generlal theory of the composit ion of mat,ter.

f \-e mu.t imugine every substanr:e to be bui l t  up of very small
Irrrt icle. of the substance i t : ;el f ,  cal led molecules ; hence we
imag'rrt  copprr to be simply bui l t  up of ln encrmous quanti t ; 'of
rnr ' l ((ules t, f  copper; wood, of molecules of wood; water ' ,  of
r: . , , letules o1'wirter; ancl lve also imagine that by mere cutt ing,
, ' r  br '"aking, cr grinrl ing, or any pulely mechanica.l .  force, 'we

c:i i rn, ' t  l , r 'er l i  up l i  molecule into anlthing smaller, So that when
\r't) sir\\' r r fil,r rr brrr of copper l'e simply tear little portions of
. rc , r ' i , , . r  11 \ i ' r i r -  1 t ' (  u r  t l r r ' \ \ho le  bar ,  b reak ing  each p iece  *wav where
: ] . . -  : : .  . .  . : :1 ,  -  t , , ' l th  , ,1 i ,  iu )a ) th ( . . r ,  l - ru t  never .  b reak ing  up  a ,  mo le-
,  .  . -  t - .  -  l1 . . -  - , , : : . .  \ r . l l L  ( ,u t t ing  rvood- . l ve  fo lce  the  th in
r-- i" i .- . :r l^1: L,.r, :e., i  a ^r i : , .  I ' t tNr., ,n t lre nroleCuleS Of the wOOd,
*Fda r lc o fr rhrr t i . ,- i |  r , t t |rrct ion fo| one another js

ni{--f i= ed'-^- r---
It na: rlccrlr b tbe er. ol ir,,n ,,r' orher magnetic

*mr gt rp?acd to bc orgoeric. anJ ro lr , .  r , l , le, rrrrr lel  the
;iartt" of rgoctic fone. to turn round so ri ar tbtil lilie lroles
dl pr.ior r.bc rroe rry. Il'beu tbe iron is not nra,'uetist.tl, :rll llie
l i t le rnrnrt ie molecnle-. are st,pp<,se,l  to be turned in r l l :orts ( ' f
r i i r tcr:c.ns ro lbrr tber are ai l  te.utral ising one another and tLere
:i  oo trrerorl  6etd. 

' I t  
$irs at f i r 'st supposetl  that some sorr of

frictico prcstnt€rl the uroiccules rrhen once magnetised from
:uroing back into therr origint l  posit ions, but Professor Erving
shose<i tbat a complete esy;lauatiorr was offered by their mutual
a!!r lct;( ,r . : .  I Ie cor;structet l  a mo<]el consist ing of a large uumber
' . f  f . i r ,  t , , l  I r ; r { n r . t i t '  n e e r l l e s  i u  o n e  l a y e r .  W h e n  t h e i e  n e e d l e s
nrrr : ; l r l ) i . \ '  agitated :rnd r l lorr-ed to come to rest, they sett led
,iorn in 

-nriscel lareous 
groups, al l  neutral ising one another ancl

proiucing prnctical iv no outside f ield. I{e also showed tbat
t l :rrr l-ele several dif ferent ways in rvhich they could do this, al l
,  i  s-h;ch r.rc-re stable posit ions. But wben they rvere acted on
i)\ '  a gra(iurl l ly irrcleasing magnetic force thev tulned round,
tLe opelat ion showing tbree complete stages :-

( l)  With a rery small  magnetising force lhe needles merely
Irr lncd through a sn:al l  angle.

(!) \ fhen a certain force was appli td the groupings became
ruh:t:rble, some of the necdles suddenly swinging round to new
posit ions, ' ;r . i th the lesult that, afte'r 'a short t ime the rnajori t ; ,of
the needles point nearly, but not quite, along the direct ion of the
to i  ce .

(3) A further inclease of tbe magnetising;force cannot produce
much more effect; i i  czrn onh. pul l  the needles a l i t ; t le mole

lrtr fect ly into l ine.
All these things correspond perlectly to what is observeti in

the gradull magnetisation of iron or steel as described eru pages 56
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CHAPTER, II.

E lurtnNtanv T rlr�or'v - continu e d'

IIow of Cunents.

f\-r: hrn'e trh'eatly describeil irorv electricity florvs rway from a
chrrrgetl  body through any conclucting substance sucir as a wire
or' :r ri'ct stling. If, by auy arrangemeilt, electricity coultl be
srrlrJr'lrecl to a body just as first as it florved away, a continuous
,:rii'ert rvou.lcl be protluced. Such a current ahval:s florvs through
a wile if the ends are kept at different electric potentials, in 1,he
:aule nanner as a current of lreat florvs along a rod of rnetal if
tl:e ends are kept at differcut tempet'atule-s, tltc florv bcing alrvays
I 'r 'om t ire bigher temperature to the lorr, 'er. Nc, exa<lt ericlence
crists as to the direct ion in u'hich the elect l ' ic currel l I  relr l ly f lows,
but i t  is convenierrt to regnrrl  the elect l ici t .y as l lorving fron'r
positive to negative; ot', in othe'r rvortis, to colrsider the flow of
electr ici ty to be frorn the high potential to the lorv.

It seems probllle from recerrt lesearches tliat a current
generally consists of a florr' of po-sitive electricity in one direction
ancl a simultaneous florv of negative electricity in the other, but
this is by no means certain; and the usual convention of supposiug
tlie florv to be from high potential to lorv rvill be fbund usel'ul ancl
s u ffi ci ent.

ft is obvious that such a flow rvill tend to brins boih to one
level of 'potential,  and in order that a continuous f lorv may be kept
uyr. there must be a '6 circuit  " proviclecl.

,- l leasurentent ct l '  Current.-The qurtnt i tv of electr ici ty con-
ve., ' t t l  bt a clu'rerrt  is lr l r ,port ion:r l  to the magnitut le of the current
Itncl to the t inie i t  contiuues 1o l lol ' ,  Thc practicr l  unit  of electr ic
tuurrnt i f i 'usetl  in electrottr lguetics is cal led the " Couloml' ," and is
r,1u,i l  to t lrree tLouslrnt l  ni l l ion-" of '  the units of eiectr ic quanti ty
r l . t intcl  in Chlpter I .  ' Ihe leasott rvhy such a lruch lalger unit
i :  adopit 'd in electromagnetics than in electrostat ics is that in the
ti,rrDci \\'{. :rra dtiilil)g *'ith rery large quantities compared rvith
tht,!atter ' .  an(1. i f  r le measLtrct l  these tpranti t ies in the electrostat ic
urr ir . i ,  \r 'e .L,,u1,1 have to rtse nuntbers so large as to be unwieldy.
Thc , ' lec t r ' , ,n ragr r t ' t i c 'u r r i t s .  r rs  t ' ; i 11  l re  seer t  la te r ,  a re  de l i ved  f rom
tire nrlgnetic el lucIS produccd Lr. ' .  the electr ie cufrent.

Tlre pla,: i ical unit  of elect l ic cul 'rcl l t  is cai let l  the " AurpeLe,"
and is thr. cun'er)t  lhat convels a t luarrt i tr-  of one coulomb per
second pas t  a r l  g iv tn  po i r r t  in  the  c i l cu i t .  Cor tsequent ly ,  i f  a
culrent of otre anri)ere l lorr:  f i rr  oltL'  secoDd. se know that a
quanti tv of ottc coulotnb has l l is.et l  ;  ( ,r  i f  i t  f los's tbr one minute,
sixtv coulombs hat 'e passcrl .  nttC so on.-Currents 

are cai lecl cotl t i i tul)t ts ot '  t l t rect i f '  the.r ' f low ahvays in
one direction. 'fhey are crilled alternctting if they coltinualll'
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re\-erse in , i :r ' , ,  t ion in a regular periodic manner, f lowing f irst. in
one r l i lLrct: , . ,rr  lound the circuit  and then in t lre other.

(. ' , ,r . :r '  '1, ' r ls currents of electr ici ty, such as 'we have described
rlror',.. r,:.. l,rotluceil by t:oltuic cells, or by ilynantos drive.n by

I) '- ' , , : .  : i r ,regl1 there are ot l tet '  sources of currents r 'vhich wil i  be
, l '  - ' : - : ' - . i  i a t t , r ' .

- \ . :-r i ,at ing currents are at present only used in the Service
,:, ' --r.ctiorr rvith wireless teiegraphy ancl will not be clealt with
::_ ait : .  r , : , : l lme.

I)u<',trer!/ of Electric Cunen't.-�It was tliscovered b_y Galvani,
r pbr::t'ian of Bologna in 1786, that tLe electric shocks from a
I-c-td;o i,rl or an electlic machine produced convulsive motions in
r &.ol'. l.g. I{e also lourtcl that these convulsive molions were
Jo prc.luced in the liog's leg whel tl'o dissimilar metals such as
-a 

-rnd 
copper, for esan1ilc. rvere ltlaced in contact with a nerve

rd r muscle respectivelr ' ,  atrr i  t l t , 'n i ' r 'ottght into contact with each
flcr. He sulrpr-rserl  this lct ion io irr '  r l t te to electr ici ty generated
br th" fros's leg i tst ' l t ' .  l rut i t  s 'a: .hol ' t t  l t r .  Yolta, an Ital iau
piol 'es. ' ' r ' .  t l t l t  l l t i '  r ' l "ctt  i l i t . r '  l i r()a'  I)ot l iorrr t [ i t '  rnu-cle ol '  r lervet
tu t  i |o rn  t l l r ' t , , r i t i l  t  , , f  , i i . - i r r r i la r  ru r t : r l s .  \ \ ' he l r  tn -o  u le ta ls  a re

1,1;11,r1 in ,  u:rt :r iJt u-i t l t  c,t , .  an( lht ' l  in air,  as \\ 'e sa\Y i l  Chalrter I_.,
, .u. ,  :  l i . , : : i  hr<'onr.s l^sit i rcl .r  and the othel legatively chargr:cl,
:l-, ;;i. ::.r clerges are rer.r feeble. \-olta pror-ed their reality in
t: .".  : , . . .or-.ng r lr :-

t'oltai. Pile.-He constructed rvhat has since been called
rbe " \-olrrie ['ile." wbich consisted of several pairs of cliscs of
rir ro i ctppcr in contact with one another, each pair of discs
leiag -par:rtetl from the next by a piece of flannel moistened
rirb brine- This pile gare quite enough electricity to give a

oerceprible .hock $'iren the top and bottom discs were touched
.imulianec,uslv rvith moist fingers. When a single pair of metals
ert prlace<l in'contact, one becomes positively electrified to a small
r:\tr;t an(l the other negatively electrified, or, in other wolds,
tLrle is a certain difference of' electrical potential (see ()hapter I.)
betrrrcn llrem. But' when a numbel are thus set in seriesr with
lr ic ' ist cor)ductols between the successive pairs, ai l  the small
,l:ilrrences of notenl,ial are added together. and the difference of

1,,, t tnt irr l  betrveen the f irst zinc and thd last oopper disc is increased
in llopoltiorr to the number of pairs. 'Ihe electrical action of
r1,,. .r .  cr irrrbinations is best understbod by studying the action of
a : inglc " r 'ol taic cel l ."

[/oltaic Cell.

Place in a glass .iar some water having a little sulphuric or
c,r l iul  acicl  adcled to i t .  Place in i t  separately trvo clean str ips,
orlc or zinc (Zn) arl 'd one of copper (Ctr).  This cel l  wi l l  be capa'ble
( ' t ' :uppl l . jng a continuous f low of electr ici ty through a lvi te whose
rrlr l :  ale Lrought into'conttr,ct '  ni th the two str ips, When the
(:urrenr flor,r's the zinc strip is observed to waste arvay ; its con-
:urrrpt ion in fact furnishes the energy required to drive the
curlerl t  tLrcugh the cel l  aud cr,nrrecting u' ire. The cel l  nray
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fherefole be regarcle tl as a sorl of cht'nical furnace in nhich fuel:

is consumed to drire t l te current.

Frc.  17.

it'he zinc is tlying to dissolve and drive a current across to

rbe copper; whiie tlte coppc" is trying (J,e.ss powerfully) to

dissolve'and throw a cnrrerrt the o6her wa1', _ The zinc is at zrbout

i lS6 outt,  (see page 82) higher potcntial than the- l iquid, while

ih..opput is only a'bout- '8I volt  higher, having :r less tendency

;; b""i;; aitroli.d. The'e is then a net difference of potential

ol"boot I '05volts between the zinc and the copper'  butthis

1r|ocluces no culrent as long as there is no conducting circuit.

if the strips a'e made to touch, or joined by a wire, in-rmediately

ilr.t" i. a i'ush of electricity tlrough the acid from the zinc to

t lr .  .onu"r, as indicated bj the a'rolvs in Fig' I7, t l re.eurrent

,"tr.oi 'o^E by t lre metal circuit  from the copper to the zinc' A

small oLiantity of the zinc is at the same time tlissoiveil away.

The conper oirip fl'om 'lr'hich t'he current starts on its journey

throoni'tlr" ext-ernal circuit is callecl the positive pole, ard the

zinc slrip is called the negative pole of the cell'

Chenical Action.-In order to understand whaf goes on in a

cell when it is used as o source of current, it is necessary to

know something about t'cliemical action'"

As r las said' in t l iscussing the theorl 'of magnetism, al l  malter

is bel iesccl to be l . ,ui l t  up of small  part icles which we have cal lccl

no lecu les ,
Now, although we cartnot break into these m-olecules by mere

mechalical forcJ and tools, ll'e can do so by using other agent's,

such as lrcat, l ight, clectr ici ty, arrd Ly means of cbemjcal aff ini tv '

1'he c,rr ly oie of these agencies which we need consider at

present is clremical affinitY.t--"Cfr.*itr." 
is the science whjch deals rvith the composition of

bodies, rnrl  i t l f i t t i ty is a term uscd to express al<irtd^of , l ihing
it , l r i t  iai"r h,f ie r* onc anot 'hcr; so that chemicul f f ini ty.may
t.re looked on ns l i  l ik in, l  t \ t 'dt strme borl ies lruve for combitrtng

s,ith others. Sorne sub.slalces llule a much greater ctfin'ity or

tihing for some particulal body than for others'
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Suppo:inq, then, that by some of these agencies we can bre:,k
uo aurl Drv into the constitution of a molecnle, r,vhat shall rve
fi;il? \Y.. tin,l at once that one great difference exists between
the moleeLri. .  of , l i f ferent, substances; lve f ind t l tat one cla.:s,
such a,. cr l l ) i )rr.  i lon.,. i lverr carbon, &c., ale ml,fe of nothing but
coppcl ' .  i r ' , ,n. si ir t ' r .  r ' i tLbon, &c.; each molecule, so to speah, is
rnit le up of noth::rg but i tself ;  and another sort,  such as india-
lLrbi,er. u-ir ter ' .  . tc. arc irrr( le up of trvo or rnore total ly t l i f ferett
.ubsti |Lets lr le:ent in the rnolecule, in dif ferent oroport ions; for
i  n  - ! .n , 'u .  i  r . ,  l  r ,  - :  ub i ,e r  m, ia 'u l ts  a le  bu i l t  up  o t ' carbon andhydrogen,
r i  i : .- :  r : . ,1.. .u1...  oi tw,-r su-Lr-t l : tc. 's cal led oxygen and hydrogen.
\, , :  rr : .-  :1,.-.-  :ubs'-ao!t. .  Preici l t  in the same proport ion; they
srrr .L:F"I-r ia rbe rt-r i!p-s are eorubined in tlifferent substances.
fL |it Frb Olt go ro bu:1,1 utr the lil,tle mole<;ule are
.rH-f --r -ELl sar tr tat the molecule of rvater is

{AJ ltdnoteo r:rri u\.\'gclr: trut since they are
tC pre*.ot ir Co rr proportioo lrire;c br'ing double the number
o{ hrdrogeo rloo! io c*b urolgle tlrr! tirerr are ox}'gen atoms)
re Ear rhat the moleeule of rater is buiil up of one atom
of oxi 'geo and trvo ato$s of hv. irogen, or. ibr shortness sake,
r l ' , ' rrr i te the rnolecule of rvater I I1O, I [  snd O being t]re
s\-mi ' ,) l{  used l- 'v cbemists to express hydrogen and oxygen
rr: l)ert i1-el\ ' .

'I'irese 
irvo different classes of bodies-the one whose molecule

is onlt- marle of one solt of' atom, antl the other whose molecule is
mrrtle'of more than one sort of atom, are called respectively simple
r.nd compound bodies, and any substance formed of one sort of
atorn oniy is called an elent'ent, because by no rneans that weknow
cnu it further be divideil up into sirnpler substances,

Elements.-A. Iist of the elements most usually met with is
given belorv. In realiby there at'e over eighty cliltbrent' elements
krrown ; but only those are hrbulated which are ordinalily mer
with. Opposite to them are their abbreviated symbols, rvhich are
used insterxl of writ ing their names in ful l  :-

- Hg.
-  Ni .
- N .
- o .
- P .
- Pr.
- K .
- ag.
- Na.
- s
- Sn.
-  Zn.

IYe may therefore say that what determines the materiai of
ivhicir a body is marie is the nature, number, antl grouping of the
ntom,s itt, each molecule, n-hile the size, &c. of the substance is
cletelminerl by tbe number of moleaile.e .

A lumin ium
Calciuur
Carbon
Chlorine
Oopper
Gold
Ilydrogen -
Ir icl ium
lron -
tr eacl
Magnesium
I{anganese -

- Ai.  Mercury
- Ca. Nickel
-  C .  \ i t rogen
- CL O-xygen
-  Cu.  P l rosphot  t t s
-  Au,  P i rL t inum
- H. Pt-rtassiutn
- fr : .  Si lver
- Fe. Sodium
-  Pb.  Su lphur
- Mg. Tirr
-  Mn.  Z icc
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Chernical Action.-If we can employ some agency to break

into a molecule and set all the atoms free, it is quite possible

that they woultl be able to group themselves differently and

form neiv nrolrcules different in composition to one anotlter
and to the oliginal molecule, and as these new molecules
rerfrrnge tltmst'lves rve shouid be able to get a new substance

dif ierent i l  everl-way to the original body; or again, i f-we

bring trvo substances- into very close contact with one another,
.o i l ' " t  the rnolecules of one are within the inf luence of the
noleculc,. of the other, it often happens that some of the atoms
irr the rnolecule of one substance have a greater a{f ini ty for
prrlticulal ltonrs in the molecule of the other substance than they
ir irre 1or their orvn mates; then, under certain condit ions the two
rrrolt,cuL's may bleak up, or folm into different combination of
ir tonrs, so forming nerv molecules rvhich in their turn bui lcl  up
rers antl entirely different substances.

To take a simple example, :irrc is an element, and therefore

eacl, of its molecules is com^posecl of'atoms of zinc only. Sulphm'ic
acid is composed of sulphur', hyilrogeu, and oxy_gen- in the pro-
poltions !f,S,Or, or as it is usually rvritten IlrSOd. Now, if

nrolecules if. zlr.c are placeil close to molecuies of sulphuric acid
a realraugemr:nt takes place under cqtli1 conditions,-and trvo
nerv subs-tances IIr, hydrogen, and ZnSOn, zinc srrlphlrte, are
forned, each of them altsolulely diffelent to the oliginal acid.

'fhe process of this leauangement is usually called chemical

action.
From the above short clescription we ought to have obtaineil

a rough idea of horv two substances in close proximity ultty uncler

celtai-n conditions break up and form two absolutely different

srrb,stances. This process may be seen going on -daily. - Coal,
u'hen heat is appliid, combines with the gxygglr^of 1\"-air',-the
girses formed go up the chimney,-and the ash is left behind. h'on

€\rros€d to damp air rusts,' that is, the oxygen and the iron folnt

litile molecules bf thei" o'wn, and these molecules build up the red

str ucture we call ra,sf. In fact, all substances tha.L decay; leaves,

rvood, &c., are examples of a slow chemical action going on-wllere

nol.Jules'ofl substan-ccs break up and combine with those of other

:ul):tilnces) forming entirely new ones. In tloing so a cer'tain

rmourrt of 
'c 'nelgy 

i i  l iberated,rvhich mlyin certain cases manil ' r :st

itsc.li in the forin of electrical energy.

Eiterqy.-Energy may be briefly definecl as th-e porver. of

tloirrg..'o.t, rrLich lieans to sf,y that'if we want to do anrtling,

o, , ibrc arrr-t lLirtg, rve must emplgy some form o-f enel 'gY'

As regar,Ls h,,utoo beings, if we want to do any mechanical

work, rve'-must 1tu1l, push, [ft, or exelt some po\Yer to efTect the

rvork, and i tr  t l r is rvut ue e-rpend enell ty.

Connectiort' b e t r e e n .E n e r g y a n cl If e a t. - N ow, betrveen ener g y

and. heat there is a ver-1' clos-e connection' In fact, hecti is b:u�t a

form in which etr'ergrl-ualif'ests itself. It is imp-ossible in .this
book to do more than-brieflv mention that such is the case' The
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rearler 's ufterlr ion is, however, directet l  to the fol lowing trvo
colr l trolr . , . 'ul l 'cnces rvhich are examples of this inrp-ortani
I : t ( . t  : -

21

r l

Sr rrlrr

.\ -irip is th.iven ahead by the engines, rvhich are worketl
1,r. :terrlD, the steam being oblained by lteating *ri",
Ir' rrrt'iur-. of the dres in the f'urnaces. Iyith"out ttre
rlrrzl ,ierii-eti from the coal the engines would not move.

A grirr, lstone,ot 
-un,u rer.olviug 

_*a.i ,  i f  stopped by hrr;
, ,r  i r l  hrrke. l teots the hand or-brake. '^The ?act of:
>r,, l , l , lng rLe nrass, or, in other- rvords, robbing i t  of
, : . '  {  t(  r7l. , , /  l t  l ) . ,S:es-re-r.  CauSeS that energy tO be eiven

i!ore
rb crgr

t i t . l l  i rr to the ruatter we must
lDav ,, i t ,-n rpPeaf in the forn

be
of

tr3 in f i i r  roltaic cel l  f lom the co'-
1-l le forrn ,r l  t l ,  r . t1' :s1l energy, i .e..

E-lb-ortlt pmFllal bl an ehctr.dirotive
l| E- Ary bcrr ia r ell is so mucL rner.sy

Efeat produeed by u C'urrent.

Tbe current ir-.eif cannot be seen to flow tlirough the wire
t-:rrcnit ; bence to prove that anv particular cell or combinetion of
e:!s r'rrluce! a cur.rent, requires a knowledge of .orrre of 

-Ji.

: i - : t-  r ir : .r  ( .urt ' r ' ts cau produce. These ari '  of various tr inr isl
-{ , ' : :- . . : . :  d, 'r ' i r ig t i rrough:r, t [ in rvire rvj l i  heat ib; f lowing near
I =-l . j r . ' . ! :c rr,r-r l l , .  s. i l l  cause i t  to turn aside; f lowiug th-rough
rr:er an,i  ot lr .r '  l i r i rr icls i t  decomposcs them; and, last iy. Ao'pi i-
rbr. 'ugh r irc l i ,  i rr{ ngLl.u , .  any sensit ive port ion of ; t ,  p.Jo""?
. ' r i . . r i r  x , ' s . t io .s . ' I ' hese  e f fe_c ts ,  . thermCl ,  magnet ic , 'd t  "_ la r t ,
: : .r l  r ,h.r. i6|1,gicl l .  r- i l l  be considered sepalately.

. I-olt.aic _Ilat.tery.-If a uumber of siurple cells are joined
i:- ;r  .er ies. the zinc plate of.,one joined to the copper ptate of t tre
.r\r.  :rn, l  so on, a greater dif ference of potentials ivi l l  be nrochrcecl
l .- !r \ ' , -err the colrper,6pole" at one enrl of the series antl ' the zi 'c" i . " ut the other end. n'or since the copper pole of the second
:- t , , :rr , . , l  trr  the zinc of the f irst they must be at the srme potcn_
::, . :  r t :r , l  then, since there is a di l ference of potential of .g' l  volt
i ,err\ ' { .( . i l  t i re copper and zinc of the f i lst,  and the ra-" o-oonfi
l,.rwt'err tlie copper and zinc of the second, the total cliffet,ence of
p,, ierrt i l l  betrveen the copper of the f irst and the zinc of the
!r-(.ol](1 rvi l l  be double '8_l v<_rlt ,  that is. 1.62 volts. in the sane
l ' : .r .  rhree cel ls joined in this ma.uner wil l  give three t imes the
,l i f lcr*nce of potential.  of one cel l ;  and so bn for any number.
Srrr.h an lrnrngernent is called a, (( Voltaic Batter.,t,.,, 

'Ilre.e 
ore

urrin\'r\-avs of joinjng- up a.battery-of _cells, but two only rvill be
nenrionerl now, l f ' the cel ls are joined in one row, as in'FiE. 1g-
t lr*r '  r le -r i , l  to be in . ,  ser. ies." Cells are gener"i ly , . tr ."#otJ
in , l i ;1o, 11111. l ,y a s1'mbol in which a shorr thick l ine i tan.ls for the
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nesative pole, and a longer thinline-stands for the positire pole'

i l ' ,^ n'ini l8 represents-four cells jcined in series'

Frc.  18.

* rhhhL-='-"o l t l ' l ' l

I'he other chief wav of groupins 'qtt' t:",J3 
*o;:r*'l,to,,:T

i,:; I'J,';'ii,':: ::ff '1"1 3::'1'.'#:' f ' ;h;' il 3' l;'.': q;;; ;i;.'1'" i ;
ii'i. "-*,""if t'rteir positirL poles, beirrg joined togethS: 

il#rtt:l:
.",,ro potenti*I, and so are atl their-negative p<

i.';; il;;;;ir"*""" "t potential than in lhe ctse of a single

fi !';$?.[llf iiliT,"u,,:'*",.'i'",nn'"''l"Tl]'n1iJ,iJ1o"'il:
Frc.  19.ru

relative merits of these two rnel,liods of grouping cells will be

discussed later.

E I ectromotit: tt -l7or ce'

.Ihe term ,, electromotir.e f1rrce " is used-to denote thal lvhich

ur()r-cs or tends to -ouulittiti"ity from one place to another' For

i , ," t i  t- i ,  i .  generai ly ; ; i t t ."  i ; 'n ' l '  Juit  as iu waterpip'es a

;i; 't:"; "i i"*i pt6a'"*' u pt"*"re, anil tjre pressure produces

ri Ilt,*- a,. soon as th" ;;;;;;d on, su a diffei'ence of poteniial

;";;,;.; .i..tto-otito force' and electromotive lbrce sets up a

(:urlent as soor n, .r,u "ittuit is completed for the electricity to

flon-tlrrougli. It""t.olrr"oJior fotce miy therefore be conveniently

;-i.,'".-:"n"", u ,titr"reo."-of 1'otentiai and the unit in which

;i#;"":; .fpoi.*i"r i, *""toitd is calied the " r'olt"' The terms

::';;;.,,,;;-,i.,a " toltuge:' are son'etimes used {b' difi'etence ot

t&?ilii,'":i;",::j'iH::t";#'lpor"o or zinc ^and copl'�er as the
mat,-'r'irrls {ol t celi , tot ttif* ilay be matle of anv two rnetals' or

carbon 111r' b,'r..a tot o^t of;it" ;1""*', . 
't'he effective E lt'F'

of the cell tielrctr,ls "" tfl"'*tt"tio1i o{ rvhich it js ruatle If the

sarne rnetal rvere usetl  i ; ;  t ; ;h piates.of a t :el i  i t  rvould. give.no

ffi;;;;i;; .""r' 1'r*tn 

'"'oulcl 
be trying to cli-'solve and send a

current &cross to ,o" oii'"'' t"ittt u',""t ie"dency' That cell will

have the gleatL-st E iil" io tttii"it rhese materiirls ale used

u4rich ha'e, tn. g..tt*-'i'iitrti*n"t i. their'.tendencY to combine

chemically with the "tti ;t';l'';lttttl riq"ia is useil in the cell' or
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21:,i'1:1i':"ii:l' l: 
the i' conr,,ct series

power,.lr,ut,.,iosmt",",:i#ix j**{iill"l}:i[""11"1
irf il]",,rfi:'.lfi,'*l'".,:fu "1,yl{:1?""it'?'iTl,txli:iJ;
l'i:'o:]ilJ,lj,,,""1%;,y"il:x:XlJlJ,.1#"::,s_ild}ieirt:r
on its suri,nce 

u, .!rru Ir some cases receives a deiiosit

.  Tl.e -eme ere,.tr . , ,  
Resi i lance'

t;,:t;;;i:,ilt!]il?rti,:ff :i:,ilnnf.Tf T,"o:""u"-'"::l
- a sr' -,*r.;;'li 1,, ]ii::,"]:.'jl':itv.oooa tnu "i.";i ;;;
r --b. lf tlc.tn. u" ,.,"i"},i ,] ::,:l '::_.Y1,." and overcone

Sift$f"#i'i'" :l l, : : :,, Ji' i l.'?""#'; il f il,'*
-3 r ne r:rriu_Fi"s *T"1.,; J;" L; ;;;,,,:,lij oll.il,iJ[.T+aa.d . q an"lofu or ru *i"-iru pesrure rhichoo rr"- a,r" *.1",-,it*j ff #F ;r".#. * i"rl,,i : I ll _:lr!t'jr. flors snd the

;;,' ":,,' lf"' :,:::," l:: :,J: *',' ml l;lit llf ;nm: * *i
*.;til;$:il':#,i"ii".T,1ih'iil:;x:#fi iiiJtl'_'"Tl:

\-r :rr tLe r letals i
sma.l i  ;  Lur n,"tal wirel-general 

conduct well ;  their resistance is

*rttflfi*ir't':ruil]r?i:pryJt*l
. r"c r r,,r r r t r i, e r;;.;i l{" 

";;fJ,T.:,1, 
iih ":i

i*:iril.llli:iit,,'i*,rffi :i,i:i:ff :{.'".":?x'J:tT;:arr arirts ditrited *irh 
-";;; 

,ill,ll._*r,"".-^glod 
conducrors, and io

i1,_A_*,.x.1li""xl'"Jr'iliigl"il;if, 1ff '#::il;1-

ltiiitl,i,*{r#;:,:.Ji*-T#1;;"fi :;".Hlt.,,ti:
i,lm,,';fi.'.T":1?n:l#:;d.illbnJ':'Tt'.-:Jitj
,,..r,.tffi ,o{ 

Rttittonce'-The rottowiog are the laws of

,,,',)), r u{','1, "r::'f' :: :{..", :.o ::d,, t i n.s w i r e',i.,, l T;, :,*,,, ff ,;:1" li'# k*ij : r ffi : :i # # i!i' ?i,'i \i
(2) 'f he resistance,,;r!i:i:,.i",*i'#'i,,{"f o,::*::::!,,"f ",r,,i,".,T,iy,{"
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trr;ice as thick ts etlother, the nrel of its eross'section rviil be

four times as Efeat, so that it rvill only hav-e- one-quarter of 1,he

resistance of the f irst.  I 'hat is to say, i t  rvi l l  conduct four t imes

as well .

(3) 't'he resistd,nce of a cond,u,cting ,uite 9f _7iuen length
rntcl'titichness depends upon the nnterial of wlich it is macle,
thrtt is to say, on the ipecific resistance ol the material. 'Ihe

" speci l lc resistance" of 'any material is clef lned as the resistance
l,etrvecn the two opposite fl,ebs of a unib cube of the material, that
is, a cube each of ivhose edges ig one centimetre in length- 'fhis

1,r'ovides a convenientmethod of comparing the relative resistances
o1' different substances.

Effect o.f Heat on Resistance.-Changes of temperature affect
tl,e c6nducling power of nearly all subitances. In the case of'
rrietals, their resiitance rises as they get hot, antl falls when ihey

are cooled. The resistance of carbon on the other hantl diminishes
on heating. Tlre filament of a glolv lamp has little more than
half the resistance wherr glolving that it has 'rvhen coltl. Certain
nlloys oI metals, such as German silvel altl matlganin, shorv
little if any change of resistance on heating, and are therefore
used for making stanclard resistance coil-".

anit of Resistance.*Re-sistance is meaeured in units to
which the-name of t tohms" has been given. Oue ohm is

that the resistance of a conductor in rvliich an electromotive
force of one volt will proiluce a current of one ampere, Ihe
actual maEnitude of the ohm is the resistanco of a column of
mercury, 106'3 centimetres longr and -one square millimetre in
closs-section, when at the temperature of melting ice.

Chemical Actions in the Cell'-The production of an electric
current by a voltaic cell is alu)a?,t accompanied by "lte*igll
altions in-ttre cell, One of the metals at least musi be capable
c,{ 'being actet l  on by the l iquid in thc cel l . .  A piece of pure
zirrc 'wLen dippetl alone into sulphuric acid is not acted upon
bv the l iquid. I lut the ordinaty commercial zinc is not pure,

nn,I rvhen plunged into di lute sulphuric acid ci issolvcB Dw-a/ '
r large number-of bubbles of hytlrogen gas bcing given_ off at

the sulfrcc of the uietal' Sulplruric acid, as esplained before,
is a complex substance in lvhich everv molecule is nrad^e up of a,
g.oup of rrtoms-2 of lrydrogen, I of sulphur, and 4_ of oxygen ;
ol in-sFruhols, I[rS0r, IYhen chernical action takes place betrveen
sr r l l ' hu i ' i .  ; , c i r I  tnd  z inc ,  the  s r r lphur  and oxygen en ter  in to  to tu -
biu.Lt ion rvith the zinc, ' fbrrning zinc sulpl ia"te, ZnSO' ancl the

hydlogen is sct free. 'Ihis action is represented symbolically by
meanJol 'a t t  chemical equationr" as fol lorvs i- .

Zt + HjSOr - ZnSO, t- I I ,

Zinc at:niJ� sttlphttic acelrl produce ainc sttlphate and' hydroyen,
The zinc sulphirte produced 

-iu 
this nctiou remains dissolved in

the acid"
Now, when a plate of pure zinc ancl a lllate of s-om-e metal

less easiiy actetl on*:copp.i' o. platinum or, best of all, hard
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:illl::;;r,L'll":io?"1{..'h;i:,,'ui.i1,:".",1ffi 1'?,n:*ixff :ii;:
loirrirr. the phrtes .with a ivire or making ih"*t*n"""J,,r";,;r{.
rrri.,..r rhe cil 'c.it is completed a current f loivs ancl the cheruical
i:-11] 

^ beg.iu, 
,the zinc -ri issolvi,,g io ine 

-acid, 
ancl t l is acial3ri '9, 'p rts-hydrogen in strearns of b*bbles. But it wil l ber.,,trcnt thi.rt t lrese bubbles of h_vtlrogen are given ofl not at thezine-  p late,  nor . througho' t  r l re  l iqu i r i ,  t r i  " i  rn .  sur l ice of  the

f:tl:::.pi1i" 
(."olrpu" 

.or car.bon, whichever is employed). This8l,palenI traDsfer of t lrs, lr;,t lrogen g:rs tltrongh the'l iqui.l fromthe snrface of the zinc plat6 to fir"rlu_.rf"." oi'ilr" "opo.i plate is\'(rJ' remarl{ablc.
(Irotthus' T'heory.-�'Ibe ingerrious theory frrlmccl by Grotthusi. 11.,3u,.n, for it iJ os foilo*il_ii;'.-;ppJr;, 1;hat, rvhen trvorrr,.trrl .plates at differcnt- potentials "u" pti."a in a cell, t jre fi.r.stt l l i 'rrt is .that the molecule! of t l,. f iq"l.f"tt"r1"-r.tu"* in iunumer.-ei, l,: 1[l1sin3, in lvhich every molccuie hu,s its coustifuent atoms

lrrinti lg in a celtaiu dir.eciion , in if i i , "r".u i ie hy,l.uge,r in tl ictrr,, lcr:tt le is att.r 'actcrl tolu.ds tle coppel plrrte arrl thc srrlphur.Rr, , l  oxJgerrr  g(  ) , .  !or r .arr ls  t t , .  i io . . " ' l i t , . j  u"r ;oo t l r l t  is  lhon
;:l: l l"::,, l , i take Plece is rhat an inrerchange of partners goeij or
:l::)::..lt .ll! 

*ut 
119_t" afours, all alorg tlie- linei erch I,Ii gro,rp

l;, i,"1:i. l l i ,o .an SOr.group lrorn the'iroxt, rnolgsulg, ienvio! orr'e.rt ' , -r.rrup at_ the zinc piate rvhich combiues tvit l i  the zi-nc toI " i l l l  z i l r c  su lphnte ,  anr l2  [y ,1 ro*cn  g fou t )  a t  the  o ther  end w l r i ch: ' ,s '  l  l rce, arul appeurs at t i rc p6sit i ic t , t1te. 
, f l re mult,culcs t |crrr r . r  I i : ce  t 'o r r r t l  and  thc  sar r rc  t l i i ng  l l r l ,per rs  rga iu .  I i i g .2U s l ro r .ys

F-rc.  90.

3: -n:! : . ,  1ir-t  rorv lhc ato'rs are distr. ib' tet i  at r:r ,ut i ,rr tr ;  i ; - , ,c, l te
f l  tb,. ; ' i , . r ' t '  l i r .nicr l  thcrnsclres into a chtin "s , f , . .- jor, ir i*f l
dL  rL :  i i , , r , l  l l r r  i r i t c r .c i r i rug"  1 , , . ,  t "kn ; ,  , , i "nn

t b , h . : : , i , . ; r l  r ( . l i u n r  ! . u  r r r , , *  1 , , , , , " ' , , .  t i , a  c r r p . ! . r r t  t r r t J : o s .Dp i ry  c ' i  z i . c  . . , ' ,1  , r l ,  i r r  e : rc r r  , j * i l  ;u  p .u1 ,u ' t io ' r r tc  the
r: cJ clr.- tr i ,  i r . '  *.Licl i  fb* 's rouurl the 

' , , i , lui t  
i 'L- i le , i r i
s 2
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battery is at work, and so is t l re amcunt o[ hydrogen gas evclved I

in othlr rvords, thel'are propot'tional to tlie current'

L o c a l A t : t i t t t r . - W h e n t h e c i r c u i t i s n o t c l o s e c l t h e c u r r e n t
cannc,t flow, and there should be no chemical action so l-ong as

i i i "  t , * r rn t .  i s  p roduc ing  no  cur ren t '  Tbe impure  z inc .o [ .  cur r t -

rn"r.",  l ,oir*uei,  t loes nit  lemaitt  qrt ieice-nt in the nci 'J, brrt  is

.ootiriu,,ttt <lissolving and giving off lrydrogen ll.rtrbies' "[his

loca,l ttcti'ott', as it is"called, is explained in ttre following manner:

fnu i"ir"tities in the zinc consists of particies of iron, arse:ric'

alia "ini. metals. Suppose a p',rticle of-iron to be o. the surface

anvrvhere and in conti.ct rvirh the acid. It rvill behave like the

"ooo..-oiut" of a battery toward the zinc part icles in i ts neiglr-

;;;ih;"f, for a local difference of potential will be set up at the

ooint vzhere there is metallic contact, causing a local current to

i:;;ir;;-;i" particles of zinc through the acid to the particles

oil-r, a,tl sJthere will be a continuil rvasting of the zinc, both

n'hen tire battely circuit is closed and'when it is operr'

Amalqan la t ionofZ inc ._Toavo ic l th is loca lac t ion thez i r rc
,rtute is 'iamalgamat6d " lvith mercury. This ig done as fbllorvs :

in"-t t t f- . .  to"be amalgarnrtcd is cleanetl  by being dippei l , int ' - '

acid. and then a ferv drops of mercury pout 'ed ovcr rt  and ruDDeo

i; *ilh u bit of linen iag. The mercury mixes with the zinc

ancl forms a pasty mixtire called an " amalgam"', Th9 i19u

part icles do uot dissolvc in the merculy, but f l i rat up. 10 the

Iu.fu.u, whcnce the hydrogen bubbles th!'t lbrm speetlili' carry

if , .* df.  As the zinc i ,r- i l , is pasty anrnlgam dissol 'es i ' to the

""id" tU" film of mercury mixes 
-wiih 

fre'sh portions of the zinc'

and so always presenls a clean brighb sutface to t'he liquid'

Pc l la r iza t ion ._Thebubb lcso f l rydrogeng ls l ibera tedat t l re
sulfece of the posit ive plate st ick to i t  in gleat number-qt ln( l  r()r l l .

u lil,r, or"" itslsurface i 1"n"" the effbctii:e amount of s'r'i'ace of

,f* p"-f t i t .  p1ut" i t  t . t ioosly recluced . in a,short t ime' When a

,- ir ,rule cel l ,6r a batter.y of such cel ls, is set to p.oCuce a cul 'rent '

li it'i"r*a'tftat the current after a f'ew minutes' or e'en seco-nds,

i"fi. "g very greatl-v, and may Ie even s.topped' 
'I'his immetliate

t'alli.s off ii,'i6u current is 
-alnrost 

enti'ely due to the fllm of

h ; ' ; i ; , : - . ' ;  bub t tes  s t i c l i i ng  to  rhe  pos i t i ve-phre '  A  ba t te ly  i r r

t l ; i s , . ' r , r , ( l i t i un  i s  sa i t l  to  be  "  po la r ized" '

EJf,ct of Polarization -Ihe film of hydrogen gas affects the

s t re r , i t l r  u l ' ' l  be  cur ren t  in  the  ce l l  in  two rvays '"-- 
i l r . t fr .  i t  *.eakens t lrc current by the increased resistauce thal

it offer. i, tL. 11ol', for the bubbies rrf gas are very trail con'

ductors; ald
Secort. l ly, i t  rverl iens t lre current by sctt ir tg up.an opposrng

electromoti ie fr lcc. For hyJrogen is -ncu' ly as electropostttve

;.;i;;FJ so t.ies to -ce'tl a cui'reut thr:ougtr the iiqui4 baek to

tn"frtil 
,o"."fore a 'ery iupo'trrut tu:rtter to a'bolisir this polariza'

tion, 
- 

as otlterrvise the curirent giveu by, cells woultl not be

"oi l t*t .  This is generrr l l l  done-by introi lucing some subsbance



i . to the ci, l l  *hir:h has a great "; : ,r ,  for hyclrogen, and so com-
l, iut,s l i r l r  i t  before i t  can reach the posit ive plate. ' Ihe various
rn,.t l rr , , l -  of t ,r-elcotning polarization rvi l l  be described at the s:rme
r:ru,.  t i rrr i  rhe t l i l lcrent fot 'rns of cel l  i r t  use in the Serr- ice are
, ] r ' - t  t ; i , t , l .

() i ,11'.e fnp.-\Ye have seen t l iat o pelmanell t  di f ierence of

1' trr-t i rr l  set up between thc trro ends of a conductor rvi l l  produce
, n t , lc.t l ic cnlt 'ent in that conductor, and the st lcngth of that
.r ir l r .nt rr i l l  r lcpencl on the cl i f fererrce of potential and also on
r l r ' -  :  t . - i - t l rncc '  r , f '  t l re  conducto t ' .  ' Ihe  laws rvh ich  de termine the
. : : , : , j : 1 .  ( , r '  , i i l i r r  t i t r - o t '  t h e  c u r r c n t  i u  a  c i r c u i t  r v e r e  f i r s t  e n u n -

. , : . . .  I . i  l r  .  r i  \  l l r r r r .  u l r o  s l a t c t l  t h e t n  i n  t h e  f o l l o r v r n E  l a w : -
r, i ,  

' ,  
'  l . ' t  .- ' / '1,,  current oaries directty as the electrc-

--tr4 -1' . t7t2. a,,d intersrl !1 rts the resistance of the circuit . '  or, in
od*t rrJ..  an.rthing that trrrrkes the I l . l I .F. of cel l  greaterrvi l l
- . tue tbe current. rrhi le :rnlthirr l l  t I t t  increascs the resistance
(ciLr the internul resislan( e c,f  l l re ccl ls themselves, or the
crretoal rr. : i . tance of tLe ci lcr: i t)  s i l l  t l i rninish thc curt 'out.

s rmLo l :  th i :  tn l ) 'Le  N| i t t r 'n -

a ,  : R t

-! , . ' r"  f  i r  tLc nun)l)er of ampeles of current, I l  the number of
roir:  , i f  , l i i I , .r 'errcc'of potential or Jl . I f .F.,  ancl I l ,  is the number of
oi n)r . , i ' resi: tancc in t l ie circuit .

- \r :otbcr wu' of stat ing Ohm's Law is:-The number of
onl,cr(s rlf trtrt'enl ,flouting tluouglt a cirur,it is egual to the
Attnltt (..tt' t'olts of electrontotir:e fbrce cliat;ded by tlte number of
,; .A'7,,  r ' f  7s.; i . , t  u t t  ce.' f i .e 

ar ' l , i i rut ion of the l i rrv is not quite so simple as i ts state-
ur€..r.  I f  sc rrpply i t  to thc vrhole circuit  we must consider both
th':  t<ital l l  :rnrl  the total R. For i f  a number of cel ls at 'e used
r*n,! the r i l r .ui t  is marie up of a number of dif ferent parts, through
rl l  r ' f  rrhich the currelt  rnust f low, we have to take into account,
n,rt  .nlv t l re E,II .F. of the cel ls, but also their resistances, ag
rsrll a.s ihe rcsistances of the other parts of the circuit,' fake 

a sirnple ci lcuit ,  as shownJ

I ' r c . 2 l .

t '  ) '  "  F G  "  4 o h m s
, . ,  , ,  , ,  G H  , ,  2  t ,
. .  r '  , ,  HK , ,  r0  , ,
. \ ,  , ,  , ,  K B  t :  3  ) t

r lrn rbe tc' tal resistance of the circuit  A B is ?0 olrms.

Suppose the resistance of A F to be I ohm
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The eurrent that rve shall get through A R- will tlepend on the

n.fi tut*."o A autl B. SitppJt" the laiter'1o be 60 volts' then tLe

current in elert' part of the cilcuit rrill be 
"Zi= 

3 amperes'

Note this carefully.-Whatever the lesistance of any po.1-ti9n

of *r,i, ir l, "i lcuit may bc, l l 'e curre.nt running througir it rvil l  be

t l re t , r r , r -e r rs  in  at ry  o lher  por t ion o- [  the c l l 'cur t '""" 
N; i.t .,, tiu." hoi' the differences of poterrtial ale divided

up in the cliffelent portions of the circuit'
- ' l ' lke the l).P' f,ttt 'u." A u^O f' '  IYc have a lesistance of

f .,fr-,^o"JJUlough this'rve have to force a current of 3 amperes;

ir'"'ri,P.-i.q"i,l,,,ito ao tttit *itt tl" C x ti or 3 x I : 3 volts;

i"i.*." l'*tl G'we ftu* t resistance of 4 ohms ancl still the

sarnc current of' 3 amperes, there{ble the D'P' required -wilt be

il x 4= 12 volts; r,"tt*"*'G u"a ff the resistance is 2 ohms'

1he currelt tlie same, t*oiy, 3 ampet'es, therefore tlre D'P'

tiqit.a-:rlill be 3 x 2 : n i'otts; beirveen H ancl I( the resis-

i;;;; i.-10 ohurs, the curlent 3 ampercs' thele{brc the I'r'P'

leauirecl is 3 x lO : 30 I'olts; ancl' between 1( and B- t\e -
;:.1J*.. ' l t"s, 'tr,,. ."tt.ot 

-i '_u'n1'etes, 
the'efore the D'P' is '

3 x 3, or f i'olts.
Adcling ihese tosether, 3 $ 12 + 6 + 30 * I : 6O t'oi11' . - -
i;;tfit t"-at, ii t-o.i:. oi 60 volts between A aud B is divided

as {bllows :-
3 volts foreing the curreni from A to F'

1 2  , ,  ) 1  '  . .  t '  t  l o L r t

6 , ,  , ,  
' t ' ,  

, ,  t '  G to I I t

30  , ,  , ,  , '  , '  "  I I t oK '
I ,, ,t 

'n, '), 
,r,^ K-to B'

The D'P. betrveen .q. ana C i3 S + 12 = 15 volts'

.t.., #d ,i ioiturr!, 
A ancl ]r is 3 * 12 * 6 :21 volts'

tl'Lru l).P. beirvee.n fl anil I{ is g * 30 : 39 volts, -
, )  ) )  , ,  b  ancl  G is  I  + 30 - f  6 :45 vol ts '

.tir,, olcl whatever t*o loitit ln the tilcuit we talie we lind tbat

E
tLe etluation C: il 

rvill hold gootl'

The above is the simplest form of circuit when all the c-on-

tluctors are joined t"g"t#'o"u-^iit" tft" other' or as it is called

i;;;;t ;, .o'thot tho'same current traverses.-each'
Parattet t, Dir;;;; i;;;;it;.:1rt will now take a circuit

where rlre coo,tu.torrlrl i"l'"ii itrr"tt o,r in parallel, so that the

cuirent has t'rvo or nrole roads by which it cau travet'

Suppose Fig 22 to slorv suclt a ctrcutt '

I-re. 22.
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Ifere, if A and ts are at a D.P. the current will have trvo uaths
to t lavel by, one A F B, the other A G B. What thir ieal ly
means is, that instead of only having the path A If B w.' hari
given it anolher, or, in ottrei rvor,l*, really given it a la,rger
conductol to travel by. anrl therefore recluce,I the resistancd of
tLe circuit. tr'or suppose A tr B, A G B to be two itlentieallv
siruilar wires, then ai far as the resistance in the circuit is con-
cerned it would be the same if rve brought the trvo wiles close
together and practically squeezetl them into one and so made
one wire of double the cross-section of one o[ the previous
wireo; l ,ut by doubling tho cross-section of a rvire rve double i ts
coni luct ivi ty_ and, t lerefore, halve irs resistance, hence by giving
tx'o pleciseh' similnr roads to the current to trnvel by instead
of  r ,n " .  n 'e  l r i r v t  I ra l l c , l  t l re  rcs is tance o f  the  who le  c i rcu i t .

L r . i  us  l i r k r  r i lu res .  SupPose each o f  the  w i res  A F  B,  A  G B
tc h:rr-e s resi i tance of l0 ohms, and suppose A arrcl B to be at a
D.I ' ,  of lLtO r-oits. I f  therc rvas onlv one l- ir .e, A F R, the curreut

t louing betrveen A and I l  u'culd be 9rf = f  O irml)oles.
I U

Now add the other l ' i re. A G B. Between i ts ends also therro
is a D.P. of 100 volts, therefore the curreut f lowing along i t  is
t-rt-r",9t_f g amperes. So that the total current flo.wing between
A and B by the two wires is l0 * 1Q:20 amperes.

But if 20 amperes florv between A and B when A and B are
at a D.P. of 100 volts, t)rc rcsistanoe of thc whole circuit R,
. D ^.. 100
is = 

6 
ot 

20 
: 5 ohms, or half the leeistance of each of fhe

original lvircs, The lesistance of trvo such wireg in parallel is
calied theToinl resistance of the rvires, anrl must evidenily, irhat-
ever the resistanoe of the 'rvires may be. be less thau tho resistance
of either wire considored bv itself. 

"

This is simple enougli 'when we consider the two wires as
exactly similar, and therefore each of tho same resistance,
Suppose now they are of unequal resistancesr as in Fig. 23.

Fre. 23,

Here one has any resistance R, and the other any resistance Rr,
Supposc A and B to be at a D.P. of E rolts-

Then l l re  cutrent  io  R,  :  f l '
T t .

,, ,, R =ni.
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Thrrrfore the total current flowing between A anrl B is tho

sum of 1l'ese two curren 
x rl

ts ,  o f  )s  equal  to  R,  *  Hr .
Norr let R be tho joint resistance of these two wires. Then

sinee E is the D.P. between A and B, C : f i 
.

But tlris current has bee 
E

n snown equat to R1
.  E - E  .  E

r i , : r i - , +R , ,
ol'r *: o1' * ;" orr u : 

*+*;'
o.t, the joint resi,s.ta_nc.e of_any .tuo circuits ,ioined in parallel
;t tnyy4 _!U *yt|;qtying the resistance c,f eaih circu,it iogether,
and rliaiding this ty tlte sum of the resistances of the cii.cuits.'

- l 'aking a nuperical example:- Suppose, as in Fig. 24, a D.p.
between A and B of 60 volts, and

, E' R "

Frc. 24.

the resistance A F R to be 5 ohms, anclof A G B tobe 10 ohms.
If A f' B rvere alorre connecting A to B, the current flowing

between A and B would be 
j-9: 

f Z amrleres.
D '

l l  -\ G B rvele ther 
G0'e alone rt rvould be 
1O 

- 6 ampeles.

Therefore the total current will be. if A F B aud A G B be
l ro th  i n  r r : r , ,  I 2  *  6 :  lE  amperes .

\orv, looking at this from the other point of view, riz., of
A F R, A G B liaving a joint resistance, the D.P. betweeu
A and B is thc same, but the joint resistancc of A tr ' B, A G B
. 5 x 1 0  5 ( )  1 0
l t' " 5 + I ( ) - - 1 5 " ' -  

3 '
flhe current, thercfole, running betrveeu A anil B is

GO
E T
E o. m 

: Id anlperes'

s
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Norn.-Tl_re same method of argument may be applied to
cases rvherc mo'e than two conclucl irs are joi"ned i ; ' i i ; l ; ; ;
circuit. A sirnple way of norking at the case ilq as follorvs :_

,  
' f l re  

conducr i ' r i t y  o f  the  r ' i re r r i t  -  s r rm o f  the  eonr luc t i v i t v  o I
l J re  b r i rnc l l  < , i rc r r i l s ,  o r  i f  L , ,  L " ,  L r .  1 , .  &c .  he  the  cont l r rc t i i , i t y
t ' r  t l re hranches rvhose .re.qis1znaaa are Rr, R, Rr, R,, &c., and i?
L be the couductivi ty of the'rvhore circuit 'whose.". i i too"" r,  n. 

-

T h e n  L :  L ,  *  L ,  *  L ,  1 L ,  1  & c . ,
. l l t I I. -  l l = ' n ,  + n , + n ; + n , + A t '

\ \ - .  r r  .  : ,  - . r , , , 1 . . : , ! , . 1  ; , , ; 1 . , . ,  6 ; f  r r  c i r c u i t w h i c h i s  a  c o n _ r b i n a t i o n
i r* l lu, t .-  i t  r  r l ,  .rbr l b r ir . ,-s;'.i,:,,.:.'ii:i,'n'i ,f i'1ti'h",',,:1"Ti.3 rt-t

Fle. :1.i.

rua,l i, F.II g, F J( -G, and from G to B one circuit, 1,hat is, the( 'rrellt leaving. A florvs towards r,', 'whe.e the current di'ides,
1,nlt. f lonirrg rlrrough_ I $ G, part fowing througlr F, K G:
. tornrng rgrrn r t  G,  f lnd a l l  thc crr r rcnt  f lowing by G B=to B.'rhe totrl resistance this circuit offers to the cur'e't is. first-
t l re  re. is ta lce of  A T! ;  .next ,  the^. io int  r .es isrance " i  F H^G;
I' I i  G; and ncxt, the resistance of G'8.

Suppose A X'to have a resistance of d ohms,
,, F If G ,, ), ., 2 ohms.
,  FKG e ,  , ,  , ,  - t r ohms .
,, G B ,, ,, ,, i ohms.

The joint resistance of F H G, F I( G will be_
2 x 4  8  4
2 1 + : 6 = 3 o n m s '

Thc total resistance will therefore be b * 1 * , oh,rn.
J N

or - ;: : 13* ohnrs.

If now a D.P. of 80 v6lts exists betrveen A and B, the current
80

in the rv l ro l "  c i rcu i t  rv i ; l  b"  @: 
o arnperes '

fi
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Now,  how t loe .  l l t , ' cu r ren t  c l i v i r le  on  rcacb ing  I ;  t l rn t  i s .  to

sav .  r rh ich  c i l c r r i t  ta l<es  the  most  cur ren t r  an ' l  i r r  rvha t  p ro l to r l ton

clo ihe currents cliticle ?

The cnse is exactlv the same as the provious one' We rvill

t race i t  out"
Iret n bc the D.P. betrveen F n'ntl G'

C, Lre the curreut rrrnnit tg through t- i - l  G'

C., te t t te current runnirrg through Ir I{  G"

Let the rcsistancc of F I{ G, tr Il G, l-re lespectirely R, ancl R''

l\re know then that C' = fl,,
^ E C . R ,

, ,  , ,  , ,  U : = R r t o t C , = t f r '

or the curlent Cr will bcar the same proportion to the current C'

itrui *ru resistauce of R, does to tire 
-r'esisiance 

of R,' ^Nolv'
.""tii"tlrg if.is in relation to C the total current running in tho

B l l
c i rcu i t ,  wc  see tha t  C :  C ,  *  ( ' , :  

l i ,  +  R. , '

Cwt'ent .Lletlntl'-Tlterefore the ratio of C, to C is found by

tl ivi t l ing one by thc other' ,  or- 
I

c j -  I l r  " " - A
.  C = T : ] " T

Rl 
-r 

R, Rl Iii

c , : c  x  I  : I ' * I ' - c  x , t  *  I '  *  I '
J i r :  l t ,  *  R , *  

"  "  
I l '  

"  
l l r  + R ,

^ 11 '  . .  ^'r L'r= 
rir -F R, 

t t '

S i r r r i l a r l ; ' ,  C ,  =  
l i , 1 '  , , ,  

*  a .

'Ihat is, the curtent t lrrough each branch is found by

rr r r r l t i r , l r  ing the tota l  cr r r lent  l ry  a ' f r rc t io l r ,  nunrel l - ,  l l re  res is tance

ot rl,r utlt.r 'branclt dirided by-the sum of tbe two reBlstances'

Substitutirrg the resistances Fho$n in the diagram (Fig. 25)

we ltar-c-
4 ^

C . :
, ) - A

c ,=  i l r r x  c '

Potent i t t !  , l l t thod.-A" s i r r r l , ler '  uay 1 'crhu|s of  looking,  at

th is  is lbat  t l re  r . . ' ' i . t , , r , " ' ] -o i  i i ' i  r " r . r t  t l i r ' l r r i t  a t  l - 'e forc s tated is

5 +: :1 * ,  - -  13|  ohrns.  No* '  s i r rcc 60 ro i ts  is  expendet l

in o#rloJitg this rre can calculalc tLe pressure lost' or fall of

potential betweeu !' and G.
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We have:
Fall between A B : Fall betrveen F G. r : Total E : B,esistance

b e t n ' e e n  X ' G .  O r , 8 0 :  \ r : :  1 3 * :  l * .
Ilence D.P. between X' G (V)"= 8'r'olts.

Consequently the curreet through F FI G =|.= 4 amperes,

antl curreut through l '  K G :9 = 2 amperes.
4 '

Ir rr-ill lrc found bv adopting lbis patentia.l method that the
l , .ng  ,  , i , r , l r ' r t i c  , , ,  ju r r t ions  o i ten-nr is in j  f rom the  d i rec t  cur ren t
: . . : ;  i  :  . .  1 , .  . r : , . . . ' l . ' l

I -  . ]  ' , .  r .  1", ' ,1,, .  conrlLrctori l  of dif ferent resistances
. r r  : * :  g r )upe:  : . : .  I  , : . . : l '  r r j t l r  r  i t  i s  per fec t l y  i .nmater ia l

- r !  r13  d  O&Cfo : - .  t . . . i i : : . c .  r , . . i . l l nces ,  la rnps ,  Or ,  in  faCt ,
q- r lb cooduts r : ' : rr ,- i i \ ' .  l 'he al iove examples
{ r l fq  ry !  to  rb te rer  fo r ; i , , i , . l . .e r  l i c r r l  app l iance lve
Itat b bt do3, rod r clce 1s*,r.1ri ' , : :L'c. s- ir lr  thc ferv
Fctd;Dg aca rill eorblc r beginner ru -,,llr .,,rre (,f rhc
carn€rical ele^ctricel proble@s he rrill corle acrosi.

Retittante and GroupinlT of Cells.-\Te nre norv in a po-rition
t,. i  { ioD!iJrar t l ,u rr. lat ir-e adt 'anta3es antl  disadt 'antages of the various
r:-: . ' l ! .ods , ' f  grouping cel ls in a batterr ' .  I f  tvo tal ie a cel l ,  and join
i i- t  outside ternrinals rvi th a rvi le rvLich is so short ancl thick that
i:,; resistance is snall enough to be negligil.rle, the only resistance
in the circuit  rvi l l  then be the internai resistance of the cel l .
suppose that this intcrnal resistance is one ohm, and that the cel l
Irai an ll.]I.F. of 2 r'olt,s. Then the curlent in this case witlr
r lr" teruinals sholt-circuited wil l  be 2 amperes, by Ohm's larv,
rrn(l  this is tho greatest current that can be got out of tbe cel l .
I f  t l rere is any resistance in the extcrnal ci lcir i t  the current wi l l
c,f  coursc bo iess,and i f  i t is required to increase the curuent,more
t'eils, rrrust be added so as to form a battery, IV'bether they
slrouirl be arlded in series or in parallel lvith the first cell, depends
on lhe maqnitude of tho external resistance.

Let us suppose in the first case that the external resistanee is
large in comparison rvith the internal resistance of the cell, say
1.00 ohms. fhen rvith one cell the total resistance will be lO0 +

I :  101 ohms, ancl the current l ' i l l  be 
l6i:  

.02 amperes,

roughly. Now if another cell is adderl in parallel with the first,
the internal lesistance u'ill be leduced to one half what it was
before, thai is '5 ohm, and the total resjstancewil l  be 100.5 ohms
rvhilo the E.II.F. is the same as before, that ig 2 volte. So

that the current 'rvi l l  be 
i00.b, or almost exacl ly the same as i t

rvas before. But if the second cell is put in series with the first.
instead of in parallel, thouglr the internal resistance is doubleil and
lhe total resislance becomes 102 ohms, yet the E.IU.I ' ,  is also

double end is now 4 volts. So that the current i ,  oo* 
, [2: 

'O+

ampereE, roughly, that is, practically douhle u4rat it was at
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f i rst.  So that, i f  the resistance of the outside ci lcuit  is '  lnrge in

conrratison rvith the t"t;t*t;;i11t" ""1t' the extra celis sbould

i"'ri,t i" t ttrt *itft the first in order-toilclcase the current'
"" "*; ; l" t ; ;  

"on.la." ir t l tase in which t ir tr  cxternal resistance

i, .i;;ii ;;fi";;; ;itr.,"^i'" l"t"i'nal rcsistance' saY '01 ohm'

Tr,." 
-ii" 

]"i,rl,"si,t oij""""tt'tti ' l"'I 
{ohrns' 

ancii the E'}l 'F'

being 2 roits, the curl'ent rviil be tf,t 
: 2 amperes vcry

nearly. Now if rve atld another cell iu serics s ith the first' the

E.M.F. wi l l  be . loutt" ' i l ; ; ; ; i l  i l i*". l tresist: t Irct '  
* ' i l l  al :o bo

doublecl,  and the totof 'ol io-toot" rvi l l  be 2'01- ohms' 
' l  hc current

rvill then be practicnily";il;;" as before' that is let'v nerrrlY 2

amperes. If, lrorvever til" t;;;; ;"it it pot in tr:rt'r'llel rvith the

first.  althougft r ,he I 'Ni i ' ' " t"-* i t t  t l re sane' iet t l te ir ternal

resistance is lralvetl '  -"t i - t l"- l" i t i  lesistance 
. is 

redrtt ' t ' l  to '51

ohms, the current wi l l  low f ' t  : l i :  4 ampet'es lcr l  t t t ' ; tLl"v'  ot '

double rvhat it .lvas at first. So tlrat, rvhen tlre extet'rrttl resistarrce

is small .  cel ls should f.r" 'gt 'ott i . 'J i ;  paral lel  in or ' iel  to got t i re

;; i l ; ' ; ; ; , ,rof "o"tot '  i rr  the outsit le circuit '
- 

In nearly all cases iJift" -tttltc jn rvhich. cells are usecl as a

* " # ;f ;i'."i'i.iqt,-ir'"' #;;;i ;;"i't"nces that rve hav e t o de a I

with are large in ..tp*i;;'t;iltt tttu intelnal resistances of the

;.d, ;.ffi i."..ry ;ri tli-iu"l,uit"'ttt ute formed of cells j oine'l

lD Serles,

Best Grou1tittg of Cells'-Iu order to get the.greate'"t possible

ctrtent from a git." oi"';"r of cells in- coujunction rvith rr slserl

cilcuit the cells ,ft""fti"f'-' gt'""1-letl so that the internal lcsi''ttrtrce

of the battery i, ", "t"''ti -?'f'"iti'f" eclurl to the resisturcc of the

outside circuit .
In grouping cel ls irr  an) crrangemeni 

' l r l r ich inciut le- '  both the

series and parallel -ttit#l ii'it ti"ttGportant that trvo rt.eq*al

.";i; ;-.;iil-"iir"rra ;;';; 
^ 
pri i, pirallel Tlirh one alc'tht I

Frc. 26.

T \,10

, l ' \
For example, a se.r'ies of three cells shoulcl not be paralleled with

four cells iu sel'tes, tt i;'Fi!' t;; ?or' if there rvere oo outsitle
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circuit, there rvorrld still be a our..r.drrt florving through tht: battefy.
If the cells each irave an E.l-t.F. of 2 volts the 

-iour 
iu seriLs

would hrve a tota,l E.M.!'. of 8 volts, wtrile the three in series
would have au E.n{.F. of 6 volts, so that the four would send a
curlent round the lvrong $ray thlough the three, and would run

. themseh'es dolvn until tbey were only the same Ii.l{.F. as the
three.
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X r,olrBrranY T snonY-conti ntte d'

Magnetic Action of the Electtic Cttrent"

A coNrqucrrox of some kirxl  between rnagnelism and electr ici ty

lras long been suspectcd, but i t  rvas- only in -1819 
that the nattrre

oi this-coottect ion rvas' i l iscovered. in that year C)elsted, of

Copenhagen, shotvetl  t l t :r , t  n, magnetic leedler f leely suspended,

ten'Cs to Jet ' i tsel i  r t  r igl : t  tr ,nglei to a rvire carrying an e' lectr- ' ic

current. He also founi l  t6at the * 'ay the rreedle ttrrtrs, rvhether

to the r ight or left  ot ' i ts usual posit ion, t lepends ort the po-sit ion

of the rvi"re-whether it is above or belolv the leedle-antl on

the direct ion in which the currettt  f lows thlough thc rvit 'e '
' l 'his can be elsi lv sl torvu as fol lorvs:- 'Let :r  magnetic

neecl le be suspentled on a pointet l  pir-of,  as in I ' ig '  27' Ahovc

CHAPTER III.

l 'rc. 27.

it, and parallel to it, is hel,l a stout wire, onc entl of 'which

is' ioinei l  to one pole of a battery of one or two cel ls. ' I 'he

othel cutl  of the- wire is then brought into contact rvi th the

other pole of the battery. ,\s soon as the circttit is completed
the culrent f lorvs t l i rough the wile antl  the needle turns briskly

asi, l t , .  I f  the cLrlrent iJ f lowing along the rvire above ihe needle

in t l ic t i i lect iorr f i 'onr not ' t l t  to south, i t  wi l l  cause the N.-seckiug

entl  o1' the nectl le to turr l  torvart ls the east, ai l t l  i f  t l rc current
f lorvs f lonr south to uot ' th irr  t l tc rvirr:  tLe N.-seeki lg entl  of the

needlc r l i l l  be t let lectcd l tstrvl t ' r ls. I f  the rvi lc is held uuder-

teath the nt 'ct l l t ' ,  h,) lrL' \ 'c1 r t l rest '  cl l tcts rvi l l  be relersed, and a

current l lon' ing frorrt  lol tJr to sort l t  rr ' i l lcrrt tse the N.-seeking encl

of the needle to t t l l 'n to t lre s'c 'strt 'at ' r l .
The fact thet these ei l l - 'cts ale l) lo( l t lce(l  l ry a wire carrying an

electr ic currel l t  ott  t  t i t t tgnetic neetl l tr  suggests that the rvire- lnay

l-rave tt  l ine,q of fotce " ' i rr  
i ts vici l i ty ns hls a uiaguet, and thlt
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this is so .ci ln l le 1;rove,I by nrerns
rvith irorr t i l inqs (t i . is. 2g). 

' of a m'rgiret ic 1i.qirre mr, lo

:li+=ru:Hil;t',", ;,,,,1:, ",1.,i : ;l:, Il: f iiT:
p-- f-f-r; L circles round rL.. rvire as shorvl irr| t" tr t  TbcfulaD.p oos t lr . .  l ines of ruasnctic ibrce asdo rbc E,rcr in sbe Tlgnit ;c l igures obraine,t { ionr t  nragnet.f le dinrr iun i ;r  rrhicd- rr," l i r i . , i  "r  r-." ' '  a.e consit lered tor:n is br ' . . t  t ' tDe nrb,-rt t l  

.L;,  the ,.  "r. l  .c.en, , , , , t"  , ,  , ,r ,rgfu.r. , l  b;l ' r , ' j . .ssrr -\Lrrrv., l l .  I . ' is 'r ,r le lr-"r- f , , f i r ,r ,  ,  fn*"i l l rrr i i in" i ftAc c,trr.ttt a,rrl tlte ).(.\ttltinq ,,,,,,y,,it'ir-i',,).,i ,ri ,.r'ritr:irri";;""";{,' i c , th , r .  t t r  ( r rc  l i te  f ) t t t r .q ' r , l  t i t , t t i , , , t ' , t , , r1 .  t l r , i  , : " ; ; ; ; ; ; r r " "y " r r i ,
4r  t  I  t  ̂ ,  r  r  / , /  r  i ,  t  h  t  / r  t  t  i t  t l  t  t l  t . ,  t  r .  / i , , .  1 ,1  1 , . .

I - i r i '  r r r ; r r -  r ' s  1 r t r1s1 '1 f  i ,1 '  : t r r t . . r [  : rs  fo i lo* .s  :  1 f  thc  long i tn t l ina ldire' : t i rrn irr * ' ]r ie '  rrrrr scr, u'  rrr,r-r,s r: i t 'cr i*, to 
.or otf t  oJ' a codt.le  t : rk tn  ro  l ' L ' r ) r t r - ' r ) t . t r re  t t i ' t c t io r r  o i t , i -por r r r r "e  c* r r r : ' t .  thcnti , ' ,  di . ,cr ir_rr of th,:  l ines ,f  forcc *i f  i ' f r i"- t foi i ; ' r ; i l ; i r ; ;( . l r n i c r J \ t  I t : l n , l l c  f , t t ; r t t o .' l ' l rc 

dirt 'ct iou ot the l iues of force of colrse Dreans the,l :r teri , .r :r  i '  rv, icl i  r  t l rcc l{ .-seeki;g-;; ; ,r ; ; i ;  i ; i ;  ; ; i ;"r .J
l , :  l l l , r \ ' , , .

.  In I ' i : .  : l l ) .  i i  t 'e arl"o\r repl,esents t 'e cl ireei ion of the cur.e' ta.ons :r,  : tr ,r i : .r  *, i rc, r 'e cir l l . ,  . ,vi i i  ; : ; ; ; ;  the r l i rer:t io'  oft i r t  rc i r r i t i : r j  u t r rgnc t ic  fo rce  arount l  i t .
\ \- , .  11'1 

-11,, ' r)- 
scc wh-1." ; .g;; t i .  neerl le is affccl.e.r l  in thervrr.r ,1.,1g1ir, . ,  l  rr t  tLc Leginning Ef , fr iu-^.fr. i i " . .  .1.,o'  rhe small

FrG. 28.
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e,rrows ori tlie circle in I'ig' 29 show the ilirection in l-iricir a

fr:-"J.ki;; *-g""ti" p"l" E urged wher under the inHucrrce of

the magnetio fotce, auti u S.-seJtiog P9l" llt of course' urged in

;il ffiil;; ai,="tiorr.' llittt" coisideration rvill shorv that if

- > i

Frc. 29.

Frc. 30.

r l
t t

| ,

a current is carried beJo'w a neeclle in- one clirection' and then

H:i,'h'lidrH'fi ffi 5,l"llj;::l"..i;i"i?1il.""':'l'J'?T;

i"T;#11i:K:i"l'*#:'*lill jJ:.::-11i1,'ffi ;i:l'"J"".i-",r"irr
i'.*rr;,{;1trietc,'.re"nci-;t":*lit"*,i:,;t';,t;:"-'if,*H1,ill:
rvire rvill be to turn t

ffixtyli : i "'* ni; "*; :rr ul;'l;'i-.3: "J ?;Sliil
itt" oi'"tt""t' and D 1i1'ayt#"#"',ii}*u, srand our from its 'ormal

,, ", nt; ti: 
ll-tf '1t .I li'nt'r'' " .#"- ;; r; ";l . ." +,:" :;t" *ii :*lt

l ' ; ; ; ; i ' f l ; , ' ; ; ;  i '  the rv i re '  Tbe'd i recr ive . lo

*ii ffi ;' :T, * l*: *". r* :ll *: l:i* ; l#*ll.' ill :H1ld
l,r'tr," "...ri" ,tta 1.t*rit["io tn""tt- it'tut itself east 31{ rvest' If

these tl-o irre etluitl tlt"'?;i; itiil of "ott"*" set itself htrlf rvay

;;;;r:;, ; ;h" 1*,1 pori ri on -*- bi'r if c'' c i s stronger th"L 
l'i: 

""t}.?t

iU" tt*af" r*'i11 stir,nil at another angle' heing r

an4 so.th iine if'tft." a,i".""t is 
"rveakr 

oi .ttearer 
to the east

i"i *"i ri'. if tle cu'r'e.! ti,,:t',",1g;*ult:i :i:#,ffTXl"ffif
IXT'f1? if iii'itnl'?,'J',,t. rritr,t rie r.ll' all " g'r;;""ters " a*l
measuring instrt lruettts l l re constructe(l '
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The arrangement as described would not of course be very

sensitive, but it can be marle more so iu two ways' Ilither the

effective action of the current can be increased by carrying the

rvire mole thln once round the needie, or the opposing directive

force of the oarth's magnetism can be lessenecl by some com'

pensatine device. 'I'he first of these methoils is gene-rally acloptetl

in all galvanometers and scrmetimes the second as well'
Lci us consider the magnetic fielc1 due to a current florvinq in

a rvile which is bent into the form of a spiral or helix, as in the

salvanonreter rnentionccl above. It is convenient to have some
ineuns of representirrg the dircction of thc current in a con<luctor
rvhiclL is slr,- ,rvrr in stct iott ,  alcl  t le fol loiving convention has been
: , , 1 ,  :  t  , 1 : -

I : . r r ,g :1 . "  , " : i r r , ' \ i - - : ' r i , r t  l , r r i rL t  b l l r l i l i  a t  ] ' ou ,  you  wou l t l  see  the
t i ; , .  - ,  i r , , : ie r  to  . \p r ' . rs  i l : ' - '  l t l . ' r r  t l r l i  t l t c  |os i t i ve  cur ren t  i s

cooris: toq-anis rou, i t t  r i re ,  cl I t l , - '  , , i  t l r , '  rr i lc lc sholving the

ornductor rre rrill Put a dot.
Imryine tbt '  ar iorv shc,t point i , lal tk ;r i i ' : : r ' f tont votr,  you n'oulcl

s e e  t h e  f 1 r ; . .  , , f  t h .  f e a t h e l s .  : o  f o r  1 ' , , . r t i v t  c u r l e n t :  r u r r t t i n g

o\\ 'av rrt  rr ' i l l  prrt  i t  cro:3 i l r  the circle slros i trg t l ie cr l tr t l trctcrr.

) l ,r l i ing usc of 
^the 

al iove s.r ' iul t t-r ls, tvt cl t t t  trorv t lrarv i t  condtrctol
u' i th rr eulrelrt  t ' t tr t t t inq an,i  shorv thc t l i rcct ion of the I ines of
lblcL'. tlrrLt is, the rlilr-'ctit,rt irr rvhich a tt fi'ee " north pole rvouid

l'evol.ve ,.

l ' r a . 3 l .

.lrr !'ilj. 32 the rlagneticfieltl tlue to eacl.perl of t'Le rvire is

si,t,rv' bf the tlottetl liircs, antl the rlirectio' 't'- tlc cttrrettt in the

rvire is showrt as above.

san- '
,z-t-*r-=-. 

\r

i(,@)vY
\  

' 'u)-r, , /

. - * \ .
z/ ,a 

-&1. 't.

/  /  . ; ih ' ,  \i i r t 9 l ; . 1
,-.,)-"1:'_l

tr'rc. 32.

/1

I t r v i ] l ] l e s e e n t h a t a l l t l r e l i n e s o f f o r c e i n s i c l e t l r e s p i r a i r u n
in tt e ""-" tli,'r:ction, ariel consequently all join togctlrcr, At the

I
I

i ' .
\ . t

e  50953 .
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ends they spreatl out l'ather, and curve round so as to enter the

;;;".;*'.;i. A similarity 
'between 

this.-magnctic f gure rnd that

;f f ; l ; ; . I  i ro,n u" o.r l inarv"bn' n'rsnct wi l l  ai  onco be noticed' and

i l ; ;ha h,, s*pposed that a spiralwire of this sorr, rr ir l .uu.t. let. tr ic

",rrtJt i  f fowing'through ir,  ivould behave - in verl '  much the sarrro

wav irs , ,  , , ' "gi"t .  f  his js {brrnd to be tht '  case, and a sPlrul ot

,hll .or,, ,r'lten a culrelrt is flowing. in-it, behaves in ali respects as

,l*. o frir" maguet; itturns torvarids the uorth if ti'eely suspended,

o",ili "ppu."tiity trur two fsl.g.rvhicir. exr-rcise the sillne att'a,ctions

nr,, l  rep^ulsion* on *ugt,ui.  us do t lre poles ol '-an ol 'r l inrry l ' tar

,,',,,L,i.f l.his cau L.,c'shorvr experirrrcuially as folltrrvs;-A plate

Frc. 33.

of zinc and oue o[ copper (see llig. 33) are fixed side iv side in

a l i rrqe cork. an,l  , 'onrle, ' le, i  l r l  u coi l  of several turns of insulated'

r * i re I  Th is  i s  f l6 ;11o,1  on  , r  d i ih  conta in ing  d i lu te  su lphur ic  ac id '

lf leflt to itseif it rvill tuln so that the axis of the coil lies in the

nort,h and south l ine. I f  one pole of a bar magnet is held towalds

thc coil, it will be attracted or repelled according to the lrole
crnt) lrred. I f  t tre S.-seeking pole of the magnet is presentetl  to

tl,ai t;i,'e of the coil that acts- as a S.'seeking pole (namely, that

faec rouncl rvhich the curlent is flowing in a clocl<-rvise directior),

i t  rvi l i  lel iel  i t .  I f  t i re pole be t lrrust r ight into-the-r ing,-and.then

het, l  , . t i l i .  tLe coi i ' rvi l l -be stronsly tepel ied, wi l l  t l rarv i tself  off ,

f loat arvi,1. rturl  turn rouncl so as io' l l resent to the S.-seehing pole

of th. 'nr, i l rrcl  i ts os'rt  N.-seeking l ' : ,ce. I t  *r i l i  t l ien be attractet l  up

andrvi l l  r lLr.e:r, l  i lsclf  c,D to t l te l l iagn(.t  up to t l te lr iddle, in $'hich

1-rosit ion l :  rr lrn.\ '  l i r tes o1' t ' t rrcc ts possible cross the area of t 'he

coil.
I t  carr be slLol 'n t l l t t  trvo ci lctt i ts t l ' l tvelst ' t l  by currents attfact

tnc l  repe l  o I Ic  :L l lo t iL t l '  . i ' t . t  , t .  1wu l t lag i l t t i ' - r l { ) '  ' Ihey  a t t rac t  o r re

anc,thel '  i f  thcir cl l l r ' luis rt te t i ,rrvjrtg irr  the same direct ionr arrd

rcpel one ftDotirer i t ' thcir ( l l l  l  3l t tr  rLre l lorving in oppositc t l i |ect ions.
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Manwell's Rule..-Profe-qsor Clerlt Maxrvell propounded the
following rule for determining how a circuit carrying an electric
current moves rvhen acted upon by a magnetic field: Erery
portiort of a ci,rcuit carryying nn eleatric cum'ent, a,nd u,nder the
in1furcnce of a magnetic field, is octetl upon by a.fbrce yrging it
iri suclt a direction as to m,ahe it enclose mi.tltin i'ts embrace the
qreutest T.tossiblc nuntber of lines oJ force. lfhis rule also applies
in the opposite sense; that is to sav i f '  the coi l  is t i red, and the
nr:rgnet producing the field is free to move. then the lbrce acting
on ihc magnet rvill also be such as to tend to muke thc numbcr of
1i111.- ori  I 'orci '  tLl t  |e-.s through t ire crrcuit  a maxitnum.

l '  rv : .1  1 ' , ,  - , , , .1 r  l l r r r t  t l r i s  n r le  accour l ts  fo r  a l l  the  mot ions  o f
' : .  :  1 r . : . j , ,  : 1 . , : ,  i  r r l - , , , , 1  t l r r ,  t n l : r r e 1 ,  p i v o t c < l  i n  t l i e  c e n t r e  o f

E rEcr tto -rt.rc;xl:r s.

Ii.lfect of lron, Core on, I{elit.-A. coil such as that shown
in l-rg. 39 rlly ha,ve its fieid vei'y much increased by merely
inserting an iron core. This nray be easiiy tried experimentally
by holcling such a helix near a magnetic needle and then inselting
a'colo of ioft iron, when it rvili be seen that the needle is liir nore
strongly affected. 'Ihe effect of putting soft iron into a magnetic
cilcuit is to recluce its total reiuctance ancl thr:refore t'o cre(fte
lines of force, or, in otirel rvords, increase the magnetic flux.
'I'here is at first alrvars a tli{licultv in understanding horv, by
merely putting iron into a mtlgnetic circuit, Iines of force are
created. 'llhe reason is that we are apt to folget that our lines
of force rlo not exist il the fielct in iea,lity,' rie havc ouly used
them to depict the strength and dilection of' the field of the
nragnet. For the same maglreiising forcc, by l'educiug the
nragnetic reluctarrce oI the cilcuit rve itrcleitsc the strcngth of
tLJ feld. 'Ihis is shorvn (li'ig. i1i4) il oul tlirgraur lly drnrving

w i : . .  i : .  : : . ' .  1 r r 1 . . r i . r r {  t r r ' .  A n r l  t l t h o u g h  a l i  t h e s e
r i . e  l r , r r ' . , ' f  o r r l iD rL l ' y  magne t i c

^ : -  :  , . c  1 , r ' , , r ' i r l e s  : t  t ' e i t r l v  t neaus  o f
( , :  r \ : : , .  r r ' l l l  r r i o Y t  N L c n  i L C t C t i  O u

Frc. l i1.

WW
more l ines of force, thcrefore we
i .e . ,  bv  r l , , c lca ; ing  the  rnaqr rcL ic
magne[ic f lux,

ma,y say th,. l t  hy n,Ll inc 1,.,  r ,
reluclaucc, rvc irrctolrs: t t t  l

D 2
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This may be shown by aetually building up by clegtecs an

"1..1*-*ueo""t in thc foim of a horse shoe, measuring -the
increase in"strcngth of field on the addition of each separate piece

of iron.- 
Wiift the rvire coils alone a certain magnetic field is procluced,

but only a comparatively weak one. On int'roducing the iron

.ot.t oi tbe magnet the'fiel1 is greatly ir,creased in stre-ngth ; l"ry

uAAinn the yokeihe magnetic reiuctance bet*'een Aand B is again

".."ii? rea.l."A. antl therefore the strength of the magnet largely

Lcre".e,,l, If, again, an rrmature C D be added, the reluctance

betrueen C una-n is reclucecl to very littie, and rll the circuit

b.inq oo* of soft iron, a very large number of lines of {brce are

t,..r8"t in the iron, although, bf course, no external magnetic feld

ir nro,luced from air arranlement of this solt' excePt by leakqg

of 
' l ines 

of force away from the iron antl  bobbins' This is cal led

a closed magnetio circuit'

Strength of Field uari'es as Ampere -Twrns.-The maguetising

force in 
"an 

e.lectro-magnet is cauiecl by the current r:unningin

the helix, and may be considered as directly- pt'opot'tionecl to tho

nurnber of cnnpere htrns, thal is, the number o1' turns of wtre

rnultipiied by tie cnrrent'in amperes. 
'Hence, 

!t-o?aty speahing,

100 turns, carlying 100 amperes of current, would have the same

magnetising foice-as 1,000 turns carrying 1O arnpcres, or ltioOO

tur"ns cally-ing 1 arnpere : so that we catl uag.netise eores either

by a few ti-rrl-s calrying a iarge cullent or with a lal'ge tttrntbe.r

oi to.o, carrying a" small c,,tirnt,' The applicatiou of tbis rvill

be seen rvben discussing lielcl magnet.'.

Non-i,ttductit:e Coits.-�lf a rvire be rvouucl on the bight so

that in each coil the currents in the trvo s'ires run in opposite

ilirections, then the circles of force procluccd by each current run

in opposiie directions, and consequ-ently.neutralizc one anoLlter''s

fiekl. 
-'Ihis 

is a tlevice made utie of in rvinding resistance coils, t p

l'hen leading rvires near coml)assesr lvhere the wiles are eithel

nvisted round one another or laid close together side by side'

Frc,. 35.

Pc t itte'rrhi ity.-The capability of any substance for conducting
magnrtic lin,rs of force is knorvn as its pcrntealtility. Thu
permeabil i tv oi '  air may be tal ien as a standat'd, lnd al i  other
Substances-,:onr|nled rvith i t ,  Suppose a piecc of steel to be
placed in a ntagnetic fieltl, tLe lines of force near it are bent out
of their previous sltapr: rnrl  converge irrto tho steel (see f ig. I t i ) .
More linEs of folce, thert'{ot c, 1ta-ss tltrottglt the space now occupied
by the steel'thau previousl,r' ; e learlr-, tLretr, steel is more permeable
than air.
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The most permeahle.materirtl. krrown is lture soft ircn, atd, it
l : ]_"r_"d 

by expcrirnenr r,h. l i  as tt ,e IrardnesslLd i , , ,1,ori ty of ir .on
ili,lTii,if, . :||.n;il 

*ott itv decreases' 
- - 

pi'", u u r,'l I tv' i s m ore

- . Magnetising -Force.-we hav.e aiready stated that the magnet_rsrng ibrce in an electro-magnet 
.is proportional to the numbir ofampere turns; we will nowlousidei tt^is,oo." .f*.iy.

"u"l,ilj?l'nyri,olllt* tu ",uru 
-,,o 

.i..r'll*"s*r (l,ig. 36) as

Frc. 36.

The object is to attract the
possible ; that lis, to ul.ge th.ough
we can.

^,-Ar.olo{y ltetween Electric Curt,ent and, Magnetic -Flur._Now, in the calcutati.-ljrl ,l: 
:l""ngth oialur*,it "r Lr..i"[ityin a circuic we take into account"the D.p, urglng the currenfalong and the resisr

equation:- 
tance opposing its passa'ge,- getting the

C u r r e n t s t r e n g t h : _  ? P_ ncslstance.
fn a somervhut rt ,ott l f^Toy *9. nray con,sider.the path roundwhich we wish to urEe the rnagnetic Ur1.. of io.cu as a magnetic

fi l#""u'l- l*t ii* ; : j: . 
"'; "1';;' ;n;' 

-, 
"i),i o n ", oppos i nlg trr e

Total numbe" of tio". of folce, _ magneto_motive force
or magnetic flux. : 

magnetic retir"tr"au:'Iotal 
Reluctctnce of a Magnetic Ciicuit._The magneto-

allt_" 
folce tending to ser up ""nr*-i."jrJ to rhe number ofampere turns used. The. reluctance is directly p""p".tl"rri i"the lensth of the magnurio;i;.-;i;-;"i #ritrirryproportional tothe sectional area and ihe permeabifiil "t tn"'*bstances of whichthe magnetic circuit is^ composerl.' 

. f"-""f.rf a6ng tlte totalreluctauce oI' the whole m{neti" "i"coit in the case of the

" ir tmntr lre " 
.  ls strongly as

tt rts many lines of fo-rce as
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horse-shoe masnet antl its atmature, rve sly that the total reluctan'ce

i:;;;;;;;;iiii"i/1" ,l'tu"ton"''",' th,.t isl the-.reluctar'rrce due (i) rr

;il;;;;';;iJ-;;;;'.i,J tothe armature, (iii)-to the two snall

#LT*i::ffj1ru"*:,llll'1".trff ::?"J';*lJ""ii'#i3::tr
the horse-shoe maginet' a large increase in.the

*hilri*""?hLilii":r:1i'[Hf :ilfi ,'i":li"i;,']?:]::
xlltr;a'"i.'*'x:'*"':',i:lfl,.:ff f, .:'i::j:J:"xllti$:i
t,,t.r"ia. l" aitual practice the calculation of tht

l;;;il;"it" -"'.i"tprl as it rvoulcl here appear' A knorvledge

;i^4.4..S. ,ttlits i, int'Jii-Ltl, ancl a f*rtlrer 
-complication 

sets in

because some of the ri""t "i f"tt" in pt="titu-" leik " o,ut t5-rough

:l: llldt".,: r l**l;m*'* ;';:1"1-; "$3 xi$, {1!*i
;?;"i;i;;;";uoy o? tr'" iines of {brce pas.sing.ac'oss the air space

between the two 'magnet poles and not going through the armature

at all."" 
lio .ol"olating the clensity of the rnagnetic 1lux in the case of

the horse-shoe rlrgnot, uiloli'uo"" iras als]o to be made for the {act

that if tLere u." ,. 1",g" oo"tt'"" of turne of wire round the poles'

irr" ""t.t t*ins rvill be"ctnsiderably further fr-om the magnet.cor-es

than the inrrer ones , ottll "o"tuquently t'heir resistance will be

;;;;;"; tht; 11-r6i,s i,r."ici; il'e'n, becaose each outer coil will contail

a greater length_of rvilc.
There are ottrer consiclclttions invoh'ed, but enough has been

saidlere to sive o g"o".*t idea of the larvs "t 
Tr-t;i:l'f :i,:?\f't-"- 

'lb return to t[e horse-shoe rnagnet,. it

*lt;";r;;;;Jto make ihe reloctance*of the magnetic 
:-'::,1t]: i:

i ;J;t 'practicatle, in orcler to obtlr in the^sreates[ rumber oI

lines of force tbl u gi.;" ;ttg"eto-muti"e foice' Consequently

the three factors' length, sectional area, lurd permeability' rnust

lre consiclerecl'' 
U' lGh*ess ,nd compactness are. essential the core should be

nntle of annealetl ,oro,tgiii 
-itoti' 'Ihrs 

-i3 not' howevet'' done in

;;,;'l.'e oi th" ,oo..iuo'.o'"t of the field mttgnels o1 t ar.1l*l

[:*,lt'.- l* not only cbeaper, but t]e- matelinl ma1'be cast rnto

such r -shrpe that it ;*;;ii; 
"ioottt 

t"t* " rnacbiuing; up " th"rn

.t,].,"r:i,iltoit. Mild stee't nvttit:t'' can be cast into moulds is also

,,.",i. 
'olt, if cast iron or cast steel are used it rvill be necessaryt

()witrg tl) thoir greater reluctance, to. increase their sectional area

to t-,l,tail tlrc slile lesults as u'iih solt iron''"  " 
iy) i , i t*t  / / .-Nurr ' .  i t r  <'orrsir l*t i trg eleclro-trragtr: ' .  ' j^: : :3:;

time:" ( t,tr\, rti.trt to sltertk oi' tlrc i a/t "t'. 'y ' lrrllJ';l i i{i7"iJ;lt

{:::::,',':::.{ ,l:,::,;:"' il;l l:l,ll Ji'in,.l'l;;:;i:','l'i. *"n",urry,renoted

:*it' *i* i i,",;: rjli:ir; iii *i ii, *1,ru, ft Tilll'i:
ot""ti""iiy ""-rto..r,l.'tltt" it along the rvhole tf 

?tf rti:ff l';:trf,:
ih" ends'" If more tulns of rvite lvtre woun'

a"-.'i"tg,h, the vaiue of II rvould inctease' antl aice c-ers6"
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Syntbol B.-Ap;ain, 'we sometirnes wish to specif"v the tlensity
of the lines of' ,l'nrce at uny noittt ; this ilensity is denoted by tho
letter B. 

'fhe 
r-aluc of Il also rvill rary in diffcrent parts of the

magnetic circuit. B is the resulting numbel of lines of force per
unit are:l due to the magnetising force FI.

-tYole.-'Ihe unit of area taken in magnetic problerns is the
square centimetre; antl the unit of ilux is one line of forceror
the C.G.S. unit of magnetism. The density of magnetic flux at
an-1' point is tlre number of lines passing through one square
centlmetre at that poiut and is denoted by the symbol B.

Perneability,-'I'he precise notion norv atiacheil to this word
i.  r l i rr t  r , f  rr  rurnt,r ictr l  r :oeff icient. Suppose a magnetising forco
-: r.  l t t  u- :  .-r-.  t ,  '  t l r , ,  ci lcrr ' l rr t ion of an electr ic current in a
.u : : , ,u r , , i i n :  C ,  : l - s , .1 !  t , i  i r t  ( ) r I  a  : l lAer \  OCCupied  by  a i r ,  the fe
r rou l , l  r . -su l t  a  e . . -na iL  r :u r1r i ' ,  l  {  ' l  t r r i l - l r !1 ic  l ines  o f  fo rce  in  tha t
slr:rct " In fact, the int,-. l , . i t .v lr  t1,, .  rrr i i rrr, . i i ( ]  i 'orce, s,vrnbol ised by
the letter H, is often erprtssed br- : i r .r ' i r ,g t .Lit t  i t  l 'ouid pt 'ot luce
II magntt ic l ines per squnte , r-,Dtirnetl ' , .  i t i  nir.  Norv, orving to
the superior m:rgnetir:  pcrl ' t ,r  of irorr,  i f  the syri lce sulr jectt-d to this
magnetic folce l'ele filled rvith ilon instearl of' air, there ivould be
prorlucetl a larger number of magnetic lines per square ceniimetre.
I'his lareer number expresses the degree of magnetisation or t'flux

density " in the iron; it is symbolised by the letter B. The ratio
of'B to lI expresses the permeability of the material, and the usual
symbol for permeability is the G reek g,. So rve may say that the
flux density B is equal to pr. tirles thc magnctic forcc I[, or, since
p - B l H r t h e r e f o r e B : p H .

For exlmple, a ccrtlin piece of iron, rvhen subjected to zr
magnetic force capnble o1' crerr,tilg, in air', 50 magnetic lines pcr
square centimetre, u'as fbuntl to bc pelrltatcil by tro I'elr.et' than
16,062 ma;lnetic lines per squale ccltiuretrc, Dividing thc latter
figule bv the former gives tho vllue of the llcrrnctbility .rt this
stage of the ma,gnetisation ns 132i, tvhich meaus thl,t the
perneability of iron is 321 tirries thn,t of air.

The pelruell;ility of crnpt;- space, irir, antl all non-magnetic
materials is practically 1.

Satu,ra,tiort.-Before tlie rlimcnsions of thc cot'c of an electro-
magnet, can be determine<l 1ye unlsr, linorv the; pc'rlLcability o1' the
rneta, l  to be usecl, anrl  as thr-.  pelu'errbi i i t ; 'oi '  ei thcr i lon or steel
uuriestviti tht-. r.nluc oi' .I3, ir is also necessal'y to decide upon the
maximurl flux density trt l'LicL tlre cole is to be rvorked. If
rve start rvith a piccrc, of unrua,snetisc'tl iron ancl magnetise it b;'
suitatrle rneans, it^rviil be fbund thrt thc eti'cct of projecting the
first fery lines of force though it r'vill be to increase its peimea-
bility; but after a, certain number of lines have been urged
through, the permeabiiity rapidlv diminishes, and beyond a certain
point a considerable inerease of the magnctising lbrce II makes
but little difference in the val.ue of B. 'l'he magnet is then saitl to
be sattu'ated.

In plactice we al'e content rvhen the uretal is approaching
rhe saturation point rvith a value of li, 'lvhicir is nppr.oximately
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16,000 to 17,000 lines per square centimetre for the best wrought
lron.

In the fgure, the line O H ha,s been divitled off to lepresent
units of magnetising force and the line O Il to represenf magnctic

Frc. 37.

o | 2 5 -;&;t't ' i. ' '#r'ir ' 'ri1rs 16 17 rB re 20i

density, 1,000 lines for each division; and the curve is the result
of plotting the results of a series of experiments in which the
magnetising force has been gradually inereased. It will be seerr
thai the permeabilit,v of the iron rapidly increased after a few
lines of force hacl been passed through it, but that later, when the
magnetising force H had risen to between 4 and 5 units from O,
and the density had risen to betrveen 11,000 and 12,000 lines,
the iron was becoming saturated and a large increase in II wlrs
only giving a vely small increase in R.

'I'his shows clearly that it is uneconornical to work an iron core
abovo a certain densitv. anii that in the construction of field
magnets a sufrcient quantity of iron should be used to prevent
saturation.

trfagnetic Properties of Sqft froti and ,Sleel.-Soft iron has
not onli' high perfoeability but"lorv retertiaity, which is trnother
valuable property when it is used. for electro-magnets, as in most
cases the,qe magnets are requirecl to develop as dense a fieltl as
possible as long as the current is flowing, and to lcse it on its
cessation, leaving but little residzr,ctl masnetism.

Steel behaves in exactly the oppositc rvav, and is consequentiy
largely used for pernanent mrgnets. 'Ihe magnetisation in gooil
'( magnet steel " is prtctically onlv skin rle'ep, rthich can t,e
proved by imraelsing jt in some strong aci<1, when it will be fbund
that as soon as l;he surface has dissolveri alvay the remaining
steel will have lost all traces of mtLsnetisrrtion. For this reason
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thin strips are magnetised separately and then built up one on top
of the other, forming what is termed a larninated bar, rvhen a
strong permanent magnet is required,

Magnets lose their magnetisation by being set in vibration.
This can be done by heating or hammering, consequently permanent
magnets should never be dropped or throrvn down. Making a
steel magnet red hot will cause it to lose its magnetism entirely,
but when it has coolecl it can be again re-magnetised.

Steel magnets which have developeil " consequent polesr" or
which are found to be getting weak, should be heated to a chemy
rerl, dipped in cokl water with a layer of oil on the surface, and
th,,n le-rrurlnr:t i -sed.

S,-,; ' r  j r , ,rr  rvlr iclr  has l) fcolDe hatd shoult l  be similarly heated,
rr: .d tLt-u .r. t  rr . i , le t , l  r .Lr) l  ver\ '  : l , rglf  in sal 'r lust or charcoal.

Galta n,t ineters.
' f l rr '  

simple-*t form of galvrnoueter. is th:rt  shol 'n irr  Fig. BS.
I l ,  cons is ts  o t ' l  snra l l  rn rgnet ic  neet l le  on  a  1 r ivo t . .u r , l  l ' , run( i  i t  &

eoil of many turns of wire worrnd oo u ?o"."" made of some
insulatiug matelial, the ends of the wire being brought out to two
terminals on the outside. The streneth of the current flowirg in
the wire can be gauged by ti,re angle*to rvhich the ncedle stnnds
out. Before usirig i galvanometer of this form, it must be placed
with the coils pointing north and south, so tiiat the needle will
stand in line with the coils before srvitclrinq on the current. In
ordet '  to rrrake i t  moro easy ro oLselve rEe angle at whic!,  the
needle stands rvhen the current is flowing, the spindle of the
necdle is geuerally corrtinued up through tht coils ind carries a
pointer, which moves over a scale placeil on top of the instrument;
this scale is gracluated in degrees, so that it can be seen et a glance
wlut the angle is.

Asttttic Pair.-A. more sensitive form of salvanometer than
this is nratle by using an '( astatic pair " oi magnetic neetlles
insteatl of a single needle. If two magnetic needles of exactly
equal strength are mounted on the same spindle, parallel to one
another, but lvith the N.-seeking pole of one pointing in the same
direction as tlie S.-seeking pole of the other, the force tending to

X'ra. 38.



rnake one of iheur point riorth antl sotrth is exactly countet'lralanced
by the folce that rrcts on the other. (Jonsequently this puic of
needles will renail in any position in which it is set, uncl is
independent of the earth's rnagnetism. Sueh a combination is
knolvn as an (( astatie pair." Such an astatic pair is, however,
readily deflected by a current flowing in a wire coiled round one
of the reedles, as in Fig. 39. I'or', since the upper needle in

Fro. 39.

above the coil, and pointing in tlie opl,osite direction to 1,he lolver
needle, the current'in the uppel pari of the coil tenrls to tut'n
both ncedles in the sarne dilection. It is almost impossible to get
trvo magnetic needies of exactly the same stl'ength' and one of
them is nearl-v alrvays found to be slightly sttonger tban the other,
so thaf thcre is a very small directive force on tlrc neetllcs tentling
to set them in the nolth ancl soutlr  l ine. But in :rtry clse t l t is
tlirective forcc is so lverk as to tnalie tlttt instmncnt vely sensitive
intleed.

tl[oainlt Coil Gah,nt117171pss1'.-�ln:tteatl of having the coil of
'rvile fixed antl thc rnagle[ free to Inove,rs irt t]rosc galvanonreters
rlreacly tlesclibetl, it is possible to revelse their positions, antl to
lrrve the nrtguet fixerl rirrrl tlre coil of rvire movittg betrvcen its

lrolcs, ns in i , ' ig. +0. ' I ' l rc cul lent is led into lrrr l  { i 'ott t  the coi l  l ,y

!'rc. 4().

the suspending rvites, antl witliiri the coil is a piece of soft iron,
filling the space inside but leaving the coil free to move, of which
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the f.nction is to conce'trate the lines of {brce nnd make the fielcl
in rvhich tbe coi l  r loves as u. i frrrr as possible. ' rhe 

coi l  is
. 

; : :u_r9 
o" a 

l i ,ShI 
fra,me. rvhiclr is usua]lr.  rnatle of metnt. 

- f t , i . ,

tor a'eason that wi l l  be exprai 'ed later, makes trrere instruments
very..( dead-b_eat-,', which nieans that rhe coil moves straight to the
position in which it finally rests when current is flowing" throush
ir, and does not srving about for some time befole setriln*;;,,r";:
as cloes a-suspended magnet. Generally a pointer *ooing-"ou" ;g'adunted scale is attached to the mo'virrg coil, but som?times a-rrr;r ' l l  rrr i ' r 'nr is used. rvhich .ef lects a spot or t igut f .o- o lu-rr-on
t  '  a  - ' r ,1 " . ; rn ' l  r l ra  r r r r r t i sn  o f  t r re  co i l l .  seen 5y  t t re  ae tec i io i  o ii '  .  - i '  :  ,r i  l i l i r tL such an instrument is 

-cal led 
a ..  mi.ror

_ ' ,  r . " . : ,  r r , i , : r '  l l , , . r  in , l i r :n t ing  ins t ruments ,  ammeters ,  vo l t_
E--r. ,rr t* l  .ca::ar.: .- :r .  i r :r .  n , ,v rnar[e on this princip]e. namelv.

Td.='5 betr.*.:. rl.c 1-..--,,: :r nr:r::n(.r..,r.i i i.n *'u," U";ii l;;
: -1!1-3T.o:.  --  ordln,,r-v I , r . rrr i in(.r t  ^ugrrei . , I ,hose
;rtnD@k"! rDd indicrriDg i.o_.trumerrts rh:rt rrLe iu use in the
Sen-ice rill be describ€d liler.

Ixoccrto:- or Cunnrsr..
rn l . :31 l- 'a, 'a, la) '  , l isco'eret l  r l lat cu.rents could be induced i .: r  l l o i { . ' t  ( , l r c l l l t  bv  mo. r ina  rnagnets  near  i l .  o r  by  mov ing  l l r c, ' i r .rr i t  i rr  a rrngrr.t  ie t iel , l  ;  :rnd i le fol lowecl "o 

-, fr lJ 
. l ; ; ; ; ; ;" 'b;

linding thar a cument .rvhose strength is alteiins ;;;"i;j;1""r"
sec.ondary current in a closed ciriuit near it. 

'S;il 
;;;;;

inr l 'ced.b-v charrgirrg magrret ic f ields. rvhcth." t l r"r"- f id. l ;" ; ; ;
porluced by rDilgnets or. by other eiectlic currents, are calletl" intl'ction eu.reits.,, Anci tlre action o{, a mfl,gnet or currentirr 

.producing s.ch i'duced currents is termetl ,,?r."r""."i""ii"

:1,1":ll"-l 
ol simpil' ,,int1uction.', It is most i*po.tunl-it uitlrrs electromagnetic intluction shoulal noi be confus&l .lvith theeleetr.static indurrtion of one stationarv electric "h"r;; ;;;;

bodies ne_ar it; this has notliing -to do'rvith cul.rents, antl thetrvo should not be in any rvay co"nfused. It is on rhis princiut"

:l,"li:^,:Tl,*neric induci ion ihrt ait tlynamos. r,,,i,,.ir5"'.:"iir,
ano,alternaltng cument trarrsfbnuer.s ar.e made.

^ . 
Ihe followjng_ experiments vrill iihistrate this :rction. It, a coilor rnsulated wrre ls connectct l  in circuit  with a suff icientlv sensit ive

galvanometer, and r nragnet is i'serrecl ,apidly i"io ,il'i;il_r'i;
che middle of the coi l ,"as. in Fig..  4l,  i  m'omentary current isobserved to flow r.ound the circirit, rvliile the mNguet is beinqmoved into the coil. So long as the magnet lies 

-motionl;'li

the coil it induces nn "o,,rerrts, but if it i,s rapidly ptl["t;;l ;ithe coil another momentary current rvilr be otr"""".ia i" nl* i"the.opposite direction to tire fbrrner. The intluce. cur.rent caused
,ll:]l:".ri:$' 

the magnet into the coil is an ., inue"." current,,, thar
l?.I"j1.1:]tt.1.1,11: 

oppo.ite direciion to that which v.ould ma,gnetise
DDe mjr,gret rvrtrr its existinS.polarity. 'lhe induced cur,rentia'sed
by-^withdrawily the .T?S"="i i(- a 

".6 
direct,, current, in the samecrrectron rs tbat rvhich would magnetise the magnet rvith itsexisting polarity.
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Exactly the same effect is proiluced if the coil is movecl
torvards the magnet as if the magnet is movetl towards the coil,
The more rapid the rnotion is, the stronger are the induced
currents, though of course they last for a shorter time. As a
matter of fact, precisely the same quantity of electricity is sct irt

Fre. 41".

motion each time that the magnet is insertecl into, orwithdrarvn
from, ttre coil, but if the motion is rapitl it all has to movc in a
sholter time, so that the strength <-,f the culrent, for the time that
it lasts, is of course greater than if the same quantity takes a
longer time to move.

The magnet does not grow any weaker by treing so used, -for
the real souice of the electrical energy generated is the mechanical
energy spent in motiou.

If r,he circuit is not closed, no currelts are pl'oduced ; but i'he
relative motion of the coil anil rnagnet'wili set up an electromotive
f orce, tending to produce currents.

It was discoveled by Faraday that these effects are connected
with the magnetic ffeld surrouncling the magnet. He showecl that
no efect was protlueecl unless the circuit cut across the invisible
lines of force of the magnet.

Faraday also showed that the approach or recession of a
current might intluce a current in a closed circuit near it. This
uay be conveniently shown as an experiment by tho apparatus of
Fis. 42.-A 

coil of insulated wire P is connected with a battery B of
t'no or three cells, and a key K to turn the currerit on or off. A
second coil of insulateil rvire S, entirely ttnconnected rvith the
fi.rst, is joined up rvith wires to a, sensitive galvanometer G. We
have seen thnt ri coil of rrirc in which a r:urrent is fowing acts
like a magnet. And rve find that if rvhile tlte current is flowing
in P, the coil is suddcnly mo\-r(l ul) torvards S, a mornentary
current will be induced in S, I{'P is sutitlenly rnoved away from
S, another momentar.y currelt rrill be observed in the second
circuit. The flrst of tbese two momentary currents is an
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('invorge " onc, i.e', in the opposite direction to the current in P,

while the second is'a direct current. The coil P wc will cnll the

. printary coil, and thc current in it the pritnary current; the

Frc. 42.

otlrcr coil s wc .rvill call the second,ffiy coil, and the monentary

currents irrtlucetl in it second'at'y curlents''- 
i"t f: now be placccl close"to S, with no currentfowing in

ciihcr coil. Then'on pressing the key K to turn on-thc primary

;;r;;, it rvilt be noticed thal rvhile t[e current in P- is growing,

;;;;;;in be a transient inverse current in S' The effect of

iuroiog on the current in P is just the same as if the current had

ir""" ti"".a on wliile P was far-arvay, and then P sud4enly brought

ciose up to S. Brenhittg t l te battery circuit .rvhi le the-pl imary

.oiL i, "^to.. to the secoritlary coil pnrcluces the same effect as if

ifr" p"i*"ty coil rvere sucldenly iemoved to a great distance'

l l l t thino thc batterv circuit  rvhi le the primarv coi l  is close to

;;;;;"i;;y p*a'i..' ;i," same effect ot btinging it up sudclenly

lrom a great distance.
So 

' long 
as a steady current is f lowing in the primrry coi l

tb.."1r" t? induced currents in tbe secondary circuit ;  but moving

;lr;-;;";dr.y coil iowarJs-the primary has just the same effect as

;;;;;tth; primary towarcls the secondarl', and' aice aersd"

WE mali an'ange these result-q in the form of a table as

follo'rvs :-

By ureans of
Ilonrentary Inverse

Currents are inclucecl iu
the Secondary Circuit

lTlrilc. opproaching .or
begtttntng ol ?ncreastng
in strength'

Momentary Direct
Currents are inilucetl in
the Seconalary Circuit

While receding.

\Yhi1e receding or ending
or decreasing in strength.Current
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Furwallsxtlr- La'rvs on INpucrroN'

'Ihe facts enumerated above may -be sunmed up in t'he

follol"ior- law'q, remembeling th:rt a " tlirect " clurcnt nlealls a

;rr;;.;,-;i"; rvould produc" litte* oi force in the same directiol lls

iiio--a ,f,ut are being consitlered, and an 6'inverge " curt'ent meilrts

a oulreDt in the opllosite direction'" - 
/rl A decrease in the nutnber of lines of fotce wltich pa.s.s

l/rr l t tql t .  u circuit  int luces u direet arrrent in t l te circutt;  tohttc
',',',', 'ii"l,rii;,, 

t/,e ,,r^lrer t'f littes of {orc9 which.pass throulrh'

i i ,c circuit  proriuces an inuer"se cutreit  in thc eircuit '" " 
iii 

;iti, total intlu'ced' electronto^tiae force. actt'ng rouul tr'.

,urli/ irltl;i-;.t--rq"al to tlte rate -of tlecrease in the number of

l ines of force u' l t ic l t  pnss throuoh the circtnt. '' """S; 'r ; ;  
tSat:rt ' f i rst t le nunrber of l ines of force passing

tr,ro;t ; [ ' ;h; circuit  to be N,, ancl th-nt after n smal] inter 'al of t inre I

i'fr"li*U.. t"co*us Nr. then the chanse in t1e number o1'lines rvill

N .  - \

be Nr-Nr, und the lr te of change rvi l l  be 
' . t  

l - '  
t '  - fh* cleclro-

motive force, Itr, ie thcrefore E :N';{'' And by ohm's Law

C : E + lt'. TherefoleC : 
Nt-rN'

If Nr is greater than rr-r,

antl t.here is an increase in the number of lines of force, then

X,-X, will be a negative quantitv, antl C rvill have a negativc

siun. sholving that the B.M.F. is an inverse one'" '"- ' I- ; l ; , l t ;  
an E.[I 'F. equal to that of a single-Daniel.ccl l

rvoult l  require that the rate o[ clrange- i1^t l9 number ot lrnes

;;;;g-rh";tgh- the circuit shoulcl be l'10,000,00039r-ry-co1a' {1
ioclr li,ree nu*be.s tu'e inconvetrient' the rrnit of E:M{', Lhe-aolt,

i*r t*i "ft"sen so that it corresponds to the E'lI'q' produced

i"n"" tft. rate of cltanqe is 100,000'000 Iines per second'" ";- ^;t 
e*atopl* of 

'rhis, 
suppose the nunber of lines of force

tfrro"eh a circuit to ,liminisli-{rom 800,000 to-0 in the- =1. part'

" I^. l"ona. Ihe rate of diminution of l ines of {orce wil l  then be

*no noo x 5 : 40.000,000 lines pel second' And since the volt

i.'iuf.." as the E.M.F. producc4 bv a rate of chauge of'.100,000,000

iiu". t l . .  secontl ,  t l re average E.M'F. ^in th9 circuit  rvlr i le the

,o"gnetic fieltl is changing will be 0' 4 of a-voti'

1t is irnportant to uote that all these inducti'e exp.erimc'nt,s -r,re

.", ,11.1 -, ig,, ; t i" .  In the expe' intent rvi t l r  the two coi ls P rtrrd S i [

i .  i l , ;  , , , i r"t ic l incs ,f  tor ic ot '  tbe coi l  P wbich 'ass t lrr .r-ruglr S

; ; ; i .  ; , , ;  the  in t lucer I  E . f I 'F .  Th is  i s  l t rover l  I ' y  the  lo l low iug .

Iu l t l re r '  ,  x1 , " r iu te t l t .  T , tkc  I '  bar  o f  i ron ,  ep  lL l t l l r  s t i l l  a  bund le  o t

i."" iti..., ancl lav it alonE the drrtted linc in Fig' 38 so that its

""a. o^.. '  tbrough l '  and S- I t  rr i l l ,  by i ts great .  magnetie

pu.*""bi l i t1' ,  hel l t  ro curl ' luct t l re I ines of lolce froln P through '5:

; ; .1 r;h"" i f  i*  .o 1, l , tc, ' .1 ir  rvi l l  l ' t  fuuud greatly to intensify the

inCuctive a( ' t ions. I l r  l ' : rot.  i f  I t  is rrrrny inclres alvay Irom 5 and

the ir:on core is pfescut' thc iutluctirle efiects of tunring the



63

current on ancl ofi rnay be as_great as if, in the absence of the core,
P rvere pushed close up to S.

Direction of the fnd,ucecl E.M.l7.-The direction of the
inducecl E.}I:.F. is given by rvhat is known as ,. lenz's Law,;
which is as follows :--

- rn all crtses oJ'clectro-ntag,etic induction the intr,ceil currcn,ts
hat,e suclt a dircction that their action. tends to stop the m6tion,
or ot/ter chanrJe, that prorluees thcnt.' l 'he 

t lrr th of rhis lal 'wi l l  be evir lerrt  i f  thc table on page 61.
givirrq cxamples of electrornagnetic induction, is studief.- I.oJ
rr i : t lnce. u.magnet, rvhen approaching t circuit  produces a
t:: , ,r)r, , t . t i r l  I  ln|, ,1'-1-, c.u|rent, and an inr-else culrent repels the'  . j  . . : .  r , l .  i  ' . . : : , l i  : r )  - r , , j )  i1s  approach.  A lso  a  rno 'mentary
: : rz ' -y .  ; : r . . : . i  : -  :  r , - luc .  L  :n  r l r , ,  ro . ( ) l t f la ryco i l  rvh i le the  cur ren t
i r  rocr ta*cg  ia  :he  1 , r in .a r  r - , . r , : ' . ; r r r l  t l r i .  i r i verse  c l r r ren t  p roduces
l iaec  r f  io rcc  io  rbe  opprs :1 , .  , i . ; . . , , : : , , r r  r , ,  rhose, , f  thu  " , i . "an i - i r i
fbepr i -mer r  co i l .  I t  t l re re fo re  i t l r , i .  : , ,  ; . , .  I  i , , , . rh ( , t ( ) t t r l  n r lgnet ic
6eld, thus.opposing tbe tendenc.r i  of the charrgrng c.rrrrcnt, l , l r ich
rn .  lnc reas lng  rs  tend ing  to  in t ' r .ee .se  the  ruagr r , . t i , .  l i e l , l .  - \ l l  l l re
( ' tber  ex tmples  u ' i l l  a lsu  bc  foun, l  to  c , ,n f r ru i  to  J .enz .s  L : r * . .

Self-inductiotz.
'W'e 

have seen than al E.n{.X'. is set up iu a circuit whencver
there is any change in thc lrrrnber ,rf lines of force tha,t pass
through its embrace, whether these lines of force are produceri bv
a nragnet or by a current in another circuit in the vicinitv. It is
therefore reasorahlc to sul lposc lLat rn.v alte. ' t iun in the 

" l ines 
ot

force through the circuit that are dut' to a current in the coil
itself would_produce the same effect, 'fhis 

is, indeed, lbund to be
the case. When the current in a circnit is increasr'ng the lines of
force due to the curreut are also inercusing, and con'sequentlv an
E.M.F. is set u.p in t l .re coi l .  ILis E.I\ f  .F.,-by Lenz,s Law, t in, ls
to oppose the change that produces it, and is consequently in rhe
opposite directirrn to tha,t E.M.F. rrhich is causing ihe current to
increase. It therefore makes the current increase mor.e slolly
than it otherrvise would, if this effect rvere absent.

_ _ Similarly wiren tlie current in a coii is rlecreasing, there is an
E.I{.F. set up.which tends to keep the current ai i ts orieinal
value, aucl conseqrreutly again rnalies the change slower than it
rvoultl otherwi:e l-re.

This action, 'rvirich has the eflect of slorving dorvn all changes
in tlre magnitude of the current in :i, circuit,-is l<nown as ,, seif-
induction " or " inducttnce."

'I'he intensity of tlie self-inductive aetion dcpencls to a eleat
extent on tlre forrn of tlie circuit. This rviil be easily scen?roni
tlie following explanation, In the case of the two co-ils p and S
when thev rvere close togethel and nearlv all of the lines of force
due to the coi l  I 'passed throngh S, the inductive action lrerween
thcm rvas velv much.greater tbnn rvhen thcy .rvere frlriirer apart.
In the case of a siugle coil, or <;ir,cuit of any form. thc number of
l ines of force, due ir) ,he current in the-circuit  i tself ,  thatare



64

cnrbraced by the cilcuit tlepends on how the circuit js arrru{crl'

ir i;-i" i" th"e ro. r "t .",{'.'if1,H:?rli'[l5"iiJi ;:.'T.li il,i
lffJ- Jiil.:t""ii,l?f,ilt"o, the circuit, wh.en.1"o.,.u, or a cdrrri^

,,,ffi *'",:*1i##*:f:tT"".1,si*:'-T:i"".?;,,13;
Fre. 43.

nurnbcr of lirres oi' l'ut'cc rvill be emtrrllced try it rvheu the sarne

;#;;; ir"tlrt'i;,g. 
'Ilrr: cftect of switching on the current in the

ilr;;; ',ulit t .iit" s'ne ..,s that o{'tlrr.sti'g .u"TJ.J"t"r* 
Tffiff:

i ; i ;  ; l t ;  tntbtrrce ol thc coi l ,  rvhi le in tLe socon

to the effect of a mur:lt stlonger rnngnet' The incluctive eflect is

;;;;f;;;;t nuch grcaterin the-seconrl c-ase than in the fit'st'

1#";;; ,tlti turtf,,ei increasc rhe self-iniluctio' of a circuit,

h;;t";;;, Ly a,Itling trnother circular loop of wire' irr series with

ilq':ii#l'"1"-*,.i'"";'*""i:illr:::.:]:Ttl*ll["niH::x
ilil"':llh'ill'l;,r.^J,i,l";;. ,,r* "i"[r,,...-ri,,,tio"* olr fo.ct, ,trr,,ro
i t . : ;J ; ; ;  in  r l , "  nr l ,e .  l , ,o ' ,  :Lr , l  rh , ,  sc l f - in t luct ion of  c i rc l r  1o.1,

i,.to,,r,te ttia! e { t : -t ii};l ;.1;",,t;' t;l'iii :liffi i::5Ji",i:
selics, their D.iI.!" 's o
i"it-itla".if"" of the wh-ole circuit is four tiues tlrat of the siugle

i;;";il;lf. rn the same way we can go on incrcasing !h'e
ll i i lrr3".r,o"' of 

"ir.. 
circoir by"aarting. more loops in scries rvirh

tbe first t*'o, and uttuogit€ tttL* to ihut thty ibtm u flat spiral

"' ':,1i:"i*"crance, of a circuit can also ,. 
Jrif$t ilt ::ffi1,,t

ii::' l:: i.",1h",1il;]* lr;:*":x ffi ;fJJi:; the i ndu cri, c efi ect
,r , , .  * ' , . t t  mrtt ' l t  increaserl b.r ' lhe ttso <' ' f  an irotr tc 'rc '  slnc{ '  t l le

#;.';,tit;;t;-in ttt" coil pro'htc-*s lr''ny rDorc lines of fo'cc in iron

than in air, orving to thl much greaicr'.mrgnetic peluetrbility of

j ; ' i l : ' - i ;J i i  t t ," .u-. '"oy t-he self- induction of a ci 'cuit  is

also increased'''"-ifr" 
iitit of intluctance is callecl the " henrli' 

;lt"t?;tffil';?
.uid-to huoe an inductance r:f one hcnry wher

the current flowing it -L'y one arnpere 1't' tntood' an E'M'F' of

self-induction of one rolt is plottuceo'

!'rc. 44.



.sir,cc thc volt lras u..r ,,.1,1.u ag rhe ll.l l.L'. ttrar is nro.
ducerl in a cirouit  l , 'hen thc magnetic f lux through i t  is alterr i l  at
lLe  ra te  o f '  l0o . r  'o {  } .000 l ines  o l  fo rce  per .  . . "o , i I ,  there fore ,  in  n
circuit  whose ini luctance is one henrr ' .  an alterat ion of t l re crir lent
of one anrpere plorluces an alter.at iou oi 100,000,000 l ines of for.ce
in t l te nrngnetic f lux.

- !l ,r],o slrne \\-ny that the letter E is generall.v nsed to denote
t)re E.II .F.,  and th'e letter R for resistande, anrl  C for cunent, so
itrductance is general ly denoted by the letter L.

The effects of inducttrnce, l'hen it is fairly large, can easily be
obselred in many cases. I'or instancer the fi6ld magnet coils bf n,
rr,r tor ' .  l 'hose i t ldl tctance is very great, both because they consist

r r:  ,  r  r ir , .  rrnrl  also because they, are woult l  on an i ion core,
:  -  . .  -  r : r  _  , l  i l l r r . i ra t ion .  \Yben the  cur ren t  i s  su , i t ched
r - r : .  : . ,  : : . i . r !1 .  . :  -  ,  I  - .  :  r , . ,1  r6  r ' i s i .  in  va lue  very  s lowly  indeed.  as
( .aD l .  : t - l  i , r - rsa tch : r ,g  r . : r  , r  : r . . , l r  i  l , i r r r ,e t l  jn ihe  c i r lu i t .  A isu ,
i t  rvhr .n  the  , :u r r .n t  i - .  t l , , , r ' . r , : l  t i t , -  ,  . : ,  r ' '  i -  s r rdden lv  b roken.  the
ef fec t  o f  the  indLrc t : rnce  is  to  se t  r :1 ,  l rn  i . . . ) [ ._ l : .  t i i n t  ien t is  to  keep
t l te  _cunent  f lo rv ing ,  a t rc l  th is  E . l I .F .  ma\ ' ,  i rn i l  : : r r re t . : r1 lv  r loe i ,
reach a  ver ' -y  l r ig l r  r l l r re  o rv iug  to  the  la rgc  nr r r r r l r , . l  r , t  l j r res  o f
fo rce  t l r : r t . r ie  d  s t r .oye , l  in  a  ve- ry  sho l t  spaee o f  r iue ,  u ruk ing  rhe
rate o.l' dininu,tiott very gr.eat. This B.M.F., since it tends to
keep the current flowing, is somctirnes enough to spark across
the srvitch. oi '  even puuctule the insulat ion of the coi ls, i f  no
proteeting t levice is l i r tet l .

Eram,ples af Electro-rnagnetic fncluction.-We are norv in a
posit ion to explain rvhy, in a moving coi l  qalvanometer or other
rneasrrr ing instnrment,the netal frame on which the coi l  is wound
mal<es tbe instmnrent, <leatlbeal, as \yas rnentionerl on page 59.
The meial frrrne in the instnrrnent . in Fie. 40 fornts a closed
circuit ,and consecluently rvheu i t  moves i ' .1 t l ;  f ield rrf  t l ie magnef
the number of lines of folce passing throtrgh it is altered, 1nd
currents are induced in it. 'I'he eft'ect of these currents is, by
Lenz's lalv, to stop the motion that produees them, and conse-
quently the coi l  moves slorvly and does not srving about after
reaching i ts f inal posit ion.

Another appl icat ion of this prr inciple is to be founcl in t ,he
" brake disc " that is nsed in l( i l roy's Sfoking Indicator and
other instrurnent-<. I t  consi: ts of a disc of copper. which is made
to revolr-e in the f iekl of a ur:rgnet. TLe currents incluced bv i ts
rnotion with rcgar-d ro tLe r irasnetic f ield al l  ten<l to stop the
mction that pr 'ocltrces i l iern, antl  so the disc revolves slowly arr i l
acts as a brake,:rrrd the stfonger is t i re r lagnet that produr:es the
field, the largcr xi l i  be the inrlucecl currents and the gleater
the  brak ing  e f i 'ec t .

Faradny's Ring : Principle of Transformalior,.-Amongst
Faladlr 's earl iest 

"experimenis 
h6 took in iron r ing al, 'oui 8

inches in diameter (I ' ig. 45) and lround upon i t  two insulated
coils of ri-ire P ancl S, each of many turns. If Flvas connected
to a batterl 'c irctr i t ,  and S to a galvanometer, he found that when.
ever the current was srvitched on or off  in thc eoi l  l ' .  sccolt lalv

e ;0 9.1 3.



cunents rvere getrt-:rittetl rn
rnagnetised tho i totr l ing,
I '  1i ,rssed througlr i : ,  sctt ir ig

{ ; t i

t l . re coi l  S. In f tct the curlents in P

rncl the lines of force createtl by

rup irrclnr:t ion cl lrrents. I{ '  S is uscd

Irru. 45. Frc. 46.

as the priruary, then P rvill :rct as the secontlary; auil in fitc{, the
iuductioo betrveen P and S is n' tutual.  I ' l re Firtr , lar- Ring' with
its tu'o coi ls rvountl  upon a closc:d circuit  of iron, ma]'be t 'egaidetl
as the original t .ype of a' l l  tr i lnsforners antl  ini lut: t ion coi l-q,
Fnr,rr lav also emploved some inductiorr coi l , ,  i rr  rvl i ich the trvo
coi ls r!  and B ( i i ig. 46) uele lyourrl  cl l int lr icr l ly outside ou
another ulroo :r,  straislrt  core of i lon Ll.

l rr  ul i l ; 'arrslbrtt tels tLc I l .M.I ' . 's genct 'aterl  in the seconrlnly
ci lcuit  t i r ' , :  to those in thr: pl irrur) 'ci lcui l  yurl  r)eal ' lv i l  the salne
propo l t io t r  l s  the  le l t t i ve  uurnbc t .s  o f ' tu l l s  in  1hc  t rvo  co i l s ,  Th is
rvi l l  bl  r-viderl t  f lorn thc cottsir ientl iol  of a sirnplc. ertrr lple.
Sup l iose  t l t c  1 ' r i r r r r r l y  co i l  cor rs is ts  r , f ' e rne ' l  u rn  o l  rv i rc  a l t t l  tho
secondti i 'y coi l  of trvo turus: of l . i te tounrl t l ic t tott t .  \Yhen t l lo
cul 'rent is srvitchcrl  ort iu the nrirnalv al l  the i incs of {brt 'e t l rrr:
to  i t  i v i l l  cu t  cach lu ln  o f  the  rccor , i la iJ ' , : ru t l  s inco  thc  two tu r t ts
are in series, their E.l '1.tr ' . 's rvi l l  be adi lot l  together, ancl t l rc toit l
E . ] l . I ' .  r v i l l  bo  dor rL le  t l ra t  o f  t l c  p r i rna ly .

I l .r '  ciroos'n- t i te |r 'olr6vl nnrnbr-, i  of lurns fol the 1$'6 usi l-r '  t)ro
l l . l I . l - ,_ rna t 'bc  t luns fo l rncr l  11 ,  r , r '  r lo rv r r  l s  ruuch o f  l i t t le  as  i s
1 C(  l tu |e t l .

I-lie fndtrction Coil.*-In older.' to gcnerlte lery high e.lectro-
urrrt ive folces t lat sLal l  l ;e able to sentl  spalks acrrtss r ir  spaces
i l ,rr t  otdinary nrlchines or batterics coult l  not possibiv pierce,
i , , i \ . i rr t i rge is taken of t l re t lansforui,r,  pr. iuciple. ' I ' l re rpparatus
, : - r  i  i '  :Lc r rn  in  I ' i g .  J .7 ,  t rn t l  i s  knon ' l  t rs  au  t t  in t luc t ion  co i l . "
I  t  ct,rr:  j : ts c,f  a cl l iudrical bobbin l i i i ,v i lg a central i i 'ou coro
surr ' , ,unrle(l  bv a short inncr, oL lr l inrur.y f .oi l  of stout rvire, aurl
i i r r  (  u t , . l  . t , r ' r l r i t la r t ' co i l ,  < r i tn . i s t ing  b t ' tnu t  y  thous : r r r t l  tu t ' r rs  o f  vc r ' ; "
1 in , '  r r i r ( , .  \ ' r ' 1 ' r .  c l l c l i r l l . f  i r rsu la te t l  be t l 'een  i t s  scp i t r? r ie  fa r t - { .'1  h r :  l , r ' i r l r r l r ' , l i i c r r i t  i s  j i r i r r r : t1  to  an  o ld ina lv  so , r r . " , , f  r , lec t i i c i t y ,
such , r .  i r  l r r l te t ' \ '  o l  t l , r 'nauro ,  i rn , l  in  j t  l i l c  i r ' l .o  inc lu r led  ar r
i l t c l t ' r r1 r t l r .  r , r ' " t i tuher  a r r t l  l r rc ' r l i r "  a r r r l  : r  l i c r ' .  I ' he  f i rnc t iou  o f
the irrten Lrirt t ,r '  is to ruiLke uutl  bleak tLe lr l i rnary circuit  in
lapid successr,, '1. ' f 'Le losult  c,f  t i r is is tLat at every tt  make " iu
rrrourcrrtar,v iulerse (.urft l t  is induct:d in the secondary cirr:uit ,
arrd at every l , ' r t 'al i  a l ,ot lel ' Iul  rr iorrreutary t l i rect curlcnt. f 'hc
itctt tzr l  r t t tur l tcr of l i rr t ' .  {) f ' f r , ,r(-c t i rat pa:s t lrrouglr tbe secontlat '1'
c i rcu i t  on  t l re  rnu l ie  i : r  o t  i ' o l l r . c  1 l : t :  san ,e  as  l l re  r rumbc l  t l cs t lo rc r l
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::,11t" 
broak, but as the current takcs -longer co grow to its fullvatuo on switchiug on than i! tloes to dio-i*ry on swiiching off,

I'rc. 47.

@
lutiiri

i

tlrt: rale of clange of magnetic flux is niuch Ereater in the latter' :r .e thtn in the folmer. 
- 

Consequently the n.U.f.  g,:neratecl on
l.cai<i 'g the curre't  is 'erv_mucf, grert. .  than that ["nu.oto,f o,,
t l r , ' rrurl<,, .  .r .nd i t  is orl ; ,  on'the breri i  that the slrnrk t , ikes plac,,.' l  

l r , .  1rr. ir i rar.1- coiI  is made r-rf  strtrrt  rvire, ihat i t  l ray crrr.ry
: jr i  ' rrg n):r1.: lret i . ing currents, arrd i ts indLrctarice bc not too g.,:ni.'1  l , ,  r  g1111;11  i ro r r  cor .e  i s  fo r^ the  purpose o f  inoreas ing ,  l l y  i t s "g le f t t
r-.r ' rrre.rr i . t ' l . i t .r ' ,  thc uurnber of i ines of '  furce t lrat pasi ' t l rr .ougL the
, ,  . . . :  i t  i s  usr r r r l l r .  rnac le  o f  r r ,  b .n t l le  o f  f inc  * . l r .es  1o  , ru i . l  t l . ,u
, : .  :  r ,  , - . .1  r r i . r , i . t :  i l La t  r r -c ' ld  , lher * . i_sc  b .  , . t  , , , , �  i i ,  l ,  i i  l t  . , , r . r " ' ,
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solicl bar. 
'Ihe secontlary coil is maile.with mauY turns in oriler

thnt the ratio of t,,^,orfoi#utior, *uy fr" iarge; an,i as the inducetl

"#r""*"irt" iot"" *iif [u many thousand.Jof volts' the resistance

of this coil rvill be i,,tt"*i"'i"1, ottl it *u'y be wound of the thinnest

rvire that is convenieut'
Inductio.r coils are used in the Service.for wireless tele^grapty,

and cletailed descriptlons"-oi' tttem arrcl their gear will be found iu

ii'" U-""ri of Wireless Telegraphy, page 1't5'

Heatin'g Efect o.f an Electric Cttrent'

ft has been already ment'ionetl that' an electlic current florving

;" " "it"rii heats that"circuit' The amount of heat that is- pro-

.l#;;; corrent l. ptopottio"lll to. the resistance of the cilcuit

anrf a}so to the square oiihe str"ngth of ̂ tbe cttrrent'or' in mathe"

*"ir..ir"rg""go i- itop*tio"ui'to.crR' This means' firstly'

that if' thet'e are t*J- "ii""itt rvith rhe same cutrent flowing in

;;. ;";;;" i" aoou" trr".l".iJuo"" of r,he other, the heat tieveloped

#"td" ;i;;tt "i lgit t"tistance u'ill be clouble that developecl in

the other. Anrl secondiy, if there are two cii'cuits rvhose I'esistances

are the same, but ooa f'rtiJ twice as much curt'ent florving in it as

;h; 
";th;;, 

fb.rr times " *octt heat 'rvill be *veloped 
in tlie 

111
"rr"yf"g if* higher current as in the othcr' Or if the currerlt ls

Gr"t ti*., as lreat, the amount of heat will be nine times as great'

antl  so on.
If the rvire is not loo small anil ihe curre-rrt not too large' this

h.ui i i tui l"Je'eloped is r l l  t i issipatecl by conduction and rn'dirt ion'

nnd the l'ire does rtot rise in temperatute very nuch'-but in the

ctse of a small ' tui t" .u*yi"g u fu' l t fy. Ierge cirrent '  the heat.has

""i tl*" io te cor.iluciuti t#u1' antl ihe tiire. becornes warm' then-

i ';;,;i lf i;rlt ;"lt-:"- Thi' i i o'ua* use of in the construction of

1u.", uttr.l detonators {or firing explosiv,es'---"1;ah" 
case of or,inury "T."uit*, rvhir:h must, uot be alloweil to

g"i h;;;;-L tok"n tttat'tire rvire is of guch a size that the heat

A;;;;d by the current is dissipatecl as quickly as it is produced'

Clrcmical Actions of th'e Electtic Current'

I n a d d i t i o n t o t h e c h e m i c a l a c t i o n s i n s i d e t h e v o l t a i c c e l l ,
rvhich always accompany the production of a current' there are

"i ,"-. fr"", i . ! t  act ionJ piot loc"i t  outside-.the battery when the

;;;"; ; ; .  , ;rred to pu'J through certain-l iquids' Liquids 'oay!:

; ; ,  i rJ irr to th.. .  cl 'asses :-1l i  Those-t 'ai  clo rrot conduct at al l '

. r , .h ,r.  Jraraf in and mrrny oi ls; (9) those that concluct rvi thout

i " .n - ro i i r lo l r '  : l r ch  as  n le rcu ' ' t '  anr l  o t l re r  n ro l ten  r r re la ls  rvh ich

"i" ir i i : , '=i ;s .ol icl  metals do; (3) those thar are decomposed

*"ft"rr ,tt condLrct ctlrrent, '"nch as dilute acids and solutions of

metallic salts.
Wa,ter, rvl ten a6soltt tely prttc-, is I  nott 'conductor '  -bui lhe

stightesl-imp,rritv cltuses it io-corrtl.rct rnore. or less, ancl it ,is .for
this reason that sex rr i t t t l  is gonct ' ' l t lv r: l rrssed as a conductor '

iif,rn utt electric current is pnsierl through water that has been
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rendered co.r luct ive by-the acl i l i t iorr of son,e ot l ier srbstance,
the water is decomposed into two gases, hl.drogen antl o"yg.o,
rne,oxygen.appearrng wlrere the cun,eut enters rhe l iquid, and the
hydrogen at the point where the current leaves.

- lthis_ process- is celled-.relectrolysis,,, and the liquiC tbat is
subjected to it is called the ,, electiolyio.', ,fhe 

.oluAo.to. t,n
which the current enters the )iquicl iJ eailed the ,,ooo,l",;; unf
tb-at bywhich it leaves is cnlled tfe (.cathode.,, 

It is fouo.l thal
whenever,hydrogen is.one of the substances liberated when a liquiJ
is electrolysed, it is-given off at the cathode; and that uny *"tul
pre-cip,itated from a liquid by electrolysis is also depositetl'on the
cathode.

Phgsiological Effbcis rf tlte Ilectric C,unent.

Currents of electrieity l.xrsied thlough the limbs affect ths
nerves_ n' i th certain painful sensations, nncl cause the muscle
to undergo involuntary contr.act ions. ' lhe violence of these
unplea,sant sensations, tjr' ,, electric_ shocksr,' as they o.a "uIuA,
depeuds on the amount of current that passes. througfr the systemj
antl this, of course, depends parrly on ine X.U,f'.'ttrat pr6aucex
lt. .and par^tly on the electrical resistanee of the body. The
resistance of the human tody depends mainly on the d.yness or
otherwise of the skin. It niay vary from 60;000 ohms when the
u\r l  i l  dry to less than 800 ohms if  i t  isquite moist.  A eurrenr of'02 of ar ampere causes teuible rnuscuiar contraction. rvhile two
amperes tralersing any r i tal  parr of t l re body is alruosi certain to
be latal.  ' r l re 

cf l 'ect of the curront is rrvofoid; in trre f irst prrrce
it acts ou the nerves, causing -.p".-., uod contracting' the
T1t,.:1",., 

a-nd,secoudly.if destroyi tl; tissue either by bur:nfi.,g ol
electrolysis, tlre blootl becorning _coagulated. To resiore a peison
who has been rendered insensible biy an electric shock the same
restoratives should be used as fo. a pe'son clrowned, rt is rnost
important to lemember, that .rvhen fhe skin is wet, and so in a

1o_ndjtion 
to make a So9.d electrical eoDtact, it may'be dangerous

to tate fl shock even iiom so iorv a r-oltage as 100 voltl, and
consequeutly, 

.when dealing with electrical irachiner,y, the hands
should be kept as drv as possible.

Pouer of an Electric Ctu.rent.

, l'he power of al electric curr,ent to per.forrn useful work,
rvhether in l igLting, heating, or producing irechanical . ;" . ; ; ; , ;
rs proportronal both to i l re btrength of the current and to tLe
E.lI .F. that drives i t .

. . In other words, it is proportional to the amperes anil volts
joirtly. In the same wa5th6 porver of a steam-eigine i, p.opo"-
tional, not r.rnly to the amount of steam that it usis. but 

'also 
to

the pressure at rvLich the steam is supr.r l iet l ,'Ihe 
unit of electrical po*e, *-iil thereforc be the power

exerted by a current of one ampere dl iven by an E.}I.F, of oo*
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volt. This unif is ctllled lhe watt, and 746 watis rire eetu'rl to
one lrorse-oorver' .

'Ihe pdwer of any electric current then, measurecl in wttts, is
equd to the rrumber of amperes multipliecl by the number of
volts.

A current of one ampere driven by l0 volts is exerting power
at the rate of l0 watts, and a curreut of l0 amperes driven by one
r.olt  is r lso exert ing power at the rate of 10 l 'atts. I f  the work
wc rvant done requires a certain amount of power, it rnay be con-
r enient to get that porver by means of a sn'ra,ll current anrl a higlr
loltage, or xice aersd,, depencling on what soulces of supply are
available.

'Ihe 
watt, being ,]" of a horse-power, is too small a unit for

the practical purposes of narning l,he potter of dynamos, &c., so
tlrc ( hilouatf," which is equal to 1,000 rvatts, is rnore generally
used. tr'or ilstance, a tlynamo capable of supplying a current of
400 amperes witrh an available E.lI.!'. of 100 volts is said to be a
((40 ki lowatt " machine, ' Ihe hi iorvatt is about 1* horse-porver,

Connection betueen Pouer anrl Heatin,g Effect.-Suppose we
Itave a rvire of resistance R, tolvhose ends an ff . l l . f ' .  E is appl ied,
'Ihe current C in the wire will be given by Olrm's Lalv, C : 

fi.
Now if this rvire and its surroundirrgs are stationary, the only
rvork that is being i lone by the currelt  wi l l  be the heating of t l re
rvire. I\orv the porver of t,he current, as rve have said above, is
}) x C watts. But E, in this case, i : .r  equal to C x R, by Ohm's
La,w,

Tlrerefore the power : C x C x R, or as it may be written
C2R.

This is the power that is being usecl in heating the wire, and
this will be recognised as the formula i,hat was eiten rvhen the
heatiuE effect,: f  the electr ic ourrent was being r l iscugsed.

TIG case of the porver of an electric current that is doing
mechanical wolk besides heating the rvires will be discussed late"r
c'n, in the chapier on " l\Iotols."
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CIIAP'IER IV.

Pnrlr*rnr ltirtT'rsnrts.

I 'nrrr.rny batl .el ies, as dist inguished from secoudary battcr ies
lLich rvi l l  be t lealt  rvi th later, are 1,hose voitaic cel ls rvhich are
rused as a primary soulce of elcctlic curlent. llhey are used in
tbe Service for the fol lon' in.g purposes:-Testing, antl  making
rlectr ical measurements, f i r ing quns and tor 'pedoe-s, and rvorking
tr, . lephones. In latcr sbips the nany isolated srnal l  battel ies fol
t i lcse trvo last named purposes ale being replaced by a central
:uurc€ of porver in the sl iape of ir  srnrl l  inotor-r ' l r iven clynamo, but
" 'rrr ious primary battcr ies st i l l  exist in thc Si:r ' r ' ice, and wii l  be
, i , , , , c r ibc r l  in  tum.

T-cst Botteries,
' fhere arc two fornrs of test Lrattery in conimon use in H.lL

\av,r ' ,  viz.;-( l)  The single-cei l  } lenott i  tcst battery; (2) Ihc
i;-ccl l  tcst battery.

' l 'he 
Jlenott i  cel l  is a val iat ion of the Daniel l  cel l .  As i t  is

uscrl  fol  test ing, and has to be portalr le, the l iquids are held in
nbsorbent mrterinl, namely sarvtlust, to prevent them spilling.'l'his 

sa*'dust has a very high resistance, but this is no disadvantage
rrs l ' i l l  be pointed out LLter.

)Iettotti-f)atticll.-Platc f . show:t a scr,tio',r of a }lenotti cell.
lhe posit , ive pl ir tc consists of a, coppr:r 'r ,up, containing cryst,als

r, i '  copper sulphate, rvhich is plnccd at the bottonr of an elronite
ci ntnirier', and has a lea,cl of insulated wilc soldered to it, and passing
rrp r lrrotrgh the cel l .  Over the coppel cup is a { 'earnought t l iaphragm,
rrnt l  ,rvel this a layer of snwdust about three inclres thicl<. On lop
of t l r is is irnother fearnought diaphragm, and cn this is lai i l  a slab
ot zinc',  t 'hiclr forms tbe uegative plate.

'.I'he exciting liquid is ordinary fi.esh watcr hcld in suspension
irr san'dust. The sulphate of copper is put iu thc cell in the fonn
', t  cn'str ls, some of lvhich dissolve:rnt l  ale l iept in solut ion on the
':r,del sicle of the lower diaphlagn'r.  trhe action is as fbl lon's:-'11* 

7r is attacketl  by thc tvater I{rO, forming ZnO, and the
II.  r 'elelsed trarels thlough t lre lou'er diaphragm and attacks the
(' :r \L) ,  iorming II"SOT ard deposit ing Cu. I 'he ZnO is insoluble
1n n rter. and wr:re it not for the fact of sulphuric acid H'SO, being
f,:n:. ' ,1, i t  n'orr id st ick to and insulate the zinc plate; horvever, asr
l le :r:r ir ,rr eontiuues, the H'SO* thet is made creeps lrp t l i rough
1[s 3s\rr lust, and in real i ty the ce]l  is {ornred ofdi iute acid insteatl
of rrter. 

'l-his 
l<eeps the zinc plate clean (sinee II,SO* ilissolves

ZnO) rn, l  nl .o sl ightly reduces the internai resistance,
Sitglc - ( ' t  l1 ' fest Batter?/.-The single-cel l  Nlenott i  test

rr:rlIr''rf conii-.t. t,f n r:ell wit]r a galt'a,nometer anrl cr"rntact key



peirnanentiy in circuit ,
the-co n ne c t ion -s.

i 2

Fig. '18 - 'hows a t l iagr:rruuraticiiery t-rf

Frri. 48.

I l  iv i l l  be secn that the zinc or nepiat ive pole is joined.to.t lre

n ipp le  o f  the  contac t  kev ,  l l re  l ' l r r  o I  l ] rc -  ke ; ' to  " r te  te r l l l i l l a l  o t

I t l ! 'gutuono-eter, the ,, thcr terminal being l t ' f t  free fol 
| t l :

circult that is to be tested to be joined up to' lihc copper cup rs
' io ine , l  to  a  tc rmina l  r :a l ied  the  * ' "  po le '' "  - ih ; - ; ; ' i n  

u  l f  " "o , t i  ce l l  i s "no t  amrr lgarnr tcd '  lY l ren  tLe

eeil is built it is placed on short circuit; the iesult of tSis is that

fir'stlv zjnc oxide is formed, antl then sulphuric acid, wlrir:h in its

lu rn  p loduces  z i r rc  su lphate  (  Z rS(  )n ) '
Jf a contluctor Il is joirretl to tht to'o latier telnrinals when

the key is pressctl tbe cui'rent rvill -ptrssed fi'om the )'"t'li:: L"-l:
thlough t ire r:oni luctot R, tbrough the..galvanometcr detlect lDg

tbe nEedle, through the contact key to the nipple' arrd thence to

t h e  z i n c .
'Io fire a fuse a certain amount of curt'ent is t'equil.etl ; this .is

approximately * of an ampere. Now it is absolutelv essentral

that a test battery, even ii" joilecl up- rvrongly, should r'ever be

able to give enough cltn'ent to fir'e such a fuse' A large rnterlll

re-*istarice is theiefore alI'itngetl for in the celi l'y using.thlt'e

inches of damp salvthrst as the excitant '  tho sarvrlust breal is uf

l f , ,"  .or i i . i  i t /  of the l iquid, iLr lerpo5ing ̂"nraf l  fragments of wood

lThich is , ,  non.r,on.luc*,or ' .  ai ld st l l '  corr. i , letr l , l l '  rcLluees the con-

duc t i r - i t y  L rc t  rvecn lhc  two l la tes .  - ' l ' l re  
i r r l c rn : r l  res is tance o l

such a, 'celt  is about 30 ohmi, ancl tLe total D'P' I  volt ,  so-that

ih" tu"g".t cullent that coulci possibly I're obtainecl by joiniug

tire f re pole and F l'oultl he 
I - --^

C = 
Cb 

Bmpere.
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ln ai ldi t ion to ihis t l re galvatron:eter, bas a resisiance of
20 ohms, so tLat rvhen joiled u1a pr.oper.ll. the lalgest curi.cnt
that could be obtained woui.t  be

( l -  I  r
30 + 20 

- 
50 ampere'

^ This partic_nlar form of gah'anometer should tletect a current
nowlng,.thl'ough rn.e-rternal resistance of betrreen 21000 or 81000
o l rms,  i f ' the  ce l l  i s  in  qood cond i r ion .

. !-Ce!l Tert. Battu;y.-The 6-cell tesr battery is used when
testing insulat ion l 'or ver.1. srnrl l  leaks. By a juital, , lc for.m of
commutator an-r. nurnber i f  cel ls up to six can be put into circuit
in series. \Viih a very large ex'ternal rlsistance the current

:llfu:d 
through an.e.xreln,rl 

"r,esistance 
Ii, ancl therefore through

the galranometer, will be

With six cel ls C

or rery nearlv six
six celis in sdries.

" With one cell C = x 1
R + '. + t+ = L 

-1-3s 
-r- Tooo.

6 1 1  6

Frc. 49"

: RJ-6;. a-6 : R +- 
-x 

30 f rool
t i rnes the eurrent rvi i l  be obtained by usins t lre

Tlre m:rxirrrum current, Lowcver, lhat can be

olrtainerl from the 6-cell test brrttery is only -r 
rU*, 

o, less than

one-thiril of that from a single-celi test batterv."

" . . -  
A : i t ^o , -  tha .ga lv rnornnter  usc . l  * i t t ,  r f , i J  fonr i  o I  be t te r l , i s

li.:.^:-t:,:..,.."sitire, and rviil cletcct far smailcr currents iiorii,.,g
l lrrou.glr r t ,  So.the rvirole ar|angeneut is t tne nel l  suited to te;;
tor l l -qlr tnsulat ion. thrt is, for ver.y smnll  leal i :rgc.

Ihe cel ls usecl irr  the 6-ct, l l  tesi battcr ies a,.E e*uctty the samc
as-the single-cell Menctti as to their interrral constr'uction, but

:l,Xr::: 
rectangular in shape, insreacl of c;,lintlrical, and someivhrrt

Use oJ'th,e ,I'cst Batteries.

, ..Trt, for Cottt inuity.-� ' Iht: I,r. irreiple of. tesling is to
brttery of some corrrcrrient for.r,r .rvit l i  a galr.arroru-eter in

j o in  a
circuit,

to the trvo encls of the circuit  to be testerl .  l f  the circnit  be
a. conductor. it- is called _testing for continuit/ r'Fig. 4g), rvhere
the L*tte^- -{ B i :r  joined in sJr. ies uit ,h the ga,1r:, in:)n.,etJ, (+ ,, , .1
t lre colductt_rr t '  L. I f  the circuit  is compleic, . , [rat is, i f  there



is no break anyrvltere, - t"t '" : ; .wi l l .  f low, t l i rough, ' l t t . ," i . ' :ni l

.i.fi."rit* lf,e rieetlle of G' and slrowing therebv thtrt t'ltet'c ts

contir,ui iu in t ire whole ;;"; i ; : '  
' I i ,  

o' i^the. olLer haud' there

;;;1;;;'l i,.I tir. *i..,ii' "'uiatnt" of ihc fact is at once obtainc'l
'fr"t"ift. 

l-ifule of the gait'unoto"ter ueerlle to swing on the key

being deplessed.

'Icst 
for Non-contuct'-'I'he other use of a te-qt battery is to

tesb the insniat irg lrropert ies -of the insulator ' '  Ihere nre t lvo

cases in l , i r is class oi tei ing' One when.trvo cotrt luctorei lun side

;;:;d;;1; on iuiul*to" b"etweerr tirem (Fig' 5t)) ; rvhen tue nvo

wires of the test battely lre ioinerl  one to eaci i  conrlucior ' '  l1o

current should f lorv i , , ' i f t"1i i ' "ui l  si t tce 1be tr i lcuit  shouir l  be

broken by the insulato., ontiifttt"iot'e the neetl-le shoultl ttot tleflcct'

i'i;;i";*;,"fi;.;;;f i;;,.I"i;; there rvilr he a roacr ror the

t*;:, r*;:t :ru1;,is;:: n*;*;,#t Jl: J; 1ll:
trvo 'lvires, Thc test fnr- i'ls"lati3n is exacbly t'be same as the

previous case e\cept i l* t ' i ' r l" , ' t"" i t t" t"t t"t  t i ie place of one of

lhe conductors.

Test for fnstr lat inn.-Fig' 5l shows n contluctor surrounded

r," """i"J"i-t;";;;"il. insulation surroundetl rvith rvater ; the

Frc. 50.

Frc .  ' l r l .

nortion to be testetl is the insulttor, to see that no currentcan pass

fi;;;;lt'it.- A, before, one rvire is joined to eaclt concluctor' that

is. one to thc copper conductor, tire other to the rvater-' by means

;i; ' i ;r;;;1;t" i irr.a an earth plate; and rlo current should-pass'

i i  i i*t"g"l l; l-1"rk *l 'erclry tl ie *uter carr -creeP t!19qgh. tlrg

i;r;i"1"; ancl touch the coirper, a circuit rvill be established antl

"' "r,.t.ttli"ill p.rss thlongli tire gaivanonleter' In the rrbove
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example (ivhicir relcrs more- especially to cables under water),
rrirter is takeir us thc conductine medirio' io rvhir:h tlrc current iir
t l re wile may leak, i [  i ts iusulat ion is batl .  I t  is not the onlu
ne.diu,tn horvever; for example, the electric tighi circuii in 

"a

ship, are testerl for insulation from the iron of tbe ship. Details
as to the routine of testing rvill be found in tbe th.ill book.

NerLrly al l  the other eel ls in 'se in the service are Leclancrr6
cells.-of some sort, and they oniy ditTer ft,om one another in the
tletai is of their manufacture,-

' I 'he 
Lcclanch6 is:r.zinc antl  c:rrbol cel l ,  tLe carbon being the

posit ive pole nnd the zinc_ trre negntive, "n, i  th. excit ing r ir l i ia is
a saturatecl scilution of sal.nnrmoLriac in .rr.ater. In thii' rtre zinr:
dissolves, forrnitrg chlorir_le of zinc, rvhi lc the ammonia gas an{
irydrogen are l iber.atcrl  at the crrrb,rn plate., I l te d, trolariser is
1,e.os,idc of rrrR,g:rrrc,.n, l i . :rgrtr.rr ls , , f  rr l l , ielr  :r 'e fbrm'ed into nn'( rgglomerat,r Jr locl< " with pon't terct l  ctr.borr, anrl  these blocks are
attached to the earbon plate.

'I'he functior, of the peroritle of mrrugauese is to provicle
oxygeil, 'with which the liberated hl.clrogJn crrr, combin^e; this
forms water,_and tends gratluai ly to ivcakin the solut ion. Ihis
is counterbalanced by puttilg more porvdered sal_ammoniac in
the ce' l l  than the l iquid can tal ie up; t l i is rvi l l 'ot be dissolved at
filst, because the solution has aliea(ly dissolveit as much as it
can ; ns fast as waber is formed in the cell it rlissolres some of
this pon'dered sal-arnmorriae, tLereby keepirrg the l iquid alrvays
saturated.

'Ihe 
chemical action of the Leclancb6 cell may be describeil

as fol lows, using synrlrols as I cfolc:-
Sal-ammoniac - (I Ir I{Oi),  also cal ied ammonic chloride.
Peroxide of manganese - (MnOr) also cal led mauganic dioxide.
One atom of zirrc combines with two atoms of chlorine nucl

folms chlolide of zinr: - (ZnCl1).

,  {h. conesponding.t\"9 molecules of IJrN, or ammonium,
lileel( up into two molecules of (I{*N), or arnmoliacal gas, and
tryo atoms oi hydrogen.

'l'hese latter take onc atom of oxlgen from two molccules
of. peloxide of maugnnesc, folnrins write., antl converting them
rrrto two molecules of (MnrO ), rr. Ir icl ,  is cal led sesqui_oxide of
malrganese.

__ Tl'g eqyaligg- will be:^ (Zn) + z (NH1CI) * 2 (MnO,) :(7nCt") + 2 (NHB) + (If'O) 4 (Mn,O,).
1l'he lirral rcsnlt tLe.r.efore- is :-.I'he zinc, as in all batteries,

ig con-.umcd, ammoniacal grs is givc' off, .tvatcr is for'recl, which
t pr-evcnted from weakening t"he solufion by cli..soh,ing fresh
cr'-stals of sal-ammoniae, anrl-the peroxide of inanganese is usecl
up b.r-being ccnverted into sesqui-oxit le. Fresi solut ion of
cr.r 'stals of ,sal-amnroniac ean be uaAeA to the cel l  at any f ime
lo mgke up for .waste, but when the peroxitle of nrangaiese is
Er : l  t t1 ,  l l r i ,  l l r r t l c  J rn t le rv  n r r i s t  be  tn l< r i r  to  P ieces  r r td  re . "1ncked.
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' fhe uerosi, le ol mlugalres':  l reirrg iu t lrc lorrrr r ' ' I  a "t ' '1i ' l '  gi le:

"p i , ;"J;; ; ; 'oory .r"* iy to the 
"hydro.genr 

so that i f  put on

short-circuit  t l re t)attery acls almost ai a simple cel l ,  antl ,  becomes

Hi,lT'"#inffi i;"'v;*::ilTi,,;T;LTili'li;*,?ii!::!""'i,lillji
;;il";,i.ft;;' ;i ;1'";t;;; il"'u are not -soluble in the liquid'

and tLerefore tencl to i"totutt the zinc plate' The carbon also

;;; fi;;;;p."iy "t or'so'r'i"g^u"c1 retai'ing. ', 
:"i:,id::b-1"

ouautitv 6f l,v,li.ogen, so that lf the battery is put on short-

lir*ii'f", o ion=iaurntte time there is not only a grcct waste

of its materials, but it ;k.t ; long time to recover' and probably

rrever regains its full strength.""'Trtit%il 
"-tti"t, irt"t.r?te, be calletl -constant' but if ptoperly

used, arrd only for' th" 

-pt-tp";. 

{",t yli* it was intended' it $ill

'""iJ:'#.i'i:i.:ii,T.T$ffi::1iiT ili;" ''5 vorrs, an,r the
intc'rnal resistance varies in clifferent patterns'

Cells Patt'1453'--Dach cell is builtup of an ebonitecontainer'

in which are the zinc element and the "ut'bott -element' surrounded

il" .i.-lssl"merate tto.[t, in a solution -of sal-ammoniac (see

dh;;ji.i:'"Th;;i "" element is -rectan-gular in shape *tl 
-tt:::

i" ii,t*'rttips-ofl vuleanisecl india'rubber, cemented across the

bottom of the contai;;;:---i; is made of ihe porest commerciai

;i;';b;"; zinc well amalgamatecl with re-tlistilled mercury'antr

**,'1iii:*?T,;l.i:'-;li;"'"?"f 
'fr 1."*'"1"1t?:l'*;".'*""

dri l led through tf t" tofof t f t is plate' antl  the rop is well  soaked in

h',:r;,*$:,J#l't;ilti'$iff ":Jiu-'f i: j""'J;",TilJ.!:i:
:x.?"iJ"f,i:f mu!*ll"l'tiiti,':":';T;'i:1TI',:l$iil
;;il;; "i"-."t.- 'r'r'J lg!r";"rate' blocks. a'.e nrade ..s previonsly
;.;;lffi; il."y euc.h hirle a recessetl t'0" *T;".i:nn$::o#"11
ttru-"u.fro" plaie, three ot' the blocks beirrg

ancl securetl t y t.uo' nf tnto vulcanised" india-rubber banils'

i+ir.;';;i;tp] *itr,-it',t" ounces o{ 4ty sal-ammoniac in place'

il;;; i^i'of ihe cell is coveretl in with a sealing compo'

sition ruatle ot' two parts of bitumen to. one part of .plutt"-1^:l'
i;;ffi'';;; Iroles beio'g left in thiscot-eriug, one to,act ":-lt:l:

trrbe fol t lre escrpe of 
-gns. 

and fit ' ted with a, cane pltrE; arlct tne

n i r,.,,'' o, r * t,,,** ",, o u g"h 
"iJ 

"tlnl * ;1t, 3,: X? :ll:'-,:f. X';I
solution, and suPPlie
;;';'.tG."J ti,"'i"tton plate is completely. above the sealing' to

k*;kiil*,fi lT.'Jli'.11"*;:d3,rT*,:',J:t,x*:1*"ffi :x';
tl;';;t;;; pr,,t "tia r."a't"tiagt'. connec-ted to the terminal on

il;;;;;1"i" is:r -'hort pi"tt o-t insul:r'tetl rvire ; this replaces'the

ffift;"#i;".*ii"ii t*t'tolrlered to the zinc plate in the older
pattern bells.

PreParaliott -Ihe

in about a Pint of a
cells are prepared for service by pouring

satulated solut ion of sal 'ammoniac' Ihs
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l iq-uid shoultl not bc less ,l,nn ,'rr'.." in.r,u,"uir. Tl*irl;;;;"rresisrance is about ,.i:TTh*e 
top of rhe

nyi"Air;{("'f"?!"Jf l;;*'i'["1',""'"0:'orLecranch6'
r#:irt:;'il:T,1;"{J*;#r**i ji*i+,f ifi+
::**";:i*:il., ;il:lil:: tTf.',.-:,iir1,i::rill,lli
::i ffji"*. ;;irl. r, r" a, r ",, r,. .. i.*i " ; 

",, ;:i. "" fi 'J; t"t 
I ; ilil

i'i,"t1'l;',:::,-lr.f!liT*r"#s#i:slH:rnr,;liJili
:';;Til"#"'* fl.']" 

the positir e i;.' ;.";
sanese1 "oa po*au'#tltj{ ;"'i,i,fl r* ffii"l,*ill}Jl:;",,"*:'""::ii:.il{i.i!:t'.li}"i*f tr,:ii:;ix.il:',ilii
:ri!:iti:""8i'ril:lit;:'*uy"l;#;l;ti;*':iiffi*JTlwatertiehr round th6 carbon ;;;;;#:'. ' ;r lu, roa rhe sides ot,rtre

ir:i';..T'f!, :"1,,"i # ? Jrt: J-"".j"rX *, [i.*',r1,,," u, h ; ; ; ;;;
tubes passing througca srnir or *ut",p'oor".rh JL*i*i,'" b # ii l' in P, lxJ,f :; i i"';

rnese cel ls are sfolcd emptv, nntl  when Iuse, they are f i l led ina .s a{ uraleir sor u ti o n "i'# ;ffi:: *l} ff } jil,:l-f*'i'iiHTii,lT
;i*;1*#ll*.:[:;;-llii:';;;ff]"f,1;;il""i:;'i:iff I
*:{3,, ft::.;i llffi "fif"'il,|;'t?,* ii:':*H.J, J: J,: :{, il,;:issued unti l exhausietl.

Obach Dru Cetts (e ,fgpe)._These 
cells are rhe same sizeii.'!!,l,ff 'l3Jl J,T 1l ;:ini* 1; 1", ; ; ; "s.., i, ", r. n o*n u J

" " Fl[i*" k; f,.* ii : ::]:i ,";,.'* il l-Tl{difri:ii i1 "'
surr.ounded with a rnir

#,1#,':1 *.,, ,,*J,:T;#,",:f "ff fl*#fr j*l1",1;1.;
i,'Ii.:r",,i;":ii #* aii:: :ji" :il llq ilx., il ";,","1;: H fl i: Tspace fi l led with sawdrrsr, this spacc If-i" 

,fr"f

;ffi1"1.; "",i"r" i",";. :rr,e-i.p ;, ",o.""l,iT 
fffft], "i"]:il

I t_sLould be rernernbered that these cel ls arecar e shouttl r," r,r*"- i" ,u" tn,ii-,,"'*i; 
';;,;;"lt;:,Ji."iili.;l#i
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is preventerl from touching thc termiual. If this is lllowed to
occur', the cell rvill polarisc in r ferv minntes.

No nrore of these cells are being purchasecl, as it has been
found that they cleteriorate alter being stored lbr sorne time in
hot climates, but tho existing stock will be exhausted.

'I'heir internal resistance is about '2 of an ohn when in sooal
conrl i t ion.

Dela.fon. Cells,-These cells, Plate f,, are the same size as
the Transport cel ls, but dif ferent in their constluct ion. Instead
of being fillecl with iiquitl, the exciting substance is sal,ammoniac
solution held in a sort of jell1., which is composecl of some sort
o[ vasel ine mixed rvith a small  amouut of sawtlnst. They cannot
be spilt, as there is no liquid, and also they ale not adversely
affected by high tenpelatule. 'Ihe usual eflect of heat, on a cell
is to dry it up sornewhat and so increase its internal resistance,
but in tirc case of the Delafon, thc interrial resistance is
lo'weled by heat, probably owing to the jelly being softened.
l'he depolarisers are agglomerate Lrlocks placeil round the carl".on
lod, antl  secured to i t  by a cloth tvrapper wouncl rorrnd rvith
trvine. 'I'tre top is sealcd rvith a layer ot' pitch, a snrll verrt hole
bcing lcft .  No f i l l ing hole is rerluired, as the cel l  is storet l  as
suppiied, r'eady for use, 'I'heir iltellal resistanco is frorn .16

to  '?  o f  u t r  oh tu .
f iutu,re Ccl ls.*Any cel ls ir troduced into the f iclviae in the

future rvi l l  probabll '  be of t l re .cauro dirnensiorrs i is the trausport
cel l .

Bcttteries,--Cells as usetl in the Service a,fe genernlly made
up into batteries, and these' batieries are usually contained in
boxes for thc sake of convel ience. nlost of the battery boxes
in the Selvice rvere originalty desigue,l  fbr Patt.  1-153 cel ls,
but they ha,r.e been adapted to take Jhe lrr,tter patterns where
necessary.

Patt. 1453 cells are usecl in l):ltteries for variorrs purposes as
shown belory:-

3-ccl l  battery for f fr ing guns and torpetloes.
6-cell battery for firing tun'et guns anrl subrnerged torpedcr

tubes.
10-cell battery for mining :rnd general torpedo tvork,
l lO-cel l  battery for altelnative to dynarno f ir ing.'I'he 3-cell battelies a,re contaiuetl in a steel rvater-tiEht

box knoln as Patt.  1539, n'hich is shorvn in Plrte I I I .  Ihis
bi l t tcr ' \ '  box is usetl  for al l  electr ical l , t ' , l i rcd guns except tr trret
guns, lnd for al i  c, lectr icul l ' i - f i ler l  l .orptdo tubes rvhcre the battery
is carr ied ort t l ier tube.

' fhe box hls trvo terninals at one errd wtr ich are connectecl
to 0 contacts on the out-siclc of the lrox, one for the gun circuit
and the olher {bl t l re niglrt  sight circuit ,  and at the other entl  i t
has a single tclminnl corrrecled to a telminl l  on thc <_rutsidc for
thc earth connection. ' lhc cel ls in i t  are ioined i l  series.

In sorne easr,s J)elafolr t ,r  Tr.ansport cel ls are usetl  {br f i r ing
bnttcr ies in.ctend of l ' rLtt ,  1453, the numbcrs bcirrg eit i rer
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l5 l)elafon or l2 Transporf,  cel ls. Tlre.y:rre stowed in a batter.v
box, Patt.  1539, as shorvn iu Plrrte tV., the upper tow of r l ,r .el
cells being lefl; out rvhen Transport cells are used. 'l'hese batteries
are also used for burning night sights, the lb-volt  night sight,
lamp being fitted.

The 6-cell batteries are contoinecl in rvatertight steel boxes
which are very .similar to the Patt. 1539. lfhat- for the 6-cell
l i r ing battel ies is knorvn as the Patt.  1701, and is sinri lar in al l
re.spects to the Patt.  1539, exeept that i t  is of such a length as to
lake six cells instead of thlee. lt is shown iu plate IV. 

"

The box used for 6-cell bartteries Jbr rvolking bells anel
teleplones is Patt.  1704. I t  is the same size as the"I,att .  l70l,
but cliffers i'rom it in the follorviug particulars. Ihe lid iusteaci
ot 'beiug removable and securerl  bylr ' ;o nuts, is hinged, and kept
closecl by four hingcd butterf l ies, rnrl  instead of lhe' terminals
passin-g through the. end.s o{ the bor, there is a watertight gland
at each end for leading in the wires.
- ' I 'he lo-cel l  battei. i"s _fc,r nriuiug and gener:al torpedo work
nre carr icd iu the lvooden box k.orv. as t le patt.  l :15, or lO-cel l
boat's battely, shown^ in l,late 1I. 'Itre 

cells are joined in ser.ics
anrl the two poles of the b,,tte'y irined fo t.wo ierminals at the
end of the lrox. l iecesses are cut, in the l id of '  the box to al low
t l rese  te rminn ls  to  bc  go t .a t  rv i rLout  open ing  the  box ,  and two
lclLther flaps are {ittctl rvhich co?e.p fuese I'ecesses a'd rrrotect
the telminais rvhen the box is in u-.e. Harrdles ale I i t ted at the
.r ids of the box to { 'aci l i tate tra'spo't ,  ancl the l id is secur.ed lvi th
l padlock.- 

Ihe 3O-cel l  battery is containecl iu a stecl rvatert ight box,
littcd in very_rnuch the_ sarne r{.a)' as the patt. f 589, ivith the
rrception of the tcmrinals. I t  is of such a size as t;  hold the
30 cel is in thlee rorvs of ten cel ls euch, and is l inown aspatL.2275.' l 'he 

<rel ls are joined ten in,series and thr.ee in paral lel,  the posit ir-e
pole of the battelybeing joined to a rer.minal inside the box^ at one
end, .which is in connection wit l i  the metal of the box, and so rvith
turth, and .tbe negative pole of the batter,y to au insulated
rerminal inside the box at the other. At tLis erd is a rvnlert ight
: l 'nt l  t i rrough wlr ich is led the lead of * ' i re fro'r the s*' i tchboir. t l
:  r '  the  run  c i rcu i ts .

In sir ips that ar.e suppliecl with Pr-rt t .  14bl cel ls for telegraohv.
:: . ' .  tel ls are contaiueci in a wooden box, Patt.  183,r, rvhich cootal i ,
!r : ,  r ' r ' ] ls, iu t lvo rorvs of f i r-e eacir.

I  n lrr ter ships, the tcleglaph instnrments are suppliecl in a
i ' i - l rr lv larger box, which also contains the battely. TiLe instru_
:r. .ti ri.e lixecl to the frout of the box, *,irich bpens outrvartls
:: ,1 l : . ,s f lat,  and tbe baltery, rvhich consists of I4 Tmnsport or
[]- l . , l rrr cel ls, is -cecured behind a-_part i t ion at the lo.,ver part of
t : , ' .  l , rek of l ,he box. As rrr:rny ccl ls ar.e ioined in series as lre
rt,r  ; :r , .d fbr t l ie telegrrph l ine t lrut is being u;ed,

C.r lu , txr> Maxlcnnnnt or, tr ' rnrxc Cnr,r,s.
Ti,e Le cl, inclrt l 's cel ls, cspecial ly in tbe smallel types, ar.e l iable

t* i , ,- . ' : : ' .  frol l t  )er(. l . i l l  c. i [ lscs, arrd require a gl.el i t  Acri l  oi  curc and
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atlention. They are to be testetl the first week in each nonth'

i"i-"ft""vt befoi'e practice, ancl, at the same. time tLat they ate

l":;.n'r,ii; ,rloria'be examinedto see thai the_liquid is_up 6 irs

::;;; i';;'-h;;il uil coooections ale clean and sclewed- up' antl

irrrt"."'iio?,lJ'rto. l.tn spilled or allowetl to c.eep up io, 
the uppel

;il ;f iiti "Jr. All watertight battery boxes should be openecl

il'^;1.; half-an-hour every rveek,-and al'rvays after use' so as

to allorv the gases generated by the cell to esc&pe'"" "sfr.,oia 
a'cell 

"at 
any tin,e fail to ful{il its testrit should be

"*"i i"ui to see if the 
'.onoections 

are good, and t5e l iquid the

ri.ili 
-ftli*nt. 

If more liquid is required a saturateii poiution of

";i;ffiil; silould be uidod, o t.'pp^lv of. this solutio'-being

il;;;t**";;i*eil i" the store tootoTo" this pur:pose', T!: 
:::

"t'*it.t i,it fringing up the lelel of the liquid- uses rtp the reserve

;i si;;""1""'.o!ptLa in thc cell anil'*'eakens t\e liquid'-but

;; ;i;;;;.ttt.; celts,'wttictt are sealecl up, it-is frequently desirable to

;;^i;J nuul., ooiy as the reserve of sal'ammonia is verl'-la'se'

anil the cells are "ery-tiglttiy pack-erl Jf the cruse of frrilure is

"""i""li."i,,he D.P. uoi tititto"t Re'i-'tance of the ceil shoull

bc determined whr:n ll-u utto*t, a nerv cclL bei'g clargecl to

replace the one defective'

Loss i 'n D.P.:-

Cause maY be-
' Ioo l i t t le l iquid,
Solution rvelk.
Polarisaticn.

Remedy is-
Add solut ion, 01' w&ter.
Acld sal-arnmoniac.
AIIorv cell to stantl for a few daYs,

with its Plugs out, ancl in fresh

air'.

fncrease of I.R' :-

Cause tnaY l-re- RentedY i ' -'' 
i;;tt"ri." of leail Balance be trveen termiual and
"";;C; 

by chtori ie carbon plate i tself '  I f  high'

of reid *:il:J TLI H$il'";,?li"*:1
cast 'otr a l lew bridge' Irr

the llrtter case' the carbon
p la te  mnst  be  r l ipped in  r l ro l tcn

Paraff in for one inclr ' l rom t l te

ioo before running on the

bridge.
Aclc'l more.

If the ceit stiil remains n'eak it must be opeled anil treated as

a..r lrr . , i  i t , ' r" tpuoo ottt t  toot, page 30, marine gluo being

supp i ied  fu l  r l re  purpose o f  rc ' -sea l ing '

If none of tliese t"tt*tiitt-ttttEre the cell it shows thnt the

,ggi;-;;;; 
-rrro.tt 

*t=- 't*t" orrt, antl the cell slroukl be

Too litt le soluiion'

coudemned.
A Leclanch6 cell

t trrough a resista'rce
rlust never be left on sholt;-circuit, or run'^'"i"fttt 

tt oo f ,OOO 6[6-s, d's otherrvise it
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quickly beeomes polarisetl. 
. Ifeuce, Mance,s method describecl

:rq^l^qi.,i: not,applicable yhg; th" u"ii"ji,.."rl resisrancc ofa Leclaucl6 eell is reouired, but by ;;pl,,;; i"g r,000 ohms iueach *rnr a rough balance can be ",rrtrl"Ii'i,iiuout much risk tothe ccll. Should a cell be 
*rrt;;J;;y";;., patricular care

Ii:t 
b." taken to replace r#A;;;;iitu"nro"r, r.ith theirrecessed sides next to the carbon ff"t.i-_r"it is found that bv

'X:iri:#: 
so the efficiencv "na .ohoruol.""i tr'.-"ru-d;";t

e 509i3
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OIIAPTER Y.

MnlsunrNe fxsrnultnNrs'

Galaanometers.

2\-oltm Galaanometer.-The 2o-ohm gn'h'anometcr: is the

in.tio-."i used with the single-cell l\{enotti test battely'.. It is

;; ;;;o1" of the single form' of galvanometer first desclibed in

Chapteri I . .  and is shown in Plate VI '-"lT 
"oo.itts essentially of two coils of finc wire rvound on

frot[i"t o"a phced paraliel to one anot]rer' Between ihe coils'

;;;-il;; siving in'a horizontal plane -through 
thr: centre of the

;; i ; t ; ;  a magiet ic needle is pivote' l '  wi ih au. ivo.y nccdle

paintet l  black, dxed to the same pivot, but.revoiving f lhove trne

iace plate to act as an indicator of the position of' the lower or

*^*"ili..a needle. One jewelleti pi,r'ot lrole is o' a.britlge across

the"lower part of the two coi ls, the other in a brl( lge stretcnlng

;;;";; ;i; ivhole witlth of the dial' The coils at'e joined in s"eries'

:rni!  t l reir frcc ends permanently connecte' l  to the insldes oI t 'wo

lerorinal connections^, wlich aie insulatcd from the brnss case

;;iih^';;";it.. 
- 

rtt. face is markcd in degrees trom 0" to 0oo in

""clt .toudruut; these mat'ks ale merely as*guirles to measure the

tlefleciion of the needle fron zero'"* 
ii;; f;"- of galvanometer is usecl to detect cufl'ents only, not

Lo lneasure them.
ihe followiog precautions should be observed in using it:-

Al; t ;  t t""1 * i i r t  ih" opp.t needle poi l t ing to zero; never have

r Urdn. D.P. thau 1 voli 
'between 

thb telminals, a's othelrvise the

i"*"t"d oitots rvi l l  be injulet l '  Sh'- 'ul ' l  tbc spint l le be jarret l

out of thc'pirot holes, it ma1' Lc replr'ced by removtng thc glass

front, "uitlig the secuiing sciervs of-the top bridge, and replacing

thc pivots; but great caie should bc taken to bring no prcssure

on t ire f ine pivoti  in lePlacing.

1.000-ollr. Galuanometer, .Pattern 934'-This instrument is

,rr.j'.nlin-tn" older forms of iix-cell test batterv ond \Yheatstone's

t.iin". It differs t'Lorn ttte 2O-ohtn gtr'lvanometer in having- arL

. ;^;.A1" lrair 
" of neetlles, as described iil Ohapter II',. and is

corrseq,reritly vcry much rlore sensitive- It is also rnade nore

sen.iti"" to'srnall"currents by the large number of coils of I'ire on

if,," f,,ofrfrm.. In appe^r.a.c" it ir alr'ost exactly iike the 20-ohm

instrumertt.

l,Q}O-olun, (]rtlartnonetet. Pattern' i 499' - This gaivaro-

_"t"r"irlrut" yII.) is of the lrrtesb post ofrce pattern, and will

""ufu""'Patt. 93+. It has a coil of l,0OO obms resistance, a

r" iy i igft t  singi,e nee,l le rvi th t  lockiug at 'rangement antl  a urirror

1o prevent par&tlax err()r.
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lt is used with the later frrrm-q of six-cell test battery antl dial
:  r idge.

l he terminals are place<i l20o apart.
1Yh_en balancing oi testing with this galvanometer, the magnet

supplied with it should lle laid across the face of the glassr-and
nroved so as to bring the needle to zero.

Sulliaan's Gala anometer.

- _.This instrument (Platc YIII.) is supplied fur making very
delicate electrical mcasurements, 

'and 
alio for submarine" teld-

granly. It is of the suspencled coil type described in Chapter ff.
- Tire general principle is as follows :-An open coil of rrerv fine

wire is wound on a light rectangular frame. an^cl the current ied to
and from the coi l  by i ts suspending wirc's. 

' ' fbis 
coi l  is hune close

to and immediately between the two poles oi' a strong permanent
rnagnet. fnside the coil, and clear of ii, is a, soft iron core rvhich
serves to concentrate the rnagnetic field; so tirar the vertical
parts of the coil ale hanging free in two gaps, rvhere the mnEnetic
field is very dense,

O.n a.current being sent through the coil, the force tending to
turn i t  rvi l l  be proport ionai to-

( i)  Number of rvirrdinss on the coi l  ;
( i i )  In tcns i r ; '  o f  f ie l t l :  

-

( i i i )  Cunent .
Since tire two forrrrer are constant. tiie defleetions shonld be

absolutel; '  proport ior ial to t l ie currents.
' I I ie elast ici ty of the suspending rvires controls the posit ion of

the coil and tends to brin;; it bacl< to its original position,
A re f fec t ing  mi r ro r  i s  a t taehc , l  to  t l re  co i l .
'fhis instrument is not only. rernarkabiy ,'deacl beat." but it, is

indepeudent of the earth's magnetic field and is not affected by
magnets in tbeir neighbout'hood. There is, horvever, a lirnit to
its resistance, which is goverled practically by the amount of
fine wire that can l;e lvound on the coil.

The galvanometer is shorvn in Piate VIII. ft consists of a
fixed, permanent magnet C, o1' circular. fbrm, betrveen the poles of
'shilh is suspended the moving coil A, which is wound on an
alurninirrrrr sheath and carr.ies the mirror B; the two ends of the
cc':l ale connected to the suspending rvir.es, which are of flat
phusqrhor bronze ribl;on; the upper suspending t'ire is connected
to thr, suspelsion flame and platinised stucl I, the lower ryire is
..rldered to the lower torsion head f, ancl the cireuit leil through
ti . ' ,  spl ing to the insulated con[act stud D.

-\ core of soft iron tr' is fixed to the suspension frame. antl the
co!r rr:',r'cs fleely round it, without contact.

Tht- upirer suspending rvire is tautened by the mill-headed
scr€w ti. tn,l torsion removed from the lvires by the plain nut II,
tu t 'hi ,- lr  i :  attrcl ied an ebonite handle.

.I i. l c:rurul's hair brush, which. if advanced. so as to enrhrace
tire 'usperrdiug rvire, dnrnps the throrv of the coil, and rcduces

p 2
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the deflections on the scale; its pr'incipai use is to reiluce the

A"n."ii"" arrd sharpen the'signais when the galvanometer is

ioined up as a telegraph receiver.'"- 
frt" lourplete s"uspension fi'ame can be removed by raising-it

off n t,rur, 
'spindle, 

*tti"h Att inio a guicle in its back at I{

itr'rg. iil r *'L.n tit" frame is replacecl 
-the 

studs D ancl E make

cont:rct on two sprlngs, each of'rvhich is- connecteil to one of

m" t*o gaivanometei- rLrminals. 
'Ihe lesistance of the coil is

.u.f."a iiside the box, and is generally about 1,500 oirms'- .In
order to prevent anv electrostaiic "ffeci when testing with hiqh

volttges, one siiie of the moYing coil is connected by a short leud

;i;li; i" the steel body of th"e magnet, &c' The whole instru-

ment is mountecl ou a siab of ebonit"e to prevent any iealiage to

earth. In the latest in-qtruments small lvory screw-studs,,are

providecl on thc lower prrt of the {rttmes, so lrs to allow or tnelr
'beins 

accurately ccntred in the magnet gap'*"fnr"" 
rir,i.: ;;; supplied witfr eaih galvanometer, trvo for

halancing and one for sut.,maline telegraphy' ,.
The 

"two 
sl iales marked,,. Iest ir f t , ' '  ate for ort l inary -test ing

*orL, tn" suspension str ip is 00f incl thick, aucl '015 inch wide'
'--iLe 

tli,l"'marked " tr'lirlor speaking " differs frorn the others

lr., huoiog trvo cantel's hair bmJhes, thi suspension strip is.'002

inch thici< antl '043 inch witle, and the aluminium frame is cut

throrrgh at i ts upper cntl ,  arrd bridgctl  by a f ine plat irrum wite'

The f i larnc is cut in orr lel to rerluce the electro-magnet' lc damplng

effect, ancl thereby increase the speed of the swing ot the colt

when signalling'
fn adclition to these tirree slicles, torpedo ,depdts 3ot

torpedo schools have a special slide for practi'rin$; matkert
t t  t ' ract icc," subrnarinc telcgraphy' In this case t lre susPerrsron

,tr io i '  ;dor iuch tbjek o". i ' t jo; inclr rvi t le, xn' l  orr ly orte-crrnel 's

hai i  bmsh is used, the frame is rnade of -au. al lol- ot lowtl ' r

resistance, and is not cut througir. Cable tlepots,nt". uo9pl.t:l

wiih a ,ihlghly sensiriver" slitle fc,,r rnearsulinC tl:, f""l-liil"_i:
resisturce of 

"catr les 
rvhir:h nury be out r; f  the rangc ot ' the ordtnary

slitle.
It is marked for shore use.
'I'iie lower suspensiort rvire is d'one arvay with' antl a light

sp i r ' ; r l  conner ' t ion  r r "e , f  ins teac l .  \Vher r  us ing  t l r i s .  s l idc  .1he
galvrLnonretel nlust bc perfect ly levt ' I ,  an' l  slroulr l  t l  Possl l-) le
Le mounted on a soliil foundation.- 

A ,ry,aliing shttnt, revet'sing, .key (Cottrell's pattern) and

,.t i ing t ior,t le ptug 1f ' tate { i .)  t l"o'also supplied rvith the

gr'lv lnoileter {bl Submrrrinc Telegrapiry'

Gnxrin,rr.  I l is 'r l tuc' i toss ron l lous'r lnr+, B't t ' 'LNCINGT AND

Rnst-srrx utxc Srrr,r,r v.t s' s IJsr'' otslr' Galvarqou rrrrn'

l .  I lol t l  the suspension frrme horizontal ly in the,hantl '  antl

oery slowly antl uery carefully tighten the suspension by turung

the milletl-lendetl lut in tire uppei: torsiot heacl until the ccil does
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not sag perceptibly dorvnrvard, as judged by the position of the
rigid rods in the adjustable ebonite eyelets tlrrough which they
pass.

2, Remove any twist from the suspension wires tty means of
the lever in the top torsiorr head, anci insert the frame in the
instrument,.

3. The two brass guide plntes scres'etl on to the ntagnet are so
adjusted that the coil has no lateral 1,lav, and it hangs gentrally
and perpendicularly in the gap. See also that the coil is equi-
distant all round from. the soft iron core. These adjustments may
be assisted by vcr,v slightly J'orcing the suspension arms to right
or lefi. In la,ter pattern instruments the coil can be centralised by
mcans of the srlali ivory screws in the lolver suspeusion nrm.

4. Set up the scale, taking care that it is at the eract focnl,
distance from the mirror, rvhich will be founcl lecorded in the
box. Light the lamp, place it behind the scaie, and move it until
the light falls through tbe slot on to the mirror; or an 80-volt
lanp rngy be used. If the spot of light reflected I'rom the mirrol
is not now visible on the seale it rray be caught ()D tr, piece of
paper at one side, above, or belorv tLe scale. by lowering ol'
raising the latter and turning the lever fixecl to the upper torsion
head. The spot should then tre brought accurately to zero on
the scale.

5. The'( constctnt " of each galvanometer is recordetl ol a label
in the box. ft is the tlegreebf sensitiveness possessed by that
partieular instrument; that is to sa)'! it is the amount of culrent
requirecl to produce a deflection of one tlivisiorr on the scale tvith
the latter at correct focal clistance ft'orn the mirror. As this
amounf of current is very sn:all (generally less than a millionth
part of an ampere), it is diflicult to verify it on board ship,
owing to the absence of a sutficiently high resistance. For this
reason in measuring the insulation resistance of' a clble by the
method clescribed in Chapter XXIL, we compdre the unknown
resistance with a knowu resistance of 12,000 ohms.

Galaanometer Shunts.-ln case the cunent thatit js necessary
to have flowing in the circuit for testing is greater than the
current that can with safety be allowed to flow through the
galvanometer, a " shunt " or ahernative path for the current
rnust be provided. In the case of the Sullivau's galvanometer,
this takes the form of a " Sullivan's Universal Shunt Boxr" which
is shown in Plate IX. The flgures between the blocks represent
the resistance in ohms of the coils that are joined betrveen thc
blocks. ',fhe ga,l'r'anometer is joineil up to the trvo ternrinals
nalked G, and G", and the other part of the circuit betrveen the
ternrilals marked'I, and 'Ir. Two plugs are shown, that can be
put into rn.y of the holes provided for ihem, but only one of them
is used as :r rule. The circuit  of a galvanometer joined up to a
universal shunt i-s shown dinglammatical ly in Fig. 52.

If  the plug i-s put into the hole ruarked 
f 

i t  wlt t  be equivalent

tc, joining the circuit  to t i ie l ight hand terminal in the r i iaglam,
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and it will be seen that the shunt or

current, is of 10,000 ohms resistance'
alternative patlr fot the
If it is put into the hole

Frc.52.

I
markedfi  the shunt is 1,000 ohus and therc is 9,000 ol ims in

series'rvittr the galvanometer'. The 
# 

gives a shunt of l0o ohms

and 9,900 in series with the galvanometer, antl thc 
1gf9 lotl'iot'

gives a shunt of 10 and 9,990 in series with the galvanometer'

the short-cir.cuit position of course short-circuits the galvanometer

altogether.
the etpl,.nution of the term 6'I]niversal Shunt" lies in the

fact that this type of shunt can be used $'ith any galvarrometer

slide, the resistaice of the slide not affecting the nrultiplyirg
po*er of the shunt as lonq :rs the current in the rnain ci|cuit
'remains 

the same. Ilut it rnust alwavs be rememberetl that

altering the shunt does altel tbe current in the urain circuit a

certain"amount, the amount depending of course on the other

resistances in circuit at the time. Thus if the other resistances

in the main circuit  are vel 'y large, an alterat ion in the ioint

resistance of galvanometer and shunt wi l l  not have much efiect,

but if, on the Jther hand, they are small, t'he variation in the main

current may lre consit lerahle.
Ihis is 

"best 
explainetl  by the fol lorving reasoning, tud assunring

that, the other resistancer 
-ar.e 

so large r,hat the main cur|ent is

uot affecteC by altering the conrbined resistance of galvanometer

aud shunt.
Iret G -Besistance of galvanornetet"

(is : Ctlrrerrt in galvanotncter'
C.:Cru'relt  in shunt '
0 :Ourrent in maiu circuit'

l ' h e n C - C s + C " .

\ Y i t h l  
' C  G

I l l lugge(l c_:toooU.

c 10000 + G. q- + c"_ loooo + G
c* loo00 ot c* : 

-roooo
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w'tr' $ plugged 
!r :99L+-9

. 9 r * c "  l 0 r y j s O g g + c -  c  1 0 0 0 0 + c
C e  : - 1 0 0 0  - o " C - - = f t -

witr, ,ju ptugged 3- : 
g'�llo#

. _C" + C" _ loo + cgoo + G C r0ooo + G"  e ;  =  L 0  o t q -  -  
1 0 0

I  - , . . . - . -  ,  ( ' ,  999u +  GlVith 
,ooo pluggerl 

i. : """"r0

. C* + tl. _ ro + 9990 + e C toooo +e.. __q_ : _ _ 
t0____ o'' i,_ 

_ 
lo

_ ft will therefore be secn that tlre proportion of the currentf lorving in t lre galvanometer.,  l -o.t 'at Ro'* ine ;n t 'e mairr circuit ,hrt* i ' -each.".6 b"*,,  rcduced i";1;"-; ;"d.t ions m,.r.ke.l  on rheshunt box, and also that this ,=a.Jrl" i" ir 'unaffected by thegalvanometer resistance.

.The join't res:istance of galvalometer and shunt nece;sarilyvaries with rhe resistance of t'ire shurit , ii""-ittri;"g tii "*:rrit
flowing itt. tlte maitt circuit,,rl;;-rh;";;;.i1" resisrance is soiarge thar the resisranc" 

9{ *u gnluu;;;;;;" *r,t ,hr;t;t ;;neglected in comparison with it.

^^._Sulpose, for example, the- galvanometel resistance be900 ohnr--, the joint .esrstance of galv.,'ometer and shunt rvith
l l l l

f , t,' tO6 or 
t.,'O 

plugged in will vary as follows, and the total
rcsistance of-and current flolving in_the rnain circuit will becorreslrondingl.v alteret l .  . f  hus" tbe ioiot
reslst&nce oi gulvo anrl shunr,

witt ,l prussed t' o#+;Xry# : 826a.
I

" Io=
I

" t00
t

'  I000

9900 x 1000" ggoo + Tooo 
- 9o8a'

10800 x lO0" loSoo + rbo 
:  o9 ' lo .

10890 x l0" lo8co-+io = 9'o9a' '

('oriscrprently, iu mensuriug lesistlnces by the direct rleflectiorr,r,r '  .rr l .st ir . t i . rr  r .ethod,. i t '  ai" the uut uo*'n-l .r"rsrance. rs vervrr.r l ]  l i*ger.thar I l  ( the-sta.dard ""r*;; ; ; i t f l  #i"f ,  i r" i i( ' , rUrl , l i f r( i) .  I l tLis lecessitat ing- the employmeot of shunts ofj.ll.,.:.,1:..1j,',ti1{,i.g po.'v...,ir," j"i";;;;iJr;;ce of the g.lvano-mcr , . r : r r l r l  . l rL ru ts  uscd nrus t  be  tahen in to  c r_ ,ns i t ie r i t ion  inrvc , r \ i r rg  ou t  t l r r  l i r lue  o f  r .



88

Tbus, ifl the same battery power be used in both cases, and
R, : standard resistance,
D : deflection obtained with R, in circuit,
d :  ) ,  ) ,  t  t s
SI : multiplying power of shunt used for l),
?n :  , ,  t ,  ) ,  d ,

J : joint i'esietance of galvanometer aud shunt used for D,
J r :  t r  t ,  , ,  , ,  , ,  d '

r- : internal resistauce of battery,
theoretically (, + J, ! r)d7t' = (F t J *'.r)DM.

But in' tLe case of trigl insrilation resistances where ;rr is
expressed in megohms' Jr { t may be neglectecl in the expression
(i' + l, 4 r)] as ihey <1o nol practically affcct the lesult,

in i.r + r)"(DM),
Hence .z :-' ,ln 

orr lt r]STerY smltL, - 
dn

When balancing resistances of less than l0O,00O ohms, join the

galvanometer to iLe terminals Gr antl Gr, also joir Tt and T, to

ihe Wheatstoue's britlge.--- 
IMhen measuring high insulation resistances-above a *ego}l

-Tfheatstone's bri"dge" canuot be employed, arxl the method

clescribed ir Ohapter XXff. sboulcl be usod, joining galvanometer

io e , una G, tlie battery to Tr, anil the cable or high resistance

to  T ' .-" 
JVn.o used for submaline teleqraph work through long cables

two camel's hail bmshes and a bloader suspending ribbon are

essential to overcom.e the hithelto troublesome effect causetl by

i.nrte.tect definition and wandering of the snot' The brushes

;;t^ th."-;;-';.il;";;J 'ntil the! mo'e closely en-velope the

suspension. according to the length and retardation of thc cable,

the'best udiustment 6f the brushis must be found 
'ny trial'---- 

p"toit"it insl;ructiorrs for testing with this instrument will be

found in the chapter on '( Electrical Measurements'"

Adiu,sting the Balance of the Coil'

In the case of a galvanometer which is much-o-ut of adjustment

it may become oe"eJtu"y to readjust the coil as follows:-

1. Remove the cover, mount the instrument and scale upon a

cradlo board, see Fig. 53, the galvanolnete-r-end representing, say,

the stern, and the scale end the bow of a ship'

Fro. 53.
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2. In order that tire ,t spot " shall not move with rolling and
pitching motion, the front part of the coil (F) must equal the
back part (B) in weight, while the left-hanil side (L) must equal
the right-hand side (R). ,S'ce Fig. 54, in-which the coil is shown
as viewed from above (in plan).

Frc. 54.

l-l-l
l : l l l
l , l  l L l
lBi,F I l"-.. ' l -|  ; ' . 1  l ;  I
i , '1, f,'* I|  :  l ' .  , 1  |

susPtNs|oil'

3. To balance for rolling 2.e., inecpality between F and
ts.-If upon rocking the boald. say to the lelt, Iooking towards
the scale, the spot also travels to left, theu the coil is /oo heaau in

frottt, and to secure equilibrium the free leaden arm or slms
soldered in front and behind to the coil frarne must be bent
sufficiently bachward, and, aice uersd..

4. To balance for pitching, i.e., ineqtality between L and R,.
-ff uporrelevating, sayrtbescaleend of the board the spot travels
to left, 1;hen the coil is too heavy on the left-hand 52'/6:, and the
leaden arm or arms must be bent over tovrards tb,e right, and uice
tersh. In sholt, q'hether inclined frrl rolling or pitching, the coil
rviil always fall dorvn or deflect on its heavier side.

5. 1'o make the adjustments, simply raise the suspension frame
half-way up on its cylindrical rrpright, and holding the coil lightly
from behincl with one hand, move the balancing arms rvith the
other hand, or by means of the brass burnishers (see box of
accessories), the final touches being more convenieutly given to
l,lte front arm.

6. Througlrout the ailjustments neoer slachen nor tary the
tension of tite suspension wire. This is all-important,

7. Under iension the suspension sometimes stretches slightly,
the eflect beiug to disturb thc balance between F and B (but not
between L and R) causing the coil to appear too heavy in front.
'Iherefore, when the coil has been suspended, and the initial
balance obtained to anv angle of lift or tilt, set aside the galvano-
metcr for a ferv houls, without slackening the suspension, and
then, Jf necessary, re-touch the adjustment, after which no further
llterations will be necessary other than those small ancl inevitable
t,nes due to thermal and atmospheric charrges. Then carefully
nole the constant, fn setting up the instrutnent afresh the
tensiott must be so regulated as to giae this constant under the
6:tme conoluons.

S. Ob'r.iousl.r, wliere the galvanometer is tnounted ctthwartships
operations (3) and (-1) are reversed,
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Fig. 53 shows the dimensions of the cradle board requircdt

whichloultl be made on board if necessary.

Re-susPendirtg the Coil.

l. Lay the suspension frame horizontally in the recess provided

for that purpose in ihe box for accessories.

2. In order to ensure the suspensions being of the exact length

requile.l, and to prevent tl-re coil-shifting, wedge it up genlly- rvith

small wooclen rve-dges, so that it is equidistant above and below

from the soft iron core.

3. If re-suspencling the coil disturbs the balant'e to any extent,

restore it apprinirnatily before re-adiusting -the leaden tr'nns, by

t:eru sl iqhit i  benditrqlhe-end of one or othcr of thc rod pttrts

rtro'iccti,nq 
'from 

the'coil. In doing this, hold the rotl elose to its
'bto".. 

cotlui rvith small pliels, an,l ben,l it torvards the hcarier

side by means of the brass key. N.B.-The suspension must first

be slackened back to avoid risk of accident.

Eioz of Accessories for Sulliaan"s Uni'aerscr'I Galaanotneter'

Contents as supplied with each instrument'

4 mirrors, ;:"-inch dia,meter.
1 srnall -qoldering ilcn.
I brass burnishei (Ior balancing the coil).
1 oair snrall scissors.
ttrdinary soft soltler (for re-suspending thc coil, ol for

re-solclering leailen balancing-arms to coil).
Leaderiwire for balancing coils (Nos' 18 arrtl 20 S.lY.G.)'
4 feet phosphor bronze flat strip (A size).
4 feet , ,  , ,  , ,  (B size).
? small woirden u'edges, fol' rveclging cuil in position when

re-suspend i r rg  i t .
I pril sm"all pliers I Fol roughly atl.iusting bal.rnce after

I brass key J rcpairrng suspensron.

Amm'eters and, Voltnt eters.
'Ihose ammeters and voltmeters now in use in the Service are

nearly al l  of the t 'moving coi l  "  type, aud are eonstructed ou the

sanre- principle as the Sullivan's gaivanometer. We will first

describe one of these that is designed to measute very small

voltages, and then sholv how it can be used either as an ammeter

or as lr voltmeter.
'Ihe instrument cousists essentially of a coil pivoted betrveen

the poles of a rnagnet as in the Suliivan.galvrncmeter, but instead

of tle coil being suspenclecl by strips, it is generally on a pivot

which is l-rclcl in-jervolletl bcalings. Thc coil is hclrt in the zero
position by two coiled springs, 'whiclr have their outer entls fixed

io the standing prrrt of fhe instrunent and their inrrer cnds to the
pivot of the ioll. Ihese springs, besides controlling the move-

Lent of the eoil, in some cases have their ends insulated and are

used to lead the current to and frorn thc coil. In other instrumeuts
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the cur.rent is led in antl out by two other flexible connections.
distinct from the springs. Ther6 is gu".r"ilf. n;;.I;;;;;;'#
nrlrng up..the spuce inside rhe moving coi i ,  aud the coit  i tsel i
"urt:i a hglrt l)ointet which nrovcs or.eri a fixed scale.yv nen there rs a curreut in the coil, it rvill of course teucl toturn ii'self round so thnt irs o'l'n ri'es ofl force coincide with trrose
of the,permanent magnet. l_'he spr. ings rrr."t ion"a abo\.e tend to

l. :q:":  :1t] .1". 
i ts original posit ion, aud the angle ttrrough which

rr moves agarust these spriugs depends on the amount"of fbrce
DetweeD.ille llermanunt magnet and the coil. This of course willo:p,eud dllectly ol t|c current in the coil. So that the movement
or rne pornter over thc scaic is a di|ect rnersure of the current that
is flowrng in the coil. 'I'hese 

instrun,eot* aru lrery,lenA-f"ri, o.the n-rovirrg coil is rvourrd ol 2I t))etal frarnr,.
I'ig. 55 shows tLe cc,il autl pole pieces of one of these instru_

ments, with_ part of ono ol thc pole pieces and par.t of the uuper
supl)ort of. the pivut .emorcd, so thut] the t.onstr, t ' rct i"" "r" rr"55."
more cleftrlv.

Frc. 55.

Since the coil has to be made as small and light as possible, soas,lo.keep_ the size ancl weight of the instrument * i tLin reosou_;r,l,le bouirds, only very small currents can be allowed to fiow
Ilrr 'ousn the instrument, or the coi l  lvould run the r isk of beinqIu:r( l  or burnt out. Consequently the instrument as i t  stands(':r:r ')rl' be usecl fc,r rnea,suring u"r"y small voltage, ;";,r;;;;;;:
lrrrt l-r-r' tire use of suitable ur"urrg"*urri, it can be made to measurevo l t . tg ' , s  ( , r .  c l l r ren ts  o f  lny  s ize l

( 'sr os o lhltneter,-- � l f  i t  is requirccl to nse i t  as a roltmeter-thet is. to nrea-sure the D.p. betwoin a,ny trvo points_it  nluri  oft trur:r.  lx. r 'ul tr l tCte r l  , l i r .ect lrr across thot,e two points. - f f ,"  a,rr*oi
lhr.ugh rhe irsirurnent rvi i l  then, bv Ohrn,s Larv, depend di; ; ; ; ly
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on the D.P. between them, and so therefore rvill the movement of
the pointer. The dial over which the pointer moves can tltere'
fore-be so grailuated that the D,P. is read off directlv.

lf the maxinrum voltage to be measured is such as to proclrrce

a larEer current than is sufficient to make the pointer moYe over
the i'hole of the scale, then an extra resistance mtrst be put in
series with the instrument. Suppose this resistance to be four
tirnes the resistance of the instrument. 'I'hen wherr the instru'
ment and resistance in series arc joined across tlte two points
u'hose D.P. is required, four-fifths of the D.P. rvill be used up in
dliving current fhrougb the resistance ancl orrc-fifth in dlivirrg it
through the voltmetet. So that the voltnlett:r rrill only shox'one-
fifth o?the whole D.P., and the total D.P. can be at once found
hy lnult iplying the voltmcter by f ir 'c." 

It is'morb' usual, howeveriso to graduate the clirr,l that the
total D.P. is read off directly, anil ttris is clone in most instru-
ments, the series resistance being contaiued in the case of' the
instrument, and the dial graduatetl for that resi-qtance.

Use as an Amm'eter.-If it is required :o use the instru-
rncnt &s an a,rnnleler Io measure current' it must, of course,
be ioined in series with the circuit whose current is to be
nrealured, and the dial can be gracluatccl so that the current
dorving irr the moving coil is read off directly. ff the current
to be measured, however, is greater than the curlent that is

suffcient to rnai<e the poinl,er lnove over the whole of the scalet
the instr'ument must lie tt sluntetl," lilie thc Suilivan galvano-
meter-that is, a second path of lorv resistance for the cument
rnust be provided in parallel rvith the ammeter.

Fig. 56 shows this-

tr're. 5G.

Let 0 be tlte cnrrent in thc outsiile circuit, which it is desilcd

to measurc ; let C1 be the current in the arlmetel' and A its

resistance ; iet S be the resistance of the shunt, ald -let E io

the D.P. tretrveen the encls of tlre shuni, X tud Y' 'Ihen by

Ohm's law-  
A  v  s

E : OrA and E : C ffi. 
('See " divitled circuits'")

A x S. . c , A - c A + S

C , So r t ' - t r + S '



But S is s,-r srual i  conrpaled with

t" i. Thar is ro say,
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s
A that 

AjS is plactically equal

same relation to the cu.rent in the circuit that the resistance of
the shant bears to the resistance of' lhe ammeter. So that, if the
shunt is one'hundredth of the resista'ce of trre ammeter. onlv
one-hundredth of the rvhole current will pass throrrgh th.;ilf,i,
and the total current can be at once iound by-multiplying tht
ammeter reading by one hundred. As in the 

-"u." 
oi ihe-volt_

meter, however, it is more usual so to gracluate the dial that the
current is read off direct. Each sliurt is supnlied with its
own ammeter, which is calibrat-ed for it, and consequentlv an
ammeter m-ust a)ways be used with its own shunt. It iJ also most
necessary that the leads supplietl with the instrument for co'nect-
ing_ the ammeter to the ends of the shunt should always be usJ,
1,nd 

not altered in any, way. .Ihe instrumeni is caiibrated. foi
Lnese ltrads, and, since the resistance of ther shunt is so small, any
slight alieration in the resistance of the amm€ter circuit rvould
seriously diminish the accuracy of the instrument.

, 
T.ypes of .fnstrum.enifs,-These instluments, ammeters ancl

voltmeters are sometimes arranged with a flat riial, showilg

the eurrent through the ammeter bears the

Frc. 57.

Instrument in Circular Case,

t lrrorrgh ar rperture in the faee of the inst lumcnt (Fig. b7), antl
sonretirues thr- i ' r le of what is klown as the ..  et lgervisc' l '  pattern,
:h,,n rr i r  I ' rg. 5s. l)ut;  they:rre al l  constructed o'th% r"tn. p"i"" ip1"i

tr'rc. 58.

Edgewise Pattern
Instrument.
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Cen,tury' I 'est Set '

This insirurnent is supplied to certain ships in lieu of spnre

ammeters and voltmeters' It consists of a small moving coii

milliammeter connected to a two-$'ay double-poie srvitch, by

rneans of lvhich it can be joined to either side of the box. On

the left sicle of the box are ,several resisrances of different values,

any of which can be put in series with the inetrument by means

of L plug on the enil-of a wandering leaci which can be pu-t into

various 
-holes. 

On the right side of the box are two' different

shunts. by means of which the instrument can be used as an

ammeter when the switeh is put orer to the right" 'Ihe figures

bv each hole reDresent the values ofthe curlent or voltage causing

a'deflection of ihe needle over the f'utl scale rvhen the plug is in

r,hat hole. 'Irvo other amneter shunts are supolietl in a separate

box, corresponding to fuli-scaie readings of 150 and (j00 arnperes

respecIIvely.'The 
initrument is shorvn in Plate X'

When nreasuring unknown pressures, and in fact at ail times

as a rnatter of safety routine, the ulug sbo-uld allwry's be put

into the 750 hole firstl and lvo'ked d.rvn u.til a suitable readable

deflection is obtaineci.
To me:rsure cun'ents of 0 to l'5 amperes, conlect circuit to

terminals \Y antl Z and put right h:rrrd rvanderer in Z1'

To measure currentJ of I ;5 to 15 anperes, connect ci lcuit  to

terminals W antl  Q and put the r iqhr hand rvandeler in Ql '
When rneasuring cuirents abover l5 iimpcres x'ith one of the

seDlr,rate shunts, the-teads lrorn the shunt in use are in all cases to

be connccted to the telminrls X and Y.

The leads supplietl in tbe box with tire instrument are in all

c&ses to be usecl'

Cr,mbined Test'ing Set'

This instrument is supl-;liecl to sonre sLips for thc same put'-

poru, u. the century teJ set. It contn'irrs tlvo moving coil

instruments, oue at eacir entl of the box, rvhose pointcrs move

ou." ,*o dials which are close together rin<l are seeu through a

stuss ptute in the top of the box' The field rna€inets fior the two

iustruments are as shown in Plate XT.- --ffr" 
range of the ammetel is altered by using four different

shunts, all oi rvhich are supplied se.parate f.orn the inst'ument,

"ra ".L"n nc shunt is in uJe, the inst.rrnent reads direcbly i'

ni l l iarnpercs'- 
'ih"' ranqe of the r-oltmctel is alteletl by putting different

"esi.t.r,"", in series rvith ii" The resistanceB are ali contained

i"- ifr" box, nnd are co.necteii in series with the voltmeter_ by

,rreuo, of a iurall -.rvitch at t5c entl. A fixed poirtter on the. box

nornts to a lrrrrulcr t ,rr the switc]r l tanc-l le {br cach of i ts posit ions.
'- 'Ilr" voltmt'tet' scait is nttt'l;ctl iu 100 divisions, arrd the

voltage between tbe telminais is.givcn by,the scale reading multi-

pii.airy the number orr tlte srvitch handle opposite thc pointer'

These numbers are Talaor -.,tu, 1r 2, 41 8'
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Xach sirunt is marked. with the number. of amperes that rvillcrruse a fuli deflection, l0O clivisions, with- ttrat "n'""t-;"'"*,'r"that tire currenr is given by_
Scale reading X .l for the lo-ampere shunt.

,, ,, X 1 ,, I00-ampere ,,), ,, " -l ,, Boo-ampere ,,

rhe instlme";i, "J,ioo, ,J:,' ilff;T::ll., J a ,rynamo.
Cell 1'ester.

An instrument containing a. moving coil ammeter is the celltester, Plate XIf. ft is .use-tl {br. restiig ceils and n"tt*i..", ,r"a'also lbr some other electrical -.or"ie,rounir'i"r".Cr."pr.. -Xiiil.It consists essentially of a small _ouiog."or, ammeter, reading
1:.1: l, _,,o r.uro nut.os. and_ gra,l unt.J io'lFnii,*, j"ir.d i; 

";;;i"":
1r'r ' r  & rheostat or adjustable resi.qtaneer re:rding f.6,o O r" SOrfr"r iand :r testins kev fitte.l wirh.an .b;;itu ,ui,".iy'r.."ngernenr.

1'wo termin;ls on tbe feft of tfr" llJo1"r., arrd mar.kecl {ard - are for the 'attery, anc'r two other.s on trr" "igjtr-;i'tlruanmeter are fitted for balancing resistances.
7'o I'est a Cell or R.attery._Short_circuit the resistancetenninals iry rneans of a^ piece o? fiu" cut-ort wire, pattern 6lO.Tlr is wi l l  acc as a safleiy f , ,*;" 'p;; ; ."ni "*". .r iue eurrenrdamaging the instrum.ent." Set tlr" inuori"i to the resistance'equired as laid do*.n in. rhe dri l t  book ori  j .-as, nnaloi;"; ; ; ; ;ce l lo rba t te r l ' to  te rmina ls  marked +  ; "1 ' j ' . '

.fvlake a short contact with the key, rvatching the ammeter
:r:*:19:"", that 

f t  regisrers .J ampcri 'u.. froru" by the red l ineon the ammeter'.
fhe circuit inside the_ instrument is as follows :_From theterminal narked -p , through .the ammete. to ihe opper .. resistance,,terrninal' From tlie lorvei rr resistance " te.orinur th'ough the kevond rheostat iu series, alcl back to the terminai malked _.

Hot llrire fnstrum,ents.
Instmments of the,,, ,hot wire, l  ,yp, are used extensivclyas)rore, -bur only in the service io 

"JnooJioo 
,"ith ;i;;l;.1,tclegraph,v. 

- Asln the case of the -moring-""if instr.rrmsnf5, thsrrnrnc'ter and voltrneter. are essentially the"same, brrt one is usedl'itlr a shunt and the other with " *o"i". ,l".iri,*"".

,---11," 
principle of these instruments i. ", fott.rro.:_W.hen anelerrnc currert is flowing_ in,a wire the rvire is heatetl,;-r"*

'.rirrt,_,,I o.r in Chapter fll. 
'lvhen 

a ;ui." 
-i, 

h.;;J'; ;r;;;
l : t l l , l l , l . .  

antl  t l r is expansion of rhervire;r-; ; ;  ro move a pointer, ' \ r ' f : l : L t t l e .

._- . I ' i , , ---e inst.r ' rents wil l -be described in i ,beManua,l  of WirelessI 'r l , .grapb-v :rrrr l  i ts Addenda.
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CT{APTI'II, YI.

Tsponr or rrrE Dvxarto.

Tnr name dynamo is given to arry machine constructed to convert
mechanical porver into electrieal power by the operatiorl of- pro'
ducing relative motion betvreen conductors and magnetic fields,
and t[us making use of the principle of electromagnetic induction
explained in Chapter III.

Elementary Dynano.-Itet us consider the effect of the
revolution of a single rectangular coil irr a magnetic field, as
shown in Fig. 59.

As drawn in the figure, the rectangle is enclosing as many
lines offorce as possible; if rrow it is turned sucldenly on its axis
through an angle of 9Oo, it will lie parallel to the lines of {orce,
anrl none of ihem will then pass through it. This revolution
of the rectangle is iberefbre equivalent to 'withdrawilrg all those
lines of force-from the embrace of the rectangle, and will conse-
quently give rise lo a " direcl," current (see table on pageGl).
fhis direct current, by the corkscrew rule, is in the direction
from d to c and from e to/.

Fra. 59.

Irlorv turn the rectangle through another 90o in the same
tlirection, so that the bar c d comes to the botl,om and elf to the
rol). It rvill again enclose the maxirnum number of iines of force,
but they will be passing through it in the opposite direction.
This second revolution is therefore equivalent to thrusting all the
lincs of lbrce through the circuit in the opposite direction, and
the t'inverse " cttrrent that this operation gives rise to will be
in the snrne direction as the " direct " current in the first 90"
of revolution. Also as the number of lines of force cut is in each
case the same, tlte iniluced D.P. is the same, provitling the rates
of moving were eqttal.

If, therefore, the rectangle had been rapidly turnecl at one
sweep from its original position in Fig. 59 through 1800 a curuent
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rvould have been induced in the direction sbown bv the arrorvsduring thc .rvhole of the movemen! that is. in Ir.row ila"k ir,u airl."r". in.the next l80o.or;:;fliff:':" d c ef.
fn the third 90o of revolutio" "fi ,il" fi*, of folce that werethrust through rhe rectangr" i" irr. .."o;;;?Tr"u wirhdrawn, andconsequently the current't l . 'uri"q ip; thi.d'"qunrte. re'olution isrn the opposite directio

current to the seconcl 03..'"ou*o 
the rvire of the rect:r,nsr" i;in;

And, in the same way that tle cunent during the second00o was in the sarne clircctior as-tb;;"-;;'.hiring rhe frst g0o,
::. lh" 

crrr.ent. cluring the fourth"gdJ'ir"in"r,r. same tl irec{ionas thc clrrent dur.ing iho tlr irt l .

lr". ii',,' !;Jl'Ti ii ffi : "lH::tll 
{l*#H :H ;*:'.3.,i;;ljl t ,t ir,r iorr ,f rhe rect;rr1le rviJl ni"" l iru' io"i," .e"ie. of currentsal tc 'nat i r rg in  d i r . , , , . r io i r  ;  t \ \ .o  , i i : l i , , . t  . , , r i . " i t .  

,be ing generate.o.u l rng each corr rp let t ,  r .cr .o l r r r ior .  r l r r ,  ; , . r . , ; . : ; i ' , , , , , , , rg  p lace eyer ! ,'#;':ii:i;?ilfln:?}:"i.'le poi'ts "i "r'i'r' i" prane-is at risrit
Nr)rv, assumin{ tlrc iield and tle speed of rotal,ioD to have

l;::,:'tt".., 
let us consicler il ;;;r;i;'ory'r.r,. a litte ruore

_. When tJre l .( :ctf tnglc begins to nrovc frt , ,m i ts f i rst posit ionjulrg. t iO, alrhough i t-eucloles th; ; ;_i; i l ' , ,ornb"" of l ines of

Fra.60.

(3)

force. r 'et the number thil irtr_ through it is hardly changirrg:rt ;r l l  ' fh.rc{o.r,, 
.": incc the'n.iU.f. p%A*.a a"p",,i l . on rhe

e 50953.
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rate of change of the nurnbei' of lines of forcc 1r:tssirra tltrough
the circuit, at the beginning of the m(,vement the Il. \1.!'. is small.
When the rectangle has turned throuqh about g0c, the luruber
of lines of fbrce passing through it is changing at thc grertLrst
rate possible, and the A.M.F. has consequerrt ly r isen to irs
maximum amount. It, falls again as the next quarter revolutiori
is passed ihrough, reaching zelo rvhen the rectangle has turned
tlrrough lS0o, and then the reversal tzrkes place.

ln the next 1,900 of revolution back to tlic original starting
point, the D.P. rises from nothing to a rnaxinrunr and lrack agairr
to zero, the current being induced, as we hrve secn, iu 

-tle

opposite direction,
Commutation of Curuent.-'Ihe currents flowing in the rect-

angle as it is revolved would be of no practic;ll use, ho'lvever,
unle-qs the rectangle is conneci,ed up in some \yay so as to enable
the cunents it ploduces to do work in an external circuit; and
further it is more convenient in the Service, especiallv for rvorking
search lights, to keep the current ahvays flowing in one direction;
in order to anange this in collecting tbe current it is there{bre
necessary to commutate or chctnge its directiott, so thrLt in the
outside circuit it ahvays llorvs the sillnc \yav.

'Ihe arrangement i'or' ,loinx lhis is clllcd tlte corntnututor'. fn
the follo'rving figures it rvill be seen that the two ends of' the
rectangie are connected to the two halves of a split ring or short
tube, that brusbes rest on these split rings, and that the outside
circuit is connected up beiween the brushes.

In position 2 in the figure it will be seen that in the rectangle,
the current is being generatecl in the directiol sholn bv the
arrows, antl is florving from B, to Brin the outsitle circuit- 

"Now

as the rectangle passes the vertical and arnves at position 3 the
culrcnt is generated in the opposite direction in the rectangle,
or from C, to C, but at precisely the same instant the brush
B, leaves C, and touches Cr, and B, leaves C, and touches Ce ; so
that B, still collects lhe leaaing culrent, which enters again by
81. By this means the direction in the outside circuit iJalways
the same.

t,luctuation of D,P. anrl how it is Ouercorize.-A sinsle
rectangle of this sort rvoukl be very inconvenient, since duri-ne
every half revolution the D.P. made would rise from nothing
gladually to its greatest amount, and then fall again to nothins:
rhe D.P. woukl therefore never be constant. T[js dithcultv ciri
be got over by using more than one rectangle, in lact u iu"ge
lunrbel all connected in series, with the iunction t-rf each takln
to atr insulatecl rubbing contact called a commutator strip. To
ger rr ster(h' DP. then, a large number.of reetangle.r ale requir.ed I
some at'rl fbt' the iltonrent doing rro_u,or'li. some are producing a
sligLt D.I'., antl sorrre are cutting thtt rnaxiruuru possible nrm-be"
of lines of force antl are consequenti-\- producing the maxinium
D.P.

Again, in orrlt'r to ll'orlttce a Ligh l).F. between the brushes'where the current is collccterl, rvithout revolving the armature ar
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;:#:*i:,x"ff';,i T- T:ili'"l ei.,f,:15: le,r. i' se ri,,s,.,.i r r r

llti[i#*l[*:in*t:'ff ?hi*ffi#;''iiffiof the D.P.'s of al i  r l te rectangles.
It can be strorvn

rect:r,ngles ''",t.-'"", ii.u rHf"j,];TJ'Jt ;l,t:"";'":" 
that .rrlling more

,'.ul''J,'"t" ] li:-";: jfl',"''"'*t'' * t o cot tsi s t'l'

l::,lf : horizonra, il #;i,;* ff4*f :,i :{lix#,'1Ti:
i::i:J:;,:' ;l* LTfilffih':, 1:;Tilixl+fi,1igenerated-Fig. 6l (6).

F r a . 6 ! .

t10
z'--;-'r

l l  \ r" l.t- ),'l .
r \  / l\-i="

( a \

:ggiitiiif j:"ilji,i-1,!l)'o'.'i:,":T,1"#nn*1,,.n#n,l:",fJ{
270', wilt be g6neratingthe nu-rirnlm-b.p."'

ry. 
".1' 

l:.1;l ?;,:'",:"'+ ?;,*#;,';ff :l::j" o' th e v er r i car ri ne
:i:J;.JlyB';tr,';.df #";;;;:;;:,*;'il1iilJiff t,|utl,',,";

lr :r similar manner *9 o]oy continue the curve so as to;:i'.:l:ill,li'.:"$,?1,:llj'^;;.3i,,jtrg,...9***::l#.d1n:
p"ir 't t ' 'r ' i i .ection of the D.p.'g;r.""t.a1":,i.. rectangle 'vi, lrer,-r 'er..t, l , ; irr, l rr similar curve X A"tri-t i i  ff";it:,'l:;,irr;'"ti:ilt;l;";**:fi ',:i*;;;'"#{#*,try:
u'.rrrerrr irr  r lr t  orrt . i r l .  c,, i 'cuit  constr lut,  ur l*pf, , i rr", i ;" ; , ; ;  ; tr :
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and rve may corlscqucntly repre"crt tbe I). ' I '  tLat rvt 'ul t l

g."u,ri.J ry a tiogl" rectinglc by the curvc shown in !-ig' 62'

Frc. ti2.

be

J{ow let us ailcl a seconil lectanglc, in rr. plane at riqht angles

to til""nttt, and in consequ"t'ce gc"6rating its gleatest D'F' 'when

the latter is genclating none'"""fl i ; 
wilT give us"a secontl eurve,T' M-N O Il '-{ i{ '63, antl

th";;; rcctatrtles being joinerl in series, thc totrl D'Il' crcatetl

* " i i t " tn  " .pr"" . i t "d,  nt  inJ in . ta, , t ,  by thr  sr r r r  o t ' t l rc i .  l ) . l ' . 's ." " f : f , i r l l  
, l ,o*o i i r  the i igr r r .c  by t l i , ' , luuble ( 'urve r l rnvn u$ove

tfr" itlr." l*o; in.r,r,hic1 ric fin,l ih:Lt i,stettl of trvc gr-eatests antl

iil-i" -*-r,trle fuu" greatc-st-s, and thc lelsts never drop below

Ih" or.nt"."t D.I'. rnade by one rectangle'

90* l8o

M  
r w o  R E C T A N G L E S

Adcling on more rectangles, we get.the summits of the curve

i""to*ing-io number .od" *ot" n-early approaching a straight

line. untii at last, with r large numher of- rectangles, we get a

E.catly incrcased D.P., wbich practical ly remrins constant

ibt ousltoot thc revolut ion.

Armatures.-Ilitherto we have only consiclerecl t'hc effect of

e.n"roi ing currents in a large number-of rcctangles revolved in a

iragrret ic f ield; and i t  is necessrry belore proceedrng cny lurtner

lo'-?-*pfuin how in practice these rectangles are built up into

,r*uti,tut. rvhich is'the name qiven to the part of the dynamo

which revolves and generates current.- ' fn" 
magnctic circuit  of a dynnmo.shoulcl .  be as -good as

porribla, ao is to obtain tr maximuin number of lines of force, or,

i;-;th;l rvortls, a iargc fluxo between the poles of the field

Frc. 63.
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magnets. Consequently the--core on which the rectanslcs are
wound must have only a smali magnetie reluctance, it is tf,erefore
made of iron.

famination o1f Annature Cores.-Norv we kno.lv that any
conductor moving in- a maguetic Iield rvill have a D.p. producef.
it i!. Hence, in the drum of iron itself a D.p. is prod.uced,
tending to cause currents to flow in a similar direction tb ttrat ln
the rectangles. To minimise these edcly c2rl,rents, as they are
termed, the cores of armatureg arc lainina,ted, tiat is di'viaed
into section-s, or thin discs, insulated from eaci other; so thai
r-esistance, due to the discontinuity of the iron is introduced into
the path of the current, tending to retluce its strength; but at the
eame time the metal is continuous in the directioo 6f thu magnetic
lines-of force, and so no extr.a magnetic reluctance i, oppor-J lo
the flux.

Fig. (i4 represents the magnetic tield in the case of the iron
core ot an &l'mature.

Fre. 65.

Eddy Cune.i.i7s.-fa Fig. 6b the cddy currents can be easily
traced, and it will lre see'th;t by sub-dividing the iron into discJ.
ag shown l,y trre dotted l ines, 

-resistnnccs 
*i l l  he irrserted. the

Frc.64.
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aruo\Ts showing the induced culrents. A certain D.I'. is made,
causinE these currents to flow. The more resistance rrc insert
the les"s current we shall get, and therefore the less lreating tbele
'lvill be. \Vere it not Ibr laminating a dlum in a large machine,
tbese edch' currents would generate sufficient heat to spoil the
rnachine a?ter five minutes runninpl. It rvilt be tlasiiy seen that
the gerreration of a small D.P. will cause a very large current-to
florv," since. if the metal be continuous, the resistance of the
circuit is very small. These eddy currents do no useful 'work ;
by heating the core they increase the magnetic reluctance; in so
diring the! also heat tire copper conductors, increase their electrie
resiitance, and dama,ge the insulation; hence every care is taken
to eliminate them as much as possible. Even in the copper
winding-s, large spurious currents,are generrtted due to the sides
of the wires being at a cliffcrence of potential.

Stranded Armature Bars.-To eliminate these, armature bars
are strandetl or built up of sepatate eopper strips, and at times a

complete turn taken in the conductor, so as to neutralise the D.P'
between the bottom and the toP.

Since eddy curents in the cole can never L'e entirely done
away rvith, a i'ertain omount of heating rvill always be caused.
To ieduce this the druur rnust be carefully ventilaied. Some
makers ventilate thdir drums by hnving the centre hole of each
di.qcs considerably larger than ihe spindle of the armature, and

having a sleeve 
-rvith 

three webs fftting over the spindle; the

discs ile then driven on over the webs, the channels between the
webs forming ventilating passages for the air. Such a sleeve is

calleil a " spider."

Ventilation of Arnmkre.-Agair, insteacl of all the discs
touching each otlier, spaces are left at intervals to allorv the air to

circuiate radially tlrrough the armature. In some armatures bent
vanes are placed at thc entrance of the sleeve so tbat the motion

of the ari.ratule forces air througb the sleeve and the radial

spaces. It should be remembercd that t;he alrnatule oi a large

d-ynamo may be geuerating over 100 I:IP of electrical energv, ald
therefore tliat all conneciion betrveen the dmm antl -spindle must

be thoroughly strong and mechanically well designed.; so that
rvhen l dvnariro is stripped for repair it is well to examine these
m""hanicil fittings, of 

^whatever-kind 
they may be, and see that

there is no play bitween the cores and the spindle ?Ird that every
palt is in 

-good 
condition and not strained. 'Ihe insulation

Letweeu thJ discs need not be very good; varnish or paper is

usuallv cmploled by the manufaeturers.
'I'Iie coie, ivhen- mounted' .should be pelfectlv bainnced about

the spindle, so that it u'ili run evenly and true' It shoulcl then

be thbloughh' inuulrrted before any conductot's are laid on. 'Ihe

manner iir"Lich this is done l'ill be subseLluently descrlbed; Ibr

the Dresenr rre have to deal rvirh the theoty of the windings only.
lach section of the rvinding ioluts a complete turn rounil the

core. If a core be so rvottnd rvith rvile it 'will be easily seen that

the 'lvires must all cross one artotller' at each end as they pass the
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spi'dle, so that u,ire after,,,.rirc rvill 
.lay 

on top of.one anotlre. tillt r  large bunch is {brmerl.  This nret};orl". ,ro' ," iopr.a in the earl ieldvnamos, but l,as natrunlly found ,nosi'oij.cfionat,le, since norenti lat ion eorr lr l  l ,e olrt ;r i 'ei ,  u,,C on;: ui i  o. 'n oi"trr," !"; ; ; ;  ; ;the ends rvas cer.tain to bring "f"ri .{n.rt-"i.Jolring; also, if :r,nyshorrcircuiting did occur in"the u"a*o.utfr'i"""i if." #A"f" "rfthe- rurns above had to be taken "f "rJ """f,ireplacerl .*ni iliilr"ou* .,'ir.. rt rvi, ,;;;"i"tt oil:tfiitjt.u:;
t^hat any device .which aoes uway *irf, iilir"l-ssing of rhe wiresrs a great advance in the rvinding of such ur._ato"e, making itmuch more durable. and, ar_rhe .1il" ;;;;rlier to repai".These considerarions'lea to, tt e ,oi"a]G;;f ,"r;;;;. U"irrgdivided into t'r,o rtisrinct puJr, ri;";i;, )'iE" ior.r, or conductors,ihat run along the rlrnrr
the bars ar rh6 ends "t ,ilJtlir."..t"nt11y, 

tlt'e end connections joining

End,C2ySections, Drum, Atwnlzzles._These entl connectionsvary wit,h differeut makers. :_ ..

"" -TS; 9.u^ t:fi,r Siemens connec-titp; w\ich rnayas a f,ar prece of sheet copper slit lonprifidigdlly fro"rn[-ed at c and D. Fis. 6i ,no*.'ir,ii: Ji;jffi*t:"_
wlren connecteC up. lt wiil be seen that tlre endi of'- ',,.,...s

. - i  : s

be deseribcil
A to B, and

it rvould be
these strips

Fre. 66.

g-o-.practically to the opposite points of the diameter of the arma-tul'e, A number of these built up forrn the rvhole of the endconnection, and ioin the bars across the front and back of thearrn.ttur,e. It will be seen that such a conrrectio' i* ",rpottu-ofblirg pelfectly insulated, goua i".oi"ii"g ;"t""irf being inserteclrvberever the srrips are cl6se.together ; iesid"s *hi;;;?";ili;l;
l,*_toq^.upo""rel.v insulatcd witb tipe or silk, it " "tuocJ, uf J;;_:errcurrrng ftrc enormously leduced._ Also, should;"t J"-f;occur here, the whole en,i -uy u" tut "rr-od ipairecl ;;i p"t;;agrin. The whole of these pie-ces are "fr*fla't"g.ther by meansof a sleeve sclewed into two-$_ea ""i, *iri"f, n"t io tte,$Tcuiin .t|e -qtrips; the nuts ur", ol-.o*.o,;-;;f;iiy insulateil on thein:i, lc. ' l 'be 

sleeve then slifes ", "r.* tn" .f i"afu.
Lonr/ unrl Short Bars.-The fact that the trvo legs of thestrips lie at diffe.ent distances f"or' the- core ncces,*itates thesr;rpl6_r'nl€'11r of trvo tlifferent lengths oi-fr".r]"nlf"a "".p".tlr"l-frlte lonrl aud the, shtrt bar; soihat, as ,ir#n ;o trig.67, each

1 ri:
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complete turn round the core consists of a long and short bar ancl
two end strips.

The reclangles are connected together asfollows :-Starting
with the long 

-bar 
A, whose encl is connected to a commutator

strip, we pass"along the long bar to an end connecting strip at the

far lnct o? the arfrature, by this stlip to a top short bar, along

this to the enil connecting" strip at the commutator end of the

armature, antl by this coniectini strip to the nert long bar. -So
that each complete turn is joined in ielies to the next complete

Fro.67.

COMMOTATOB
STRIP

TO NEXT
STRIP

A

turn by the enil connecting stlips at the comntutator erd of the

armature running to the next long bar'

Drit:ing Eorns._�When an armature is revolving in a.magnetic

field antt {enerating current, the effect of-this current' by Lenz's

Law, will be to opp"ose the motion that produces it' Consequentiy,

if thl current is iaige, there will be consiclerable resistance to the

revolution of the coniluctors.
Supposing. nowr an at'mature completely wound with turns as

descri6ed, th"e whole of' the pull of 
-the 

magnets- being--on the

concluctors carrying the current, these rvill.have to be:iSitlly fixed

to the core, otherwise jt would relolve insitle them' This is done

in the okler t1'pes of dyn:rmos bv rrteans of- driai.ng horns (con'

sistinE usuallyot' boxwood rve,lgei;, driven down into slots cut in

the pEriphery of the core. The bars rvhieh bear against the driving

horn^s are usirally stouter thau the areragc contlucti'g bar, an4 are

called. &'ioing bort; these bars and horns take the strain of the

pull of the magnets.



105

, Slotted Armatures,-In all modern machines anoilrer tlcvice
l::_.0:,." 

adol,tetl; ,r.." ru*ir"t.J;i;;;,;;;;, when builr up,lolnr the core of fhe armature, are sramf'p{ ooi,if rf,.uii""".,f"ijbeing cut at tlre same,time a_rountl tlii,. ci".n*fn;;;;;;#;;thern the apr)earance ofa tootheJ *nl.i, '" i i ' tn these slots rhe
:i]_:"1. 

Iaid.nfre-r' being insutarert. fnir,lrJfria has the additional
::l:":?fl. 

"f'-reducing-the air spoce fr"t*.""iU. Crum and the
Irii"url.,"""r, 

rnereby decreasing the reluctance in the magnetic

PACKING PIECE,
'1

ARMATURI 8AR.

PART OF @RE PIATE.

.^,!!rr]:od 
of Blnding Drum Armatures._To plevent ihe barst)emg spTlltg out towards the feld magnets, binding trana* l"cput on. These bands have to be ve.r.y,tring, grippi"g-tf ru wf"afr,r{closely, arrd yet be as thin as possitrle. Silc? oo hp joint woultl

L: 
tlj" aud itrong enough, "n,i ,oooia 

'*t 
ifrl'."ru-. rime bind thewruurngs crosety enorrgh to be of user_such a band is usually madeby Iirst insulatins the space or,er ruhicl, it is going witt finenstl ips and then pieces of'^thin -i"*, ,"a'"f iu"*u.a, bindinE turnsof phosphol bronze rvire closely',"g"ti,;';lin 

-"-;;;E;;j;

strain, and sweating the whole togetl;.
"uormerly a band of_thin German silver rvas placed rrnder the

Iit" 
bd:.r.,ierving on, but it f,u, l,"eo-iir""a'iU"t the wire can be

rjmu on ugnter and Sust as efficiently without this. At intervals,however, pieces of German silver or copper are placed ona"r,lnJwrre and their ends turned over and .*."'tod, u.plUunl ;;;; ;il;wire begi's and ends. The bantrs or" tn.ololted wirh varnish.

Mylt_ipolar Dynamos.-Hitherto we have only consiclered thecase of dynamos in which rhe msgnetis nuia-i, produced by two
llllg:::*,poles opposire one anither. Ail *bd"ro _u.iriour.nulvc\-er, have more than two_poles, arranged at equal alistanleJro'ntl the circumference of thc arruat""g-rd;i;.""i-;;;.;;
It l tvt.vs t, l .opposite polarity. 

' '--- " ' -*' �

L.,n:rrter.the ease of a dynamo having four poles as comparedrvitlr rrne lruving onlv trvo, ait,l in whicrr"ttre ."ri "r trt" ffi#,tirrs.e:rrl , ' l  :r,, ir ig r. igirt  ̂r.ori ' ,I the coro,-is ""ly "t suclr rt size rs ton"  ( , r r  Lrr r r  { lua l . te l .  o l ' the c i rcumfelence,  as iu  I r ig .  t j0 .  Th;t t t : tgr tc t ic  f i r l , l  u ' i l l  l )e  as s l lown in the f ign l ,e,  an, l  i t " r r i l l  b" ; ; ;

I're. 68.
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that when a coil is in the position shown, oppositc ouc of the
pole pieces, it is embracilg all the lines of force fronr tL:rt pole
piece. When it has turned through an eighth of a revolution,
and is miilway between trvo pole pieces, it is embracing practicallv
no lines of force; and when it has turned through a quarter of a
revolution, and is opposite the next pole piece. it is embracing

l'rc. 69.

the same number of lines of force as before, but in the opposite
t'lirection. l-oliowing out tbis line of argumeut, l'e shall see that
when the coil has revolvedfrom a positiou cpposite one pole piece
to a position opposite the next pole piece of the same polarity, it
has gone tbrough the same cycle of operations as regards the
productiol of n.M.F. as the coil in the two-pole machine did in
thc course ol' :r rvhole rervolrrtion. So thai, if' the poles are of the
same stlength as thoee in the two-pole machine, we shall only
have to re'".olve the armature' at half the speed in order to get
exactlv the sanre lcsult.

Tfiere is arotber arllantaEe rvtrich this form of machine has
over the tlyo-pole nachine, how'ei-er. Since the armature coils
do not gc, r'ight rouutl the core, it is uunccessary to make tbe end
connections separrte froxu tlie bars. Thr coils can be formed in
the shape that n'ill fit the core, and put into place whole, the only
connections requiring to be rnatle being those to the commukr,tor.
This simplifies the operations of manufacture and repair very

%
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-considernbly. The ccnnections of the coilg will be consirleled inthe chapter on arulature rvindinqs.
ll.ing Annatz.rr:s.-There_is- another Iolrn of armature that isused in small machines, namely, tfr",:"iog i'r"rrluro"a. ,l,he 

coleis a ring of iron, laminated, oit lo"".",'ri"rr"-'ru ",.,r"*, and eachcoil  is wouud lould the.r inc; s;; ; ; ; . l ' inu ootr iae and backthrough Jhe inside. brnce the magnetic flux fi.om the fieltlmagnets is nearly all concentratea l" tfi iro" of'th" ,.ing, ,. .lr"#rrin Fig. 70, antl ihere is.f"1""9ly."y fl;-;.ide rhe ring, ri litrleconsideratiorr rvit srrow that th6 *irot ni:]".h a co'is exacrrvthe sa,rne ',s that of the coil "o"ria"i-,iio ;;"";;;;r;;;.. 
"^'"",

tr'rc. 70.

,, _ 
'f he coils on .:r, r.ing armal,ure are all connected in series, as arethose.on the ordinary or .( drum, u"*otr*r'.rd so form a closed

j,"llTg]l,""rnd the"ring, u, .t o*,,-io iigl'ii, "u"1, turn on therrng berng connected to a strip on the cirnmutaror. It wiil be
l::11]-t 

the cur_r.eyrt in one hali.of th" ur-uio"e is ilowing in onedrrectron thro.sL this coil while the "o""*t i' tfro otnJfrofilJtlowing in the opposite dir.ection, ;h;J;;;rrents meeting anilcombining at the Lrushes.'Ihe 
case of a drurn armatqre is, in essentials, exactly thesame, but the part of each turn wnicb, in-; "iil armature, is insidetLe. ring, in a-drum ormature is taken lighi outside the drums:rrrd comes back on the otherside, 

"C"*"i*rfy, 
all the turns ona drum armoture_cros o". uooit!r;;;l;;;"of tl,e core, ao.l icrs irlnrost iurpossible to dra.lv.? diag""*"fif."'f,ig. TL for a r,lrumrrrruittur.e rvhich shall be ilteiligibie. Since, nowever, tbe drum:rt ruarule is jrrst rhe .u**, o*"*i t  for the po'. i t io" of,  the r.eturnbe l f  o f  e ; i lh  r1 r , r  o f  th (

-ru,rr. ing ( lr .rJrrr i r .rrrrrru.".  Ll l"" l t"* ' this 
diagram wil l  l ;e oi u." l"
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Coltlrur.Erons.

We will_rrow ploceed to examine more closely that part of the
armatlrre where the current is commutated and collected :-'Ihe function of the commutator has been explained to be
twofold, viz. :-Firstly, to r:ollect the current gen'erated in the
armature a-nd pass it to the brushes, and, secondly, so to com_
mutate its alirection that tire current always flows one way in the
external circuit.

'Ihe 
commutator in fact simply taps each section of ttre

armature winding, and being of bare metal, forms at the .qame
time a rubbing contact from rvhich to collect the current. pasgins
on to the points _ro be considered in tbe mctnufacture of 

'a

commutator, it is clear that they are :-
(1) Strength to l.itlistancl thc celt-r'ifugal stlesses resulting

from thc r.apid rcr-oiution of thc aimature.
(2) Insulation of each strip fron the r-rext,:rnd from all othcr

metal, exccpt its crvn armature coils.
'I'he first condition is fulfilled by unclercutting the encls oi

-each strip a^nd clamping all the sepaiate strips inio a solid rnass
by mearls of collars fitting the undercuts, attl screw nuts.

The second conclition lecessit:rtes tlte ilsertion of insulation
between the strips, - bctween the collars and the strips, and
bctween the strip and i,he spindle, so thaf each strip is coate.l l,v
an insulator on each face and end, except the upper iide on lvl,icil
the brush _rubs,_and lhe whole structuie of stiips and insuiation
are pressed lirrnly together by the collars and nuts.

Oommutatols differ in clesign ancl metliod of insulation, but
the same principles underlie the whole.

It will be sufficient for our purpose if .rve desclibe a typical
form of commutator, which rvill give us the oppoltunity of
pointing out the chief electrical considerations. Differences in
mecbanical detaiis can easily be seen on taking any particular
type t-o pieces, and for gul purpose (that of repaiiand-n6t design)
such difiererrces are of Iittle imporrance.

The insulation most comminly used. in commutators between
the strips is_ micaniter-since it rvill stand considerable compression,
is easily split into thin sheets, and is non-absorbent. I? is verv
essential that insulation for.this purpo,-se shail be non-absorbeni,
since, if it absorbs oil, sparking at brushes is apt to carbonise the
oil and establish leaks betwcen the strips. The insulation here
has also to staud compression, since the firmness of the whole
commutator depends on the degree to which the collars are
comllresseo.

The insulation between the collars antl the strips must there-
forc, as has been already said, be non-absorbent, but it must also
readily lend itself to the peculiar shape of the undercut. Also.
the insulation between the rings and strips, and strips antl sleeve,
Lrrtc to rrithstand the g-r'eatest,D.P. that the dyramo is capable of
prtrducing ; hcnce ar fhese places gc,od jnsu'lation is. especially
t)ece!s.itr.\'. The trest insulation for these end rrngs ls mlcanrte
calc. lul l .v bui l t  up in segments so as to lend i tself  io the pecul iar
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strape of the collar, and to the di{Iercnt layers anr! st'gtrtetrts

cem^ented together, A ring so built up will stand pressure rvith''rtrt

damage, and be, ofcourse, non-absorbent.
Between the sleeve and the strips asbestos fibrct, rnic:r', ol ttir

may be useil. The insulation at this place is viltually protectetl

by'the strips arrd collars, from oil oi moisture, so ihat thero is

verv little "huoc. of failure frorn this causc, but it is alrvays

l,dJisable to put a layer of micalite over all before building up

the commutator.
The ruel,hods of connccting of the rviles ol b:lls to ttre cont-

mutator strips are nunrel'otls ; lugs beins -usually employetl

running up fiom the strip to the b-ar. 
'Ihe cn'ls- ot' thcse lugs are

usuall/either forked, hobked, or belt completely rouncl, so ;rs to

erirr the wire, and rre then well soldered." ^Commutators 
tbat are much undercut do not have the same

length of life as those left rvith fuller metal, since as the metal

weirs, the briclge conducting the current to- tlie lug becomes

smaller, an6, if t5o small to cairy the currcnt. the rnet.l rvill heat.

In some cases the commutator is fixcd or to the spindlc of the

armature bv nuts or keys; in ot lre;. 's th, '  Ir tg- are considered

s,,f t icieot to lrolt t  i t .  Sirr i i l rr ty in suur. t .ascs t l ,e cc, l l r ' .s are k_eyed

to the sleeves to plevent thenr slr:rving when be-ing screwed up,

or duling ltse; si;ce trot only is the insulatiol damaged by any

motion tlo the collals, but the strips themselves are apt to be

slerved out ol line.

Bnusses ,lNo Bnuss Ilor'onns'

Since large currents have often to be collected by tho brushes,

it is essentiai 1,o clistribute the collection of this current evenly

throughout the lvhole f'ace of the blush'

Carbon BrusJt'es.-In all recent dynanios carbon blushes are

ernployed, plat,ecl with coPper to itlct'ense tLt'ir, concluctivity, anil

to iessen ihe resistance rvfierc thel' conn'ct to the brush holder'

Owing to the hish resistatrce of carbott' to aloirl heating, the

area of biush contaci is such as to give an allorvance of 30 to 40

amperes per square inch of contact area.'Carbon 
brushes materially aid the spalkless collection of

current, anil thcy should be- adjusted with a pressure on the

cornnuiator of about 1'5 lbs. per square inch'
'fhe pressurc of the brushes on the comrnutatol should be as

small as^possihle compatible rvith absence of spru'hing' If the

pressure ie too sruall, sullicient of the b.'sh is not in contact

i'ith the com'^rtlitoL, a.rl anv unevenuess of the surface or

jarring mlr. cAuse the itlush tc, ii{'t trud spat)i' .But, o} th-" ot}t:f

iu"a,k tob fi.,rt il, 'r'.ssure be 'rtintaitred hlrttilg by friction lvill

resuli, and the b'u-s5es and commutato.s lvill be-needlessly worn

*rruy. In practice, rvith a smootir commutatol the pressure may

be very slight.
Wilft l8w voltage macbines, snch as alc usecl in the Service,

only the softest Zarbo' brushes are suitable, tho electrical
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resistance of the hardor qualities causing too g.eat a lc,ss of
vcltage.

Li all machines now in the service the brushes .wi[ be rbund
to be duplicated or triplicateil according to the size of r,he
nrachine; that is, either two or three brushei ,rvill be fo,.oa J *n"fi
neutral poirt- 'Ihis admits -of one- being remov.A, ,"ptuce,i o"
readjusted rvithout sropping rhe machine, iut, ict ls ;  - ;r ; ; ; ;ur-
sary arlvant,nge. 'Ihe exact position of the brushes is where there
rs lecst sparking, since spalking damuges the cornruutl lors to au
enolnlous extent. ihis posit ion can bc found lry rt jcking t lre
brusbes forward or backward urtil the posirio'of ier,*r.dkioi
is arrived at, and rhen clamping the hioltlers. Sparkinj .L"iifi
ne.ver be tole^rated, but its causs remedied. as soon as fossiblc.The causes of si:rarking will be discussetl on page 126.

Brush-holderr v:u'y irr  d,. , , , ign, ' fhe 
principle of al l  is, horv.

ever, rne same, vlz.r to 1,1sy14a t\ \ 'u ol rnore instr luted holders for
the brushes. accordin-g to the type of the 'rachine, uoa ut iti"
same trme ttr allotv of two motions, one a rotatv one of the sets of,
br'shes rounrl the commutator, to enable them to be placecl i.
the true neutral axis; and the other a motion rvhereb.,, or.l,
brush..nray b^e 'separately lifterl a'd herd tlea' or tr" .onr-'ut*io..'lhe tirst of' the:e morions -is ailorved for by fixing the l_,rush
holder on a bush on the b.--aring bracket of the armadrre spindle,
and allorving it a certain olay round the bush,

. Bocher and Clanp,-A handle called a rocker, or some
similar affangement, is fitted to the brush-rrolder for thi. po"oo.".
A clampis also provid-ed for clamping the brush_holder ind'pre_
venting its,-position,from- being alteied by tbe vibration of'the
rnachine. The brush-hokler.s proper arc insulated by ehonifu;;
micarite _ rv'rshers, lLnd the bushes are also i'sulated f'om tlrl
rocking {i'ame, so as to pre\.ent leul<age across from b;.h 

-;;

brush, or to tire net',i of the machine. These washers reoui.e
looking to at rimes, and all oil, dirt, &c., should be daily "u*ir""J
f iom them.

The brrrsbes are lifted off the commutator diffelentlv in
diffcrent bolders, but a little insp-ec.tio.n o.f any lrrush_1_rol.l*r'viii
reveal its methocl of rvor.king, ancl it is the fiist point n man in
cbarge of a macbine should nraster, as otherrvise he may nu uo.ii"
misled by imagining. he lras l is b1u5l193 orr properly, when i ir
reality they are only just touchilg or afe e,...n perhi,ps cl"o" oi
the commutator.

Blush leads are flexiblc leads of insulated rvirt: joining up the
br'shes to the proper points of con'ection, which, ils *'ill"be'seeri
later, r'ary in the different types of dynamo.


