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TEXT BOGK ON ELECTRICITY AND
MAGNETISM.

CHAYTER L

Intradoetion — Elsmeniary. Conaiferationa—Prinelp . Effocta— Proliminary
Comsiderntion of Tnits—Condustors and Inaulators,

L. fatroductinn.—To commence with osn inguiry w8 to whot
eloctricity 16 wounld only tend to confuse beginners.  Theories on
the subject are at present speculative only.  Many laws of aetion,
howe.er, of the peculinr ngency tsrmed ' electricity.” hove Leen
experimes‘ally determined, with the result that conditions of life,
civilization, and tommerce-have been largely modified. The navol
Th| m:llt.u.n pervigos hinve ;:rnﬁh.rl to no small exten: h:|. the
facilities afforded by electrien]l seiemce for commy— ation, for
mmmg, for foeilitading night operations, for divecting and gontrol-
img ‘e fire’ of puns, &c. | The working of the varions military
n: |:[||:n{|unu of electricity 8 confined to tho scientifio hmmlhm of

i service, anid tho object, therefore, of this course of instroction
1'.u to enable those who aspire to commissions in those hranches of
the rerviee to beeoms nequainted with thoss luwa of electricity npon
which the working of electrical apparntus depends, nnd to apply
these laws prni:l;in:u.lh i that thev mav hulmequrnﬂ EXpErianas
liitle -|]1EE:I.|I1, jn mostering the detnils of any  electrical o plinnees
ploced in their elarpe.

2. Current electricity.—As nensly all tie practical applieations of
electricit™ me dug to the pltennmnun FIhIhIt-El’l Ly tlm ao=cillod
Hpw of eleetricity through o cireuit, the léws of carrent eleetricity
will be first consdered, sz thelr exposition and practienl applica-
tion will oceupy the grentor part of this course.  The fact that a
flow of electricity in a eireuit iz invarinbly accompanied by arork
done in or near the cirenit renders the sindy of eurrent eloctricity
of first importance from o gractienl point of view., The study of
* glectra-statics,” which deals  mninly with the piovomens
gxhipited by electricity af rest (fe., in a state of *' charge ' dn the
surlues of hodies), Lhnu[,h casontinl for o thorough knowledge of
the salyget, i8 ol sevondary- anportance in proctice, and will be
eonsid bed in an elementary muonmer of the end of the eoarse.

3. Water analogy.—It i often of the rreatest sssistance to
bagriningrs 4 regard the aleetrie current as something in the nptore
wf o fiuid doven through wires, in the same munner as
waber is driven throngh pipes. The flow of waler through o pipa
s impeded by obstacles, such, for instenes, ae the rongh nternal
surface of the pipe, and ifn gnnd. flow " water is to be maintained
o differenes o, pressure or level between v 3 tw ends of the pipe is
essential. Bimilarly, o eurrent of eleotgily is impeded in iia

- T 10
[2257) W 1S0Ea—aa0 wnod 10l M & o o
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paesage ong o conductor by what is fermcd * eloctrical resist-
nnee,” ol eleatrien] pressure or w difference of electrieal lovel is
required ‘o .anintain its strengthl

Tk electrical pressure is technieglly ealled Elegtromotive
Fovee (E.ALF.), nnd the difference of electrical level ‘s termed
i difference of Potentinl (D.P.). ' ]

0. Electrical  generators—Electrieal pressure or FMF. is
genernted by nn instrument termed o current generdier, and may
be worked either by mechanieal or chemica] energy.  The funetion
of o enrrent penerator may therefore be eompnred fo that of n
pump in the witer analogy.

Thus, to generate & stream or enrrent of elestricity energy is
vequired, and i8 in practice sapplied either by the chemienl
dissolution of o metel, ns in a eoll, or by the consumption of o in
n furmnee, as in the sese of o dynamo driven by an engine.

By studying the effects of an electric curvent we are ennbled to
racover the energy, thuos generated, 1o perform work at a distance at
OUT CORVETTETeE, ;

f. Principid Effecte—~When n enrrent of electricity lowe in o
conductor  gertain phenomenn are n'I.u.lH;L'"u'Iﬂl.l, tha thres rincipal
ons boing -—

) Ti dondpetor ig heated (Thermal Efoct) ;

() A muopgoetic needls plueed in this vicinity of tha conduetor
is nffectad (Magnetic Effact) ;

{&y If the eurvent passes through o switable lguid ealled an
plectrolyle, the eleetrolyte is decomposed (Chomical
Effect).

t. Erperiment—Consider the following slementary oxpariment ;—
A simple **voltaie eofl" i3 construeted by immersing two plates,
one of zine and the other of copper, in a vessel containing dilute

Fio, 1,

FikRE BT WAL
anour f pome

¥ pERAE Cu

V] YOLTAIC
CELL

sulphurie aeid. Two bare copper wires, each nbout 1 yard long are
eonnected, in the manner sl wwn in Fig. 1, to the Zn and Co plates
veapeetively, The pther snds are joined to a shortlength of fine
platinum wive.
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T. Healing effect,—11 is obsorved that the platinmn wies | eeonies
hoated to o red heat. This is one evidence (to use the convontional
phrase) that o * current of electricity is flowing in the cirenti)”

Datash she eopper wire from eitﬂar plate of the eall; 'uml;lffhtl‘y
all sign of current disappesrs.  This indicates that if the metndis
Foirendt " b interropled by oo oair-gap no Qow of eleciricity tokes
place.

If"instead of the platinum wire o fine enrbon tilament in vacuo i6
used, the filament baeomes heated to n very high temperaturs,
though it ean bo shewn that the eurrant sirength is less than that
through the platinum wire in the previous experiment.

In both these experimeats it will be noticed that the riss in
temrsarnture of the copper wire has bean barely perceptible.

This risa in tempersture of the platinom and esrbon wires
indiontes u dissipition of energy into hent, and is due to ap inerease
of obetruefion to Lhe passage in thet portion of the circwit.

Copper is found to offor leas obatroction to an electric corrent
tha. ruy other motal with the exception of silver, and is for this
reasor naunost universelly smployed as the eondueting mediom for
aleetrien]l currents.

Fio, 1.
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B, Magnetic q;iu':-.'{'h—FiE.'.! represents the same el.cadt aa Fip, 1.
Toke an ovdinary magnetic compess.  'lage the neadle immsdistely
under any portion of the copper wire in such u manner that"when
ey is up {i.e. no current flowing the wire is parallel @ the needle.
O depregsing the key two effects nre simultansously obsorved : the
platiniin wire becomes ineandescent, and the magnétic nesdle
becomes deflected as indiested in the diagram. The smount of
the deflection will be the same ot whatever parl of the circuit the
moodle is similarly spplied. (Also see para. 12.)

If the wire is bant so a9 to teke o complete turn ronnd the needle
me in Fig. 8) it will be found that the deflection will be incronsad,
and Fig. 4 shews how the magnetic offeet can be still forthar
umwtg& by causing the wire to make ‘sveral turns round the
n .




Further, if the wire is wonod inte a eloss holix, ealled o solonoid,
gud m bar of soft irem is ineevted into it, the mammetic effect ia
found to be grently inerensed. The bar of iron will alsy be fownd
to have become s powerful magnet as long as the curvont Hows,
while if the current censes ils mamgnetic proporiies diulil:qfaal'. Such
a pieee of iron, with the eol wound round i1, 152 ealled nn elecira-
IRadint. b

9. The Inws of this maguetic selion sre of Sreat imporiance and
will be digeussed in o later clapter, but it is hare netesenry ko
notice that the eurrent has o maguetic eneet by which its existonce
ean be ascertained and ite strength messured withont in any way
interfering with its flow,

An instrument which ind’eqtes and measires the current Ly its
mngnetic pffzs ie known 08 o Galvanoweter, \ ;

10, Chemical effect.—In nlace of the platinam wire shown in
Figa. 1 and 2 let an instroment, tormed * @ eeltaviefer,” ba now
gubstitnted, * One form of simpls, voliwmeter eonsists of two
platinum plates immersed & short dictance apari in  dilote
gulphuric acid (Fig. 5.

n depressing the key an action is observed to take place in the
voltameter. Bubblea of gas are given off al both plat.own: plates.
The gas given oflf at A, if eollected, wonld be found to consist of
pura hyvidrogen, that ot B of pure oxveon, Simoaltaoeonsly the
compasg poedle wonld be afferted in o similir manner as in
pravious experimont, showing that the eurrent is still flowing -
through this cirouit, altc sed by the substitution of an aexd enlution
for o platinum wire. Au_apdditionnl effect of current is here



manifested, wviz.,, chemienl desomposition. This chamira  effect
ean be shown in moany other forms of voltameter; for exawaple, if
twa coppar plates dipped into solution of copper sulphow w, sub-
atituted for the '"H 50, " vallamoter in Fig. 5, the CuB80, will- be
desomposed, the Ieﬂ-humlil:lum recaiving o deposit of pure Cu,
while the right-hand plate (Fig. 8) loses copper to an eqoal extont.

Fig. G
VOLTAMETER
S |are ] -~
A H B
DELEIT A

CROFE|S eXEs

This process of electrieal decomposition is termad electrolpsis, the
substances decompored being e¢alled oleetvalptes.  The plates where
the current enters and lesves the electrolyte are termed
electrodes,  OF these the electrode by which the corrent enters is
callod the aiwede, and that by which it leaves is called the Latfode.

11, (werrent divection, coceoition.—g will ha observed from the
chemical and’ magnedic offects that current appesce o have
direetion. For if in Fig. 8 tobes be arranged over the platinom
plates so is 1o eollect the gnses evolved (see Fig. 6), it will be found
thist with the eirenit arranged ag in Fig. 5, hydrogen will be
collected over Plate A and oxypen over Plate B, and o esmpnss
needle plaved under the wire will give a Jeflection in the direction
there shown. If, however, Lhe voltaic cell be eounaeted to the
girewit in the reverse direction—as in Vig. G—the hydrogen will
appear at platingm plate B, and the oxyeen ot Plate A: while the
compass needle 15 deflected to an equal extent in toe direction
opposite 1o that shown i, Fig, 5. Similar veversals of effect wonld
e obsarved in o CoB0,, AsN0,, volinmeter (pren. 100 upon revers-
ing thi connection of the voltaie eall.

Coneentionally it i8 decided thet the direction of o corrent shall
be through the liquid in o H,80, voltameter towards that plate
af which hydrogen is given off, or shortly. “the current tows
through the liguid with the hydrogen.”

Or, with o voltumater employing metallie ealts (CuB80,, AgNQ. ),
tha dircetion of current is that in which the ma'al sppears to fravel
through the voltameter.
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12, Lapitie’s vule—The divection of the deflection of o compass
needle (observed in provions oxperiments) serves also to give the
direetion of eurvenl in aceordanes with above coovend.n by
eiiploying the following ruls, eslled " Ampsre's e *Imogine
yourself swimming slong the conductor and facing the needle
placed close to it iF the N-seeking end of the needlo is deflocted
towards your left hand, vou pre swimmiong with the eurrent; if to
your right band, you are swinming against it."

Of the thres affects of current, the shemical (slectrolytic) effeat
is the rns best suited for conveying an elementary idon of crrreent
atrength and eléctrical guantity.

Farnday shiowed that e rate ¢t which chemieal action goes on
i & voltametar, i3 ﬂirectiq.' proportional B the rafe at which slog-
tricity is flowing throngh it, i.e., to the cwrent strength: also that
the total amount of chemienl sztion that has tnken place in o
volfamnetor, under the aetion of the eurrant, 18 divectly proportionsl
to the guantity of electricity thai has passed.

If o enrrent be pnsead for n messured time in the proper
direetion thyongh n “silver’ voltamotes, the result will be a definite

pantity 'of silver deposived on the platinum bowl, the amount of
the deposit being wscertnined I:_F weighing the platinum bowl care-
fully before.and after the cxperimont.

The weight of deposited silver is 4 direct mensure of thu guantify
of electricity thal has passed. Also if Ehis weight b div-ded by
the time {seconds), the reanlt gives the wean rate of chemical netion,
which is n measure of the mean rate of fow of electricity- -or the
mean eurrant strength, I the current ba an unvarying one, the
mesn rats of flow is the enrrent strength at noy inatant.

18. The ampive.  Definition.—We may now proceed to define the
practical wwits of electrical current and gquantity.

Pefinition :—The strength of a eurrent is proportisnal to the
raTE af which ehenecal Jecomposition 6 produced ; and an uncarying
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fuprend which, when phseed reowgh o solution of silver vif ale in
watet, deposits silcer at the rate of 0001118 gramme per second is
tukon as the practical unit of current, and is termed one aoige. e

Lb, The condoml.  Defisition.—It will be olwions from the fore-
going that the quantity of electricity that pnsses in a eircait na
given time, when an unvarying curvent is fowing is equal to the
eurrent strongth maltiplied by the time it flows, or in symbols.

0= Xi§

Thetuition :—Lnit grantity, e thereporg defined ag e quantity of
efectrieity given by an arrvavging euarrenl of ong @mpere i1 ore decond
pr et quendity which deposite 0001118 sifver in o ailever aifrate
redfineler,

Thoaanme Y Cealomb '™ has besn piven to this unit.  The fotal
weight of deposited silver is o measore of the fotal guantity of
elcefricity that Las passed; snd from definition we obtain the
following relutions:— 1 1

_ weight Ag deposited {(grimmes)
) (eonlomla) TECIRT] .
prammes Ag
0031118 X ¢ {sueconds)

The weight of melal llE1:-us|it-Ed will be different for different
metallic salts; thos from & Cusd)y, solution there will Le deposited
by & corvent of ooe nmpers rOB0427 prommea Cu per sseond.

Thus the “ecoulomb™ may e comparad to the " gallon™—Ten
"sallons per second is & definite current of water, in the same wLy
ten conlomlis per second is o definite current of electriciby, ond
would be spoken of as o eurvent of fon nmpéres.

15, Abawlute nnits.—For seientifie purposes, the units of quantity
and current are ten Limes larger than the eoulomb and nmpire,
afd nre known as * Absolute ' unita,

16. Another point to be poted, i thit in & eivenit, sach as shown
in Fig. 1, the carvent strength at any inetant i5 with o steady current
e ganed wf ecery point of the eircant.  This iz evident from the faot
that the LOMI|KLES nevdle showa the snme defleclion at whoadever
pact of the eirenic it is applied, provided it is similarly applied to
each part.  Also the effeet on the platinum wire or voltameter will
b the satue at whatever part of the cireuit placed, the tetal longth
of I:U]E:EMI' wire remaining the samea.

It follows that if at ey pact of a eivendl, » piece of the conductor
is replaced by n wire of less * conductivite,” the eurreat strangth is
radueed crergudiere in the eireuit,

17, Cunditioes o produce gurrent- —The experiments described
above illnatrte the conditions that west ba felfilled to produce an
alectrie eurrant. Thesa are:—

fa} A possible panih must be provided, along which electrizity
will flow.

(1) There must Le applied to the cireuit something analogons
to a ‘' pressure,”’ termed an ‘' Electromotive force,’ or
ghortly, an “ .M. F."

18. Thus in the cirenits shown in Figs. 1, 3, 8, every part of the
circuits musl form a path for the current, while apecial

alan L {nmpéres) =

* Thae tor * piapére * is synopymans with ** Coulsmb per seooml.'
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funetic a.of the voltaie cell is to provide the pressure or EOALE.
thot forees electricity round the eircuit. I is elear that the cell
muet duow current to pass through it, and it must also mainiain
the earrent in the eirenit as long as desived, by remewing the
pressure ag fast s it is deastroped in delivering up ils energy to
the eirenit.

The source of the soergy that shows iteelf in the cirenit, lies in
tha chemica! potentinl energy of the cell and chemisal action pooc
ou in the cell all the time the current fows.

14, .-ljirl-fﬂyy o conditions o pr'urIrJf': _,I'!rm: of water 10 F['Pr__a—‘ﬁ’g.
cin eompara, 6s proviously montioned, eleetric current to water-flow
in pipes. In this case the pipes are annlogons to *he conducting
wires; tha voltaie cell fo the pomp which forees wotor throwgi the

Fis. 7.
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cirowit; amd tho key oo stop valve. Fig. 7 I:'ulpra:iuts the analogy.
Suppose the water circuit m a horizontal plane, and every pard
filled with water, The * fovee pump" represented, ia 3 serew fitling
petfectly tight in o eylinder, and operated by power applied to an
exteronl bhandle. FEven with th- wnlva n]pmmd no How ean talo
plaee throngh the cireuit, although a possible path exista,  On the
handle being torued, however, pressure is applied Lo the water at
the surface of the screw, and water pusses through the pipes. The
friction of tha water fownygy In the nipes may ewuse some smoll
wmount of beat to bo developed, the omount of host for egual
lengths being groater with the small pipo than the large. The
work so dona by the water-flow i8 derived from the ensvgy applicd
to the serew-landle. Suppose the valve elosed, no wamsr-flows,
althongh the pressure on the handle tending to turn the ser-w may
be muintnined. The stndent should trace this analogy closely with
an eloetrie eiveuit,

20. We ghall, for the present, lenve the subjeet of the EM.F. or
pressure, and confine surselves to the detailed consideration of the
first eondition for producing eurrent, viz. :—What constitutes tha
poasible path,

Conductors and onsulators.—It has been alrendy observed thak
aome snbatanced offer less fecility then others to the flow of
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dectricity ; while some appear to offer practically no facility & all.
All substanees, in fact, ean bo separated into fwo clusses, viz.:—

(@) “ Condnctors,” i.e., those substunces which permit tue How
of cleetrieity through them more or less veadily ;

i = Ingulatore™ or * won-conductors,” ie., substances thab
re.ist to n very great degree, the passage of electrioity
throrngh toom,

21, Resistance. =The eabstances classed as conductors, differ
greatly among themselves in their eondueting power. There is no
perfect conduetor, i.c., every substance offers some ™ resistance "' o
the passage of eleetricity through it.

All metels ad their alloys are conduetors, so also is earbon.
These do not, generally speaking, sufler any permanedt chemical
or phr_rsi-'nl change, by reason of the passage of the enrront,

# Flectrolgtes " torm o particular elass of sonduetors.  Thas
puffer chemical decomposition when o cnrrent of clectricity passes
through them. The eleetrolytes comprise metallic salts in solu-
tion, dilit .ids, &e. Thir eloss of conduetor is smployed with
voltpmetors and any voltnie cell.

28, Table o eonductors.—The followiug table gives o list of
eonducting miterials frequently used in eleetrienl apparatus el
inst=wnents.  For convenience cerfnin electrical constorts of these
amaterials are here tabulated, the mesning and application of which
will follow:—

Panee |!_|" gostper (e arokian ﬂ-fﬂ:fl"ﬁ-ﬂh, feeth Hieir ﬂj‘l:.l.l'-'?\.!'f-HH!!'i.‘. H]‘:II.‘-EI:_.EI-'
Besistanees at Zero Contigrade, and Temperature Coeflicients.

| Appraaiimace |
speeilie psistieer | Approginace
{faliee tor. i pabrrlis FE T A L]
cubig fenfinicioe eocificienl s

ik pero Lentiprude, |

Bilver inoneabsly = 15 | LFRET T
Copper Gunngided) . 11 | = drliiiEs
DPlseinman fmaneahl B -+ ik
Truvay (nnnesileddf LA + Al shout
Maerrgery = e 1 IERITE = DN

[ Carenan Bilver (O TI o 80 Ni 14§ i | b N
Flatinaid (Cievusn Hilveyr + WS A5l oo FIHMIE
Manganin Cu s, Mo 12N 4 42 Neplignhle
Phiapdior Brosze . = i e | i
lnred o ok 4 i 47 Worligibla
Carboa (upeTighty ... = VLU — (i 0h

| Carbon {zhww Inanp) ANHY | = [HANIG

It shonld be observed that in all the olloys the values vary
depending on slight differcnces in the pereentage eoin pound. Those
given may be taken ns good nvernge vl

38, (haice of Materigl.— All the materinls in the sbove table are
amployed as electrical conductors, gelection being made aceonding
to the fequiremenis snd phygical conditions of esch case. Thus
copper wire is used almost universally for eonnecting wires, eables,
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moet | sloctrienl spparatus, aud instromenis; its copductivity is
nearl s equal to that of silver, bot its cost is considerably less.
Whi's the alloys, such as eureia, are only nsed in resistance coils.

24, Laws of Resistonce—The amount of resistanes (B} offered
by the conducting moterials to the pasenge of alau:trieit;r in differant
with every malerial, snd is found to vary with vhe fellowing four
factors :—

(a) LEII[.iEh iy of the conduetor, measured nlong the divection
of the current. .

i) Cross-sectional nrea (4).

(e} Matorinl of conduetor,

{(d} Temperature of conductor.

25, The effect of modernte changes of temperaturs on  the
rogistanes of conduetors is small 3 il wa ahall consider this point
w[\mrﬂta]y in o fater parograph. i

Vith a conductor of uniform eross-gection, experimoent shows
that its resistance is directly proportional to the length (1), and
inversely propovtional lo the cross-sectional area (A) » ~ in —ymbaols,

i
Ra {1).
' By menns of this lew wo ean compare the resistances of
conductore of different dimensions, but of the same material ; or,
if the resistance of any one conductor be known and expressed in
the secepted unit, that of auy other conduetor of the enme meterial
can be calenlnted—always, of courss, ol the same temperature.

26. The manver in whicli the material of o conduclor offects
its resistance ean be made subject to numerical determination, by
introdueing into  the above law o numerical constant of the
maderinl termed its * specific resiptaned.”  Before giving o defini-
tion of this term it Is necessury to deline the unit in  which
electrienl rosistunes is measnred.

Thetinition r.;,r “he ahw,"—The practical writ of vesistnnes e
called *' the ohm " and may be wefined ae follows :(—

" Phe resistanee offered to the passage o0 o steady cwrveat by a
uniferm colinm af pure mevcary, Y068 eentimetres in length, and 1
square willimetre fe crose-geetional drea ol @ fesperativre of sera O,
i# the practical olectrical wnit uf resistanes aid called one ofim.”

Wires of puy masterig]l may be taken of sueh dimensions ns to
bave al o particnlar tewersture s resistance equal to the ohm
(88 sbove Jefined), or w ooy multiple or sub-multiple of it
Resistance-boxes (described in detail in o loter chapler) consist
of u number of such coils of wire having definite values and
arranged comveniently for nse.  Such boxes are in common ngs s
standards of menstrement.

In practice electricians have frequently to desl with very
small resistances on the eue hand, and very largs values on the
other. Bmall registances are frequently expressad in wicrofims
(= tomdons olin) ; lsrge resistances in pegafimas (=1,000,000 ohms.

* This 15 ol li.t-urql]:,' tho Bosed of Trade definition, boi i proctically
privalent go it,

Tt shuald ba woted vhit the Brtish Assacintion ohin {B.4, chm) = -I&66 of the
Bourd of Trado or ** Blandar. ' obi.,
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27, Definition of apecific resistance—We ean now define g ecific
resistance of o matevial ns the resislance cxpressad in the acoepted
aeuif, af a pdece of the material whose Logth 8 anity, and whoz oose-
sectional grea s wnily al sowme specifod fenperofnre,  The centimetre
is adopted as the unit of length ; the square centimetve as amil
ares ; the tempeature EFEG;EH] is zero Centigrade; and the
spetific resistance for condncting materinls is most conveniently
expresced inoanifradies,

The specific resistanee of n materinl is simply the resistanee in
microhims at 0% C. between opposite faces of a cube of the materinl
of 1 centimetre side,

Fii. E,

—n s F_’,.l-r

The term employed at the hesd of eolumn 2 of table, pura. 22,
*microhms per enlie centimetre st 0° C.,” and the meaning of the
figores in this column will now be readily understood. No figures
are wiven concerning ' electrolytes” as the resisianes of these
depends largely upon the composition of the solution.  Pure water
ig 0 bad condoctor ; sen water, mioist earth, amd ordinory fresh
whetar nre fnir conduetore, sen water heing the best of tho three,

28, 1T p repressnts tho ife resistnnee of a material in

mierohme pe. centimetre enbe at 09 C., wo have the following
expression for the resistance of n condvetor of that materinl :—

'
P i
I Al A {2,

The value of B will Lbo given in mirrohms: eara should le
when to expross 1 oand A e centimetre anite when uwsing this
aguntion for numerienl calenlntion.

2. The rvelation *lLetween the vesistence of a  condoctor, ée
fenpth ol eeight () i3 as Tollows ;—

I = L {3}

!
for weight 18 proportionnd to volume, ro, e oo & X Por A = T“ -
putting this value for A in (1) we obtain equation (3),

It has heen found, for exnmple, that o piece of pure copper
wcive, lemgth 1 meire, weight 1 gramome, g o resistanes 1421
ob, sl o ompectare of oo C.

This i ealled Matthieson's standard for eopper wire, mueh
uaad in apecifientions of wira for elestrical purposes. Decent
improvements in the manufacture of copper wire have rendered
it possible to oblain wire of even Deftor quality (s regards
conductivity) than this standerd.

80, Effect of femperatire—When making accurste determina-
fions of ‘resigtance it is nesessary to take tem peraturs into neeount.
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It is fonnd, o8 o genera] role, that substomues in nse as condusioss
ghow & small fnereese in resistancs for rige of tomperature, Carlon
and el olettrolytes are notable excoptions.  Corlain metallie
alloys have aleo besen made thed deeveass in resislance when the
tempernture rises.

Tenperatups coefficient.—While the exaet low -of allerntion is
eomplex, nnd hns definitely determined only foo a few sub-
glances, it is sufficiontly oxoet with ordinory stmocpheric changes
to repacd the  alteration ee divectly proportivnal do the charge of
temperatiore,

We can, then, determine approzimastely the resistance of
particulnr  conductor at any  fEmperature by its ftemiperature
corficient,”  Thig moey be defingd ns “the alteration fn resictonce
tlead o pivee of Hie condnetor achoae resiafance i8 1 ol swfors for
a rige of tempernture o 19 07 The coofficient is posinee when
repiatanee rises with vise of temperature, aml wegative when the
reverse is the cose, as with earbon.

From definition, it follows that approximately

Re =T {1+ K(' =0},
where e s resistance ot higher temperature, ¢ O,

A & o lower W 20,
el K ie fempecntore is coefficient.

Column 8 of table, para. 22, gives the approximate temperaturs
eoufficients for certain eonduvectors.  The alloys there given have
sery small coefiicients, whick render them of apecial value e
congiriedion of electrical standurda.

1. Pyrometers—The chonge of resislance of condoetors by
reason of a change of tewperature forms n means of mensaring
thal tempernture.  Tustrnwents ealled  * pyrometers ™ for  the
megserement of gl tewgeratores faee bees eonstricied on this
priveiple, maud it is in practice the priveiple poaerally ewployed
for determining the temperatore rise in bobbing n:mil eoils used
in electrieal maehinery,

$2. Insulaturs. —Inswlating substances differ greatly from eon-
ductors, both in their mechanios! prope=tice and in their resisianoe.
A larga number of substances are used for insulating purposes.
They may be roughly clussad as follows :—-

() Vitreons—e.g. gleas, poreelain,

() Btcuv—alate, morble, slonewurs, micn, nsbestos.

(¢} Resinous—sholloe, resin, beeswax, bitumen.,

() Elnglic=—indis-robber, gutte-perohn, elonite.

{e) Oigy—eertain mineral, srimal, and vegetable oils, notably
potrelenm oil and selid porafn wax.

(f) Cellulose—dry wood, dry paper, aod certain propurations
of wood and paper, silk, coiton, sl other filres.

To give an instanee of the enormous difference that exists
between the resistanee of condactors wnd inawlators, it may be
mentioned that putto-percha has about 280 3 10% pimes the
resistance of o piece of copper of equnl size.

d8. The follow:ng table gives approsimate values for the specifie
resistances of eertain insulators; only as the values are very large
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fhoy are bost cxpressed in meghoms (1,000,000 ohms) pe centi-
matre el :—

Fpeeifie resislance in R S
Insukatar. mgghowma per exhic d i
continwotre. Contigrado,

Y BiT., i ol proctiendly indiabe. —
o, Hhint - ... L, e b B T 1) 2o g,

o upilinary e = Bl x 1e 2= C.
Puraffin wax .. B4 w10 46= .
Elonie 2R x 10 | E 1Ll R
Vuleanized bdia-ralher e I 107 L
Bhellne ... al ik i T ¥ 1 oHe L
Guitn-perehi ... T b 46 W W | e ol
Miew . Bd % 1M | = 3,
Papor, ovdinary i 2 0o 1A -

cordbonnd o S 11 -

B4. AT oe above meterials and many others are used as insula-
tors, the choice of waterial depending on the purticular conditiong
of ench ease.  For example, wires that have to Le laid under woter
Eibmarine enliles) must hoave continnons, waterproof, and elastic
ingalation of the best quality—gatto-perchs and mdia-rubber are
the materiale invarinbly osed.  On the pilier hand, wirea fized m
dry sitnations, nnd for such simple purposes ns electric honse Lells,
Leareely require more insulation than will serve to keep them from
actual metnllic contael,

Blate nud marble are lurgely used for the boses of switeh boards,
and pnlanr b been found a chesp ond suitalle insulation for lend
eovered cables.

85, Efect of temperature on tailutore.—The elfeet of tomperature
on the resistanes of insolating moterinla is considernbls ; na »
general rule the resistance decrenscs rapidly ns the tempersture
risgs. It is not proctienble to give any definite law, Lut for
pomne mnterinls, e, mdin-rubiber and putte-percha, the variniion
of resistonee has Veen obzerved and tabulated over atmosplerie
range of lompernture. As an example, it may here be stated
that a eertain specimen of indin-rubber has heen found to possess
only one-half the resistanes nt about 249 €. that i has st aboul
pl B

It has Leen obssrved that if suy chemical change commences in
ingulators, their resistance decrenses envrmously,

86, Short cirenit—While conductors are used to provide the path
for the cvrrent, the function of insulators is to confine the eleetricity
to that puth. Thus, in Fig. 1, bare eopper wires would not be
eonvenient, since an accidental eontuct between the two wires (as
A, Fjg,.ﬂ} wonld offer o path for the current to pass at A, of greater
feility than that through the Pt wire. Consequently the latter
would not lLe incsndescent, ns the greater part of the current
will flow aeross the point of contact, and o negligible current only
through the Pt wire, which is here said to ba ' short-eiveniled.”

47, The quelity of the eircuit that affects the current strergih
is its yesiatance. In such a eivenit as Fips. 1 or 2 the current
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Fia. H.

sirength ig inversaly proportional to the total resistancs in the
eircuit.
Ca -
i 2(R)'
whers 2{H) represents the sum of all the resistanees in series in
the cirenit. X
This wesictance is composed of different cloments ; the resistance

of the battery ov cell (Ry) ; the resistance of cnnneﬂ_tiuf__', wires (Rl
and the resistanee of the platinum wire (He) ;s that

8. 4 1) o
Hy + Hy + Rpy

The alteration ol any ore of thesa resistanccs will alter the
Hl-l'l:llgth of the enrrent everywhere in the cirenik.  There may in a
gireuit be some resistance due to imperfect contact af points; this
should Le prevented by teking eave that where wires ave jointed, or
gonnected to instroments, the connestions ara clean and fight.
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Ohin's. Lav—Idess of EAMMF., pul differencs of Potontis]—Bimple
Cirewita,
. L. ReveEnrida to the two conditions necessary to prodoce mn
lectricn] current, we have seen that the quality of the path or
gircnit which affects the strength of the ewrrent is termed its
resigfance, nnd that the strength of the current in o eomplete
Jeivenit ia inverssly proportional ¢o the sum of the resistanee
arrangad * i gerien in the cireuit.

2, Ohm's Low~—The ecurronl strength is also proporiionsl
diggetly to that cuality possessed IrFr “the ecnrrent. genevator,’”
termed ite electromotive foree® (HALY.), snd which is analogoms
o a pressure,

*“(hm's law™ applied to n complete simple civenit, as in Fig. 7,
may o L.pressed

E
O —~m)
where C is the current atvenpth; E the EM.F. of the current
I penerator (.., voltaie cell), and Z(R) the som of all the resistances
it series in the circuit.
8, In practice the units are 8o selected that the above relation

ey be writton i

0% =m.
C baing expressed in ampires, B in ohms. E is expressed in an
o termed the “ ol ; and might be defined from Ohm's law as
* that presawre which, being maintamead botwven the ende of o eirerit
whoge resistance 9 1 okut, peedeces tn thet ciresst o steady current of
1 awmpeire,
'Dﬁ!m'u Enw may be applisd more gemeradly and (subject to o
limetation given Inter) may be stated in this way—
If any two points, say X and Y, be selecied in a ciremit through
which a steady current is Howing, and the LD, betwesn tlmgﬂ- two
points be mensored, and also the resistance of the wire joining

seie 5 Xand X

- LA = P botween points X and ¥,
Then.pay ¥ aiengly Hegistauoe between pointe X ard Y,

The symbol Vi ¢onveniontly expresses P.D. between X and ¥, and

RZ the resistance between the enme two pointe.

So thie law may be written C = %
¥

The form of Ohm's law C = _'T[I%-T is obviously only a partienlar

[T

* Phe term ** forea ™ hore applied 18 not o bappy one, se wo are not
dealing with the motion of matter, However, the torm EM.F has been
definitely established by uwauge,

15084 ]
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4. Ohm's law is of fundamental importanee. It is employed in
practie dly avery application of tho electric eurrent. By its nid,
and with the knowledge of the ceriain numeric-] constants  experi.
mentally ascertained, we are able to wr beforahand the deimils
of an electrieal cireuit Lo produce any desived effeet.  To take one
simple instance, when arranging to eavry ont a demolition with
werviee electrical fuzes and wires, one is nble to caleulate how many
eells of a particular pattern are required to provide sufficient
eurvent to explode the fazes.

6. Without here fully considering the netion of the wvoltsic
cell, it will be sufficiont to say that the EALY. is applied to a
cirenit by such o device, ot the saurface of the elestrolyie in contaet
with the zine— the positive 1:]:1“3: being regarded as simply & eon-
ductor dipping into the lgmd and so forming o path by which the
eurrent can flow to the externnl eircuit.

6. The valuein rolts of the EALF. of the aimple voltaic eell,
referred to in Chapter T, is nesrly unity (107 to 1°1 volts), The
EALF. of o Grove's eall is nearly two volts (1295} Il moust nol be
fﬂl?ut-t{:n that the current, in passing from the gurfaee o2 the zine
to the positive plate, has to overcome n cestain amount of resistanea.

The resistanes to the current theowgh tho DLattery from one
ferminas to the obhior is colled thie " Gernal resistanes ' while the
resistence offered from ooe terminal of the Boattery (o ihe other
through the anteide civendt is oalled the crtereal resisfance,

A' enreful distinction should be drawn by the student between
“ tho potential difference (1.1)) at the terminals of the cell and the
EALF, of the cell, a voltmeter connected to the lerminals of o el
meigures the P.I. st its termivels and this value is net necessarily
oqual to the EALF. of the call.

T. Siwgele cireiite.—A fow simple expmples will serve to indicnte
the application of Obm's law, ns given in purs. B, Pt fives
should be mentivned that a single voltnie cell is seldom sufficiont
for one's purpose, so that is is ususlly necessary Lo join & number
of such eolls or * clements ™ into a * battcry.”

Flga, 10,

CONVENTIONAL Siagmas

P e
Tanay wi¥® A Dattory of Four Cells in Beries,
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If n number of colls sre joined In o series, the sine plate of one
joinéd fo the eopper plote of the next, and so on (Fig. 10}, n
srenter difference of potentinl will Le produeed botween the copper
Eﬂ:h} ot one end of the sevies and the zine pele ab the other end.
for sinee the coppor pole of the second eell is joined to the gine of
the fiest, tLay must be at the sama potential; and then, since there
ig 4 differaice of potentinl of By between the copper and sine of
phe-first and Ea Eat_ween the copper and zinc n!‘t.ha secod, the
totnl difforence of potentin]l betwesn the eopper of the first and
%ine of the second, will be E, + Es

Bimilurly, i three colls are joined in this manner, the difference
of potentinl will be Ey + Fy + E; and eo on for aony number.
Al the sama lime it musg not be forgotten that the ' interral resisi-
airee ' of the battery so formed 5 the suwm of the futerial resistances
of, tee gepurate col’s,  The exvcrent strenglls is, therefore, no! inereaged
exaetly i penportion to the added HLF.; oz the added inlernal
resistuiees tend simultancously to decrense the current,

It i¢ evident that a battery composed of a number of cells
proporl, eennected in sevics i8 epeivalent as regards @8 effect on the
external circait fo a single cell whose EJLFE. s the s af the
separate B B, and whose indernal rosistanee s oquat o the sum
af the several internal resiafanees,

5. To tuke the most msnal cnse; suppose n simidar cells to be
gorreetly connested in sovics, caeh gell having EXLT. ¢ volts, and
internal resistance rs chms.

Then B (the EALE, of the baffery = & ¥ ¢, nond Hy the internal
recistance of the bettery) = 0 % pa. T this hattery wers joined to
an vxternal cesistanen I ohims, by Ohw's law the eurrent strength,

: E E NN e
L = e B AT, e a
() S RHA Ry Xt il

9. The other chiaf method of grouping eells is to join wil their
positive poles together and all their negwlive poles together ; they
,are then snid to be joined in poarsllel.  In this cuse, sll their
positive prles being juined together are ol the sawe potential, and
so.ate &l the negative, Thus there is no grenter difference of
potential in the ease of the battery than in o single eell. ;

The relutive merits of theso two wethods of grouping eells will be
discugsed Inter,

10. Fall of potentisl—The pext poirt for considgration is the
“fall or pressuve’ or *gall oof potentiel” that tals place in an
electrieal eirenit when o current is flowing,  Heverting to Fig. 10,
and parn. § of this chapter, it was mentioned thet the EMLF. is
generated uf the surfice of the Wguid in contust with the zine plate.
We may consider, then, that the zine is nt low pressore, and the
liquid-in eontsct with it st high pressure. Let us arlitranly
assume the zine to be at zero pressure. It will be evident that if
we pase rouud the cirenit from the Zn plate throngh the excernal
efreuit to the positive plate, und then on to the liquid in contact
with the zine plate, the pressure relative to the zine will, while the
eurrent is flowing, be constantly incressing up te its moximom
vilue, which is the EBLY. of the eell.

Thus, for example, supposing the EALF, of the cell to bs 2 volis,
we might find the point A to be, while curront is fowing, say, 005



volt highcr pressure than the zine; and the point B to be 1°3 voll
higher “han the sine; the point C to be 18 1'rﬁnhighar: the liguid
in eontaet with the zine to be 2 volts higher the= it Also in this
eavg the *'difference of potential” {or pressore) between B and A
wonld he 008 volt ; Detween C and A 18 volts.  (Fig. 10.)

11. The fnll of pressure, or **loss of hewd,” when 1 ater fows
throngh o pipe, is a useful analogy to the ** fall oI potentinl " in an
electrical civrnit.

Fig. 11 represents o hovizontnl pipe, CD, throngh which water
Hows Irom o lnrge ook A, under the oction of grovily. The
pressurg urging the water through  the eivewit is due 1o the height
of the woter in the tank above the pipe CIL At egual intervals
nlong the nniform pipe CDY, vertical tubes of nerrow bore are fixed ;
the pressure at the different points * o ™ is indicated by the height
the water stonds in the verlical tube,

I0 th tape ad 12 be turned off, ie, ne eorrent Sowing, the watar
in aneh tobe will stond b height <0 Lo, there §s no fall of
pressare i the pipe, the pressure ub each point being equal to that
of the starting point * C."

If the tap be turned on full, the water level in the tubes will sink
tn the varicus pointa ' ¢," lying on a stenight line ag shown. We

therefore observe that the full of pressure throngh equal lengths of
}::ljlitﬂ (f.e., throngh equal resistances) is the same; and that the
tifterenge of pragsure beuws=en any two points, say as and a, can
be measured Ly the differance in the Leights of the water columna
at those two points.

1% M we had an instroment by which we could ascertain the
electrical pressura at any point ulong which an electrical corrent
flows, i.e., an instrument which would serve a similar purpose to
the vertieal tubes in the water experiment, we eould perfurm an
experiment analogoue to the above with an electrical eirenit. We
have an instrument that will serve our purpose in the toltueter
(not voltaweter).  This instrument will, when eonnected to any
two points of a cireuit in which a current flows, indieste the
difference of presawre between the two points in rolts,  The volt-
meter would be analogous to an instroment that indicates the

diflerence in the heights of any two eolumns in the water
axperiment,
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The principies of setion and conatruetion of volimeters must be
def , and the student may understand that it 18 an instrument
that r.implainﬂim.‘ﬂ on o dinl the volts of Fmaﬁura {uiff.rence of
potentinl} betwesn the points to which it is eleetrienlly connected.

(The torm * difference of  potenticl ™ 18 eommonly employed
instead of ‘' pressrre.” The reapon will be appareit when con-
gideriag the questian of work dene in o circuit by o curvent.)

13 We shkall then take a voltmeter to explore the pressures
{diffierences of potentinl) between varions points of & erenit.

Fig. 12 shows the electrical civeuit, analogous to that shown in
Fig. 11, similar points being indicated by similar letters.

Fra. 12.
J‘rr‘_'_'-' By Rt g ek =
\ VOLTMETER
N ae o e
(i ]
1
e - ¢

The voltaic cell replaces the water-tank, an uniform wire, Ca; D
n;a‘d.y G feet loug), replaces the pipe. Buppose the wire morked at
intesvals of n foot at points &, az, oy &c. Connect one terminal
of the voltmater to the point g, (whigh is the zine terminal of the
batt-ry), and the other terminal to tho point @y, Buppose the
voltmeter to indicuts 08 volt. Now connect between a; ~nd s,
The reading (spposing the current guite steady and the wire
uniform) will now be 06 voli. DBrtween o3 and ay reading will be
09 volt, amd so on.  The reading between C and ag will be
1B volts.

Fin, 14,
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These results can be plotted graphically, as in Fig. 18.
Cug represants the resistance of the uniform wire to o conveniant
seale. The height of the vertical line at each point is the differ-
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ence of patentin] botween thai point and ae, The differences in
the hejzhis at any two points mensures the difference of potentinl
in volis petween those points.  Thus the P.I. motentisl difference)
batween oy and a, 18 (12 — 0°8) vall = 041 volt.

14. The nbove is the result of an actunl experiment using o cell
(EALY. about 2¥, internal resietance 0°2 ohm), the r sistance of
the wire Ca, being 18 ochms.

Observe that the P.I. ot terminals of batlery (Le, betwean C
mnd ag) ig, when this particular ewrrent is Aowmg (1 ampére)
= 1'8 volta. The EALL, of tho eoll is 2 volta; therefore 02 wvoll
is " loat,"” in overeoming the internal resistance of the battery.

The dingram Fig. 18 represents the fall of potential in the
external eireuit only, from one terminal of the battery to the other.
But on the assumption that the E.AMLY. is gencrated at the surface
of the liguid in contact with the zine, we ¢an construct a g.aphical
diagram for the whole eirenil.

Take a circoit like Fig. 14 where A is the surface of the liquid in
contacl with the zine,  Assume the zine at zero pressure. Then
Aa represents to any seale (Fig. 16} the E.ALF. of the cel! and the
varticn! nf any poing the 11, betwesn that point and the xine.

Fig. . Fig. 15

T s T el R i e

Fig. 16 is the same as Fig. 156, opened out in one plane
ABCDEF represents the resistances in the ecircuit to sonle; the
ling aledel' ropresents tha fall of potential in the eircuil.

15, Now one form of Ohm’s law is O = "_:ERJ E is here rapre-
sented graphically by Aa, and 2{R) by ABCDEF. Therefore the
enrrent strength s a funetion of the angle aFA,

By similar trinnglea alan,
FATE 1. between C and 1D (i.e, ch)
resistance D ¢
which indic.tes & more general expression of Oh's law.
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16, Obm's ww is -strictly true in ite simple form only when
the eurrent is a steady one, and when the energy of the current
is simply expended in overcoming the vopistance, in whiel, ense the
enerpy appesrs in the form of host.

If in the portion of the eirenit considered thoere is an EMF.
neting, the forn. of Ohm's law will be modified. We shall not
here ronsider thia case further,

1% If u rorvent flows from the terminale of o voltaie battery
tr other enrrent genorntor to a distant ingtroment some of the
pressure developed by the baitery is nocessorily utilised in forcing
the current through the resistonee in the econneeting wives.
For example in Fig. 10, applying Ohm's law to the twe pointe

Cand T3,
V=G x I,

the number expressed by Vi heing the * difference of potentinl
between the points C and B, This valne is also frequently ealled
“the volls loat in the rosistance OB, and in general, when a
steady enrrent of C ampéres flows through o resistance R chms,
thers is * lost ™ in that resetance a pressure in volts measured by
the produet C « R. =

18, 1f the internal vesistance of o battery is B, ohme, and it is
furnishing a eurrent of G ampéres, the volts lost insid.. “he battery
are mensured by the produwet C» R ; thereforo the P.I. at the
battery tﬁrminnﬂ. is aqual to the EALF. of the battery diminished
by the volta lost inside the battery (C = Ry ; or in symbola (with
speeinl referones to Fig. 17)

VE=E—0C=xR,.

Thia, impoitant resnlt ean also be ceadily deduced from the
oraphienl disgram, Fig. 16 ; and alee by combining the two
aquredions from Ohm’ law : B = C (i + R and
VP = C % Raama,

Fra. 17.

Y
Py

It is elear from the expression V§ = E — CH,, that the P.D.
at terminale of a battery moy hove any velve from E (the
maximum) b paro.

For V¥ = E when C = R, is negligible ; i.c. when C = 0, or
the battery is practically on * open crcnit.”  And VP = O when
E =0 = By fe, when © i8 0 maximum {u-]i:} or the battary

is shont-virenited.
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Voltale Cells—Prineiple of Actbon—Infinition-—FPaolurization—"ascal  Aetion
—Practicn] Cells—Advantoges nml  Deswhbacks of the Differéil Types—
Blandnnd Cells—Seemndnry Halleries.

1. We have seen thnt if o difference of potential be created (hy
whatever mesns) between two pointe, and the bwe points be joined
by u eonductor, a current of eleelricity will flow from the point of
high potentinl to the poiut of low potentinl uwntil the potential
difference is equulized, when the eurvent will cease.  In ovder to
maintain the current, means must be provided by which the
potentinl difference between the two points may be renewed as
fnat was it is oxhansted by the enrrent fowing.

4, Teltaic cell —Suppose ACBZ to represent n portion of a simple
eirenit, and a P.D. to be applied to the points A and ¥. such that A

ig ab high, Z st low, polentinl. A current will flow in direstion

Fin 18, Fia, 19,

ACBZ which will bn eontiLuons as long as the PI. is
maintained. Now the nctive prineiple of * pracdcolly  every
voltaie  eell consists in s zine plate or od, mmersed
in an  eledirolyte, which must be  sSome cuﬂducting Huid
eapable of chemically acting on the zine (eg., dilute HaB804,
Zn80. NHCO. A differcnce of potential is produced between the
surface of the lignid i contast with the zine and the zine plate
itsolf, the lignid being feonventionally} at high potentinl, and the
gine ot low potential, The P.I). here produced is called the E.M.F.
of the cell, and in order that it mav be available for producing
current nsefully in an external eivenit, another conduelor must be
placed in the liquid {taking esre that contact is not made with the
zgine), whose function mey be regarded as shoply to meke -ontact
with the high potentinl liquid, so that by connecting a wire to this
plate the eurrent may be led to the external circuit. A con parison
of Fig. 19 with Fig. 18 shows how on this hypothesis the voltaie eall
operates in establishing o P.I) between the points A and Z.

8. Principle of action,—There is reason to beliave that the P.D.
produced between the liquid and the zine (i, the EM.F. of the
aell) is coused by ‘the tendency of the zine bo combine with the
alectrolyte, the value of the E.MF. being proportional o the
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£hemienl Eaten dal enwgy. From this it follows that the condueting
plate C (Fig. 19) must be a material as little acted upon by the
aleetrolyte in which it is placed as posgible,

Hu a o zine plate at C: no current ean resull in the eirenit,
lor the BALF, tending to eend ewrrent in the direction A o C
through the liguid would be oppossd by oo equel E.ALF, tending
in diveetion 0 lg A The full EMLF. doe to the zine and the lguid

*is not in practice available, bug ia reduced by the small EALY, dus
to thie other plats aod P liguid.

However, it is convenient, and leads to ne practical error if we
congider the nett BALF. ag generated st the suwrface of the liguid in
eontict with the zine,

4. Erpevivent.—This moay be sxperimentally shown as
fouows 1 —

Toke s vessel containing dilabs Ha80, (Fig. 20). Place in it »

Fic, 20,
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Zu plote ndd u Cu plate, and eonnect to a sensitive high-resistance
salvanometer® throngh an additionn] high resistunce. ..
The golvanometer shows a deflection (say 10 degrees or divi-

sions).  Then the carrent giving this deflection 1 € SET AR
where E is practically the EALF, of the cell, fe, its PL.I. ot
terminals when sending an inappreciable eurvent. T which is st
most a few ohms, ean be considered neglible in comparison with {hae
large resistatees (G + Hi, which amount to wany thoueands of

ahme.
Henes C

8o we have C = E, ] ’

Now substitute the Pt or U plote for Cu.  Tha defleesion will now
be greater (say 16 or 17%), showing that the nelf E.MF. is
incronsed by using a eonductor in place of Cu, less acted upon by
ligguiad.

qﬁ. Tt is an important inet that the EM.F. of o cell is indepond-
ent of its size and ghape, but depends at & given lempersture only
on the materials of which it is composed. It must not be imagined
that a small cell is as good for all purposes ns & large one, for the
internal registance of a cell will, eeeterie parilug, be inversely propor-

T
G+

A gulvanomoter is an instrument, frequently of groat ilelicney, that gives an
indlestion of corprnt strength,  In its gsunl forin the enrrent is Em&ml thranph n
ocil of wire chose to & magnetie needle.  The nesdle is doticeted; the nnount of
defleetion ls o mwssue of the gurrent,
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tional to sive, i, o large cell is capable of furnishing a grealer
carrent than o small one.

_ A single experimental proof can be given, Make up with exnetly
gimilnr materinls two cells, ono large and one small. Connect thum

Fra. #1.

Qe

A

| SR
B

in opposition to one another to a galvanometer, as in Fig, 21, Tha
gnlvnnometer aliows no deflection.  New by Ohin's low the surrent
that tends to flow

E—'¢

B e
where B is E LY. of lnrge cell, ¢ that of amall. But the carcent
19 ZEE0,

- Fomuat agaal e

6. Ifwcell, such ns js slown in g, 19 furnishes a corrent
through the extornn] eireuit, the fact of the current poassing i
shown by egome form of work beimg dono (eg., heat) i the efrenit.
By the law of conservation of energy thers must be ot lenst an
equivalent of onerpy delivered to tho civenit.  The souree of thie
energy is the chomical potential energy of tha zing in combinnton
with the surrounding *elecrralyte, The zine mav be regarded e
the fucl from which the energy is derived, being used np in com-
birntion with the eleetrolybe (., H, 80,0 in o similer manner that
eonl is burnt in o fureaee, the eombinetion of enrbon of the eonl ard
oxygen of the nlmesphers libernfing vast stores of patentinl energy,
which, after wvarious lransformntions, eun be utilized in doing
mechinieal work in the steam engine.

T. Unloss current fliows, work is nob Geing done, and there alonld
netordingly be no chemica' aclion going on in the cell (fe; no zine
consmned) when the cell is on open civenit. With many cells this
is strictly the enso, but there are o fow cells—notably thoge using
acid electrolvips—whers some netion goos on even when no current
i8 being furnished o an external sivenit.  The cause of this so-
enlled “ focal aciion ™ will be dissussed lnter,

#. Electrolysis or chemieal decomposition is a necessity for nny
vollnie eell, for without it the potential energy cannat Lrane-
formed ; ot the pame time no ehemies]l acelion shonld be svident
when the eoll is sending no current. A voltnie cell may thevefore
be regarded as one of many deviees lor transformation of energy.

8. Defnition.—We may define a voltais cell asa ' means of creating
amd maintaining a Py betiecen o pointe of an electoieal cirenit,  If
a current flows, it does work at the expense of the chemical potential



26

oeryy of @ wmetal fuloost ineariebly zine) entering fnte combingtion
il the swrromiding electrolyte,”

10, Cwrrent gereafors.—Bueh o device 13 coalled & owrrent
generator.  Thero ave severn] formes of current generstors (i, of
deviees for erenting and maintaining & P.D., Xe.) which can be
olasgified ae-ording to the source from which their energy is devived.
The mein tvpus g —

{u} Veltade eells, deriving their enercy from  chemieal eom-
bimatians,

(e Trponwo-clectrie wachives, by which vrechanical ererqgy s
transformed into eloctrienl coorgy throngh the medivm of
eloctro-muygnotie nlornelions,

() Lhermopileg, by whicl heat-coergp s divectly converted into
electrica] energy.

1. The simple voltaic cell eonsists of o wine plate and o copper
plate immersed in dilute sulphurie acid of o strength not greater
thom 1 of concentrated acid to 10of water (by volumey,.  This simpla
combinn'ion doos not suffice W meivtein the EJLF. nt its initial

Frn. 2%
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value, while the well is sendine w covrent. To prove iy, conec!
tho eell direetly 1o o shert length (nhont f-ineh) of fine plasinum
wire. For ubout huelf a minate the platinom wive will glow strougly,
then get dull, and then cense to hecome inznndeseent at all, owing
to the grent reduction of eurrent thnt talies phee.  The canses of
thig reduction will Le found in the ehemeal netion that takes
ploce in the ecll while the =uprent Tows,  The sine combines with
the H:804 to form ¥n80y and H libarated af surfacs of C plate only.

L2 The thecretival chomical nction of the simple cell muy Do
gtated ne follows: - Though it is held by mwany that thero are fwo
kinds of eleetricity tevmed positive and negative, & is perhaps
simpler to nssume that o positively charzed body has an excess,
and a negatively ehivged body a deficicney of electricity.  Fach
molecule of any componnd substanee consists of 2 gronps of atoms
eontaining equal char of electrieity of opposite sign. Thue
woter 5 muode up of Tl having two positive charpes and O two
negative churges

Wher an acid is added to water it becomes partially dissociated.
Thus Hy50, is splie up into Hs and 80, enrrving two +* and
—*& pharges vespectively,  The water i also slightly dissceinted
itite H and HO, careying -+ nnd — charpes respectivaly.

These dissociated portions of molacales or * ions ™ are ready to
give up their electrical charges to o body earcving & charge of

uppoaita sign.
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The moleeules of elements, sueh as zire or copper, may le
BU el to ba of similar construction.

‘hen nine is immersed in the dilute seid of o simple cell &
portion combinee with 50, earrying with it into eolution its
positive eharges, thus raising the liguid to o higher potential, and
at the snme timae ]HI.I.‘I:'I':I:IE thio zine Fia‘l,.n Begtive

The same action oceurs nt the eopper plate but to o mech less
extent, on aecount of the feebler allraction of {he sopper for the
oxygen in the acid. Thus the eopper or pesitire pole is loft ne a
higher potential than the zine or segative pole, and this differenss
af potentinl is termed the EALFE, of tha eoll,

When the cireuwit is completed electricity flows from the eopar
to the zine plate outside the eell, bot simoltaneoue'y the jons [rivie
up their charges to the plates and the H is libarated.

Fresh ions ave formed and dischargs, and so long us the curvent
continnes to flow the process continues, thus maintaining the .0,
The BO, ions eombine wish the zine and remadn in solution. The
smount of zine required to be dissolved to estallish the P.D. in
the first ease is infinitedimal.

It is evident from this theory thet the greater the uifference in
affinity for oxygen betwesy (he two motals constituting the cell,
the higher the E.ALE.

18. Ioe liberated hydrogen is fcund to adbere to the Co plate
ond ncts prejudieially in two ways:—

(1) The EJMF, is veduced, bpoguse wa huve now whal we ean
eull a “hydeogen ™ plate Immersed in the elecirolyts,
instend of n Cu plate, nnd the tendency of H o combine
with the electrolyte boing newrly equal to that of rine, the
rett BALF, of the eell is largely reduged, ns explained in
para. 8 of this chagieor.

(2} he internal resiatance s Grereased, beonuse that portion of
the Cu plate un which gas is collected cannot now make
na good contact with the liguid ug before, and gas bubbles
are bad conductors.

14, The first offect is termed * polarization,’” and a battery
whose positive plate is conted thus with I:degcn is said to Le
“pelavized”” T4 is, thos, evident that o simple voltaie ecll dogs not
fulfil the fundamental condition of mainicraice of the EM.F.: amd
uo coll enn be eonsidorad of practical valoe unless some means ure
udopted to countoract tha effects of polavization. These means
will be expiamned luter when dealing with eertain practical forms
of calls.

16, Focal dction.—Ag previously expluined, there should be no
consumption of zine or g]mlmlg.-:u when the eell is vt sending
eurront; and the consnmption of zine when a eurvent is possing
shiould {(theoretically) e propovtioned exoctly to the guantity of
electricity passed. This would be the case, a proximately, if

rfectly pure gine were used, but the expensa of this is prohibitive.
fi.c is found, however, thet ordinary commereinl zine Maced in
dilute HyBO, gets consumed by formation of Z080, with evolution
of H gas at zive surfoce, even when the eell, of which the Zn may
forin part, is not sending o eurrent.

This so-called ** local action ™ is due to the impurities (o.4., iron,
carbon, argenic) whicl are found in commereinl zine.
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Buppose, as shown in Fig. 28, a particle of imparity [(say
eurbon) imbedded in the zine. o local current will be set up from
the, zine through the liquid to the encbon sonswming the zine and
neid, and liberating hydrogen.

16. A partinl remedy is to smalgamnte the surface of the sine
with mercury. To effces this, place o little meveury in o fat dish
with diiute H 50, wabont 1 in 200, Clean the zine with sumd-
paper wid by washing in the dilate acid. Then apply the Hy (by
means of a piece of cloth tied to e stick) il over the zine till the

Fue, 23,

Laoeal mction of
bnpiire  En o rod
in dilute 180,

sarface is smooth and brilliant. A piece of zine se wrenied
remuins almest unaffected by being placed in dilute sulphurie neid.
The impurities ure by this menns covered up by the amalgam, as
the Hy. amalpumating only with the pure zine, brings it to the
gnrince of the plate.

17. It i only in eonnection with what are ealled **aecid ™
batteries thas *loeal action ' takes place to any considerable
wxtont, e, the Daniell's and Grove's hattery.

In & Leclancké battery where the sleetrolyte is a solution of o
weutral ealt, the loeal netion is ionppreciable, but in this cose
aleo amalgamation improves the sclion. When empleyicg aeid
batteries, 8 single smalgamation of the wice plate is not suffeient,
lor when the littery is called npon to furnish a eurrent, the zine
bocomes consnmed, and [vesh fmpurities are in consequencs
bronght o the snr}m:a. Therefor: with sweh botteries, the zine
plate shiould be pmalgamated sfresh whenever the battery is made up.

18, Reverting to the experiment deseribed in para. 11, auizpnme
the Cu plate when © polarized ” to be renwved [rom the eell and
placed for o moment into n versel conliluing o sabursted solution
of CuS0,. The H is removed and Co daposited in placa of it,
aceording to the following equoation :—

H. 4+ CuB0y = H,50, + (o

If the depolarized coppar plate be now replaced in the cell, the
aurrent wilﬁmlm as strong as ot first, untdl the Ca plate s again
polarized.

19, Dgniell's Cell.—1t is learly not a practicable arrangenent to
have to remave the Cu plate from the eell whenever it ia required (o
depolarize it, but the nbhove method of depolarizing a Cuo plate i
the principle of the first practical eell devised—ihe Danieil's cell
—whieh is in w-e at the present day for telegraphic work.

The simple voltaie cell can be converted into w Daniell's eell
liy placing the Cu plate into a porous earthenware vessel or pat,
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snd filling the porous pot with saturated solution of CuS0y the
zine in the outer vessel being survounded ne bofore with dilute
Hs 80y (avout 1 of acid to 25 of water by volorr ). It is immaterial
which plate is placed in the perous pot, provided ench platé is
suwrrounded hy its appropriste liguid.  The fonetion of the porous
pot is to keep the two lguide soparate, withow! at itk some time

Fig. i+

Exteinporizsl Dondell Cell,

interfering to ony Inrge extent with the progress of eleeteolyviie
action and the tow of eurrent which tokes ]1|].'11:u throngh Jhe pores.
The chemion] notion thgt ukes ploce when the cell 14 Trnishinge
g currenb may be sxprossed thos —
= | En+ H80, = dnB0y + 11
Hy + CuB0, = Hs80, + {'u]'

It should be observed that these actions are simultaneous, though
it iy convenient to express the sine.scid reaction separately from
the hydrogen-reduction resction.  The upper eguation may be
eomsidared the “enargy netion,'” the lewer equation the "ﬂilllulll.]'{‘i:iﬂl:
ackion.”

20, Although the devies of using CoS0, as o “depolarizer™
gnsures thet the EALL. of the eell, mnd the correst it widl sond
throngh a constant exlernel resislance, shull rempin proctically
eonatant for o gensidernble time, the aosvoidable nae of & porouws
pot hng the effect of peiccptibl increasing the internal resistance
of the cell nnd consequently diminishing the sfrength of eurrent.
This msy readily hﬂsfﬁmwn by connecting a eoll, sueh ns shown in
Fig. 24, 1o 0 platinun wite, as shiown in Fig, 22, The wire will
probably become heated just to o ved heat, ot so brightly s with
o snnple voltuie eull, but this reduced incandescanca will be main-
tained for & considernlila veviod Of e,

21, The porous pob will oot kess the ligoids separabo for an
indefinite period of tme.  The Hquids are bomsd to mix by diffu-
sioa i greater or less time, necording to the degres of porosity of
the pot used, When mixing oeenrs; the Cu50, solution will
spontancously ntteck the zive plate’ amd deposit copper upon it,
nsually in tho form of the krown copper oxide. When ‘his has
taken ploce to n Invge exteni, the cell rapidly becomes uscloss.
alt.]:.nng]h it has been found thet o mederate amonnt of this depogit
on the Zu plate only slightly affects its action.

The eurions fuct bas been ohserved that this diffusion tules place
to o greater degree when at reat, than when the eell is kepl al work.
This indientus thot the eell is best ndapted for those crenmstonoes
where o smoall ab eonstant curvont is peguired to fHow cortinuonaly,
v (some telegraph ciremitsl, It is unsuited for intermittent work,
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such as [or housge-bells. It requires a small smount of aStention,
almogt daily, to Keep i in offfcient working ovder.

£2. The EMF, oo the Daniell coli wiede wp oacith difute H4850,
and- saturaled CuS0y starts al 1°1 volts. It reduces to 107 volts
gaing to the formation of ZnBS0, in the eell.

The internnl resistanes is hizh, eompared to other forms of
primary celis (Grove's, Leclonehd) ; Lk this depamds upon the
pomsiruction of the cell, surfnce of plutes mmeraed, their distancee
apart, natare of porons pot, &

a9, Dnudell’s cells can also be mude ap with o solotion of ZnS0; in
place of dilute Hy80,. The advantage goined is that the EALE, 18
wore constintly muintained ot its initinl value—1'07 volls—und
thet local netion is diminished.. For thas rensen, whon o Daniell's
eell 18 to be nsed ae o standoerd of EALT. EnB0, should be smployad
i plaes of sulplince agid,

4, Thawiell's batbery, 0, pattern—Tig. 86 shows the construation
of u form of battory enlled the * S.oell Diniell's batlery,"” Tost Office
pattorn.  {Thres cells ouly ars shown in dingram.)

Fro. | 26,

i

Daniell’s Battery, Post Ofica Pattern (showing threae cells).

To diminizh loval action, no seid is weed with these eolls. When
first muking them ap, the compartments round the zine plates are
filled with codinary tap water, nnd the porods pot filled with sator-
pted CuB0y solulion.  Io this state, the internal resistonee is very
eraat, areceding genervally 20 ohms per eell, and (he battery is of
litble use for puy purposs. It is thevelore necessary that, bafore
employing the Daitery to send o current it should be short civenited
for abont 24 hours by joining the two tevmimals with nshort copper
wire. The weak corrent passing through the battery eanses first
of ull some Il and T80, to e produesd, e subsequent reaction
producing o solution of Zo80, round the zine plate.  After nbout
24 hours the hattery wonld be ready for use, ils internal resistance
wonld have fallen to abowt 5 ohme per esll.  Naote that ns a general
rile, specinl care should be taken to aveid skort circuifing o cell or
battery, In the partienlar case above mentioned, the short civewit-
inﬁ i necassary to ™ form " the batbery.

5. Minotto form of DPaniell’s ecll.—=In e Minotte form of
Daniell's ¢all, u Cn dise is placed horizontally in the bottom of a
evlindrienl jar (Fig. 26). Ahove this is packed erystals of CuB0,.
Above this agnia, bot separated by nfelt diaphragm, gawdust (sore-
timos sand) is ploced,  On the top of sll s pleesd o gine plate with
binding serew.  An insuleted coppor wire passing fhrough the eell



makes eleetrien] eontaet with the Cu dise st the bottom, The eell
is eomplebed by adding solution of ZnB0, il sewdust, dinphragms,
&g, ore thoroughly moistonod.

Owing to n smuall amount of free liquid in this edll, it s fwidy
portable. Its resistance is, however, very high, seldom less than 12
obms, It is therefore only suituble for specinl testing vurposes
(e, besling gan-tubes), whers & high resistines is not only per-
muissible but desirsble,

26. *iirore's cell —The Grove cell (Fig. 27) is construeted with e
well-amalgimnted U-shaped ine Iplu.lc, which ia noeted wupon h.j
dilute Hy 50, (1 acid to 10 water by volume). Tho ouner plate is
o sheet of platinum surroamded by sivong concentrated nitric scid.
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Brayvi's Coll (ehowing method of sonneetng iosersia)

The two lguids are separntad by o porous ﬁE.)t.. Brass cou-
nectors nre used lo elamp the Pt shest to the Zn of next cell.
Some of the sonnectors nre also provided with terminals.

When sending o current the Zn is acted upon by the dilute acid
in the game manner as deceribed in the Daniell cell.  The liberated
hydrogen is attacked by the acid with the result that water is
forued and fuming nitrogen peroxide given off.

The netivis moy be represented thus ;—

Yn 4+ H.80, = InB0; + H,
H, -+ SN0, ~ 2Hs O + 280,

I'he npper equation representing the * energy action ™ and the
lower the depolarizing netion. ¥

Owing to the initial cost of this type of cell, it is rarely nsed.

27, Bunsen's cell.—Bunsen's cell is practically identical in
petion with the Grove's ecell; a bloek of earbon iz, however,
exaployed in placs of the platinum sheet. The E.M.F. is about the

This ccll is now shapdote for Berviee parpases,
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same oz that of the vrove eell, the internal resistance (in its ueusl
form) somewhat greater. The first cost is considerably loss.

28, Feelaehé 3L—The “ Loclanehé eall ™ 18 the one most wead
in pragtice. Itisa “single fluid " eell, and consists of zine and
earbon in o satursted solution of ammoninm ehlorids (NH, Cli—the
anl ammotiae of ommerce, The depolorizer is o solid—the bMack

Fru, @4,

FATURATED
Ay O

Leclanchd Cell (porous poas forim),

binotide of manganess (Mno(r, ), which is not employed in its pure
stote, bt mived with earbon o inerense iis eondoetivity

Jhie EALFY, is from 14 to 1:5 voles for oll dypes.

The cell is constroeted i 4 grent number of differant forme and
gized to meet varions requiremonts. Fig, 28 gives a geetion of a
form frequently met with, made comimereially in three sizes,

In this the porons pot serves only to keep the granular
depolarizer packed round the enrbon plate, the interstices between
the granules being filled with the same liquid—saturated NH,Cl—
ad oulside the porong pot,

Friz. 20,

Leclanehe Cell (nggloiserate Teck form).

The " agulomerate Slock " form of cell (Fie, 200 is more employed
i the Servies thon the * poreus pet ™ form.

It the former the porous pot is dispensed with ; the Mn0; and

cirbon being mived with a little pum ond compressed into solid
blocks. These are secured to the fnes of the earbon plate by india-
tuliher bandsa, which also derve to support the zine rod.
* When the onter glosa jar has been filled rather more than helf-
ful with a satirated solution of sal ammonine the eell iz ready for
age, The saluration is maiotained by placing some undissolved
eryatals of NH,C1 in the bottom of the jar.

Limag C
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2. Liclaneké * €7 PLF, pattern.~Figure 30 shows u form of

Fg. il

Large Lecluwelbe Cell (F.F, typa).

Leclanchd eoll much used i eonnection with ** position-finding ™
apparatts  The earbon s in form of o futed eylinder, with six
Hutings. 12 eylindrieal agglomerats blocks fit into the Hutings.
Coarse eanvas, not shown in figure, is then wrappad round, and
the whole seeured by LH bonds; the sine is eylindrical in shape.

The internal resiatonee is low—about 008 ochm. The olject of

the design is to obtain o cell with plenty of active material, und net
readily exhunstid,

80. The chemieal action thut tnkes place can be shown thus :—

{#4n + SNILCE = #nlly + 2¥H; + He
{Hy + 2Mn0y = HyO + MneO,

81. The points of difference between this eell ad those proviously

described are oy follows -

{a) No a+id is employed ; consequently the lecal netion is in-
apprecinble, the zine being consumed only when current is
taken from the cell.

W) et Diguad only 8 uwsed ; thevefore fanlts doe to diffusion
through porous pot do vot exist; further, the porons pot
itsell may be dizpensed with when dpglomernte Diocks are
used, w1th the advantage of lessening the internal reeist-
e,

(Iv follows thit o Leclanché cell can Lo kept made up on open
cireait for an indelinite time, practically without deterioration,
other than that due to evaporation of the iiqui:l. For this reason
it is most useful for domestic purposes, and any purposc where
intermittent work ie requived, e.., L&lu, telephones, telegraphs, &e.,
requiring attention only at leng intervals of time.)

(e} The depolurizer acts in n somewhat different manner in tois
cell than in the Daniell or Grove eell, With the Iatter the
hydrogen is reduced by an electrolytic action simultanenie
with the action that produces it.  In the Leclanchd cell the
H i actually produced at the surface of the C plate, and is
reduced by the subsequent chemieal action of the MnO,.
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Consequently the E.M.F. of the Leclanché cell is ot q'r:-iu.t!uru
it polerizes when sending a atrong current, cwin
hydrogen mot being attached by the Mni); su ment.l}
eupidly. This is the main faolt of the Leclanché call, unsuit-
ing il for work where considerabilo power has to be dﬁ?alnpad
1ty or less continmonaly,

i) As . set off to this, the B.M.F. rocorers nenrly its full
valne if the cell is left nt rest for a time, cwing to the
MnQs gradunlly reducing the libarated hydrogen,

This valunble quality specinlly fits the eell for intermittent work.

32 Hoferonce to the chemical action shows that ammonin gas is
prodused.  This to o cortain axtent iz soluble in the Liquid. With
cills that bove bean worked hard in o confined space, the smell of
auminonin gas i8 perceptible.  The MnO. is reduced to the lower
form or epesgquioxsle Moy IL is sometimes stoted thet the
staguinkide absorbs oxypen from the air, nnd beesanes reconvertoed
to Mn(y, but in the writer's opinion, this action, if it takes plage
at nll, iz 5o slight os to kavs no appreciable effect on the working
of the eell.

8. Conneetion between the enrbon plate and binding serew 1is
penerelly made by means of a *lead head " on the boss of lend eaal
an to the end of the earbon plate, wnd serves to hold the hinding
geréw in position,  There i3 o tendeney for the NHCl lo rise
throngh Che pores of the enrbon by eapillary netion amd stipck the
lend, forming o lomed chlovide, whieh s o bad condoctor, I this
oceurs, e internal resistunes of the coll rises congidernbly.

A coll of the type shown in Fig, $0Chas in tho writer's experience
bad its resisianes raised to nbove 100 ohms from this eouse, This
defect cen be prevented by eausing melted parafiin wax to flow into
the paves of the enrbon plate for anbout 1 inch below the head,
whu:L: an readily be done when the plate ia hot after easting on
the lead head.

Another possible defeet is termed the ** creeping of salts.” By s
combined sypLon and sapillary aclion the liquid ereeps over the
ﬁllﬂ{. ol the jor and. ery stullises out.

Cv Wae socoescn - '@’E-m-: Hwaiwe SCREW

Fo £ CrinaEs -

MOSTINCD mﬁa‘{, O recumok

Demoy dnegen (W 3 = C)

ihe Obach Dry Cell (eylindrien] poiteen).
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This can be prevented nlmost entively by coating the upper edgos
of the jre with paoeafiin wax or pitch,
gd. Dey Celly,—A number of so-eplled dry cells have recendly
been introduced intothe Serviea.  These have no free liguid and in
sonsequence are very convenient,  They ean be used in any position
and are very portable.  Mig. 81 represents the * Olach” paltern,
which is prolnbly one of the best.  This pattern is maoe in several
giges and slopes, fonr sizes konown as A 0L 1% aad 8. wre known
in the Berviee.  The muin dispdvantope common to all “dry ™ cells
i that when worked out the eells cannot be refresled and muost Lo
ihrown wwny, though o dey eell ealled the * DUAC hos rocently
boew introdinee] which i sadd to ho reohargenile.
g5, The chiel objects to be attnined in the design of o voltaie call
Rl'G—
(1) Higly pod eonutant B AL F,
{2} Low internnl resistance,
{4 Shonld give constanl eurrent, ie, should be free from
polavization, amd not enpidly exhanstod.
(41 Moo peion when wod sendinge eorrent.
a1 Cheap wnd duralto, n
(1 Mavngenldo, cosily haodled ; and nob emitting  corrasive
e,
(7 Portabality ifrequently desirable). i
Bi. No form of promacy vell fulfils od] these 1w111lﬁllll1liiﬂ It is
therefore noeessary Lo consider whieli pre the most imporiant
requireinents i each particalar cise, and seloet the eell that most
1|e-:1r]'.. nuswers the eonditions,
To sum up the foregoing, it will hove Deon notieed thet every
;1m-|:1.:|-:'||] voltaie cell must have (generally speaking: fonr cssential
arLs = —
: with A condoeting materinl that nets ps fuel (higlily oxidizall)
—#n nsed almast invariahly.
i An exeiting Bouin or eleetrolyte which nets npon the sime.
e A comluetor as liftle seled apor by the electrolyte as
[rrhmih]d: (non-pxidizalile).
G A depolavizer,” or oxadizing nrend (o vedwes e hydrogen
uf polurizadion,
N.B.—For a forther description of the Chemistry of ]l'lmﬂrj
ealls, Ehe student is referved to ** Sorvies Chomistey.”

STANDARD G LS.

UB. Latimer Clark Stendard Celie.—The Latimer Clark cell is
ndopted ns o legal stondard of BALY. Ly the Board of Trade.
Fig. 82 ghows elearly the construetion of o form of 18 eell that
i very commonly nsed.  This type of cell has un EMLE, of 1484
B.T. volts at 15= .

The electrodes are o platinum spivel conted with mercury, and
pure zing—these are immersed in s poste composed of pure
mercurous sulphnte and zine sulphate. The vaviations of its
EMLF, at different temperatures are recorded and published. The
tempernture co-officient is (r00077 t!m degres Contigrade ond iz
negative. Therclore the EMF. of any temperature not much
retmoved from 152 O is given by tha formala.
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EMF, = 1'43-1{1 — OrOD0TT (T — 159}
where T i# the temperature of the cell in degrees C.
A small thermoueter i atteched to the instroment, which 18

vary dolieate and uires mront cave,

When using the cell as a standard, precantions should be taken
to E:ravanl vive eeli sending more then a minute corrent and  then
ooly fur o vary ghort time, os it polarizes vapidly.

EME« 434 (B.T.) volts
= 1454 (B.A) volts
e I5°C

&, pod ol pure vedisiiled zioe ) 3, spiral of plotinum wiee conted with pure mereary ;
i rutn:- corsisting of saturated ZnB0, sl AggH04; T cork eomiited nio pater
eull: G, gluur. onfer enll.

Fig. 35,

M= AMeroury.
I" = Merearuns sulphate
prsse,

= Crvmtmls o end-
PR T TS

&= Bnturited sedotbon
af pnchuimn wsuls
plaate,

A= Calminin  ausl-
LTI

Fig. 23, Seation of Weston Normal Cell, na mode by the Cambridge Scientitic
Imetrunsend Co,
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30. Weston Normal Cell.—A eall that has comparatively recently
been Lrought to nolies, and hos been recommended by the dele-
mikes at the Internntionn] Conforence Electries] Standoards 1908, is
the Weston or Codiminm cell.

Fie. 84 showe o section of the eell in the form in which it s
nsdally met.  The absence of sny temperatur eoefficient in this
eall, with o relishility and constuncy equal to foat of 2 Clurk eefl
bas led to i's recommmendwtion,

The E.M-F. of this cell is 1019, and the temporsione co-cficient
may be neglected.  The interpal resistunes is wsually sbout 9079

ithims.

SECONDARY CELLS.

40, The nome secomdury eell or peemmuolotor is given Lo eclle in
which oporgy s stored by chemien] chongee wnd is then siven op i
the form of no electrie carrent when vequired,  In reslity it is ool
ploctricity which is meenmulnted when churging, bt mather o
guantity of thie netive constitucnts of the zell, sud it is the subssquent
chemicnl action which enuses the eurrent to flow,

41, Erperimewd—Coneider the netion of a voltumeter ; allow tho
degomiposition of a0 in the voltnmeter to proveed Ul bubbles of
IT are ||}1!'1||.r-|r|1r. on the kathods, awd bubbles of oxygen on the
anode.  Now detuch the bnftery and connect the voltnneter to o
pensitive gulvanometer, the galvanometer neadlo will jmdlicate a
gireent in the peverse divection to that applisd by the battery and
thi chiemienl aetion will alse be fonmd to be reversed.  This notilies
that during eleetrolvais enargy is shsorbed Teon the envrent and
aflerwards, when the ehemienl nelion is reversod, o portion of s
energy is restored in the for of an elevtric current,

42, Elewentary storage eoll, <Laet us now take two lend plates
and ploce them in dilute sulphurie aeid, jein them to wsnicnhie
generator and allow o eurrent to pass.  The plate attnched to the
positive polé of the generator wiil be found to nssume o brownish
tiut, while tha other will remain practically nnaffected in nppenranes.

The colouring on the positive plote is due to its surlnee beeoming
changed to Phil. This ehange moy Do expleined ss follows :—
By eleetrolytic netion the Ha in the acid is decomposed into
hydeagen given off at the kathode and oxygen liberated ot the anode.

The oxygen thus freed sttacks the lead plate aod forms PLO;,
while the hy Tromen bulibles of ot the sppesite plate withont affecting
it

It now the genersiing cirenit is dikgonnected, we have o wimple
voltaie cell with {wo plates, oneof PhOyand the other PL,  Led these
piates be eonneeted and o enrrent allowed to fow or in other words
allow the cell to ba ** diseharged,” then the positive plate wlll lose
ita brownish colour and nssume o greyish tint, while the negative
plote will also aesumme o like appearance.  On trinl both plates will
ke fonmd to be conted on the serface with Phi. I‘F{:r during
discharge, ns the current flows in the opposite dircetion, H is
liberated at the POy plate reducing it to PO, and O at the P plate
oxidising it.

48. Improved types—16 will be readily understeod that the
oletrical storage enpreity of sueh an arrungement dependr on the
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amonnt of lend thet is converted info Py ond this apain is
entively dependent on the amount of ihe surfaee of the lead, which
19 exposed o the chemien] netion of the neid. There pee several
metheds of incrensing the capaeity of a cell.  Planté designed his
original cell with n view to incronsing the nctive surlace of his plates.
To this po.po=e 1 & made {he lead spongy or porons, thas exposing it
Ll:nmug]mul b the netion of the m:u{j ]'ir diseovered he wis abis to
do this by continually revorsing his charging current.  This was
goon found to be o long and expensive mothod, and Faure produced
pitalle plates by eoating the surfuee of ordinary lend plates with o
posbe of PO, Plates e treated, when sn'l:jeutml b the aetion of
i eharmne enrrent wers found to Im differently affectad. The paste
B the | positiva plate was converted inte PLO,, while thut on the
nesnlive became metallic lend.  Difficulties at firsl arose, as the
paste vas found fo strp off the plates, bt Lhese have been farge
wvereomne by mechanienlly pressing the poste into grids made of le

4. Cheuicel action. —{}u follow the netion let us now consiler
a charged sceumulator,  We have on the positive plate, lead
pemtirﬁu (Phikyi, on the negetive tend sponge () and sorcounding
them dilute sulphuorie acid. As soon as the two plates are connectad
Ly u wire ontside the liquid, » earrent flows on aceount of the
differenes of pistenibinl between thom, nnd th iJi|lIil.I is 1rel mposad.
The hydvogen is thas transforred fom the water in the liguid to the
pﬂnith‘e plate, redueing it to PhO. A moleenls of sulphuric acid
sttacks the latter and lead sulphate and water are produced as in
the equation—

Phl), 4+ Hy + Hs B0, = LSO, + 2H, 0.
In the negative plate, however, the oxvgen of the decomposed
water accnmulotes and with the fewl gponge alse prodoces PhO.

The snlphurie acid pgein eantinpes with the oxide to form lead
sulphote and water as in the equation —

T 4 0+ Hy 80, = PhR0, + H; 0.
Thus during discharge sulphorie neid = taken ap by the pletes nand
water liberated.  The effect i3 that the epecific gracity of the acid
e inialed duvieg elischarge.

Paring the ¢charging, the produoets of de¢ompaosition of the water
ave liberated at the opposite plates 1o those nt which they wers freed
on digehoree ag the diveetion of e carrent §8 veversed.  Henes the
oxygen passes to the positive plate and eombining with the
PLE0G of the discliarped positive plate and o melecule of water
regenerates Phily nnd sulphorie avid thas :—

Py + 0 + He O = Phi)y + HeS0;,
Al the stme time the hydrogon reduees $he lead sulphate at the
negative plate to metallic lead sponge and sulphurie acid, thos :—
PLE0, 4+ - PL4 Hs 80,

The chargiag current thus regenerates the cell, water is used o
u.ml gulphinrie noid set free ao et the specisic gravity of the aeid 1
fmerdased o0 elarging.

Ad the eharging continues the vollaga of the esl] rises to 246 volts,
and when nearly charpged gases aro given off at both the positive
anid negativa Elutusrl.his pgives the n::iﬁ botling or milky appeasranes.
When n load s put on the veltage rapidly decreases to 21 volts.
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45, These are only the main actions in the cell, the chemistry
of the securrulnior is complex.  When the eell is discharged o large
amount of Ph0y still remains and seoms unnvailable to producs
aurrant.

46, Care of Aecimfators —The life and efficiency of sccumau-
lators depend lergely on the ecare with whick they wre looked
ufter ; and the following points should be earefully attended 1w

The specifle gravity of the ncid should generallr not fall Lelow
1150 or excend 1215.

For determining [he densities, hydrometers nre wsed.

The epecifie gravity of the acid shonld nlways be taken nfter
eharging.

Cells ghowld never be charged or discharged above their
proper rate. Thisa rote is Ingd down by the makers and if
exeeeded would probably result in the buekling and distoction of
the plates.

Diuschnrge should be stopped when the voltage has lallen to 1°9 or
the density of the ucil hus renched the fowest limit fixed for the
well, If the dischnrge is carried oo loneor i the calls ars left with
too low a charge, a basic lead sulphate wil® gradoally cover the plates
and rain them. This Sulphnle has a high resistance and ean only
L decompusied by prolomged chorging with o high EALF. at low
ratet.  White specks on the plates ahould alwava Le trented with
sugpicion for this renson.

7. Accumuletors hive mamy practical applicationg, and have
many advaninges in eertain eircumstances over primary cells—
largely due to their low resislance, high E.ALF. constancy and
enpability of regenerntion to their initial eondition by recharging.
Aceumulators are however very heavy, their inilial eost is high and
they require constant and coreful attension.
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CHAFTER IV.

Circuids -Sieale Cirenit—Connecting  Cells in Beries, Fomllel, Compoapd—
Lawws of 1 ided Cirenits—(Galvinamseter Shants—Umiversal Blant.

1. Simple ctrenif.—The “gimple eirenit'’ hos Dbeon necessarcily
eonsidered in an earlier chapter in connection with Ohm’s law. 18
I8 now necessary o go into farther detail with eircnits. By o
Sgimple civentt T 1s understood o hattery, conmecking wirek (ot
“seads '), and an instroment, arranged n the simplest possihle
manner (Lo, in peries), such s is shown in Fip 84, where the

Faai, 84,
Py

resigtance of the battory {internal resistanes) ie indieated by Lo,
R amd R, are the resistunees of the connecting wires, aod 1%, the
resiglance of the instrument,

2, Circuits in general will eomprise three elements (—

(e} The eurvent generntor, suel as hatiery or * dynamo.”

by The conneeting wives, ineluding cables, carth returne, &e.,
ond the short wires sometimes enlled * loads.”

(e} The distant instroment (feee, ooav-tobe, lump, telegeaph
isbrument, dinl, &), whore the suwrrent is requived to
prodoace its naeinl efecl,

#. To consider the battery divst, o osingle voltnig cell seldom
enflices to provide the neeessary current. It is pecessary, there-
fore, to conneel up two or more eells in various ways to form
& hrttery.

There are several wiys in which 4 givan number of eells may bo
conmected up, but spesking penerally fLe methods woy be eon-
gidored under thres heads.

(13 All cells in series.

(@1 All bells in parallel {or divided) civenit.

{3 Compound eireuit, 0., cells arranged in rows, with o number

of cells 1n series i each now,

“In the following paragraphs we ghall consider under what cir-
eummstanees any particular arrangement should be adopted.

4. Connecting eells in series is the moet usual method aspd has
elready been veferred to in Chapter IT, but it is necessary further
to comaider the expression (parn. 8, Chap. II).

G o nx &

it % 1y + B
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: In this _oxpression suppose I, lo be rery arge compared to B, :
in the limit guppose By { ~ a = r, } nepligible,
C = EIF £, wpprox. ;
therafors whea the erternal FL'H':IFME'J' ta rery lavge compared (o the
rfernal resisfmnee, the enrvent ateength will be “woreased wegely in
ilirect prapeertion fo the wnumber of celle conmectod b seric..

On the ether hand, suppose R, to be rery srall compared to
B,. In tha limit suppase R,, to ba negligible,

y L nRed e ¢
Ll G &, e = APProx.
Henee wnder these circmmstaners the curvent with auy number of celle
in series wonld not be appreciably greater than with ene eetl,

When the externn] resistones is negligible the battery is snid
to be short-cireuited.

O, I shondd Bo poted thet i one or more eells are eonnectsd
B0 0 o oppose the remaeining cells of the battery, the E M.
neting in the cirenit is the algebrmic sum of the several E.M.Fa.,
while the internal resistnnes muast remain alwoys sleietl s additive.

1t is possible, ot rorely  ndviseble, to eonnect in series
dissimilnr colls. 11 o cortain eell bave po hirh sn internal re-
sistanee that when it is ndded to s battery the lose of volte throngh
it { = C % ) is preater that its own F.ALF., no inerense of current
will result. :

Esample —Two Leclonehé eolls ¢ = 15, n = 1% are econ-
nected to g externnl rosistance of 8 ohme.  Will it bo of any use
conneeting a 5-eell Post Office Dantell's battery (E.M.F. - b volts,
intarnal rosistance $0%) in series with the Leelanehé eclls 2

Here if conuectad the eurrent wonld be

pui s A .}‘mn]:.
24 08 i

Les of volts in the Daniell's battery ( = C = ry = 1 x 80 =
0 volts). This is greats than e BAMLF. of the battery ; therefore
the owrrent is lesg than with the two Leclanché eells alone.

7. Conneeting in geriss is the best method if it will give the
roquired resnlts @ hence the bnestigation in parn. 4 hns the im-
portaut corollary that :—

When o choigdof cells is pynilabile, select a paltern that has o
low resistonee eompared to thet of the external eireuit, and eon-
neet pgufficisat nomber of them in cevies to give required result.
When no choiee is possible, and series conmection will not smit,
recourse must be hod to eonmecting in ' parallel " or eompound
aireuit,

8. Cells in parallel.—To counect & numbsr of celle in parallel
for divided) cirouit join all the + poles and oll the — poles
respectively to common terminels, which then form the terminals
of the battery. Fig. 85 shows iwo metbods of doing this.

Observe ihat Fig. 850 is praclieally identical electrieally with
Fig. 85a. The thick wires of no appreciable resistance to which
the similar poles of the cells sre comnected may be considered ae
electrical points, as long s the fall of potential along them is
inappreciable. Employing the same symbols as before—

E

E=E;-|-I'L'.
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e wr
FXTERNAL TARCOVT NOT IHIWN + f T

Heore E (the EALF. of the battery) is equnl to e, for she system
of parallel conneetions in affect construcls o singlo Iope cell out
of a number of similer small oopea: and it bas been established
thit the EMLF. of a eoll is indapondent of its size.

Also T is equal to :-:‘.u bging the number connected in

parallel.  For the current now has “u " pothis I.I:u'uug:;h the battery,
ench offering equal resistenes.  The "“combined ™ resistunce is
thevefore
ir
it ; Ly
LT O -
r:- 3 = &

Exnmining th's expression in the same way as before, suppose,

firat, I, very emall, In the limii suppose it negligible,

Lhom ' i e

"

In this caRe—i.e., when R,. is very small—the gurrent in the
external civeuit is increased by connecting cells in parallel almost
in direet proportion to the nunber conuected.  On tha other hand,

]
when R..is very lnrge—in the limit suppose — to be negligille—
R

N
A

of tha current in the external cirenit is lictle greater than would be
given bi. a single eell, whatever the number that may be connected
in parallal.

_ 9. Cells of different E.M F.s must never be connested in parallel,
for the cell of higher E.MLF. will foree & current through the
weaker cell apainst its EM.P., even when the exterpal ciremit
is open.  For &xm:]plo. if & Grove's cell (¢ — 2% m = 0%} he
connected in pacallel with a Daniell’s cell ie = 1., 1, = 6=), Fig.
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A6, o eurtent will Mow through the eells (when external circoif is
open) equal to
—_ E_l_ 1--[I]J]PEITE
0245 53
10, As long s the EM.Fs. are equal, it is not absolutely

Fig- 346,

af =@

pacesenry bhind the internn] reststnnees of the cells shall be the
sme,  Dul in this case the expreseion for the nett interoal
resitanes of the bettery du o little more complicnted, Dot oo be
readily nscertained by application of the laws of divided cireuits
denlt with further on.

11, Cells in eourgerited  prremilo—Snmlar  cells  may alsa o
conneeted in eompound efvenit as in Fig. 87, In lais ease the
EALF. of the baftory ig 8 * e whore & i the number of celle

Fig. 57.

SULLLE

FHTERAMAL CARTLYT NOT JATIEN.

serigs in ench row. Ales the rcsistance of the batte-y is the
resistance of any row divided by the numkar of rows, ..,

ar,
i

. P
where p 18 the number of parallel rows. So the current through
the external cireuit, R, is
| [ p—
4 M Ty

g xF

+ R
P T
Alsom = & % p = number of cells in battery.
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12. It hag been shown above that when I, i8 rery large, a
given number of cells should be connected, all in serics, to produce
the greatest curreat through the external resistance; ales, that
when R, is rery small, the nroper arrangement for greatest enrrent
15 all in parallel. In thoss enses where the extornnl resistance is
comparable with *he internal, an imtarmediote mode of connection
—eomourd eireuit—would for o giren number of cells give the
grentist current throngh a given external resistance.

The rale [or arranging o given number of similar cells so as to
ghinin greatest curvent 10 o géver external resistnnes ie o5 followes:

“Arrange the cells in such o manper that the resistanes of the
bnttery [* x}:r“— approximates most closely to the value of the ex-
ternal resistanes.”

18. I may no* alwava Le the ease in practice that o batbery
e be mrranged to have o resistance exactly equal fo o given
external resistance, for the numbsa of practicalile arransemeonts is
linnted by the considerntions that the E.ALEF. of each row must Le
the same, snd with similer cells eacli ahould eonfribute equally to
the work done in the erisrnal eircuit,  Therefore with snmilar
cells the numwber of eolls in each row must beequal. With 12
similar cells the number of practiealle srrangeinents is gix, viz. :—

111 All in series,

(2) In two rows, six cells iu each row.

3 ., threa,, four- .o,

£ WSS (111 S 17, ™ S

() 4 RiIX ,  bwo -

(6 All iz purallel.

The remarks made in para, 10 apply also to the cases of o
cotnpound battary. :

14. That arrangement of cells which makes the internal resiai-
anee equal to the external is sometimes enlled the ' beat "' arrange-
ment ¢ bt from ong poink of view. viz, © eficienen,” it is not good.
For in this cose one-half of the power developed by the bablery is
wiasted dngernolly,  This will be botter andarstood piter considera-
tion of the power developed in a cireuit by the electric current.

Fuo, &,
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15, Lews of divided cirenits.—In cases where the eircuit divides
into two or more beanehos, it is required 6o nssertnin--

{a) Tne value of the total current furnighed by the battery,

(This involves sseertuining the nefl resistance offored by the
savernl resistances combined in parallel.)

(i} The value of the eurrent in eash branch of the eireuit.

16. Consider the eivenit shown in Fige. 88 and 89 (which are
electrically identical),

Fae 50

The eurrent, C, from o battery divides between two noints A and
B into *n " branches of resistances, Iy, Wy Ry ... . R, respec-

tively.
The portion of the tote] eurrent, C, which flows in each branch
15 showi
‘.'1|-| EJ' f_"‘i' ...... U._
Then by Ohm's law,
0 = Laimmie p=mten 0 ESHEEIN .

whore 18} vepresepts . the combdoed resigtance of the varione
branehes, B, Bs &, belween A and 13,

Or it may be snid et B symbolizes that sivgle resistance
which, being substituted for the sepa.ale resistances between A and
13, will (eeeteria pueriling) ennse the same total coreent (o flow as in
Fig. 40.

Fia. #lL
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17. To find B in tarma of By, Ry, &e., we have obviously

E=U,+ﬂ;+{}_]+ ......... [, o i e iE:H
b, applying Olm’s law to the pointa A and B ;

V: ‘lil"q ‘Ta

= mm— E‘ S ] v Cn; =

0 It § i, F_

-Also (big. 40 g2t
K
Bubstituling thes: volues in (2], we obtain ;—

f Ay | 1 1 1

T s W Y B

iy, tho reciprocal of the eombined resiatanee is squal to the sum of
the recip.cocal of the separate resistnnees.

The result (3) s sowelimes ressrded ns axiomatie ;. for if
*eomdnetivity " 16 defined as the reciprosal of * resistance,” the
rogult may be epressed : * The resultant conduetivity of o nvumber
of brinche is squal to the swm of the sepurate conductivities.”

If nll the branches hove equsl resitances (say each = Ry
Iy
"

18, By substituting now toe numerieal value for It obtained by
(3} in (1) we enn aseertain the vales of the total curvent (C).

The value of the enrrent in any branch can now be found.

then combined resiglanes =

L LR
For -5 7 it "niul O i o
X TEA

g -,

tho value of O and BE having previously hean oo,

By mulhgmt application of equations (1), @), aud ), the
current Howing in any braneh of most ordinary cases of divided
cireuits car be found.  Where the cirenit forms s netwo.k ::E‘n HGre
comnplicated chareter (us Fig. 106), the l:l'.ll.l:l]_]'Fl:E eolution is only
]Jrﬁ.q:h!i-' by the use of * Ihn:huﬂ"a lows ™ which nre practically
extensions of Ohm's lnw.

19. In tho most usual case of divided cirenits there nre two
hranches only.

T Eiieh o - R! R H: -

& e Hi == e A (N R W {5},
R. 2h J.ld
o result that ehould be remembered, as it is required froquently in
practice.

Also with two branches only.

1 I E

L — . s . - g

| Py | AN T © 1 H e ”ﬂ"_l-'., x By
P

= Rirchoffs lnws ila not form part of the BAL A course of instroetion; wod ane
not comsidered in this text-book. The student who purses the subjece further
should not fail tooake bbmsell sequainted with teem.



and 6 =Cx iz x 0. |

b Ry + Ry i 7
and similarly Oy = Bi O ow . 3 [

Ry Fi + Hs

(It is desirable that o student, when working out numerieal
problems in divided eiveaits, should work from first privcip!as rather
temn from forimulse, )

The following points ghould be carefully noted :—

(13 Tho value of the eombined resistanes of a number of branabea
st nlways bo less than the resistanee of any one branch.

(2) When n very Inrge rosistance is placed in perallel with o vary
smnll one, the combined resistance is very nearly eyunl to the amall
risistanee,

Both l-]'lﬂ:-iELiH:EiliE are well illnstraied by the following graphical
mathod of finding the combined resistanes of two leanohes :—

Tuke u ling of noy length AB. AL A sel up o vertion] AC to any
corvenient sealo representing I, ; at B sot up vortieal BD to sume
seale to represent Ry Juin AD and BC intersecting ‘st E.
Draw EF perpendiculnr to AB.  Then EF represents to snme seale,
combined resistanes of Iy and s Uhe proof of this follows from
similar frinngles.

Fig. 41,
C

&

20. tralvaionieter slnante.—0nno practien] appliestion of the lnwa
of divided eivenits ix in the ealeulation for * galvancmcter shints,”
It mot infrequently oeenrs (hat when moking use of a galvano-
mweter for * testing "' vorpeses, the current passing through it is

Fig. 42
g
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to0 sront, producing u deflection inconveniently large, or beyond
the limits of the seale. In this case the current through the
malvanometer (ann eonsequently its deflection) ean in general be
reduged by placing a resistanes, termed a * sloand,” in parallel with
the malvanometer (as in Fig. 49, A portion (U, ) only of the total
curvent (C will era pass through galvanometer, the remaining
portion (L ) passing throngh the shunt, sinee

E = E_r + Ul'
From the laws of divided eiveuits we hoyve (Fig, 41)=—
: E
L —
x » oy
1
Bt e +g e s
1 L] H
nncd C,=0 = TR, 0, =10 g (from
equation T above),
¥ B
il Fo=
‘ G @

21. By muking 5 w purtizalar valoe relative to G, any desired
fraction of the tota] current passing can be enused to pass through
the palvanometer,

: ;
E : 1

To take a general case, suppose it be desired to pass . —th of
it

e totnd enrrent through the galvonometsr, what must be tha
vidue of 52

| L%
1 " L'
Hera E" i — i M = f—l
i o o= ].E
N
thorefore 5= _H_
=1

of G, b of the- total

i, by making the shunt of n value
n—1 "

eurrent will pasa through .

Algo whan 5 = “%. the eombined resistance of galvanometer

- T ¢
and slmunt ilE_H}lll %
22, A box of sdjustalide resistances can if available e used for
& palvanoneter shunt; bl wany sensitive galvanometers are pro-
vided with o special set of shoute,  In order to suve labour in
cileulation, these resistances are nsunlly adjnsted to sueh a value
that some decimul fraction of the eurrent shull pass througk the
galvanometer.

From para. 21 it follews that if & salvanometer of resistnnes G
i Lo be provided with o st of chunts, suel that 5th, i=th, or
vornnth of the towl eurrent shall pass through the galvanometer,
the shunts themselves must have resistances th, Sth, glsth of
the galvanometer resistance.  The shunts are generally thus

16028 o
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marked; the combined resistance of galvanomeier and shunt
would lir G : N - mL respeetively,

28, The following point must be cerelully notel —

Buppose that in a siwople civenit with battery R, resistance
., nnd Galvanometer (3, the current flowing

0 = K
By 4, + G

t-_:-] ii8 applied, the

rest of cirenit being analieved,  The enrrent now Bowing throush

is too large, amd aecordingly a shunt ‘:.,I Haiy =

: 1 LA i
malvanometer will not lwe - Cf Tt = C, where C i the total

enrrent tiowing, aife the shuod hins Teen applied.

. K
Now L= R
I'I.-.iﬂ.*-” L
which is obvionsly greater thaw C 3 inasmoch as (s greater
il izl
T

i, {hanpensnting resisfeore,—1F @1 i5 alesired that the current
pesaing thromeh the gulvanometer aiter opplying (e shunt shall be

iﬂ] of the current hut passed threagh i befere the shont was

appliod, n resistanes (termed @ % eonipensnting pegistance ) shonbd be
added fo the maia edmait ot the snme time that the shant s o pplied
to the fermivale of the palvanomeier.

The valwe of thiz compensating vesiatanee (1 chiould e suel
| [

as o mnke C = G e, W should e egoal to the diference
" (1%
Tiebween G, el PP
f1m i3*
i i S 1 I B

35, A case s possible wiere the application of s shunt without
o compensnting resistance doss not materadly deceense the corvent
thromgl the gulvanometes.  This will Ie the ense when R+ B
are s0 smml ns w b negligible in comparison with the resistance
of the shunted gulvanomeler,

a5, When n definite shupt is usal with o galvanomerer, we
knew what proportion of the total current is going throogh the
instrument. 'l."l.'}lmn we do not use o defipite shunt we hove o
make a ealenlation.

Thus :—Let the resistance of the galvanometer be G and that of
the shunt be 5, let G, represent the eurrent through the galvano-
maber aud O, the current through the shunt and C the total eurrent.
Then manifestly-C = C, + C,,
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{; is the current iudieated by the instrument and’ in order to find
from this the total eorrent, we must apply what 15 called the
“ multiplyine nower of the shunt.”

; G, &
Thus i =
Ui G, B+ G
ﬂ_n,.l L':u F e ._ﬁ_ W
' ' B+ G
Therefore i B i 1
L4137
or L= H-H-E w Ly

That 15 to sy that o oeder Lo find the total corrent lowing from
the battecy we most multiply that indieated by the galvanomeder

Ly the multiplying power ol the shang, nwmaly ﬂ'---ﬂ—

27, Didrevmed Shante—The ndvantyme of the * Univereal ™ systom
of shunts 1 tht the resistunees of the varions shunt eoils de not
requive b bear iy fixed velation to the resistunees of the galvane-
meter eoil, and the same sot of shunts eon be used wth any
galvunemueter owing lo the peenliar mole of eonnection which i#
ndipibisd,

Thawretival nrJ'.ll_-'.ll'ulrJ af = Llarieraal ™ Mot
Fie. 491

5. AR

o gg goo* ggoa ™

Fig. 48 _hows the theorelieal eonmections and the actual valoes
of the * Universal™ shunt coils.  The shunt has practically three
terminalg, two of which, A and B, are connected to the galvanometer,
the external eivenit baing joined tooone of these A, and also e the
thind terminal C, which is in eounection with o sliding contaet
or gwiteh.

BB,

"he wultiplying power of any shunt being it will readily

‘FE sean that in this ense (¢ + 5 is eonstant, becanse ag the switch C
ifgnoved along the shunt contnets, the resistance which is taken
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oub of the ghunt eirenit i put o the gelvenometer eircuil o
vice versa,
The funetion of the switeh 15 thevefore to alter the value of S,
the denominator of the fraetion ""—E-E}
When the switeh is on the contact stud 1, the multip'vi=z power
(1 + 10,0080

of the shunt will egqual ll}ﬂl.i.f ik the galvanometer is shunted

by the whole of the resistanee in the shunt eoils, then obvignsly oa
moving the switeh to the next contaet siud the shont is redueesd to
1,000 whilst the D000* eoil is thrown nte the =alvanometer
gireuil, the ronltiplving power of the shunt equals

G +9,000 1,000 _ G + 10,000
1 0ud - 1,000
which is ton times greater then the previous shunt value:.  Bo thal
dennting the wultiplying power of ihe first shunt by 1, the next
would be 10, tho mext 100 ana sa o1,
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CHATTER V.

“Zocdunstivity—Insulation—Earih Roturng—Fnll of Potentisl

1. In Chapter I, dealing with conducting and insulating
materials, the condi*ions that must be Iul:ii]]u!i‘ by the electrical
wires connecting a battery and pn instrument have beon briefly
considerad. Generally speaking, the chiel elecirical essentials of
Ale sonneelingy wires nre—

(e} Ciodd (i, sufficient) conductivity.

() Good (Le | suffictent) insulation.

8. Cwndwetivitg—~Food conduetivity implies :—

1) That the conduetor 4 of suflieient size and of goch a
materinl that its resigtance dost not radoce the eorrem
odlow that value required to work the instroment (sup-
posing tha battery power given).

{2) Thut the 11rn!‘:nr working enrrent passing for any eogil of
time throngh it shall not can=e ita temperature to rise to
gnch a point as 1o damage the *“insulation  surronnding
it; or to eause, divectly o indiveetly, any risk of setting
fire to surrounding oljeets,

The first cendition is of primary importanee, and may be con-
sidered from noother point of view. Secing that every electrioal
instrument requires o definite difference of potentinl (velts) applied
ot ite terminels to propecdy wovk it the conneeting wires mny he
Eadd 13 possess sifficient conductivily whan the pressure absorbed in
them V (= % 1} is not s0 great ng to leave insufficient volompe st
the terminals of the instrument, other considerntions heing provided
fur.

8. Freampl .—A eortain eleetrical instroment requires §; ampére
io work it and hes a resistonce of 100 obms.  Can it be worked
through a pair of copper wires (rezistance 6= per mile) from a poing
20 miles distant, by a battery of 10 Leclunché eells (ERMLF, = 1'4
volts, internal resistance 2= gpeh) ?

q ] 100x 14

W 10«2+ 12 x 1+ 100

where ¥ 15 the meximum namber of miles, the instrament will
work under the eonditions given.

Here A4 18E miles,

In this case, then, either thicker wire must be cnployed, or
battery power incvessed, or eartl refurna (soe below) employed.

4. The mulerial that ns o general role fulfils most sconomically
the conditions of pars. 2 is copper, which is slmost universally

Here

Elmlpluyad.

n order to fulfil the second eondition, the cross-sectionn] aren of
the conduetor must be proportioned to the strength of fhe current
flowing in the conduetor. A rongh rule, freg :lanl;!}' amployed, that
gives good resulte awith copper wire of high quality, is to employ
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wire of suzh thiekposs Lhat eurrent flows through il in the pro-
wrlion of 1,000 amperes per square inch of eros-seetional area.
his holds good for wires of any eross-seetion, nol only cirealar.

This rale gives with round wire unmnecessarily lurge sectional
area (from the point of view of rise of temperature) for small
currents ; and not quite enongh for the lnrge evrrents.  For the
heat 18 gewereted in the whole wags of the copper, while it .o only
b eligeipated through the sweiwes, nnd with wires of corenlar seciion
the sorface doss not inerease in the same ratio a8 the mnes.

6. FKromple~A search light o to be inatalled 400 yords
swny from o dymamo.  The light requires 100 amporea with
53 volte nt its terminals, The dynamo ean mpintain 73 volts ot
ita terminale.  Will & eopper eable containing 12 eteands of
Mo, 14 standard wire paoge be suitalle?

@ Buch o enble hos resistanes about 0026 olnz per 100 vards ;
and has erosa-sectionnl area 0008 square inch.  Aceording to the
table this enble will eorry 108 ampirves; aod will thus fulfil the
geconnd ponditioon,

Algo the resistones of B00 yaeds is 00208, The loss in volls is
(V=0Cx I =100 x 0-208 = 208 vo'ts,

T — 208 = 622 volls,  Therelore the loss of volts 1s not too
prent s mnd the eable falils the first condition.

th fusulation,—The closs of insulation o be provided for the
eonduetor depends entively on the eouditions ander which the
conductor is to be used.  Thus sulmocine enbilos and apdercronnd
wires require continuous waterproof insulption of the highest
quality.  Cables employed in the lransmission of large electrical
power should be corefully insulated, ss wny fault right bave
serious resulis—especinlly where the * pressure V' employed is
aonaideralio.

Crvartaond telegraph and tolephone wires are not provided with
a eomtinvous  insuliding  eovering, but are siretched betwoon
insulating supports mada of poreslain or earthenware.

T. Mechamical strength B the civenils is oflen of ns much
importance ws the elestrieal eonditions,  Thus for everiead Lele-
praph wirves the size of the wire is Trequently determined by the
mechanical strength necessary, and iron wire bas Leen much
employed, not beewusa it is the best conductor, ot Deenuse of its
superior weehomensl propertios.  Becent'y it liag been Tound
possible o manulacture wires of certrin eopper allove that have
sufticient strength, and thess wires appenr therefore o be supersed-
ing fron for overhemd eireuids. A phosphor bronze wire is
cmployed in the service welegrapb units.

Il the best insulating materisle ure mechanieally weak.  Thus
the porcelain insulators ueed for overhend civeuits aro moderately
good insulators only, bub are selected for their comparatively great
mechonical strength,  The gutta-percha or indie-rubler covering
of submarine enbles bas to be protected from iujury by an outer
eovaring of steel wires fermed the * armouring.”

8. Farth returns.—It is not always necessary to nse & complete
wire cironit, i.e., & puir of wires (*“ hne "' and * return ) eonnecting
two points.  In telcgraphic work the return wire is dispensed with,

* Bes Tablos of Sandand G'ses of Copper l:lnmi-:;:'l-m:. a.ppn;i;:; to this choj.ter,
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the cirenit Leing eompleted through the earth itself, by sinking
metil plates (nsnally of copper or palvanized iron) in the earth at
vach end,

It moay b snid that the enrth between the plates offers proeti-
eallv  no resistanze to the owevent; the oross-seelion Dbeing
practieally infinite, but the eurvent on passing from o plate into the
enrth (o wice rersi) imeouniers o cerlnin resistance, the nimountk
of which deponds on the surfaee of the earth plate and the natore
of the contset.  The larger the surface of the plate the less the
resistanes ; and eacth platcs in wel soi]l have loss resstance than
when in dry soil. Earth plates in the sen nre best of all.  Perhaps
i better way of consideriug the esrth return is from the point of
view thot the whole escth is practieslly ot the same potential, ie.,
frms one ** electrienl poing ™ ;) so that there can be proctically no
resistance between wny two points of the earth except that at the
surface of the earth plate. The resistance of the earth is
threfore independent of their distanes aparl (unless very elose
terether), % sysbom of water-pipes in o town maokes oxeellent
“earth,  Jrow pns-pipes are sooetines made use of.  Lead
pas pines must never be used for earth eonnection on necount of
Ehees hrﬂ:ilit&‘ of o Hohtnime dizeharme fuzinr tha lead and eatling
five to the o=,

. The employment of * earth © retorns presents the following
p':fr'.lur.nl:';r.i: —

() Hoving of wire wnd, consequently, of expensa,

(1 Lesseming  din long eivenits) of ihe resistance of the
cipenit, nid consequently of the battery power required.

The deamrlacks inkerent to Mhem ore -—

(o} Greawlor liability to * insalation ™ feults than u complete
wire cireuit,

it} Linbility to elianme of resistanee, necording as the soil is
wet or drv,  (With enrths in the sea this dissdvaninge
15 olwinbed.)

(¢} Two carth plates tend 1o net like the pair of plates of a
voltaie cell, and to send o current round the eireuit,
Testing the cireuil s therely vendered more diffiealt.
Making the earth plates of the sane materinl minimises,
bt dess not entirely annul the disadvantege.

10. With telegraphs (land and sobmarine) earths nre almost
invarinhly emploved. With telephone eireuits it is wof, however,
advisable to wae eartha, for the telephone 15 so sensitive an instru-
ment that it is likely to be affected by the winute * leaknge "
currents picked up by ifs earth plates, as well as by * indugtion
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eurrents " from peighbouring  cireuits.  Theae bad  effects with
telephone cirenits are practieally snnolled by the use of complete
wire cireuits.

11. The mdvantages of earlh returns given in parn. 19 are
sell-evident.  Diendvantage (e} will be understood by comparing
Fig. 456 with g, 44.

Farz, d3.
BATTERY " SNITRLN EAT,
‘l+ LINE WIRE, A
. e | ————— = -----—”—@(

Fig., 45 repuesents o enoplete wive eirenit with two Lisofated
wires, Buppose nn insaletion faolt af A ; fe., the wires ot A 16 in
contact with the pround. Provided the return wire remning
effectively insulnied, no leakage of current can vesult, I, however,
there were o fault at w similor point o Fig. 44, some of the current
furnighed by the battery will find its way ek without going throngh
the distant imatrument ; snd it depsnds on the resistanes of the
fault rentive to thit of the civenit beyond it whether enough current
renches the instrament to work it.  Particulnr enser eoubl bo
worked oot Ty the laws of divided eireoiis,

12, Provided thichnmge in e resistanes of the earths 15 1ol exees-
sive, disndvantage (%) hax not miuch weight with telegraph cireuits,
where the other recistances in cirenit are so lapge ns to make uny
but  Inrge alloration in the resistance of the earths irappreciabls.
This disndvantage, however, combined with (a), prohibits the use of
eiurths for lond wines, electrie Hobis, o

18, The ** eonductivity registanee ™ (C.10) of o cable is the resisl-
nnee asrally expressel i oliwg of the eonplinetor ; it is obyvions that,
r-r]l'agi.r pueribuiz, the C.IE i directly proportional to the length of the
ca .

T, i

EARTH

The “manlation vesietanee ™ (LIL) of a eable is the resistance
usnully expressed in wepohuns offered o Jie gseape of the eurrent
Infernlly through the menlating eovering of the elile.

Thus if Fig. 46 represents an uniformly insulated calle laid fn
water, with one cud insulated @ the other end convested through s
battery to earth, there will be a tendeney 1o leakage (o5 indicated by
the nrrows of the figure) all along the eable ; therefore the lomygrer
the cable the greater the leakinge ; i, the * insulation resistance ™
of aw uniformly insulated cable is inrcrscly proportionn] to the
length of the eable. For exumple, suppose the C.R. of a cable 10
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Enois” long w be measured and found 120 ohws, and the LE.
found to be 50 wegolimg, whotl are the C.R. per knob and the LE.
per knel ot the swme temperature as when the test was wken ?

The C.K. per knot = %‘ = 12 ochms per knot.

The I B por knot = 50 = 10 = 500 megohms per knot.

1. Fall of  ustentiol. It is 0 oseful exercise to study the full of
potential that lakes place in a circnit when a eurrent is flowing.
(This hus alvendy bean tonched upon in Chapter 11, para. 10.)
Ihis is best shown graphically, and many practieal problems ean
b rendily solved Ty this method.

Fin. 47,

Coneider the simple civenil in Fig. 47. As expluined in the
chapter on batteries, the difference of potential enusing the current
may be considered to produce bebween the point A ':E]'lﬁ ligpuid in
contect with the zine) and the point I {the zioe itself) ; A being at
tae high polentinl, ¥ at the low potentinl. The fall of potential
tukes plees uniformly between A snd F, producing current in
direction ABCDEF.  The differeuee of potentinl is supposed to be
maintnined so as fo prodluee o eonstant eurrent,

Fin. 48,

It in Figs. 48 and 19 ABCDE represents the resistances in the
ciremit to sealz, the line ebeedel® represonts the full of potentisl in
the civenit ; Aas is the moximom IV of P jie., the F.ALF. of the
battery):  Bh i the Id of potentinl between B ound ¥. The
difierence of potential between any two points is represented by the

" Tl **kmot "' or nantical mils is usnully taken for “ealide * purposes
ng = 200 yards,
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difference botween the two verticals sl these points. Thus the
difference of potentinl between C nnd D is represented Ly b (Fig

49).  Fig. 49 is only Fig. 48 developed on » plune surface.
For n civenit shown in Fig, 50, i.e, three colls in serios with an

Fio. Sl
A !_i %
£ I_I &

external resistance I, Fig. 51 shows the rise and fall of potential.
It will b seen that the fnll of potentini in the external cireuit ia
the sune as would have been produced by o single cell of thiree
times the BEALF. and of theee timas the internal resigtance shown
by the dotted lines of Fig, 51.

Fan, fil:

[P - SRS e

For practice the student should denw the fwll of potential
dingrems of Fig, 50 when (o) the external vesistunee is so small as
to be negligible beltory short eirenited) ; (0 when Lhe external
rosiatanen is vo Inroe ns o be practiea'lv infinite, or (¢ when o eell
i# plaewd in eircuit, so as w oppose the rest of the Lattery.

18, To construct a fall of potential dingram for o simple circuit
set oul ou @ hovizondal line s AF, Fig. 511 to any eonvenient
seale, all the resistanecs in order commencing from the point A—
the lignid in contael with the zine terminal of battery —und
emding a1 point F, which is the zine terminal of the Battery. At the
point A, set up verticnlly to eonvenient ecale, the lungth AA' to
represent the slgebraic som of the BALF.e in eivenit.  Join A'F.
Then the inelination of this line (o AF is 0 mensure of the current
strength in the eirenit. The distribution of potential ingide the
vatrery ean now be plotted in steps, ns in Vig. 51, roting that all
the inclined lines must be parallel, as the corrent strength in a
simple cirenil is the same everywhere.
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Column 1 gives the size of the conductors i common use,

Cables are shown thus : —19/16, iz

19 wires of number 16
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glandards wire pauge, or 19082, meaning 1% wires, coch of whick
is "082 inch in dinmeter,

Columa 2 pives the maximum corrent permisaible in eondnetors
Inid in epsing or tubing, providel the external temperature does not
excead 100 dep. Fah. (378 deg, Cen.). The maximum current for
any conductor may be calenlated from the formula—

Log € = OrB2 log A + (rd15,
or Q= i A™E
(Where C = eurrent in amperes,
and A = sectional area tn 1000ths of o squere inch).

Colomn 8 gives the approximnete current density in nmperes por
puare inch corresponding to Column 2.

Column 4 gives the toinl length in yavds of 1he conductor in
givenit (lead aud retyrnd Tor eoe volt deop when the enrrent 1o each
conduetor is that given in Colomn 2.

Columm & gives the resistanes of the econduetor per 1,000 yards
in Bonrd of Trade standsrd ohins,

Column B gives the weight of eoppa conduetors of e gangs
given in pounds per 1,000 yrrds.

Column 7 grives the nocinal section of the condoetor in square
T

Mramierlprnle.

The datn for the vesistpnees ol weights of copper conduciors
nre based o the F.SA standnrd pe defined Dy tlhn Engineering
Btandards Committes as follows :—

A wire one meire long, weighing one pramme, and hiving a
resistanee of 001539 standard ohms ot 60 deg, Foli (156 deg, Cen ,
is takien as the Engineering Stondards Committes (E.8.0.) standard
for havd-dewwn high condnetivity eommerieal copper.

Hamd-dvawn gopper is defined ps that which will not elongate
more than 1 per, eent, without fraeture,

A wire one metre long, weiohinge one gromme, and hoaving o
resistanes of (P 1608 stondard ohms ab G0 deg. Fah. (166 deg, Con.),
is taken as Jhe Engineering Btandards Committee (E.8.0.) standard
for annealed high conduetivity eommercial eopper.

Copper is token ag weighing 555 Iba. per cubic fool (569
groanmes per enbie centimatra) at 60 deg. Fah. (1546 deg. Cen),
which gives & specific gravity of 890,

An avernge temperature coefficient of 0°00238 por deg. Fuh.
(FOMHEE per deg. Cend) 18 adoptad.

A variation of 2 per eent, from the adopted standard of resistunce
ig allowed i all conductors.

A variation of 2 per cent. from the adepted stadard of weight is
allowed in all conduetore.

Au allowance of 1 per cenl. increased resistanee, ns ealenlited
from the dimmeter, is allowed on all tinoped eopper conductors
between dinmeters 00104 and 0028 (Nos. 12 und 22 5W.G)
inelusive,

For the purpose of enlenlution of tables, a lay, invelving nu
increngs of 2 per eent. in each wire, except the centre wire, for the
total length of the cable is taken as the standard.

The legal standard wire gange, as fixed by order in Couneil dated
Augnet 29, 1853, is adapted as the standerd for all wires.



CHATTER YL

Eleszicntnry Magnotism—Definithena—Uuil P'ode—Mapoetic Fiehl—Elesaents of
Teresinia” Muagmetisin—Linea of Foree—baotecular Theary—Magnetie Field
prodluesd by o Cureont,

L. Pi'r'ftlrr-l'rrrJ-J.r weprerimen fi—Tiake w loog stesl rod soaid to I:a

*mngnetized.”  Suspend it in o stirrup lu-'| it fne silk thread in
such 0 menner ag to ba [luu to move in a hovizentud plane. Tha
red will, of ** mognetized,” set itsoll always in a certnin position
roliative bo the cacbh’s axis, and will, if d:apluceﬂ tend to return to
that position, The position is sueh that the long uxis of the rad is
approrimately novth and south.  Tf the end that ]mi.nt:-; townrds the
north Lo marked, it will be found that this marked end will nlways
poirt in o northerly direction.

2 ffles—"That end which points towards the gengraphical north
i wnlled the * North-secking pode,” or shoetly the =N, pole ™ (some-
times the * marked pole™)  The other end, which points towards
the soutly, is ealled the ““Secfeseeding pude,” o shortly the
8 pole ™ (gometinies the * wamarked pole ™).

& 2ol erpueriment,—Take n seeond steel mngnetized boar, @ auar
to the first, Ascertain us sbove desorilwd which is its N.-seeking
pole, and mark it.  Approneh the marked pole of one magnet to
thee markel pole of the suspended mogmet.. A foree of el
repedsion will b olserved betwesn the poles.  Bundacly, if the two
anmarked suds are bronght topether, a force of wuotual repulsion
will Lie exhibited betwesn them. COm the other hand, if a werked
ered be approsched to an swesseded end, o foree of mutusl attrastion
will e observid,

In gmeral the fovee appears to aet only ot the ends of the
magnetized lLor, f.e., af fts “poles.”  Very Irequently when long
Ehin **maguits AL beeing experimenbed witly, wnd when che l.i].H-r
tunees neross which the forees acl i considevalila, the * gufe
eonsidered to beow  poind,"" and s the point of application of I;ha
mngnetie foree,

The struimht lne juilling the twe poles of & magnet i3 called the

* e i “Hhe gt

A 11-]:1::& at right amgles to the nxis, and midway between the
poles, is colled the * weapeetic squator.™

It way bore bo obaerved that the *© pobs ™ of o magret, ie, the
points from which the maznetic forces apposr to radiste, are mob
mibmated b the extreme eond of the stesl bar, but o short distanea
ingide. - The magnetie length is. therefore, less than the actoul
length of o magnet.

4. Aol crperivent,—Toke o number of small fron nails, or a
quantity of fine iron flinga.  Ihp eitheer end of the mognet into the
filings or nuils. A Lunel of them will be found to be attractea by,
anck o lhere fo; either pole of the magnet indiferently.

a, Propertive of" o mognef—To gum ap, we coll o substance o
mngnet when it exbibits with some degree of permanence  the
[ollowing peculiar properties i —

(@) Sets itsell in a definite peailion relative to the earth's nxis
at w particulor time nod pleee.  (This property observed
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Belber with stralght * loar maenets ' e with other
fosims. )

i Two mamnets exhibit repulsion of saeidar poles, and attrae-
tionn betwesn diseim far pudea,

{r) Small light pieces of iron are sttrocted by either poles.

. Muognets nee made of o viodety of shopes the two most com-
monly met with being the = bee wegpeet ™ gnd  the  Sarse-shoe
mgret,”

Compags wenble ~The " compuse neadle™ 15 only a very light,
strmight bur magnet, suspendead or pivoted o swing i o hovizontal
plane.  Ae is well Enown, the directive property of the compnss
neglle has s practienl appliention in the * mariner's compass,”
atil i certain instruments for sorvexiog purposes, e, e
H prigmntie compass”

The horse-shoe magnet s & bur bent so a8 1o Lo ils poles close
togethor (Fag: 581, The attractive foree on o pieew of fron is better
shiown with o horse-shoe magnet.

7. It will le noted that the propertics mentioned in porn. 5,
appear ta be dependent on the fact that the mognetised Dives
possesses emilds o ¥ poles,” It s, Lewever, quite possilile [or o
oo of steel, o the fermof o complete mng, o be moonetized.
T this case it mny happen mooe of the phenmuens mentioned in
pura, & are observable. The evidenes of mmgnetiotion would be
move indirect.

B Law of wagueetisn,—Property (W, perss 3, i3 somelimes
summed up * like poles repel, unlike atieaet,” and is frequently
elled the * first Inw of mogoetism,”

It is impossible to produce a magnet with ooly one * ped
Hence, when cousidering the forees exerted between the poles of
twe or more megnets the meenee of bofly poles most e taken
imter conaiderntion. Do the cuse of vory long maenels, however, it
[reqaer Ly oeeurs that ong or wore of the poles 15 s0 far diztant
thint its influenes can be neglecod withonl sensilile error.  More-
over, thy two pales produced are always equal in steewgth.  1his
fnct may be illostraded experimentally by magnetizing o plece of
ptee] wateh-spring: — When el straieht 1t exhibite the wsoal
phegomena of poles ; but when best into the form of o complete
rityg, no external mogpetic forces are discerned, though the wateh-
gpring still remming magnetized.  The peles aee Said —ppechaps ot
very aeenralcly—to penies lize one another,

A Mapuetie anbafoiees.<Twe  sabstonces  only appear o
hase the property of  becoming * jermarent’  magnets Lo
nuy  consideralile extent, iz, lodestone (0 mapgoetic  iron
ore—Fe, (L —sometimes  ealled  tho  * ntural  mmgnet ™) and
hard steel. A somewhat artificial uistinetion is  sometimes
deawn  between a “wmagnet™ and o * magnetic substanee,”
By the latter term 15 meant o substance which exhibits magnetie
properiies only when under woagnetizing influence, as when
leu:ad near a magoet or an eleetric current ; these properties
isnppearing wholly, or to a larme extent, when sueh infneres
i8 withdrawn. Puare soft ivon (or the best quality of wronght iron)
appears to be the only materinl that is highly susceptille to
wagnetic influence.  Nickel and eobalt are the only other common
wnterinls at all eomp-ruble with iron in this respeet.
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10, Mebaieetic duafu finn in goft fron,—I0 A piece of soft fron, CD
{Fig. 52), be ap) “vached to the permanent magnet AB, whose poles
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are ns shown in the figure, the iron CD will be found to possess
mngnetie propertios, hoving apparentiy a sonth pole next the north
pole of the magnet AB, and & werth pole furthest trom it.  On
rotnoving: the magnet AN, practically all teace of magnetism in the
soft fron will disappesr. On reversing the poles of the magnet
atnl bringing the south pole next the end D of the soft iron, the
end D will show north polanty,  These faels are expressed thus:
o magoel pole * ardiecs ' magmetism in - o piece of soft iron such
that the end of the soff tron next the pole has polavity opposite fo
itself. 18 wollows, of conrse, that o fovee of attraction 15 matually
E'.‘iE!!'H!ti betwarn the mrgnet pole and  the induesd pole of the soft
iron. Referving back to pare. 4, the iron Gilings are attracted in
conscquenee of  the *Cindoetive ™ effect of the magnet. the
“indaction " preceding attraction.

11, A suspended or pivored  mngnesie needle (similar to that
uped inan ordinery eompuss) is nzeful fer quickly aseertaining the
puture of the poles of o ongeel, or whether s given piece of
sleel g mmenmetized or not.

Fither end of un fron bar may he found (ooattenct slightly either
eird of o suspended eormpass nealle,  This wonld show that the iron
bor is unmagnetized, the attraction being due to the inductive
elfect of the compass peedle on the iron bar when the lstter is
brought into elose proximity,  If a fovee of repulzien is produced
betwern one end of the bar and one endoof 1he needic, it is con-
clusive evidence that (lie bar is magnoetized.,

12, It is possible to produce a raguet irreznlarly naagnetized
with the seme polarity at ench @il 3 bot in this ense a double pole
of opposite kind will be found at the eemtre.  This is ealled a
' eonscquent pole,”  Fig, 58 shows one consegquent pole ol centre
of bar; Fig. 54 showe two consequent poles. The effect ie the

Fig, b3, Fig. 5.
™ 53 ] (¥ 33 ]

same.s if two or more magnets were brought together with their
similar poleg in eontact,
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13 Steeagth of o wageel,—Obviously the poles o bwo magnets,
althongh they may hove the spne dimensions, mey exert magnoetic
forces ot different strength. As a first ides, the strength of a
mognet may be regarded ae the strength of its poles.  The pole
strength of two magnets of equal dimensions may he compared by
olsarving the effect prodused f:lj.' enol; magnet upon & thind small
magnet (v, b anspended compass vesdly) when each is placed
suecessively in the same position relative to the compass needle
Por exnmple, suppose o magnel AR (long straiell bard be plaesd in

Fig &5, [Plin),
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u position ghown in Fig. 55, relative o o sunll eompass needle,
whose normal position is asshown.  The needle is defleeted throush
noeertain angle, and the foree deflecting it ean b mensared, *
Suppose the magnet AD romoved, aed the seeond mnpnet put in
plesn of ity if the deflection s the same as before, the pele strengihs
nre eqitnd § if not, the pole strengths may bo taken as proportional
ber the forces exerted on the compuss needle.

4. Law o furerse uq-ln'lrrar,—v—li:ﬁ' i series of experiments with
the **torsion balanee,” it hos been experimentally proved thal,
subject o certain lmiteticos, the foree exerted betwoen tvo magnat
poles viries mversely ns the squarve of the distancs between them,

- 1
i, fx wr
and [orther, if wy, ms are numbers proportional to the pole-
strergth of the magnets, that
o wryms
o MM,
rf_g
The force with similor polew is one of repulsion, and with
dissimilar poles one of attraction. i

15. lLinweation -{lf' tae~—Thig low, eslled the ** law of inverssa
squares,” ia troe ouly in the ease of lowg thin mugnete, where the
magnetic infuence may b eonsidersd to radinte from & point.  In
order that the law may approximately hold troe, the distanee “d ™
must be so great that tee dimensions of the poles may be con-
sidered in comparison practically as points.  This law of inverse
squares hag ils counterpart in other physienl mumifestations :
grovity, Beat, light. Tt is in faet, wniversal in oll esses of aniform
radiation from a point.

i, ** Ohanid magueet poode ™ e OG5 syt —In eonnection with
magnetic mensurements, it is necessury to define a * magnet nole
of unit strangth,” or shovtly an * wnit waguet pode.”  The whove

or, renernly, that

4

"Chie amethod of miensaring the fores i to twist the um:punm;:-n n!. the
needle =0 ns to Tostore il to s orginad position, eallal the torston wmethiod,

f * Cembimetra-gramme-seconl,”  See nuxt chapler,
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liw of inverse s ueres enables us to do this. We moy then define
the ** wnit wagne. pole™ in C.G.8. system as *‘that nole which,
Maeed 1 centimetre digtant from an equal and similar pole in sir,
will be repelled with a foree of * ane fyne.”  Conventionally the unit
magnet pole 18 north-seaking,

I, then, g™ amd “wig™ be oxp ressed in terms of this unit pole,
and ol i centimetres, © 0T will bo in *dyoes,” and the law moy
be expiessed as an equality :

1y ivg
if?

17. The above definition of the unit magnet pole is of funda-
mental imporines in the mathematical treatment of magnetism,
amel it shookl be observed thoat the anit pols is itself n mathematical
eoneeplion, being assumed of Imgligihllg size, anid separated com-
letely from its fellow pole of opposite kind, conditions only
approzimately realizable in practice. = Tha onit pole is presumed fo
be incapakle of exerting any effeats of its own whon plicod in o
*magnetie tield,” o to alter the distrilntion of o meenetie field,®

18. Mugiietie  feid.—Any spoes  whers mognedie forces aro
pEpericneed i termed o Y wagaelic jeld,” 1 atk any :|Juinl: GO LSS
meadle s found o e alfected, thers §s o magnebie feld st that
wint. Thus at every poiut o the earth's surface a eompass needls
15 nffected.  Therefore there isa * mageetic feld die to the eaeth.”
In the spree innnsdiately surrounding a magnet, such as a bar mag-
net, o oonmpsss needle will he affected, and also o fhe weighionedood
of o wiee eaweeging an o plectrie geerend. Thero i85 therelore o
oangaetic fead doe do guy pennanent mogeet,” or booan M eleetrie
eitererd ot iv o wire

19, Lirection of o magunetie feld —=IF o magnetic fold ecists ot
nuy point, the field st thet point hes o eortain divection and infersity.
A emull compass neelle plaged at the point in question will et its
uxis wlong the direction of the field.

It is eonventionully decided that the direction of the Jeld is the
diree.jomn in which the north-seeking pole points, or the direction in
which 1t would move if free to do so.

11 by means of a small compass needle we wore to investigate the
diveetion of the field st & pomber of points in the neighbourlood of
0 bar magnet, we should find that the eedle would set isell al
different points somewhat as represented i Fig. 66, in which figure
the north-seeking emd of the compmss veedle is marked. The
direetion in whiceh the needle points o any peing i the divection in
which the ringnetie foree acts ot teal poist.

20. It is necessary in ovder to obtain o covrect iden of the
direction of the feld, thet the comprss needle shall be very amall,
eo Ehit it sholl not itself exert aoy apprecinble reaction npon the
field. TIf o sheet of cardioard be ploced over the mapnet in Fig, 56
nnid fine iron flings enrefully dusted over, the filings will set thein-
solyes in enrves, exhibiting in o very marked manner the direction

JJ- "

* TR monen! of @ megeed " i nogoantity nles oeed in magnet mensorements, It
i3 the prodaot of ids powe drangl into the dedgek ef ite mogeetic uxis,
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of the magnetic field ot any point.  The filings Decome tiny
magnets under the induetive setion of the weenot, und set them-
golwag gomewhnt ag shown in IPig. 57,

Fig A7

]
T
i

21, Thie experiment with iron filings shows spproximately the
field due 1o any wagnet over which they are sprnkled. With o
bicesesline mmgnet e flings set themselves as in Figs 88, A magnet

P, 54,
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with a consequens nole would show a field as in Iig. 50, If two
similar poles of tw. magnets are bronght elose to one anothar, the
field in the spoee Detwesn the poles is shows in Fig. 60 The
purves in this cuse oxhibib in o eurions manner the phonanonan of
repoidsion whirh takes place between the poles, Fig. 61 indieates
the field between two unlike poles, where o foree of attraction
Fetweon the poles i obaprved.

Fre, i, I, 61,

These last two Hgures imlieafe the vesction whieh one mapgnet
Ay eRert u the feld of another wagnet. I o pieee of iron be
pluced in the fiell of a bar nugnet, the llings will i.llrﬁl:‘!ﬂtﬂ n
different distribution of magnetism, somewhat as shown in Yig- 62,

b, These figores, shown by dren Dilings, have oo amportant
beaving on the subjeet, wd their Tull significanes shonld be grasped
by the st*dent.

If any peint ke selected in the bold of o mwsguel, the tangent to
the eurve ot that point is the diréetion of the magnetiv fovee at thal
point.. When making the above experiments, it will bave heen
olserved that the foree neting on the filings is much grenter nearer
the foles than morve remote, indicated by the filings areanging
themselves there n denser fofts, sl i Detber defined CUTVES.
This shows that the intensity of a field may be very different
ot different points.



Intensity of magnetie fiell—'" 2% Detersity of o wogreetie Geld o
any geant ix weaswred T the poeee oclich ix ereted ey an it
aneet grole gelaced af that podur”

The symbol H is commonly used to express the intensily of fald
pl o point. Tt means thet an anit moagoet pobe placed there wonld
have exerted on it w force of H dyoes. A magnet poleof “m™
nnits strength placed ab a point where the intensity iz H, would
have o foree neting npon it of wr x H dynes.
or F=wwx B

There will, for exsmple, bo o wopetie feld of uni. intensit, ot a
paint 1 centimoetre distont from unik pole.

28, Terrestrial magnrifem.—As an example of the foresoing, we
may tnke the mugnetic feld due to the eartl,. Suppose o magnstized
nelle pear Lonelon fo e suspendod cenetly of ite contre of gravity,
amd free to set itsell in nny position.  When ibe newalle comes to
rest, ils axis will be inelined nhout 679 1o the horiontal plane.

LaTHs Eﬂ.

This angle is ealled the angle of inclination or the Jdip near
London,

And a3 any magnetic nesdle tends 1o place itself in the lnes of
foree due to the earth’s field, the north pole of the magnetie needle
i nitracted by the north pole of the enrth and smilarly the south
poles,  Thus the north pole dips in the Northern and the south
pole in the Sputhern Hemisphere,
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24, A compa s nexile s a megnetized needle pivoted or
suspended at u point that is pot its centre of gravity, in order
that the * dip "' may be counterbalanced, and the needle exing in
i horizontal plane. The nxis of the horizental or compass needls
does not anywhere in the British Tiles, at the present time, point
uz.;zmﬁ;,' true 1 orth, or in other wo ds, the axis of the neosdls will
not he in the true weridian. [(be line in which the axis
of the compass needle lies ot a portieular place is called the
aepenetie wrerielion nf thot ploes.  Nesr London, in the vear 1910,
the mognelle meridinn was aboul 159 107 west of the true meridian.
This sugle is ealled the magnetic declivation near London ; some-
times, but not very accurately, the ' compuse varintion,”

25, A magnstie needle suspended by its centre of gravity, but
free to move only in & vertical plane, is ealled o * dip nesdle™
(Fig. 63), Soch a peedle will indicate the troe dip only when its
axis iz in the vertical plane of the magnetic meridian, for it is only
when in this plane that the poles of the nesdls ave sulject to
merebie foreos die to the * wdal intenzity ™ of the earth’s mognetic
field,

The total intenaity of the earth’s magonetie Geld ol any  #pot
15, N4 111‘&?5:111:4!5; deiimed, the foree which the feld would exert
upet wn woit pole placed ab that spot.

In the neighbourhood of London the total intensity is about
0T units, de, unil pole has foree aeting on it of 047 dyne,

This imtensily nets in the moenstie meriding El:::line?l nt G7° to
the horizontal plane nesr Liondon.

[t is fregoently convenient o eoneider khe total intensily ns
~onsisting of 4 hovizontal and & vertical component.

Thus intensily (horisomtal)—
= Intensity (total) = cos (angle of dip).
= 07 = eos 6679 = 0-18 nearly (near London)
Or H—=1 et a.
And inteneity (vertical)—
= Intonsity (total) = sin (angle of dip).
= 04T "x sin 672 = 048 noerly (near London),
Or ¥ =1 sin 8.

2. The quantities ' declinution,’ ** inelination,” and * intensity ™
miy be called the threc elements of the carth's field ot any peint.
They sre not, strictly apesking, constant Jor any seleetel spot, bul
are subject to u small annual variation.  For example, the * decli-
nation 7 is alowly diminishing from vear to your,  Also the values
are differesnt at different places on the earth’s surlave. Near the
equator the magnetic force acts entirely hormzontally; while near
the earth's poles it acts vertically. (Jileuerallj.r in the southern
hemisphere the B-seeking pele tends to dip downwards. Fig. 64
will explain this more clearly, and (he peneral distribution of the
parth’e field is roughly what might be due to o bhypothetical
magoet in the carth whose sonth magnetic pole is situated in
arctie regions and porth magnetic pole in antarctic regions. This
hypothesia only roughly explaing the earth’s magnetism, the
obgcrved phenomena connected with which are so complex that no
eimple bypothesis is eapable of explaining them.
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47, Lines of jorev.—The figures formed by iren filings in a
magnetie field suggest etrongly an idea for 1'Ei:l‘l?&i?l]‘ti]1".,’ graphically
tha divection and intensity of fichl ot any point by wenns of the
po-enllet *F Tines of s tie feeee,”

Imngine an aron of 1 square centimotre about the point con-
sidered, whose plane is st right angles to the direction of the
magnetic field at that point.  Through the square centimetre draw
ine the divection of the magnetic foree the snme monher of parallel
and uniformly spaced lines ns rapresents the intensity of field ot
the peint, f.e, the number of dygies on unit pole,  Each o eovrea-
tion enalles us Lo depiet o magnetie field, aud has proved of
grentest use in practice. It of course supposes that the field is
uniform over the squarve centimetre about the point.  Henee o
fiel will be stronger where the lines are morve densa (f.r., greatar
number per unit aren).

Tuke the enrth's leld again ns an example.  The tolnl intensity
near London is 0047 unit.  One eannod of eonrse deaw o {raction
of u ling, bat here imagive an area of 100 square eontimotres and
AT lines drawn through equally spaeed (Fig. G5).

i, 05,

Unit magnotie fiold {ie, o Aeld of unit intensity) would be
representad by one line sque continelne.

28, By earrying out this idea from poinl to peind over a givon
space Lhis ce mny D moapped ont in lines of foree. Thus
Figs. 57 to 2 mny now be taken to represent, in one plane, the
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“linos of feree” of cortnin mwaenets, aod e intensity of [ekd at
any point may we pictored by fwagining lo be there sel up o
sjuare centiwetre ot right augles to the divection of the wngnetic
fonce; the number of lines passing through the square centimetre
rapiresenting the intensity of the field at that point.

29, Pigs. £7 to 61 also snggest he idea that if one was able to
investignte 1+ internal mognetic state of o mognetized piece of
“ron ar steel, the set of the molecnles might be rvepresented by
comploting the external curves,

The moz=e modern idea of o magnet I8 to consider the mognetie
prienmnena ag due o partierlar fufornel woeleodar arrangemwents
ity the interior of the moagnetic metuls, producing magnetic forces
which act in closed curves nnd pass throngh the interior aleng the
nxig of the metnl, nnd emerge (in the case of 0 bar mapnet) ioto
the niv near the end. Theyv then curve vound and re-enter the
makel nt the other end.

0, Mofeenlar theory—"The moleenbar thesry of magnetism, which
his received confirmation in the reseavches of Hoplinson, Ewing,
and othess, 15 most instroctive. I hes previously been stated
that & magnel eanoot exist with an solated pole. I therefore, o
magnel (A] b eul in two (as at Bl each half is o complete
mngnet g8 shown in Fig 66, The aobdivision may be eooed
further (as ot Ch. Imogine the subdivision to be enrvied so far
thot each individusl piees sy be condidered a moleculs.  Each
molecule is in itsell & eomplete tiny magoet, and an ovdinary
magnek i the aeevesation of 4 lapge nomber of sueh moleculos.
Thers is re.5en to believe that o a magnetic substance (eg., stesl,
soft iron), the amount of magnetism possessed by each molecule
ix permanent and unchangenble, and that in i ordinary anmag-
netized condition the woelecules of o steel or ivon bur wea pointing
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indiferently in any divection &0 an to nentralize each other’s
effects, ns tar as catersal munifestalion of maguelie foree is con-
cerned (Fig. 67). The nrrangement of the wolecules may be
symmetrien] or not.  Fig. 68 shows two possible arrangements of
symimetrien] grouping with six moleenles. In either ease no
external magnetism wonld be apparent.  The operation of mog-
netizing therefore consists in breaking up the groupings indicated
in+Fig. 67 and setting the molecules all in a definite direction.
When this has been properly performed, the internal siate of the
bar esn be pictured ag in Fig. 68; where what are called the
“ poles™ of a magnet are seen to be doe to the wnneutralized end
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molecules, The figures taken by the iron filings (Fig. 57, &e.)
may be considered ns n continuntion of the imternal strueture,
closed eurves being alwiye formed.

This theory explains all the usoal megnetic phenomenn.  Take
for example the phonomenon of “satnration.” By * sasuration
18 meanl the fnet that no piece of ivon (or steel) can be magneticed
beyond o eortain point, amd that sfter this point any further
application of magnetizing foree produces litdle or o eTenEe 10
the magnetism of the piece,  Lhe ivon is then said to be “saturated.”
It is considered thut when in this siete all the wolceules have
be:~ turmed in oan axindl direstion and no further  inerenss
in magneiism is therefore possible.  When a magnet in the
gaturated eondition receives o blow (or i hested) wolecalar
disturbones resulis, snd the bar leses gome of its nenetism
owing to some of the moleeiles forming thinoselves into self-
neutralizing groups. By a succession of blows, or b Leating o
red heal, it 18 possibleé to dompspelize u stesl buar slmost com-
pletely. 16 alse oxpluivs why hard steel is diffionlt to magnetize <ou
tien only to o limited extent and to o slight depth, and why this
metil retains its magnetism when the megnatizing foree is venoved,
whereas soft iron, though ensily mazoetized to o mueh orester
i ; ie nmable fo vetnin il mopgnetism, stee! having  preaber
moleciilar friction than solt irer.  Turther il explains the effect of
anarmature in preserving magnetism by forming a complete chain
of mslecular maenets nn:’i\ thus overeonieg (he tendepey of fheae
sanall mugnets to turn round and nentralize each other,  Professor
Ewing hos shown in an interesting serfes of investigations that o
large mumber of small MI‘.IE];II.EE neodles ploced in close proximity
exhibit in o romorkable degree the lntnanr-mmm accompanying
magnetization aod demerretization of tron and sleel.

d1. Where the so-calied “lnes of fores " emerse from and
re-cuter the metal, the mugnet exhibits the phenmmena of poles
In the case of an uniformly magnetized ring there are no poles,
the wholeof the lines of foree being in the interior of the metal.
On this III;JLH.]JHEiH the opposite poles are due to the ovposite
directions of the end moleenles producinge nes of foree. o, G9,
in emnjunetion with Fig, 70, where one enrve on ench side is
shown completed, will tend to make this idea more clear. At sny
selected point the magnetic field is completely specified il one
knows the direction in which an unit N-seeking pole would move
if placed at that point, and the force in dynes ncting upon it
The Iatter is the intensity of the field at that peint, The lines of
foree obvionsly represent the divection in which o [ree N-geeking
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pale wonuld move (the direction of the arvows in the hgare).  Also,
ag previously cxplained, by the following convemtion they can
ropresent the * intengity ™ of o mogmetie field ot any pont by
imrgining to be drawn throogh o sguare eentimetre at that point,
a number of foes of force equal io the pwmber of dpees of foree
that would be experienced by an wnit magnet pole it placed at the
point in question.  When copstdering the subject of electro-
maguets the voloe of the idea of Bines of foree will be apporent.

B Magwetic feld of an eleetrie carvont,—We now pass to the very
important subject of the magnetie field produeed in the neighbour-
hood of a eonductor throngh which an elegtrical eurvent flows ; which
et ba well shown by the lollowing experiments :—

AB (Fig. T1) is & condoctor formivg a portion of an eloetrical
girenit eonveying a strong corrent. It passss through a herizontol
sheet of cardbogrd on which a compess needle con be placed. It

Fig. 7L

T

will be seen that the compass needle will tend to place it axis
tangential to n erele of whieh the condoctor is the contre.
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Fige. ™2 and 78 show this more elenrly. 1o ench of thess

Fig. 73. TFig. T
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dingranis A represents e seclion of o condoeting wire remmoved
from olber magnetic influence passing through the plane of the
paper.  In Fig. T2 the current is supposed passing into the plane
of the paper; in Fig. 78 the ourvent direstion is reversed. Compiss
wedles, placed ns in the diagrams, will set themselves as shown.
Ampére's rule indientes the divection in which tho N-seeking pole
of the neadle will point.

Iron filinge dusted on the eardboard will form themsodves into
o soriee of concomlrie civeles (Fig. T4, I the currenl cenees to
Now all evidence of mognetism in tho space surromuding the nive
diray.aars almost instanianessly.

d3. There is uo known relation existing helwesn mngnetism
nnd  eletricity ot rest, but we ecownclnde from the preceding

Fra T

experiments that & magnetie fisld ~xits in the peighboorhood of
n wire convaving o eurrent,  IF we conld imagine n jree N-secking
pole of no appreciable size brought near a straight conductor con-
vevige o enrrent, and removed from other magnetie inflaonce, the
wie wonld move round the conduetor in o eircle in s direction
mdicated by the dotted arrows in Fig. 76, and the foree expertonced
by sueh a pole due to g very sbort lenpth of wire conveving
a ewrent will fall off aceording to tho law of iwverse sgunres,
Moreoser, the whole of the foree dus o the short length of eonduetor
considered is exerted in a plane ot right angles to the direetion of
the eorrent in the wire, there being no foree tending to move the
pole in o direetion parallel to the current.

Fig. 76 shows roughly the lines of force due to an elenest of wire.
In reality every element of the wire must be eonsidercd ns giving
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rise to magnetic lines, so that the wire may be considersd as being
aurroutded by “mmgnetic whirls.,”  1f the direction of the corrent
b voverged, the direstion of the magnetic whirls will nlso bo
roversad,

In Fig. 76 the wira is sopposed removed from other enrrents
mnd from other disturbing magnetic influence,  The *lines of
fores™ then rmn in eoveevirie cireles and are denser elose to the
conductor, as indicnted in e 74

g, 1T we ddesive to eanse o bay of soft ivon to be ‘emporacily
magnotized in the divection of ita longer wxis, we must place thie
nrie a8 neavly as pessille along tho lines of [oree of o magnetic
field. Thus & piece of ivon, AB, plaead in the mognetie field of a
straight conductor, shown sl C, would become magnetized roughly,
us ghown m Fig. 76, The * distortion™ of the field may here be
ot

Fie. 56,
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&6, Fig. 77 gives an iden of the magnetie field due to noeurrent
tlowing in a cirenlar conduetor.  The intensity nt the centre of
the ring ean b2 caleulated from the low given in preceding para-
graph. A voint to be noticed respecting this magnetic feld is that
the intensity awd direction are practeally oniform over a small
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region in the neighbourbood of the centre ol the eirele, whick
fnct hog an important bearing on the theory of the * langent
galvanometer " (Chapter VILI.

46, Beferring back to para. 84 it ig evident that Vig., 76 does
nob show an efficient methed of magnelizing o soft ivcn bar, 1L
would be far better Lo place the ircn bar through the ¢ atre of the
ring in Fig. 86 at right angles to the plain of the riag. But the
best method is to place the bar along the axig of un insulated

eondnetor vound spirally, iu which the current fows. Pig. 78
shows the distrilution L:i lines of foree (approximmtely) throsgh
sich o spival, By placing the won bar in Lilm centr: we plise it
in & {eomparstively) strong field, whose divection is exactly that
in which we wish to produce megnetization of the frou bar, 1f
the bar is of poft ivon, it weald only become wagnetized while the

Fya, 78,
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‘enrrent i8 flowing, snd wonld lose its mognetism almest entively
on the cessation of the current. Moreover, soft iron can be
wpagmetized temporarily to o far grenter degree than sveel. The
eombination of am iren rod with n spiral of wire forme what is
enlled on *° eleetro-magnok,”™ by wnich mechanical effects ot o dis.
tanee con be produesd at will under the eontrol of the current.

#7. The sodont will by working ont a number of numerienl
Eml:iemﬁ acquire fasility in doaling with tho laws of magnetism,
and the ideas involved in the “loes of forea.” A few such
gramples are given Velow :—

Farample 1,—What is the intensity of feld at o point opposite
the eentre of a bar magnet and 10 centimetres from the centrs,
supposing tue magnetic length of the magnet to be 20 centi-
metres, and its pole strength 10 units? How would you graphi-
eally depict the state of magnelie field round the point in question
from the iden of lines of foree?  {Boe law, Pore. 10.)

Fromple 2—A enrrent of 100 umpéres passes in o eireular
eonductar (Fig. TT), rndins 10 centimetres. What is the intensity
of figld at centre of ¥ing ?  Depict graphically by lines of force
the wagnetio Aeld in the neighbonehond of thia point.
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FErample 3.~—A bar susl, lengih | cantimetres (Fig. T9) is
placed magmetic enst and west. A very amall compass neadle

aced d centimetres from its centre is deflected from its normal
posi-ion through an angle of 9% by the action of this magnet.

_Bhow that - ;£= ¥ tan

where ue is the pole-strength of the mogoet ond H the horigontal
component of the earth's magslisn.

Note.—Lxample 8 18 n problem of importancze in the measore.
ment of the intansity of the carth's field at n particular spot.
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CHAI"TER VII.
Units—Electramapnetic ©.6 5, Svstein—motben] Uudee

1. Preeliminaey remacke—COur mext poiot is to state carefully in
what wnits the various eleclrical quantities are mensured. T}{eﬁe
have been alrendy slightly dealt with in Chapter 1,

It is obviously necessary before MHERSUEINGE quantity to seleet
some stondard with which to ecmparve it.  Coch o standard s
enlled mn “unit' i aml any quantity ean then be measured Dy
comparison with the suloctéd unit. Al physical quatities can be
nltimately referred to the theee fomdemental wnits of eaetl, moeas,
and fiwe, In scientific investizwtions the British units of the foal
for lengeh mod the good for mass ore abandoned in favour of the
eerdioretve Tor length and the grape for mwass ;3 while the seoond s
adopted for the unit of time.  All pliysieal quantities whose units
are derived diveetly Trom the cenfpmetre, gramme, and second, without
Bhie use of n |||.:||1L||:-|:11.:, nri suin Lo Do exprossed in .68, wnils.

2 As will be seen Inler the practiead clectrica? unite are dorived
from the slectrical CoeH. units by the use of o decined moltiplier
which is introduced to make the size of the unil & convenient owo
fer most practicnl purposes. The C.G.H. wnil of foree is termed
the * dywe,” wnd is that forea which m.hlu, for the spaes of 1
aopomd on nomess of 1 peammes will predoee in it o veleeity of 1 centi-
wetre per fecond.  Work being fovee = dislanes, the (2GS, anit
of work (lermed the *eng "y I8 done Ly 1 dvee acting  throwgh
1 contimetre.  ‘The * ergeperasecond * ds the C.GS. unit of goieer
or rake of work,

3. We can now proveed direetly to the peloetion of tho yvarious
eleetrical Lm:ltu of which thers aro two separle sy slens, ot
however Gerived from the C..8. systems,  One set of units is based
ot the foree exerted between ive quantities of elcetricity ol rest,
tormed the olectro-statie system, which will not be here considerod,
the other Lased on the [ores exerted between two mngnetie poles,
eqlled the electro-mnmnetic syslom

Ao Preitnitions,—AlL the units in the olectroamgpetic system nre
derived Trom the conoeption of uwit mamnetic pole which may bo
defined thus :—

Mivinetic Pole and ek,

A it meguetic pole is smeh that i ploes] 1 em distant from an
equal and similar pole in air, it repels it with o foree of 1 Yvne,

The strengthoof a wagicedic geld §s then wensured by the foree
ik it exerts on a unit magnetic pole 8o defined, and 38 said 19 be
auily ab npoint when it sets with a foree of one dyne on . anit pole
placed ot that point.

Conventionnlly n unit magnetie ficld is représented Ly 1 line of
foree per gq. ¢,

It will be noted that sinee o unit pole acts on n similee pole
placed ot unit distanee with onit foree, it must produce o unit
Geld over n spherweal aren of 1 om rwdive surroanding it A unit
pole hins A= lines of foree projecting from i,
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Cherend Stremgbh aued Qwadify.

The unit of cireent strength ia that corrent which, flowing
theough n wire of unit length placed ot unit distonee from unit
polo, nets on tha unit pole with vnit of fores. The eondition is
realized by o wire 1 e long bent inte anareof 1 em radins with
i unit pole ab the centre

The practivas wuet of ciervent strength 18 the popérs, which equale
107 of an abaolnte nnit.

The wnit of guantity g the quantity of electricity that passes
when anit earrent flows for one second.

The peactival wiit is the coulomb which equals 107 of an absolute
amnit,

Hatential differenee ared AL

Two points wre suid to be at it digference of potentiol when
an expenditure of 1 erg I8 reqoived to move o wnit guantity
of efectricity from one point to the other.  Also when o conductor
moves a0 as o cut one- mognetio ling of foree per second, there is
wped o FOALF indpesd §n @6, I no enrrent be allowed to fow
there will be wned potentinl difference between the ends of the
conidiator.

The practival wuit of FLF, wr potential differenee §s collel the
caft ol equals 107 whsolute units.

Tlesralmain.

Thee nait o regfafoaree 15 Ut resistance throwgh which unit
differenca of potential will canss suit enrrent to dow.

The proctival weit of resisfaues 15 enlled the olim and is egual
io 10® avsolute units.

It will here be noticed that the practienl unit of current strength
14 the current produced by o P.1D. »f 1 voll through s resistinee
of 1 ol
welt 1P abaalube amits

e L == = st S = 10V ihsolate unit
¥ ! chm 10* aulase [nke nads

as il

harrver aird Bk,

Now sinea potential Is mencurad by oo work dow in moving
unit quantity of ‘eleetricity and ewevct by the toto of movement
of eleetrigity, then if the eurrent in s civenit is muoltiplied by the
potential differcomes af ils ewde, (e penlt will e the roleof doing
worl, that is the power esorled, ,

The wnif of power is therefure the power exerted by the unit of
enrrent moved Ly unit potential diffevence and is one g per
aeeonil,

Lhe practival welt of pocer 18 called the watt and Doeiug s
aAmpire I]Iultijpliml by the volt — 107 absolute wnits; 1 wolt is equal
to 1/7-46 IL P, approximately.

The practical unit of work is called the jouls and is the work
dome by 1 ampere flowing throngh a potential difference of 1
volt for 1 seeond, or 1 watt-second ; it is nearly -T4 foat s,



78
Induetance and Capacity.

A pireoit 1 snid to hove s irductanee when, if the current in
it 15 changing at the rate of one unit per second, n difference of
potential of one unit is prodoced ot its ends.

The jractical wnit of indeetion® is enlled the Henry and is
107 absolute units.

A body has weil capacityt when it requires n unil quantity of
wlectrieily to chorge it to unit potential.

The practical wmif of capacify is colled the FParad eod eqoels
10* plgoluote units,  The micvofurad, which is one millionth of
farmd, 15 commonly usod.

The Board of Trade unit, which ia 1 Kilowatt for an hour, is the
nuit by which eleetricity is bomght and sold,

The units are found to be inconveniently large or small for
some purposes and the following prefives gre used fo designace
mvnltiples or sub-mulliples :—

Meg—a million, ry. megobm o million ohms.

Kilo—n thousnud, e.g., Lhilowall or thovsand watts.

Milli—n thousandth vart, e, millinmpers or 11,0000 panpire.
Miero—a millionth part, e.n., u:'tf:rerlu'r:gl or 1;1,000,000 Turnd.

6. Il has been stated that whenever o eurront of electricity Hows
in a cirenit, work is being done. It is necessary that we shonld
have means of ascertaining —

(1} The awount of work expressed in suy eonvenienl unit of
work that is dowe by o given current flowing lor o given
timo in any desired pact of a eirenit; sod (which is of atill
prenter importanes)—

12 the pores dereloped fu, or rate ot awkicl wovk is being doiee i
wy desived part of ooeivendt by o given current.

G Wark,  The ** Jonle,"—Buppose o slesdy current flowing in o
eireuit: amd any two poinig A prd B are ehosen between which an
unvarying ditfference of polential is maintained. Lot the value of
this I.D., as measured by a voltmeter eonnected to A and B, be
Va volta Hl:l‘lnjmne the eivenit to be cloped so a8 to allow o detinite
guanbity of electrieity () coulombs) to pass in the cirenit, this
quaniity being capable of measurement by some deviee such as
a silver nitrate voltnmeter placed anywheze in the cireuit.

Fre. 80, (Carment seiwimtor fob shiowas)
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Then the smount of work done in the portion of (g eirenit
from A to B by the passage of () coulombs of electricity is
(Q = V&) Joules.
or J5 (Joules) = O (eonlembs) « Vi (Volts),
P QW L

7. This expression ir wniverarl, iw., the noture of tha work
~dope i immaberial ; is may be shown in the form of henat, or
chpmical dissocintion, or mechanical work (through the agency of
mwagnetic interactions).

8. The totnl work done in & complete cirenit (such ns Fig. 84,
Chapter 1IV) is clearly = Q » I; whers E is the E.M.F. of
battery. OF this lotal work o povtion is expended in the battery
itgalf (intérnm work) and the remainder in the external eiremit.
H o voltmeter be connected to the battery lerminals while it s

sending a corrent, and rends Vi,

ther External work = ) = T::I'.
nmnd Total work, ¥ =0 x E - 5 . (ii).
therefora

Work lost in battery 12 Q (B — V7T = Qe
where ¢ is the volts losl in overeoming the internel resistance of
the battery.

SBimilarly if the penerptor is o dyname, there ore always certain
canses which lend to o waste of energy, ns, for instunes, mechanical
losses due to friction of bearings, and the resistance of the air to
moving par's; alse losses represented by the heating of the
armature and the feld magnots.

Thus the clectrical cfficiency of a machine is defined by the ratio

watts utilized in the external civenil
*otal watts penerated.
fi. By means of an ammeter in the cireuit, the eorrent rircngth
flowing ean be measured, and if the (e (in ssconds) during
which the eurrent Hows is nlse noted
“Wie have (since () = ¢ % )
I ox Vix 4 (Ampers x Yolts x Becomls)
Baut other expressions ean be obtained, giving valoe of worli done,
either in terme of surrent roaistones and time o potential differenes
resistance and Hme, aud by subsiituting "or Vi or C its value given
by Othm's law.

Sinee Vi=0C xR
we have =0 xR x1 ’ . - (iv);
7 TE
nnd sines iy — E:'
-'l'I,E ¥
we have JE= {"I-‘—:-c1 ; i . . LY
n B

Thesa expressions (iv and (v) necessarily involve the limitation
attached to Ohm's law ; viz., that the expressions are only strictly
applicable when the work done is the production of heat in the
resistanes considered (Chapter II, parn. 16).

18035" F
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100 “ P oacer," or vate of work.—From a prietiesl point of view
“ pewer ™ or ¥ rate of doing work,” is of greater importanee than the
mere quastity of enorgy or work produced. To take us one example
an incandescent lomp.  Suppose n weak current to be passuad
through the lnmp, s small that no perceptible reddering of the
filument results.  I6 §s clear Irom equalions (i) and (iv) above
that we conld raise the quantity of work done to any figure we
Mense by allowing this wenk enreent o flow for o sofficient time.
But such work will practically be wasted, for it doos net produes
any ineandescenca of the filament, i.e., we do not produee the light
we require.  In order to produee useful effect (in this caso, lighi)
we musb cauee work to be done ot . certain rate in the lamp, i.e.,
it gertnin number of Joulea prer seeond mnst he expended in it

An incandeseont lamp with earbon filament, requives rhen
properly Lt (f.e., with the proper potentinl differones applied ot its
terminalg) an expenditure of energy at the rate of 3 to 4 watts
iJoules per second) for every candle-power of light prodoced. A
16-C.1% {Candle power) lamp—a very common size—may bo taken
ag requiving G4 watts when proparly lit.
Jonles
pegonds |
go if I stands for poieer in wotts we have the [ollowing equations
for power developed in any portion of civeuit A to B (Fig. 68).

11. The watt.—Now the palf =

A - ¥, H
(Watts) Fr = :i_l;' = C % Vi (mmpéres x volts) . (vil

This equetion—like the corvéesponding one for work—s universal.
The power developed in o complete eirenit is
P AT S i s L " : 1 1
corresponding with equation (i) above.

Algo when all the power develops heat,

P2 (watks) = C* x RA. (ampéres” x olwms) . (i),
pa — Vol
B

12. The expressions “J2 =0 = Vi; Pp=0C x Vi" ara direcl
eonsequence of the corvect definition of the term “‘dilference of
potential botwoon two points.” 3

The idea of “difference of potential” hitherto developed is that
analogous to a pressure, lut o more scientifie definition is that—
“the difference of (electienl) potential betwesn twe points is
wensured by the work done by unit quantity of electricily when
moving between iwo points; it being assumed that the I.D.
letween the points considered romping coastont.”

18, In the practical elpetrical units if the P.I) bolwees two
points A and B remain constant, snd 1 coulomb of electricity in
moving between them does 1 Joule of work the P.D. is one volt ; if
it does V Joules of work, the number V exprosses the volts of
difference of potential, and if Q coulombs be moved Q = V.
represents the quantity of work done. 2

i4. Thereis n perfectly close annlogy between these ideas amd
the mechanieal theory of work, A mass (say 1 grunme) placed at

and = ivolts* = chms) . - TR |
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B lEvel 100 melres above the sen isin o difforent siete ns regnrds
the smoant of work stored up in it than the same mass at o height
200 metres above the sea. It might be said that the niechanienl
tentisal st the latter point is higher than the potentisl sl the
E;'mur. The mnss of 1 pramme moving from the higher to the
lowar point under the setion of gravity would do 100 anits of work
(pramme-metres ). We eonld therefore sny thet the “difference
of mechanieal potentinl” betwesn the higher and the lower point
ig 100 mnics, for thet number ropresants the pmount of work done
by unit cuantity of matter when moving between the two points,

(e im this ensa
Work done = (weight of moss) x (height moved),
an expression. elosaly sualogons to

=14 %xV.

12, For denling with the large amounts of power employed for
glectrie lighting, cleetric trovemission of power, &e., the term
kilowatt (= 1,000 watts) is much used,

The Elowatt =' 14 hovsc-powar (pearly),  An unit of energy also
much nsed—meinly for calenlating the cost of energy on o lorge
aonle—ia the * klowatt-how," Le., o power of 1,000 watts developed
for 1 hour.  This is sometimes termed the ** Board of Trode unit of
electrien] energy,” and shortly # BT A common  price
charged for ona © BT.U." is 3d. to 44, for lighting purposes; n
reduction being made for the supply if used for power,

1 B0, = 1,000 % 8,600 = 8,600,000 Toules,

18, The following equations represent the formule most fre-
gquently employed in connection with eurrent electrigity :—

Conlombs = wmpéres ®  secondss. = 0x L
it - volis e U
mnperes = S L n
Joules conlombs % voles .. J 1= BN,
Tnnles = {ampéres)® x oluns x seos, J = C'BL
_ fvolts)® rd J’f
hms © PR o d L
Watls = mmperes % velts oo P=E 0%V
= (ampives)® x ohms icrsh P aCER.
ol e BT /s
—  chme e i |

14. It has already been mentioned thet the fow of electricity
through o simple eonduetor is always secompunied by heat.
If the conducting wire is not too small, and the eurrent not too
e, the heat that is developed is all dissipated by conduetion and
radiation, and the wire does not rise very much in tempersture,
but in the ease of & very small wire carrying  fnirly large eurrent,
the heat has not thme o be condoected away and the wire beeomes
hot and finally melts. This effect is made use of in the construs-
tion of fuzes and detonators for firing explosives.



15. Buppose we take a wire of resistance R, and apply an ILM.F,
of E volta ot its ends, then the eurrent C in the wire will, by Ohm's

| e
LW R

Now, if this wire and ite surroundings be stationary, the only
work performed by the eorvent wil' be ‘he heating of the
wire, and will, from above, be equa. to B x J watts.

Substituting for E its valoe of © % B from Ohm's law, we
hiave :—

Power used in heating wire = C x O = I = (FLL.

Thus the pmount of heat that is produced by s current is pro-
portionn]l to the resistance of the civeuit and also to the
ainare of the strength of the enrrent.

In terms of the centimetre ond pram, the wnit quantity of
hoent or * Calorie " is defined as the ameunt of heat that is
required to raise one pram of water from 0% o 1% C.  If
expreaaed in electrioal equivalénts the valoe of the enlovie
in 4% Jounles.

The British Thermal unit or nmount of haat required to raise 1lh.
of wnter 19 F, from 60° to 612 T, is eqaal to 252 ealovies as ahove,
o 1026 Joules very approximately.
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CHAPTER VIIL
Measuring Instroments nnd Curvent Messuramoent.

1. Perhaps the most frequently recurring of all electrical mensur-
ing procgsses ‘s Lhe detection of the presence snd flually the
mepsurement of the strength of an electric current.

For thesa processes, galvanoscopes or detectors, gulvanomaters,
and ammelars are employed.

The great majority of these instruments are dependent on the
fact that & magnetje flux exists round & conductor through which
& current is flowing, and that this flus exerte o fores on o magnet
or noedle plaged near tha ecndoctor or wpon anwother movable con-
ductor traversed hy the same carvent.

Another type of instrument depends upon the hesting effect
produced by a current, and the measurement of the linear sxpansion
due to this hesting.

Galvonosgopea merely detoet the presepes or absence of &
eurrent, Galvanometers nre capable of eowparing the relative
value of two currents, while by means of ammeters the actual
ampire valug is direelly determined.

2, Principle of galraneweters,—The elementary principle of a
malvano.neter is shown in Fige. 81 to 84, Fig. 81 represents a
wire conveying o current passing over o magnetized needls, which

T L,

is pivoted or suspended in such a manner as to be free tc move in
a horizonte] plane.  If the needla is under the earth's magnetic
influence alone it will set itself in the magnetic meridian, If o
enrrant is passed through the wire, the poles of the needle will
gxperivnce forces lending to set the needle at right angles to the
wire, The necdle will move till the couple due to the ewnrth's
*“eontrolling foree” is exactly balapced by the conple dee to the
eurrent’s “'deflecting foree” (ns shown in plan Fig. 82). The angular
dedlection 5o produced con be made n measure of the current,

p—

* In somen galvenometers the needle s veriieal, The grineipls of seticn remning
ihe umid:.ihe focee of gravity roplaciog me controdling force the mognelis forces of
earih's

.
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If the wire be made to take n complete turn round the needls
ing in Fig, 889, it will b seon (by Ampere’s rule) that the mogmetie

eix, Mk,
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effects of tne portions G and 1310 aesist that of the upper portion
AR, Other things being equal, the total effect is increased,

Fig. 84 shows how the mngnetic effect can be still further
psugmentad Ly esusing the wire to make several turns round the
neadle. A general law of great practical ralue can be thus stated :
“the magnetic effect of o omoil on o magnet pole is divecly propor-
tional to the product of the curvent into the numbeér of furns of
wize " (proportional to the "ampive terng,"” shortly).  Thie follows

Fui., Bd.
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froaw the Inw of foree piven later in parn. 17, for the force on &
magznet pole is proportionsl to | x C and length is prupo-tional te
thve number of turne of & wire.

. Veptical aned horizoutal palranaimelers,—Galvanometers are con-
skructed in o great varicty of forms. Some patterns have the needle
vertical, and in these the magnetic force exerted by the current
forms n couple tending to turn the needle parallel to the axis of
the eoil against the opposing influenee of the weighted end. Fig.
85 will make this cleaver,

Fia, Bi.
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In horigoentnl malvanometers the neadle is deflocted and eomes to
rest under the aetion of two zonples (usually nenrly ab right anglos
bo eaeh otler),  One conple hes a force " doe fo thecurrent ; the
ather o foree 20w, doe to the enrth's magnetic field (sometimas
an ausibary wagnet is ueed to overpower the earth’s forva.) (See
Fig. A,y  The fores * ™ (due to the current) is ealled the “deer-

Fi, B,
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ting forve.”  The force tending to restore the needle to its normsl
position is ealled the * contralltng force.”

4. With many galvenometers the law connecting anguler deflec.
tion with tle curvent producing it is not o simple one. It is seldom
the ease thal the augular deflestion is directly proportional to the
current, though with many galvanometors it moy bo 8o consilered
with but Eitle ecvar, awliean the angle of dedection i small.  Fence
most palvanometers that are required to messure eurrents have 1o
ba **ealibrated ' ie., the value of the earrent corresponding to
each angle of deflection iz aseertained by actusl experiment, and
recorded.

The deflection on & properly eonstructed galvancmeter will always
bz the same for & [JEIIIi.I:uf;f eurrent, provided the physical condi-
tions which existed when the galvanometer was calibrated can be
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exactly reproduced, g, the controlling fovee nnaltered, It foflows
thul where “he contrelling force is due solaly to the earth's field,
that o galvanometer ealibrated in London should not be used with-
out re-enlibralion at any other loeality

5. It most be noled thet the magnetic effert of a current of
I nmpire throagh & eoil of 10 turns is eqael to that of a current of
01 nmpires through o eoil of 106 turns, the eoils baing of similar
ghape and bulk.  In other words the magnetic effects experienced
by & galvanometer is proportional to the prodoct of the ampire
turns in the eoil surrounding i, with the above proviso. The
mnst ueeful type of palvanomelor, however, is that known as the
“moving eoil type ' and is deseribed later. Instruments of this
type huve two great wdvanisges over the earlier tynes.  Firstly,
they are not affeeted Ly the passuge of corrents in neighbouring
wires or by ateny magoelie fields, and secondly they are very
“ dead beat."'

6. The varieties of cloctro-magnetic galvanometers which have
boen designed are innumernbio, wod o fow expmples only have boen
solected for deseription,

Falvawometer revfival —Tho vertical or 8-goil palvanometer s
Purely o Berviee instrument ; it i o1 grood use for rough testing,
nid 14 carried for that purpose Irﬁﬂl"i&ld companies of Engineers.

The 3 coils nre conneeted by the brass blocks ab the lop in the

manner shewn in Fig. 87, Tha eoils nve wound round the peedle
¥, 47,

o the snee bobbin, not as shown (for the saka of clenrness) in the
fipure,  ‘The eoils hove veeistanees 3, 10, aond 1,000 ohms, ard a
eurrant entering at A will pass throngh any desived ooil by inserting
the plug into the eorresponding hole, and lenva by terminal 13
T. Ogect of the vertoue coils,—The 1,000* ooil of the #-ooil
galvanomoter is mainly wssd for—
(a) Measiring and indicating smail rurvents (up to sbout 0006
nmpére).
(b Corapuring EM.F.s and Polential Differences.
{¢) Comparing high resistaners:;—eg., testing the insulation
resistance of & wire. .
The 10= is mostly used in conneetion with balaneing resistances
by Wheatstone's bridgo method in the ficld.
The Secoil may b used
(@) Tor messuring and indicating rather larger enrrents (from
01 fo 1 ampire).
() for eomparing small resistances:—v.u., testing the continnity
of & eonduelor,
B. ¢} and [ detector.—The *Galvonoweter detector,” commonly
cilled tha lineman’s detector or Q and I detector, is used for
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roughly testing the eondition of balteries nnd the continuity and
insulotion of ** lines " in telegraphy. It is only & special type of
the 8-coil galveuometar snd bas one low resistance coil of aboul
2 ohm u.u.j! & high resistanes epil of about 100 ohme,

9 iralvanometer korizontal,"—The " Galvanomweter horizontal ™
is apanintl{ adapted for 138 with the *eoils resistance 10,000 ohms "
deseribed hereafter, und Wheatatone's bridge measurement. It is
an meirnment of great delicaey and hae snperseded the * Galvano-
meter aetatie,” though there pre & nomber of the Intter mstruments
#lill to ba found io the Bervice.

The borizontal galvanometer hos a small horizonin] needle and
o light pointer set ot right angles, the opening of the coil allowing
s movement of sbout 90°.  To improve the acenracy of the
rendinge o nurror is plaged below the pointer. The readings
ghoull ba taken when the reflected image appenrs under the
pointer. A brass lever, operated by n sliding milled hend serew, is
provided Lo lift the neadle off its pivot when not 1 use: the nesdla
should always be sn lifted when the gulvanometsr is moved.

10. Aatatic necdlea—IL will be obvigus that if the controlling
foree of the earth or of nuadiinry magnet be grent, it will prevent
the deflecting fore of the eurrent having :uunh effeet, and deerease
the sanailility of the gnlvanometer.

By means of an astutic eovple the enrth's force ean be veduesd
to very smell limits. In an petatie coople two equal and simi-
larly magnetized needles are connected together rigidly in the
manner «hown in Fig. 88, which also shows the manner in which

Frii. B4

the coil surrounds the needle, It will be seen that the effect of
the upper layers of the eoil on the upper needle is to assist the
deflesting foree. There nre nlso other methods of rendering o
oogdle astnlic.™ 1o Lond Kelvin's astatie roflecting galvanomotor
o peparnte eoil surrounds both needles,

11. The tangend gelvanome’er.—<The tanment palvancmotler eons
giste essontinlly of u large circulsr coil of wire, ot the centre of
which i placed o amall mapnetized veedls, eithor pivoted or
sugpended, but free to move in & horizontsl plane,  (See Fig, 849.)
A long von-magnetie pointer is nanally stéached at right angles to
the neadle in order to render the small motions of the pesdls more
H.Fpnre:nt on the seale of degrees over which the pointer moves
(Fig. 80).

Defore nsing the instrument it must be turned round until the
planeof the eoil (which is vertieal) is parallel to the normal position
of the needle,  The instrument is so made thot when this ia done
the pointer is a. zero of the scale.  On pussing a eurrent round the
eoil the poles of the needle experience equal and opposite forces
whose directions (wlen the needle is short) are always sensibly at
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ri![.{hL ougles to the plaoa of the eoil, ol whose i|.1’c5|_|i_zlir._'|.r for o
i:mlljl[ current is always soneibly the snme for every position of the
eedle.

12, Henea a eertain currant O will produce deflecling lorces
" proportional to itself which forn o couple tending to place the
neails ot I'l[._‘lll nngles to the mognetis meridinn (see Fig, 915,
This motion is opposed by the couple of the controlling forces
“H * m " tending to restors the nwedio te ils vormal position;
“H' being the horizontnl intensity of the earth’'s mapnetie fiald
ok the place where the galvunemeter is used ; *m "' the pole strength
of the needle. In position of equilibrium {see Fig. 91;

H_:l o J;:lﬁ' S = (Hm)y tan B2,

Vor a eurrent ' producing force j' and deflection ¥ we have
EIII:IH"LLI‘,-'

=

f' = (Hm) tan ¥,
: ;
] el 7. ol
an L"_J* Crom lnw | e v BoG Parw. 48,
Chapter VIL
G tand
therefore T = a3

e, i this paeticidar galeapameter the cuveent §8 proportional to
the tangent of the nngle of detlection,

18, Comditions e fmngend galanometers—Note that the galvan-
ometor is nsunlly provided with a scale of tangonts, ms wel' ng of
dagrees, so thet on this scale deflections are proportional to the
carronts ol the followinge conditions must hold for o gulvanometar
ko obay the tangent law —

(@} The controlling foree must remain constant in divection and
magnitude for any position of the needle.

(0 The deflecting force must (for & particular current) be con.
gtant in magnitnde and direction for any position of the needls,
and must always act of sight angles to the controlling foree.
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The first condition is eomplied with when the eontrelling foree
is dus to the earth or a distant magnet. The seeond eondition will
be eomplied with when the coil of wire is cireular in form, mrge
gompared to the length of the needle, and set in a vertical plana
- paradlel to the neadls when no eurrent is flowing. Henea a tan
galvanomater will have one or more farge circular coils plased: in
magnetic meridian with a small magnetized nesdle at the centre.

Fig, 92,




14, Fig. 02 gives s general view of the differentinl post offies

lmﬂﬁru of this instroment with the adjusiing magnet reaoved and
“ig. 924 is & diagram of the connections.

15, In order that we may be able to determine the intensity of the
maguetie fiald ut any point due to s corrent, we must know the law
of force exerted on a magnet pole placed at the point.

Consider & very short straight eonductor, AB (Fig. 98), through

Fra, 98,

=
m

i "
e e |

which a cor.tant eurrent (€ is parsing; the force experienced by
o magnet pole of strengtn (w) placed ot the point P is found to vary
directly as the strength of the current, directly as the length of
the conduetor earrying the current, divectly os the strength of the
magnet pole, and inversely us the square of the distance of pole
from conductor, or in symbaols

o U ox longth AB X me
- - P
16. Thus law 15 true only when the length AB is very small
compared with »; or when the conductor AB is bent into the form
of & eirele of which the point P is the centre. Iu this latter case
the wire AD way have any length, and may even be wound into a
circular coil containing  large number of turns,
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17. The above law may be written as an equality when all the
quantities nre expreased in .08, unitas, e,

wheve m is the slrength of the pole, [ = langth of wire, C = strength
of current, and r = redius of civele; ¢ is expressed in dynes whare
“m' ig in terms of the unit pole, I and » In centimetras, and C in
C.G.B. units of eurrent. The Q..5. unit of current is not the
ampére, but is equivalent to 10 amperes.  This was explained in
Chapter VII,
Bines ! = Qzr w n, whore n the numbor of turns in the eoil, the
force becomes
,F'nm » E-i.r X" o
If we mow snhstitute this valoe in the equation, = (H = wm)
tan & {aga para. 13) we have—
= AR = e e
C e H tan &9,
Now for nuy place and dote I ix known from mngnetic sur-
veye, snd r aml # ave constant, showing that C varies ?iimcﬂ}r ag
tan . The valoe of C would e given in ebaolote (C.G.5) onits

(=10 ampéres). The value of '}E'J’Ii_u is eallad the ** constant ™

of the palvonometer, H beivg Gnown the tangent galvanomeior
entt be gsed for the aleolete mossurement of corrent, as well as
for comparison.

Note that far small nngles C is nearly directly proportional te
d, glnes the tangent for small angles varies nearly ns the defleetion,
Fer Inree angles the tangent varies o rapidly that a amall error in

eading the defleetion gives a large error in the worked out result.
Henee little value ean be given to resulls obtained from deflec-
tions greater than 60",  DBest results are obtnined from deflections
nhout 45°,

18; Diferential gealvenometer.—A  *differentianl  palvanometer
lhas two separate coils of wire insulated from ench other, but wound
together on the same bobbin, The resistances of the two coils are
exactly equal ; und they are so wound that each eoil produces an
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equal magnetie effeet on the nesdle for the same corrent. This
equality of effect is produced in practice by winding the two eoils
i(which are made of wire of same length and diameter), simul-
tansously on the bobbin, thos ensurfog that each shall have the
same number of turns, and bave the spme menn disl.oes from the
negdle, The ends of the coils are brorght to separate binding
screwe &0 that they can be connected 1o assist each other's action,
when it is required fo wse the instroment as an  crdinary
galvinometer.

An cxample of this type is found in the Servies ** Gilvapometar
Single and Duplex.”

Far, (5%

(ideanometer. Sigle amd Dapler,

Fig. 95 gives a back view of this instrument. The coils are
Il'.ﬁl,ﬂiml dingrammatically to indieate divection of the current round
needle.  Each hos o resistance of 50 ohme,  The ende of one eoil
ara brought to binding serews A, A'; the ends of the other to 13, 13,
A current entering at A, and leaving at B (A’ B being connected),
will pass round both eoils iu gnch o monner that one coil assiate the
other. If, however, A’ be joined by s short wire L. I, and o
eurcent enber at A and leave at I, the coils are in opposition. By
thie preanz it can be onsily ascérinined whethor o palvanometer is
fraly differential or now, haviag 11-1'51.'I1.1uﬁiy ascertained (., oy
Wheatstone's bridge), that the resistances are exnctly equal. The
use of this galvanometer in weasuring resistunces is explained ir
the following chapter,
19, Moving Col Galvanometers, I Arsoneal Type,—The senernl
prineiple of the * moving eeil ” Eyvpe of galvanometer is as follows :—

An gpen eoil of very fine wire is snapanded between the polos
of o strong permanent paguct, with its plane parallel to
the lines of foree of the fGeld, and the eurrent 15 led inco
aud from the coil by ite suspending wires.

Inside the coil and eleur of it is a solt iron core which sarves to
concentrate the muagmetic field, thus the vertienl parts of
the coil are hanging free in two gaps, where the mapnetic
field is very dense.

When o current passes through the col the foree tending to
farn it will be proportional o ;—

(1) Fumber of windings on the eoil,
() Intensity of the field.
(3} Current.

Of these the first two are constents and hence the defection

should be proportional to the eurrent.
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The wires enspendirg the coil exercise a constraint upon it, and
in eonsequence the coill only turna until the eoonple due to  the
elestro-magnatic petion balanees that dus {o the constraint.

Fig. 96 gives a general view of a moving eoil prlvanometar con-
strueted by ‘he Cambridge Heientifie Instroment Company, which
differs slightly from the pbove.  In this instroment, known as the
Avrton-Mather, there i no jron core. The eoil which is very
narrow, with sides close together, hangs in a narrow gap hetwean

the poles.

Figa ik

Avnron-MarHEr GALvANCHMETER,

A.  Permanent magnet.

C. Dwmat tight tube to hold ensponding system.

D, lilled hend clamping sorew. E. Toveion head.
M. Coi and Mirror.

Note, —When the galvenometer is to be used undamped for
ballistie work, the coil is enclosed in & non-conducting ivery
tube. When required to be *dead beat™ it is enclosed ina
gilver tube, the eddy currents in which produce the necessary
damping effact.

o0, Nallistie Galeansmeter—When the moving part (neadle or ooil)

of o galvanometer is heavy 8o as to have a long nawrsl period of
swing, and is quite undamped, it can be shewn that for corrents
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which lust for only a fraction of the period of swing, the tofal
quantity_of wlectricity which has passed is proportional to the sine of
hal the angle of the first swing. Buch o galvenometer is called
ballistic nnd is used for eomparing teansient enrvents.  For amall
angles the angle of swing may be taken withont perewptible error;
ordinary galvanometers are ballistic enourh for general use, In
the Thomeon form the opeedle & weighted and in the * moving
eoil ' forna the coill i3 wound om o nod-conducting sapport or
encloged in a non-condoeting tube (Avrton-Mather).

21. It is evident that in prastiea] work if is converient to be
able to determine the valuee in ampiéres, to which some particnnr
deflection of the needle corresponds,  We will, thevefore, now turn
bo the eonsideration of isstruments for this purpesa.

Before, however, progeeding to those instromentc. generally mat
with in eommercinl nndevinkings called **ammeters,” 1t 1= necessary

e 97,

Breyexs DvymasosMeTER.
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Lo refer to an mmstroment which can be used for the messurement
of currents with remarkable aceurncy if earefully used ecalled o
" Biemens dynamometer.”

22, Siemeny dynamometer.—~This inetrument is bosed upon the
sttrackion or repulsion whieh takes place betweon two wires carry-
ing eurrents.

This attraction or repulsion is lound to be proportional to the
‘strength of one eurrent multiplied by the strength of the other,
provided the distanee between the two wires remains constant, and
thug variez as the square of the eurrent strength between two wires
earcying equal curren.s,

If, therefore, the force of attraction between two wires earrving
equal eurrents can be accurately measured, the enrrents producing
it eau be estin sted, for ginee the foree vaties as the gyuare of the
eurrent st-ength, the current will vary as the square root of the
foree axertad by it

The Sigmens dynamomoetar consists of two coils, one of which is
rigidly fized, the other is movable apd suspended by means of a
gilk thread with its plane perpendieular to that of the other.

In ovder that the currens may be passed through the movable
eoil without in a1y way impeding its motion, its two enda are
brought round and bent into mercury eups at the base of the
instroment. The auspensior thread and the two mercury cups are
arranged in the same vertical plane.

The two cotls are connected in series through the medium of the
upper cup.

Fig. 8.
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When o current passes, as shown by the direction of the arrows,
each vertiea' limb of the movable eoil will be urged by repulsion
on one side and by attraction on the other, to set 1teelf in the same
plane pa the fizxed ooil.

Tha foree neceasnry to retain the coils in their initini or normal
position is equal to the force due to their wtiraction or repulsion
and therefore that which is requircd to be mensored.

This antegonistic foree is applied by means of & spiral soring,
the lower end of which is rigidly fixed to the moving eoil, while its
npper end is fixed to o milled hended serow which can be turned
round, torsion being theraby applied to the sparal spring.

A pointer is sttached to the serew hend and moves over a

radunted seale, which indicates the amount of tossion applied to
the spring to balence the foree due to the curve .t eirenluling
in the coils.

If € be the current and ¢ the angle of torsion throngh which the
pointer is turned

then Moree due to toveion = ¢
Foree neting between the coils = 02
HToxeawC=Ks
where K is o constant which mey be determined experimentally by
passing o known enrrent thirougl the instroment.

25, Kelriv Halavee—Anothor fnstroment, the Kelvin bnlance,
desigmed by thoe late Lond Kelvin, shonld nlse e mentioned.

This instrument is based upon the same laws as the Siemens
dynamomaeter, wad consiste of o wovalle coil at each end of a
balenes benm ; above and beneath each of these eoils, fixed coils
are placed. The direction of the current passed through the
instroment is suck chnl the resullant electromagnetic fo.ces urge
one of the movable coils npwards and the other downwards. ']"Ea
enrrant s then messured Ly the adjustment of o weight slong the
bolanee beam, which is suita%'y graduated.  This instrument,
though not suitable for cowmereinl PUrposes g& on gmmeter, s
exceedingly useful az a standard for the celibration of direct
reading mairuments. As the controlling force in this instrument
is pravity, the resulte oldained are far mwore reliable than from
the dynsmometer, in which the controlling foree is dependent
on the variehle aetion of u spring.

24. For rummercial purposes s direct reading instrument is
easentinl, and those instraments constructed on the Schuckert type
have given good results.

Instruments of this class depend on the attreetion between a
fised coil or solencid and a movable goft iron core.

Amirmeters, Sehucert Type,— From the terminnls of the instrumaent,
stout metal bands nre led to the solencid, which iz placed with its
axis borizontal, and which, when heavy currents are to be
measored, consists of o heavy copper casting with helieal sawenrts,
20 as to lead the eurrent o few times round the needle.

A thin eurved plate of soft iron is meunted on a light steel arbor
earrying o pointer.  This piece of iron is nearly the length of the
arber sod extends through the length of the solenoid,. The arbor
is pivoted so as to lie parallel to the axis of the coil.
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Yohen st rest the pointer is so weighted us to be held in the zero
position by gravity. When a current traverses the coil of the
imatrument, the soft iron is drawn into the stronpest part of the
field. This tendeney is checked by the foree of gravity.

In rotating, the spindle canses the pointer to travel over w seals,
ti'hin!: tlhuﬂ indicates Jhe strength of the current passing through
the coils.

These instruments soffor from the disadvantnes of being far
from **dead-hent."

&5, Moving Coil  Awponeters—Another type of electro magnetic
ammeters, kuown as the “*Moving Coil™ type, are based on the
prineciple of tha I Arsonval palvanometer.

Thess instruments possess two great advantages over the previous
type referved to; only o small but definite fraction of the current
passes through the working eoil and their action is very ** dead-boat.”

This tvpe of ingtroment is practically o vollmeter, sxespt Lhat it
ia provided with a koown resistance, across which it is connected
with comparatively thin wire. These inetruments thus measure
the potential difference between the erminals of the known resist-
anse or shunt,

Bines the ameoant of current possing through the resistanes
is directly lemrtinnnt bo the differencs of polentis]l between is
enas, it is obwions that the instruments may be gradosted to show
enrrent directly.

In moving coil ammeters, sinee the resistances or shunts have
to earry the whole of the eorvent and sre thus liable to becomo
heated unless of suficiont pection or of suitable materinl, great eare
is token iu their construction, They ususlly consist of severs
gtrips of some alloy of low tempersture coefficient, the ends of
which sre soldered inte two massive copper blocks mounted on
o wooden base. An air space is left between the sirips to assist in
the dissipation of any heet that may arise. Tt is also Fmportant
that thers should be good contout between the shunt and the main
eotductor s well as between the shunt and ammeter s an
incrense of resietaneg at either point woald lead to nascurats
readings. F

265, It should be noted that the same priveiple may be employed
by uging a high resistanes galvanometer in defanlt of one of the
phiove ammeters.  The galvanometer is eonnected neross two points
in the eireuit in which the eurrent fows euch as B.D. (Fig 99).
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The resistonce between B and D baing known, and the P.I.
Vi ealenlated from the olserved deflection of the galvanometer the

]
earrent floving C= E—,!: strietly speaking o small current passes
i)
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through the galvanometer, but this may gencrally be ncﬁla::aﬂ
when its rosistanes is largs compared to the resistanes of BI.

The galvanometer may have its dinl gradoated in volte or milli-
volts—then the value of Y} can be direetly rend without ealenlation.

a7, Description of Tnstrument,—The instrument itsolf eonsists of
n gmell vectangular ecoil of wire wonnd round o copper Irame,
which is delicately pivoted at ench end.

The movement of the coil is controlled by a spring, which not
anly opposes the fores due do the enrvent which tends to deflect the
eoil, but alao eonveys the earrent to and from the eoil,

The eoil is ploeed in o field produced by two permanent stosl
mznete provided with s!mgnd pole picces, snd aeeurately eentrad
in ihia ﬁi}]di 18 i fixed eylinder of soft fron.

A light pointer i3 attached to the coil snd moves over n scale
divided in equal divisions.

In its normal position, the coil liss at an ungle of 45° to the line
joining the poles and when a corvent passes, it will endeavour to
sat itsell, so that the linea of force set up by tho current coineidae
vith those of the field meintnined by the permanent magnets. As
this movement may be in ether direction, it s important to connect
the leads from the nmmeter to their proper ternirals on the shunt.

Fig. 100 shews the woeving parts of ammeters of this type con-
giructed by Mesers, Evershiod nnd Vigonoles, Lid.

Vg, IHL—ALowiwa Gl Avisikrei,

W, —Coil wound on fruase.

E —Controlling spring and *leading
[ ™ sty

I’,—Painter.

Fomee BPruinse o ¥ Forvses,"

28, Toltmeters.—Any of the above galvanomelers or nnmeters, if
. wonnd with a sofficiently high resistanee, becomes an instrament
which may be used to messure the potentinl difference between two
wints. For from Ohm's law, the current th rough any messuring
imatrumeant is propovtional to the PN between its terminaels, and
inversely as the resistanes of the instriment.

Thus if the resistance is made sufficiently high, so that the
purrent it conducts off from the main eiremit when ploced as a
shunt does not disturh sensibly the P.IN between the point of
funetion of the shunt wnd main eirewit, then the indications of the
instrument are proportional to the original P.D. belween the points,
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To inerense the .ange and enable lorge currents to be measured
ammeters, as described above, are often provided with specifie
shunts, the scales in such cases are graduated to read eurrents
direct. Bimilarly to increase the range of voltmeters and to enable
high volteges or potential differences to be measured, pertain volt-
meters are provided with resistances in series with them.

Then il V, be the potentia! difference of the voltmeter, B, its
resistance, By the value of the series resistance, and Vy the total
potential difference to be mensured

V:  Ba + R I % - By + Bu
v, R =

The seriee resistaness are made necessarily of an alloy of low
temperatore coafficient, so that the heating effect due to the paasige
of the eurreal is redueed to a minimom,

20, L. may often be desirable to take off no current from the main
aireuit of which it is desired bo measare the potential difference;
this may be effected by mesns of Klectrostatic Yoltmeters, first
designed by Lord Kelvin.  Bueh instruments depend for their
aetion on the mutual etiraction betwean two conduetors ab different

tentiale.

The fizad and movahle parts, well insnlated from each other, are
ponnected fo the ferminals. When o differesies of polential is
ereated betwesn them, the movable portion, which consista of o
number of light veins mounted om o verlieal spindle to whish a
pointer is attached, is attracted 50 as 1o bring the veins into the air
epacet hetween the pumllullpl-]lubem of the fixed portion, moving the
pointer along the seale. The controlling force is supplied by a
gpring, and the mutual altractions are proportional to the eqoare
of the P.D.

The instrument is equally suitable for altérnating eurrents.

Fig. 101 shows sogh an instrumeint ae supplied by slessre,
Hartmann and Braom.

Fra, 10, Ercreestamie VoorueTsm,
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CHAPTER IX.
Measurement of Resistaneo and E.MF.

1. An important branch of eleetrical work is the measurements
of the different electrical guantitice. By measnrement is meant
compirison with an aeeeptled standard.  We have previoualy spoken
of the actusl measorement of curvent, voltage ind resistance, bul
prcept i the case of current measurement, we have not shewn how
this 18 enrried out.

The principal electrical units are, the ohm as unit of resistarce,
the volt ms unit of E.ALF, and the pmpére as unit of carrant.

A polnmn of pure merenry 106:% contimetres long and of 1 squ.re
millimetre eross section may be eonsidered to have o resistanoes of 1
ohm af 07 centigrade. A copy of this standard in wire iz known
ng the Board of Trade unil of resistance, and is now ginerally
noopted.

3. Hesigtance Jlores—For gonvenience in practical work stripe
of metal or wires nre wide which bave resistance e ual to that of the
above standard, or to some multiple of it.  Buch resistances having
been checked sgningt the standard may <hemselves b subsequently
need ms standnrds for purposes ol Comparsnn.

“ Rozistanes boxes,” which contnin s number of coils of wires of
known varying resistances ave genevally eriployed in practice.

In the serviee, there nre two standard resistance boxes available,
otie, known ns * Coils resistanes 10,000 ohms " has been designad
for tests by Wheatatone's bridge method, the other, ns** Coils resist-
anee 100 ohms' desigied for tests, by fusing wires, of firing
batteriez, and also for tests by Wheatstone's bridge up to 100 ohme,

Fig. 10% gives n plan of the 10,000 ohm bex.*

P, 102,

#0

Plan of Coils Heaiwtanee, 10,000 ofimaz, Mark [T,

1{'.3|:lﬂsl Resigtanes, 10000 ofing,—The resistance coile are con-
tained in the body of the box, and are connected to brass plates on

* The dingraims ahew dedsils of Mark I1 box, as this Mark ia in use st the
ﬁﬁ- hi: Hﬁu HIH]-: Tﬂ'ﬁ'hhnx the conunutator is omitted, and the internal con-
nection Koy [ io now brought to the lower slde of tha
to the 1 ohim plite T BURE SR
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the top, 80 ns to forin two distinet series with terminals at either
end, one from F to O, and the other from C to D.

Tha series from F to O ineludes six coils, and the centre brass
plnde ie connected to the urderside of the key numbered 2.

There are thus on either side of the centre o E-rmm-ﬁhl’iﬂ[ﬂ BETIEE
eongiating of 10, 100 and 1,008 ohm coils. These series are
generally known as the * Arms o the bridge." 3

The eeries from C to D ineludes resistances of varying magnitudes
from1 to 4,000 ohms, with an infinite resistance, i.c., 0 digeconnection,
between the 800 and 400 obma coil. The end at U ie connected to
tne lower contnet of No. 1 Key. This series is usuvally termed
the * varinble resistance,” ;

It may be chderved that should the resistances provided be fonnd
innauquate, o'ber resistances ean be pdded to either bridge arm ot
F or (i or to the varialble resistance ot T

As to construetion, in the Mark IV pattern of box, the ende of
ench eoil are soldered to brase ping, which are serewad into two
eontiguous brass plates, n pep hole being formed between the
plates to take o small pag of standarc size.

When the peg is inserted the coil is short circuited, and thus to
employ any resistance reqiired it is necessary to remove the
eorreaponding peg. .

Two hends are provided to each of the terminels F and I) for use
when the coils are employed ny o Wheatstone's bridge, and to
fncilitate the employment of the box the ordinary connections
of the Whentstone's bridge arve engraved on the bruse blocks of
ench terminal,

The coils are wound non-inductively (Fig. 144) and are mode of
manganin, which has n temperatore co-efficient of only -005 per
cent. per degree centigrade and may thus be neglected. .

8. Coils Resistance, 100 ohme.—The general eonstruetion of ** Coils
registance, 100 obims,” gonerally known as the land serviee hox, is
similar to thet juet deseribed. {

The arrangement of resistances is different, and the eoils are of
thicker wire, so that a larper current can be safely passed through
them without risk of damage. Pluge are provided for all

Fia 104,
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Fie. 10Hn.
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*“Wandering Flug,” at D, Dingram,

It will be notieed that (he bars in portion DLM are joined by
resistanees eacl equal lo Jth ohm. The “elips " are for a nPﬁeiEl
tost not directly connected with resistance measurement. Their
usa @8 explained in parn. 26. This box is alss ndaptes for
maasuring vesistance by the Wheatstone's bridge mathod.

Hleaiebaitee  micasurements.

4. Substitution wethod, —~The simplest method of mersuring a
sesistance is by the substitution method. A battery, palvanometer,
kay, nnd the unknown resistance X are joined up as shewn in Fig.
104, wnd the defleetion 1 is neted when the key 8 depressed.

Fig. 104
L _L ---'\-: :.-- ---Ii;
Q| Q'
Frre Bee—i ¢
T oy ©
£TF i T'E-E'«.?"" F] ]
I --_._..-,........|§||....-
BATTERY

A box of resistenes eofls is row sobstituted for the unknow.
rosistanes.  The resistones B oin the pox s adjusted so that, on
deprassing the key, the deflection D is ngain prodused.  Thus
=R, :u: the corront is the same ineach ease and :-=ﬁ e
TR+R+G

Great nocrracy cannob as o role be attained by this method, but
it is gasentinl in order fosceure the beat vesults that a small alteration
in Ik shall make o pereeptible change in the deflection produced,
and consequently in the coreant. This will only be the sasa when
By and G nre small compared with B (or X). A battery of suffisiently
low resistance can always be smployed and o galvanometer of smal
reaistance muat therefore he selected.

This mathod is obviously not applicable when there is a souresof
EALF. in the unkoown resistance X.

6. Dhierential method —The diffevential method involves the use
of o difforential galvanometer such as the © Galvanometer Bingle
and Duplex ™ and here the corrent from a bettery is caused to divide
hetween the eoils of the galvanomoetor in such & manner that the
magnetie effeet of one eoil on the needle is opposed to that of the
other eml,
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Ty one eoil is connectad the known adjustable resistanee B, to the
other coil the onknuwn registance X. See Figure 105, :

R is then adjusted until on depressing the key no movement 18
detected on (he galvanometer needle.

Fig. 105

When thig is the case, tho currents in both eoila of the galvanometer
are equas o O = Rl 5 }{}l- G where ¥V = the difference of
potential botween A and B.

Therefore It = "L

This method, as also the Wheststone bridge method given below,
bag the sdvantage that the galvanometer defiection has not to be
read. It is far easier to notics n slight movement of the needle,
than o actunlly rend the deflection ; consequently methods which
involve balaneing the eiren:t, so that no movement is produced on
the galvanometer when a key is deprossed, are more accarate than
those whieh involve reading or reproducing & deflection.  Bueh
methods sre known s ** Kero " methods.

G, TWhénfatone Meidge Method.—Thie is the most satisle=tory
method for general purposes.  Theory is as follows :—A battary A

Fao. 1iHs

{see Fig. 106) is made to pass a curvent throogh a eircuit dividin
at B into two branches ; o porton of the current passing by BF
through a known resistance a, snd the unknown resistanee x;
a portion passing by BCD through two knewn resistances b and d.
Batween F and © & galvanometer is conuvected, and the resistance
d is adjusted until there is no deflection on the galvanometer.
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Then .:-;%xa*.nr:ﬂ%xd.

7. ®Proof.—Employing tha eamea system of evmbals as in previous
ehaptera, and referring to Fig. 106, we have from Ohm' lnw
Vim0 xagund VEe=Cy x b,
also VE=C; % x, and Vo C x d.
Whean adjnstment hos boon affectad till the mlvanometer shiows oo
defloction, the points F and C must be at the same potential, and it

follows that
Ve=Veand Vi=V5
T} G _ o Co o #
werefora G i and =g

Alsn, sines in this ease no eurrent flows in braveh FGC,
'UL = L‘l;[l.]'ll.ll U: =k

il
Hﬂnr:a-i..

Al

: _ A o
LE, F _TH d or =g
Note thot it is necessary to know only the ratic of the resist-

{ . ; :
e % or % i provided the value in ohms of & or « is kuowr.

B, Metre Bridge.~—In one practical form of Whentstone's bridge
the reeistances & nnd d are combined in an uniform stretehed wire
of  platinom or  German silver, weaslly 1 metre long, and
consequently enlled *the metrs bridge" (2s in Fig. 107), a being o
Enown resistance.

Faa. 107,

After depressing key A, balance is obtained by sliding one of the
galvanomater connections attached to a “jockey" along the
stretehed wire until on making contact there is no defluetion ; the
other galvanometer wire being connected to the junction of the
known and unknown resistances,

Then when no deflection is obtained on galvanometer x = —E X d,
the resistances & nnd J being with uniform wire directly propes-
tional to the lengths b and d, the ratio of the lengths may be sub-
stituted for the ratio of the resistances.

© = This prood is not somplete. A complete proof can Le fornkhed by the
spplication of Hirchofl's lnws, which do not form part of the R.M.A. epurse,
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§. Practical roles for eogloyneent of stretelied acirve {or metre) bidue.

It can be shown that result 18 more accurate whin balance
is obtsined about the sentre of the strotehed wire, t.e., when « 18
equil to r and d equal to b; hence if your known resistance o ia
adjustable, make it equal to what yon expeet = to be, and having
roughly obiained o balanze and value for r, readjust o more closely
to the value of x, and obtain a new balanee about the centre of the
wire.

t ean further be shown that the arrangement of Wheatstone's
bridge i st sensitive when a = = 2 = d.

Good results may Lo obtained with o sensitive gelvenometor
when there ie even a large deciation from the best possible eondi-
tions; but whers the devintion is very large, and galvanometer
insensive, accurate results will not be obtained. Henee the metre
bridge is not well adapted for measuring high resistances, sinece
b and d are necessarily low resistances.

In Fig. 107 a key is placed in battery circuit to preveut the
battery sending a current except when the test is being made.
reually {ay depresa hqlt.l:er"_',- key, (B} adjust sliding 'u.':it:ﬂ nntil
balanee is obtained; but with batteries that polarize easily, or a
resistance Ehat slters its temperature readily under the action of
the current, the reversse ovder may be adopted with advantage.
0. Bridge with Service Hesistanee Bor.—The arrangement of
Whentstone's bridge as applicd to the Serviee pattern of resistanecs
box will be best understood by earefully comparing the following
dingrams. Fig. 108 represents the theoretieal d]{ugmm, and Fig. 104
the conneetions applied to the Serviee box, Mark 11.

Fia. 10d,

The eirenit in Fig. 109, is exactly the same as that in Fig. 108,
aimilar poicts in both being marked with similar lottars.

The method of balaneing differs from that smployed in the metre
bridge, in that the resistances e and b are kept fixed, while the
balanee ie effected by varying the resistance in d.

When the balanee 13 obtained £ = : x i,
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Arrown show tho caurse of the earrenst when key 2 = dopresed

11. In the arms b and & of the Lox there are resiglances us
followg :—
10040, 100, 10, 10, 100, 1000 (ohme).

o ————

1 i
o g i 100 10 1 1 1
he ratio - can then be varied from —, —, = — —
i 1 1 110 100

nnd ginee d ean be ndjusted to any integer between 1 and 10,000,

o resislanca ﬂﬂlllm:m measurad wiﬂ; accuracy between the limits
i

e = - X d) — % 10,000 00d — x 1, i.e., from 1 megohm to
& 1 1K)

E;ﬂ:#uhm with a Lufticiently sensitive galvanometer aud o suitable

3 !'F,

Lote thet two keys nve used, one in the palvanometer eireuit
{ealled key 1), the othe- in the battery eirenit (ealled key 2). The
object of key 1 will Le explained below. \

12. Practical yules for wsing sercice box for i.as uring resislanecs i— -

{a) Connect cireuit exactly as in Fig. 104.

(h) Unplug equal resistunce in srms {g) and (b) ns ear s
possible equal to the resistance you sstinmde () to be.

{'ltlt Dopress key 1, and note if there is any defleetion.

‘here will genernl'y De nows. The object of this step is to
'I!'ﬁh!jﬂt whether the unuf:n:m'u rosistnnes r.'g-ntninﬁ By squ;ca nf
LMLE It is quite cortain that the onknown resistanee contains
no earths or other source of EMLF, the step ea~ be omitted.
Keasons more fully given balow,

{d) If no defleetion, then release key 1. Unplug infinity plug.
Depress key 2, thus estallishing the fa.jEI of ]_'l-ﬂliii..’-'ﬂ.liﬁ'l.l. TuEI:IJIEuLEi]
kooping key 2 down) depress key 1 momentarily, and note direction
of t row. Mark this as *too mueh.  (If no throw, look to vour
connections ; if connections corvect, the resistance x = )

(¢} Adjust resistance ind (kesping key 2 depressed) tili no
deflection is produced on galvanometer on depresiing key 1.

Then & = .!'ﬂT d. (e =bthen z=d)
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(f 3 If greater ncouracy is required, ulter resistances e and b to
a anitalle ratio, and procesd agnin as in (e).

Variation,—If in second operntion above a defleetion is produced
on dopressing key 1, proceed e follows :—

(5] (Ingtead of o, ¢, end §above), _H-LIE nng key 1 del}l:aa.ﬂ@d
adjust resistances in o, uatil on depressing key 2, no alteration in
the calvonometer deflection is produced. Then the ratio holds as
before.

(ihis is termed ** bolaneing 1o a false zero,” and the method the
“fnlse zero " method. It may be noted that the * proof " given in
para. 7 does not apply wo this cose.)

18, Bweidge awith ** Coils rosiafosee ™ 100 ahme.—Fig. 110 shows
the 1.8, resistanes box ponnected for use as Wheststone's bridge,

Fui, 1104

F

’
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It should be compared with Fiz. 108, sumilar points in hoth dingrams
deing marked wich similar letters,  One key only is providad, which
serves as " kay 2," or the battery key, A separate key for “ key 1"
eun, if roouired, be placed in the galvanometer cirenit (as at K0.
This is, however, seldom required on serviee. (See note below.)
The operation of tusting is very simple. Huving conneeted up as in
diagram, remove the 1. eoils between CE and BF (thess are the
arms band a of the bridge).  New adjust resistanecs in CD until
the galvanometer needld is unaffected on depressing key. Then
ginee @ = b, ¥ = d. Bhould w fractional value be desired, Jhe plug
D is moved .o direetion DLM, sti'l keeping wires attached to the
plugs. By this means the resistance in “d ™ can be incrensed J5th
olim at a time. It is clear that 100 ohms is the greatest resistance
that ean be measured, ad 2.th olim the amallogt,  On o servies the
10w-coil of the 3-eeil galvanometer is used with this box (as in
Fig 120, but other galvanometers enn of course he need if availiblo.
(Note.—The object of “key 1" is to prevent the palvanometer
wihy affected until the current becomes * stendy ” in both branches
BFD and BCOD. If = i3 an “inductive” resistanoe (e, electro.
magnet), it will tiie longer for the eurrent to be established in
BFD than iu BCD; and in the absence of n “key 17 the
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galvanometer neadle will show & movement (not n permanent
defeetion) oven if the ru.iia'f = :—4,- (O service thenature of unknown

resistance is frequently proctically nen-induetive ; benee o key is
dispensed with in galvanometer cirenit.)

14. Ieasons for practical rwfee—To understand the ohject of
rules in parn. 12 one must censider the different varisties of
resistance likely to be met with in practice.

{a) A resistance may bave “self-induetion,” fe., be conslructed
insuch s manneras to eall into action a lnrge quantity of magnetism,
Any eleatro-magnet 18 an example.

() A resistance may hoave ' eapacity,” g, & submaring cable,

() It mny contain an EALF, eq., o telegraph line with earths.

(o) A simple resistance, as a Gtraight wire or zlectrica: fuze.®
It is an observed fact that & very short interval must eapse befors
the current beeomes steady in a eirenit after depressing the battery
key. Now tha theory of Wheatstone's bridge dﬂpeuﬂa om the
eatnblishment of o steady corrent or [all of potentinl before the
balanes is made. The ehect of cases (w) and () is to delay
the estublishment of the stendy corrent in the beanch containing
the resistance which hes “self<induction” or “eaposity ' for an
appreciable time. Hence, generally key 2 15 firs! depressed, to
eetablish the [all of potential and allow the transient effucis of
self-induction and eapacity to pass off before mnking the balance.
In cass (of) the time for the eurrent to cstehlish itsall is immaterinl,
and wither key 1 or koy 2 may be depressed firss.

In caee (c) kay 1 must be first depressed. This cuse is likely to
oecur wherever there are “enrthe™ in the cirenit of the nnknown
rogistanes,  For the earthe, even if constrocted of the enme
malyrials, may become polurized by n eurrent, and aet as a voliais
cell, Fig, 111 shows this disgrammstically, E being the esrth

' 111,

.r-f"r

plotes which aet similarly to the plates of o battery. Olvinusly in
this cage the galvanometer will ghow o deflection when key 1 is
depressed. A coll formed by earths is sometimes in the serviee
termed a * sen-cell.”

¥ Every partion of a cirouil hos some *soll-induetion™ nod *capacite.” A
Eimnple resistaneo in ome i which these qualities are so small as Lo hnp-::.lftigib]r_
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Bule (¢} will deteec il o sea-cell cxiste. If it does, procesd as
in rule (). Where a resistance combines ithe propertics of (a),
(1), and (¢} shove the greatest diffieulty ocours, and considernble
praictice and experionce is vequired to obtpin an asecurate result.
Duch casés are, however, of rare ocourrenca.

Kobe that the resistaoes of the palvanometer does not come
into the resmlt, but the aceurney with which a test ean be madoe
depends on the resistonee of the galvanometer, but only to a slight
axlent.

16. An Investigation by Kempe shows that (eeteris paribua)
the best resistanes .or & galveanometer to have when dsed for

: S S L L STPLT
Wheatetone's bridge is iy e 1 o | whieh is the walue of

the coabined -esistonee between F and C. This rule is not of
grant pract’enl importanes, as very good results are obtained with
galvanometers w]{inh have resistonces very different from this
value ; snd in all instonces s delieately pivobed palvenometer
muy be expecled to furnish better results than ene moré roughly
eonstrueted, even though the Iptter way haove s resistance theo-
reticnlly the best.

It is in consequence of the above rule, however, that the
coil of the B-voil rulvanometer whieh is intended to be weed with
Whectsione's bridge is mods to have n resistance of 10 ohme.

16. It is ensy to form a misconesption with regord to the fore-
going paragraph. If a bobbin has to be wound with a eoil of wire
for nse with a galvanometer, there is o definite spoce to be flled
with the wire.  Aceording to the purposs [or which the galvano-
meter is intended, the spage may be fifled with a few turns (short
length) of thick ivaulated wire; or going to the other extreme,
with a grest meany turns (greab length) of very fine insulated wire.
When a galvasometer then is wound to a definite resistance, wire
of aneh o pize is eelected thial when the space available on the
bebbin is completely filled up, the ecil has the required resistance.

17. Teats for Inanlation Resistances.—Testing the insvlation of a
eirenit is simply moasuring o very high resistance. This can be
done by Wheaststone's bridge as already described if the resistance
i5 below 1 megohm. This is usually far below the resistanae
ponerally met with, and though by special metheds insulation up to
2,000 megohms can be rmeasured by the ordinary resistance boxes,
it is unmecessary to describe them here.

With such high resistances as are usually met with in insulation
teets it 15 preferabla to nse speeial insbruments, such ns the megger,

18. Meqgor.—The Mepear conaiata of n generntor, which will give
an ALY, of 600 volts, and a specially construeted palvanonetar of
the * moving eoil "' type. The galvanometer seale 15 gradusted in
ohmes, &0 that the resistance can be read off without ealenlation.

The generator 15 driven throwgh o frietion eluteh, so that above
& gertpin eriticsl speed the bandle is felt to slip, above this speed
the vol 15 constant.

The galvanometer consists of two eoile rigidly connected together,
anid to the pointer, these coile are pivoted 1o the field of o powerfyl

nenk megne’,

Fig. 112 gives the theoretical dingram of the instrument in use,
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C and T represent the two coils of the palvanon ster, wice two
aqunl resistances rlie in series with them, and I the resistance to
B meagived,

The eoil C is so wound that o corven’ flowing through it tends to
st the pointer to the zero of the scale, while ¢ current through P
bemvd e to move the pointer along the seale.

If the anknown resistones I is infindle, no enrrent Qows through
C, und the i:miuier indicates Infinity, but as It is reduced the
eurrent in C mereases while that throngh P iz, il anathing, reduesd,
atil thus the polnter tends to move along the seale. As the dzflee-
tion of the pointer depends on the corrents fowing in the two zoila
and these again on the value of R, the seale can be graduated to
ivo the value of I in chims oF megohms.

Diternal Revistanee of Datteries and itz MWeasnremeits.

1%, The internal resistancs of a battery is often an aporiant
factor, and must be taken aceoont of when enlenlating current.,
20. The volue in ohms of the internal rosistance of o voltasie call
will depend (generally speaking, upon-—
(r)} The distunee apart of the plates {7},
() The surfnes of the plates immersed (2,
{e) The nnture of the liguid,

I .
or {appreximately only) internal registance = v (sped, rosistanes)

Jength

. ' Ziﬂ I.-. g WP Stk T |
ol !!fl'lﬂd. just ag the resistance of a wire o = X (Bpen
resistaryz),
Fig. 113,
PR i
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21, In0y Method.—To mensore this infernol recistanes, the

termingl P.I), methnd is perhaps the most satisfactory, ptovided a
voltineter of snitable ronge is available.

"The vellmeber resistanes & ix first conneeted to the terminals of
the battery under test and the valoe of volts read off the seale. Let
fliig rending be V. A ow resistanee of known value 8 is now eon-
neeted ns shown in Pie. 118, with o key in cirenit, and tha difference
of }l:i:lhllidul ub the terminals is aonin rend.  Let this veading be Va.

et the reaistance of the bnttery be By and ite E ALY, be .

gl o e R B AR B T L Lo (1)
Where C, = (J—.:. and is the current passing throngh the

bnttery « nlso Oy, = the volts lost in passing through
the hatfery.
gimilarly ¥ = B o= Gl .. s (i)

Where Cs = 1]'{ i being the combined resistance of 5+ G, e,
b

RE=E+S
i m . = .1Ir:I_T: H.l
Combining (I + (11), Ree s X AL Wt ]
P IR e Y SR SRR |
Neo Vi
t G

Rubstituting the valug of 1M, thus obisined in equation (I) or
(11} gives the following expression for the E.MF. of the

bat.ery.
g W RN e o P
55 1Yz = HY,;

When tesling battories that pol.rise rendily it is essential that
ihe valnes of Vy+ %5 ke read as rapidly o is eongigtent with
aceuraey. . .

The resistance § should he mnde sueh that Vs is consideraldy
less than Vi Generolly speaking, the best results will be obtained
if ¥a 15 abont hnlf ¥ (rathor moro than less).  Taking one or iwo
trind values for 5 will ensure this. 1t should be noted, that if
Ve is only slightly less than ¥y 8 hes been made too ivrge; while
if Vs is very small, 8 has also been made too small.

23, A pprverineate. formule.—The formulie (4) and (5) for I3 and K
bocome mueh simplified if the resistanee of the voltmeter (G) be
large, compared with My (e, when using any good voltmeter, ﬂ'llﬁ_h
af the volt-ammeter with aay hut an exeeptional battery). In this
s;-pgn{inl case Vy will be very nearly equal to E, and the velue of I
-’-E._:?:-{-T'-_.;. will be nearly equal to 8§, when the latter is small.  Henee in

eruntion (4} L’ will be negligible, and B approximately — 5

Henee Ry =8 1% upprox. i S
nnd E =V, approx. . L ! . {7}

1602a H
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In the greal majority of enses when ueing n high resistance
voltmeter these approximate formule give results differing only
slightly from thoee given by the exact formule.

The above approximate formula (6) for Iy is obtuneble
directly from the Ohm's law equations of the simple eirenit con-
tpining the battery and resistance 8 (see Fig, 118); or from the
fall of potential diagram of this simple cirenit (Fig. 114).

Fa, 114,

e e e e R ——

a9, Cpleulutions from formulm {(4) and (5) ean frequently be dis-
sod with, and results obtained by graphical construction drawn
to seale. Let ABC (Fig. 116) ba drawa (taking any snitable scales
for V, and (3} to represent the fall of polentisl from binttery terminals
through the voltmeter G; and DBF the fall of potential through R
(i.e., when key is depressed). Produee FD and CA to meat at L,
and draw LM perpendicnlar to OB produced. Then LM messares
(on same seals as Vy and Vy have been drawn} the E.M.F. of ths
bettery ; and B, ia representad by MB on sume seale ar Roand G
have besn drown,
It w:ill be a useful exercise for the student to deduee formule (4)
and (5) by similar triangles from Fig. 115.

Fig. 115,
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24, Instriment testing primary batterics—The ahove method is
put to prastieal use in the instrument koown in the service as the
U Instrument testing swimary batteries."”
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Tt is o small] voltmeter, with disl gradoated betweer *5 and 146
volts., The “voltmelsr codl™ () hns 8 ohims resistance (Fig. 116),
Fra, 115

§=2§%

O depress'ng m key at the side a resistance 5 (2§ oluns) is put in
parallel with the voltmeter eoil G ; the combined resistance (B) of
both G and 8 being therefore 2 alims,

The instrument i3 designed for measuring the constauis of
Leclanché cells one at n time. The terminals of the instrament
are connectod divectly to the terminals of the cell to be tested ;
and reading Vy taken, The key is then pressed and reading
Vs taken. Putling the proper volues (G = 8e; Rt = 2a) in formule
(4) wod (& wo et

8 (V1 — Vi)
T AV =V
3V, V,
dnd B ot
trom which the constunts of the cell ean now be enleuloted.

5. Valt-Ammeter—Au instrument called the ** Volt-Ammeter ™
has been introduced into the service to snpersede the above, this
inglrminonl ue its name enggests consists of o combineton in one
cover of & Yoltmeter and Ammeter both of the moving coil type.

Fig. 117 shows the theorstical connections of the ingroment.
When used as a voltmeter, the button marked volts is pressed, in
this case the terminals ace conneeted 1o the moving eoil through an
added resistance of about 1,500 ohuns, wound on two bobbing B, and

As o voltmeter the seale is geadusted to rend up to 10 volts

en the button marked  Awmps™ is pressed, the terminals are

connected throngh o resistance of about -02 ohm in pareliel with

the, eoil and an added reaistance B, of about 18 ohms. The scale

now reads the ampéres passing through the instrument, the resist-
anee beiug ouly about ‘02 ohm,

When the iustiument is used ns o voltmeter in testing o esll or
battgry, the reading, though strictly spesking the potentinl differ-
enee ab the terminals, may be nccepted as the E.MLF. of the eell or
bittery, since the resistance of the instrument is relatively high.
When the inatrurrent is aitﬂilu.rl}' nsed as an ammaeter, the reading
obtained will repres ut the curvent produced by the ecll or battery
when econnected through & resistance of 02 ochm.
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Thus if K and C be the two repdings obiained and L be the
resistanes of the baltery,

; E
1|, ¥ P

Ve lave C Hoo
o Hp = -f:' — 2

In practive eara should be taken not to tesd at one operction o
Inttery griving o highor TALY. than 10 volls, o one that is eapelde
of giving n larger current than 10 ampéres when shory eirenited.
When in nse ns an amineter the hulton should not be pressed
lonzer than is neccssaey to obitoin an pecurste reading,

d
- —-

-
g5
Fof

voLrs EAL

Thagran of coimeetlons nthe Vodt-Anumoger,

2. Farsionr Method,.—A nseful practien] method of mensnring the
internal resistanee of a cell is Iy Mzing the service platinum silvor
or iido-platingm wire * bridges."

The method is based on the wssumuption that o serviee * bridge ™
riquires o certain eurrent o Taze i, in which 2ase 2 bridges in
parallel require twiee the cuerrent.  Thus the * bridpe " may b
segarded us 0 rongh gabvanometer or someter gradusted in wultiples
of the fuzing current of the * bridge " employed.

“Coils resistance 100 ohms™ nre used for this test, which is
earried out as follows :=—

lsb—I"wee one Servise ividio-platinum wire straight acrss clips,
and connect eivenit os in Tig. 118, A leing the battery whoss
mternel resistanes It is required. g

Frs, 118,
,tlf.:m"e-—-.r'ng Trrmzr}mr
[ LT Y L T
= 1 -
A
e e g T

Adjust resistanee By till oo depressing key ITn' 3 second 'L owire
i6 fuat Tuzed,
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2nil, Place two wires in parallel aeross elips, and adjuat resistance
1ty £ill on dopressing key for 3 socond, both wires nre simoltaneonsly
et Tnmed.

Thin By =NR; — AR,
" B . 15
f i g e r——— e (L} I L = h
or o, S TR B {1}; aume T Py e (2
T E T

and Oy = 20,
Himen By = By — 2R,

The eonstants of the serviee fozos are Lebalated Dbelow,

1
Mamuotsr  Hasstanco whan Menbsdanos ak Flring

Blaterialn | Inshes, il Fiislmp  Falnd. | Cupseil.

A M Fighl | Iridie Platinum | 0003 095 w0 140 obina 24 glums A

nnd Hiege | | | . nmnpire
18— | s i 0014 TR o sa — L]
Bt resn b e

%03, Muvnl ¢ Metinum Silver i W0 1Fe 1A | Ea LT [
1

Manee’s Method —This way be of use in inding the internal
4*'11!+tut|.l3u of o econstant eoll of faicly high lE'E-lrillHE;E.', il @5 o0
wodifieation of the Wheatstone bridge,  See false zero modification.

To join np, to balanee hy this method, eouneet the coll under
test where the nnknown resistance X is usually placed, remove the
tesl battery and keep the key i eivenit., Press E,e} 1 and bringe the
Jletlection of the galvanometer to o suitalild read ingr, 'ul_]m.t the
known rosistanes until no difference i= made in the milvanometer
deflection by prossing key 2.

Then Hy == ?ra
]

IT poeforved the connections miuy e as in T'a,; 120 below, neeassi-
tating the use of key 2 only.. Should the initinl defloction shewn
o the palvanmneter be too great, n suitable rending shonld be
obtningd by the uwee of o eontrol mappet or 4 shoant, . A deliente
galviunometer heavily shunted gives good posalis.

Flra, 130,

ey ¢ R

S

Fao, 114K

BT

e
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28, One method of I_m:lnf is obtained from the laws of divided
eivenit. Fig. 121 (which is exactly the same electrieally as Fig.
1205 will make this elear,

Iaa. 121,
[
_"l,'
e
)
2
=
=
)
oy
£
ol
.|
For in 1st ense (key ap) the eurrent through galvanometer
I E L4 "+' -ili' o
Lu =]:+ p T ia _I_T:I F ® :.I:_-+ ¥ 7 :'J'r |:I:|
' L L
and in 2nd cosa (key depressed)
P el s (2)©
VAR L o ot b
H,». + |I||J£;|; ”r.. | . Il +4- r.f
Fopa| T

Now sinee we adjust d €l no alteration in deflection’ is produeed.
Uy 18 the same in both cnses, and we can equalel(1)fand (%) and
multiplying up we get:

a
i) i % o.

Measurenent of ALK, avd Digerence of Potential,

29. A standard of measurement is necessary for measuring EMLF.,
just aa a standard of resislar ce is necessary for mensuring resistances.

By Obhm's law we know that E = CR; thus, whenever the
resistance and current astrength are known the EMF. can be
arrived at.

¥or constructing standards of E.ALF. & more direct method is
adopted ; that is, by ilﬂii!lg advantage of the fact that the E.RLIL.
of u volisic cell depends, at a giren temperature only, on the
materinls of which it is composed. Great care, however, must be
taken as to the chemieal purity and exact composition of these
miterinlg,

* These equations shotld not be taken for é;mtud by the stalent, but should
be worked oul from fivel prineiples as nn exeretse in * divided cirenite.”
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The cell sdopted ae the legal standard in many ecuntries is
Clark’s ecell, which has been previonely deseribed. This cell, if
egrefully nsed, will remain eonstant for years; bul as it polarizes
quigkly it should only be allowed to send o very minote eurrent.
It will also be noted 1lat variations in temperature nflect the action
of this cell, end in securate tests such vanations must be allowed
fpr by calenlation. T"n this respect the Cadmivm cell is to be
preferred.

Binee the curvent which a battery can develop is proportional to
its BLE,, it is evident that the EM.F. of two batteries ean be
compared by observing the eurvénts which they send through
cirenits of equel vesislances, If the external portion of these equal
rogiataneas s very high compared to the interns] resistances of the
batteries, the latter may be neglected.

This method, thongh simple, necessitates the use of o ealibrated
galvanometer or ammeter, and o mors convenient method is Lo
maintain & constant current during the test by varying the resist-
ance in cirenit.  In this case the .M. Forces of the batteries will
ba proportional te the resistaness in eirenit, and sny form of
malvanometar or smitable voltmeter can be used.

80, Tuww dedection or digerentiol wethod —As an example, in
arder to compare the EAMF. of a bottery X with o ccell saneh as o
Dauiell's eell of known EALF., E. a should eonpect thiy
stamdard cell in cirenit with one eqil of o differentinl galvanometer
(1, the battery X being connected to the opposing coil of the
galvancmeter through an adjustable resictance R.

If we now adjust I ontil no deflection appears on the galvano.
meter

than X + E i R+ G+ X : rE + G
x ER + G + rX)
== s e
i T 2550,

It will be obeerred that by this nethod it is necessary to know
the resiscaneer of the polvanometer, stonderd cell (eE) and battery
{rX), but by o glizgut medifieation this ean be aveided.

Thus, eonnect the standard eell, resistance box and any galvano-
metar iu eivenit.  Note the defleetion, gay 509, adjust the resistance
to K ohms, until the deflection oldained is, say, 30°.

Now substitute the batlery under tes? for the standard cell and
bring tha deflection to 50°, agrin adjust the resistancs to, say, It to
bring the defieckion to BOS,

Then X : H :: B K
or A = EE

81, Potenfiometed method.—COne of the best methode, however,
of mepsaring und eomparing § electromotive forees and potential
differences is that known as the polentiometer method.

A potentiomeler whatever its form consists essentially of o resist-
ance, which may be a series of coils or o long wire stretehed over
a divided seale,

A constant brttery (A) Fig. (122), when the key is depressed
gends a eurrent throngh a potentiometer B.C.; and o fall of
potential is established aleng B.C. (the main civeuil).
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Fra 122,

J..i"---..}

e S e c

Frandard Call. J

Connect to point B a sabsidiary cirenit {'.ﬂusﬂung of o standard
eoll and galvanometer, the other end of wire being free to slide
slong BC. The standard eell being connected to oppose the
tendenay of the battery A to semd o cuvrent through BgD; a
wint, ]g, is found by trial such that no deflection is produced on
palvanometer. Then the difference of potentinl Letween 13 pnd I,
due to the main current from A, is equal to BALE. of standard
cell E,, being exactly balaneed by it.

lm suppose B current to pass in the EIrEI:I'LIII'.'I-Il of cireuit Byl

(Fig. 122), the value of th{h :!!lrrLﬁnt 18 {(hm's law)

n =
resigtaness in branehes gl) —

Buot when gelvenometer shows no deflection this is zero, Lt
‘Ilu L= .]J,

"So wa have Vas=E,=Cx R,. A1)
(R hE:II]E’ remEI.u.uu.'. of wirn ].lehmun B ntL:I l’-" nud L- ﬂm \alue of
enrrent i msin Glll:“lt-}

Kow cubstitade for standard eofl the eell (ov Lattery) vider test
(Fig. 124), and find a point, I, snch that palvaccmeter shows no
deflection, similnrly

E, (BAM.F, of evell under trinl) = VE=10C % R,...coos wreralB)
Fag 123,

/—-1\*--’5'-----]1

/

= Cpn

3.‘_____,1' _-....———i-f i

Cell wmalar faxt.
{Ra being resistance of BF). Combining (1) and (2), we gat
Er By _ length BF
Bk hmgt.].l. B
E}'\

1'|.E'|l = EE = B].r .................................
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Note—Thet nothing need be known aboul battery A, but it
wrust B g constant baltery aud gice a PG between B ane) O greater
Hhan either the ELMLE. of the standard cell or trial battery.

It s no. sufficient that the bettery A" shall have an BB,

greater than either standard o triel batiery: for ils interoal
resistanee moy bo so great ag to absorh so much of its EM.F, that
the ¥V may be reduced below the value required.
. This method is admirably adepted for comparing for experimental
purposes the EMF.s of diffevent cells, neither the stondard cell
ror the cell uder test being required to send o eurrent 5 it i3 also
nseful for the enlibration of vollmeters.

Dissdvantage 8 that o thind constont baltery (that ot A) is
recvired,  Observe thal if the internel resistance of the battery A
be small eompared with resistanee of BC, the I%1%. between B and

]_1 1

0 is nearly = BLE. of battery and E: = Bl nearly.

92, Cervent Measwrement,—1It should also be noted that the
measurement of current i divectly arvived ol by this wethod (see

)

Fig. 124), for when balanes is obbnimed C 1:: where Ry ean b

By lengels B
; B 7 length BC
b previonsly carelully mensured, mml should be sufficiently great
fov ensure VU Is gpreater than K5, This method 18 weeful for the

obirinod from the ratio The resistance of R must

coltbrotion »f emmeiers.

Fiiz. 124,

e e L
‘ L)
Y e o % ;
o et o iy »
1 i
CILE
E.: G

Poggendorl's method . by —"The sae prineiples apply o a
mwethod when erdinary vesistnnee boxes pre used. In l]"ig. 125,
A is the battery wnder frial; i pusses a cureent through known
resistances By and Ry in series.

T, 195,
II AAIN CERCLHT
\wmrr
g
A Ryl
ﬁﬂ Gonpag Irfﬂﬁ HEFS
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A subsidiary eirenit containing standard eell, galvanometes and
km{iiﬂ counected s shown in the fignre.

eeping By fixed, adjust By unlil there is no deflection on gal-

vanometer on depressing koy., Then 2.1 between B and D = Eg

and carrent thmug‘h R = 1-;,::; = enrfent in main eirenit ; olso
H=ﬁx{m+ﬂh+ﬂﬂ
= Tt Bt B+ Bab ot (1)

Uenolly Ie is amall compared to 1) and s, ¢ 0d enn be neglected
when approximate result is only required. But It con easily be
eliminated by making s second test. Increase Ry to Bs; ru-m{ju.ut-
resistanee DU till with a value I balonee is again obtained, “%.0 as
before

= B gl rAE T s T ol | Sl 1 &
Iy

Eliminate By from (1) snd (2), and we got
F=T Ry — Ry + (R, — Hy)
. e T — 1t ,
o simple result in whieh differences of resistanees only appear.

B Mractical appdication fo Serrice bor—When using the Servies
box, in this method, conneet ag in Fig. 126. The top row of
rosistences represent By and Bz the remainder Bs and 1.

Fris 121k
£y

A
i
1
: |
| e AL s
i T = (e
i ; —
i - ’ i
T LY ‘a
i T ¢
P\ L oc F
' \ Rl e L
i .0/ % \ SERARATE KEV B
e ol D HIERTED NERE
KEY f. SEKEYE,

When uvsing the horizonta]l golvanometer, good resalts will be
obtmned by making By = 100 obwus,.  Having made correct ndjust-
ment of Ry, make Ry = 200 chws; avd adjust By, The infinity
plug may be used ag a break in the wain cirenit ; but it is better to
use a separate key inserted next the battery A.

Core must be laken to remove the infinity plug before enmmanumg
work, in order fo prevent battery A being *‘short-cirouited.”
Having unplugged the E‘mper resistonee in By and the trial resiel-
anee in Ry, the infinity plug is inserted and test earried on,

Disadrvantages :—A battery whose voltage is less than the stondard
cell cannol be tested by this methed, and battery under test is
worked to a slight extent.
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CHAPTER X, =eowm==""

Eloctrvo-Magnetismn—Current Induostion.

o L. Electro-Magnetizm.—1It wos shewn, in para, 32 Chapter VI,
that a magnetic field wos produced in the peighbourhood of a
eondugtor throngh which an eleetric current was travelling; and
that the lines of Ioiwe of such o field act in concentrie eireles round
the conductor. It was also shewn that the field suffered distortion
on the spprocch of other substavees within the field. 'This
diztortion of the mesgnetic field is due to the grenter facilities
olffered v these substances for the propagation of lines of foree,
anc: the relative enpability possessud by any substanee for conduet-
ing these lines of foree is known ns its perweability. A comparison
of the relstive values of this property for different substances is
desivable, and, for this purpose, the standsrd selected as the unib
is the permeability of a vacuum, which very closely correaponds
with that of air.

Sines, il o piece of soft iron is placed in any magnetie Deld, it is
observed that many of the ndjoeent lines of force are bent out of
their previous course and ecnverge into the iron, we may conclude
that more lines of force pass through the spsee oceupied by the
iron than pass through the same space when oeeupied by air alone.
Thus the permeability of ‘ron is greater than ar, u,mf might be
c#linaded by dividing the number of lines of foree which pass
through iron by the number that pass through the same space
when the iron is removed. It is not possible, however, to estimate
the nuaber of the lings of foree pervading either the iron or the
spuce, nnd we are thos reduced to o comporison of the relalive
alrgngths of the two fields, by messuring hge effects produced by
ench, amd compnring the results. Dy this means the strengih of
& figld duoe to sny magnetizing lores can be mensured.

s'urther, it has been shown that, if an insulated wire carrving o
eurrent is eotled into the form of a spiral as in Fig. 127, the spirul
witl behave in all respects ue u wenk bar magnet of the same aﬁupa
anil aize.

Fra, 137,

Ll

T

The Solenvid —1t will, if Iree to move, set itself in the wasnetic
meridian, and one end of the ** selenoid ' (as the spiral is called) is
seen to possess ** polarity " of & north-seebing kind, the other end
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 polarity " of o south-geeking kind. Henee the usual phenorienns
of attract'on of unlike poles, and repolsion of like poles, eon Dbe
produced between a solenoid and a compass needle, and even
hetween fwo solonoids.

& Nules for Polarity with a solenoid =11 the divection of the
earrent be reversed the polarity s also veversed. The following
rule conneets the nature of the polirity produced with the * senso ™
in which the eurrent cireuludes in the eoil :—* Face one end »f the
polenoid 3 if the corrent i3 cirenloting in o cleck-wise sense, the
pole nearver to yon is o south-peeking pole’” mul  convorsely.
Fig. 128 will make this rule elear. This rule follows from
Ampére's rule for direction of eurrent, which may be thus applied
i0 the case of a solencid :—* Imagine yoursell swimming with the
aurrvont sromud the soleneid and wlwaye fueing to the inferior ; the
novth-seeking end will be on yvour left hand.”

His, 123

N

Erd viaw o o Sofenodd .
(iuatrating “clock ™rule
Fors pofarity ).

8. On the cessation of the coerént in the solenoid the mosgnetie
field pooduced in ite neighbouthood disappenrs almost instan-
faneonsly.

4. The magnetic effect of 0 simple soleneid iz small, and is pro-
portional to the peaduct of the eurrent into the sumber of turns
ithe ampére turnsh ; but by winding the solencid around a eors of
irom the meenetic effects for the syme ampisre tarns ane gnocmonsly
ineransed.

Electrosmegnet.—The eombinntion of a ** solenoid " with an iron
eore is enlled an * dlectromeannet.’” and in one form or other appears
in almost every practical wpplieation of eleetricity.  The magnetic
effects will now depend not only on the * awpére turns ™ of the
solenoid, but in a somewha® complex way on the qoality and
dimensions of the iron also.

5. Solt wrought ivon is eapable of being more strongly mag-
netized than cast iron or steel, and becomes rapidly and abnost
entirely demagnetized on the cessation of the curvent.

“ Suturation.—Steel retaing a proportion of its magnetivm with
some de of permanence. In all eases there is a fairly well-
defined Tirren&i.t beyond which it is found impracticable to further
magnetize iron or steel,  In other words a point is reached when
any inerease in the “ampire-turns™ of the scleppid will not
materially inerease the magnetization of the iron. At this point
the iron is snid to be ** éaturatod.”
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. Practical forms of electro-magnets.—Electroamagnets are made
i every variety of form: but whare *° traetion™ or ** atfection "2
of an pemoturee i3 vequived the hovse-shos lorm §s moest eonveniont
(shown m Figs, 129 and 180), but for proctical ressons the type
ghown in Fig. 181 is the usual one monufactured. The eoils are
wolnd on separate bolibing, and possed over the ** coree,™ which are
themselves * shouldered,” s0 ns to fit tightly into the * yoke.”
lu enses where effects Doth of attraction and repulsion Lre roquired,
wr permanont sbeel mognet is used for an armature.  This arrange-
ment is shown in Figs. 129 and 130, where A is o permanent negnet,
in Fig. 120 allracton is produced, in Fig. 130 the poles of the
olectro-magmet are reversed and rapulsion is the resuld,

Fui. 128. Fre. 180,

- i . 1 ! = i i think
s Tlea barim o traction * i applied to the * lifting pawor "' of on elecbri-maguet
i o u?. the foroe of an obéetro-magnel upon oo armaiure in close fonEmed ; Lhie Feris
s patraption ™ to e force exeriod oo nn sfmainme ok o distanes (uod in eliss snntact .
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7. Although in the ueual form s eeil is penecelly wound on each
“lag ™ of the electro-magnet, it makes little difference to the mag-
netization of tha iron if a coil were placed on one leg only, or even
on the yoke, provided the ampive turne reneain the game pnd the iren
is mot saturated. Hence we find forms like Fige, 182 and 188.
Thaet shown in Fig. 182 is sometimes ealled .. ** elub-footed elsetro-
magnet."”

The resson of this 18 that iren 18 s0 moch more permeawle to the
magnetic influenee that the pi'l'mt-ﬁr part af tha lines of fores profer
to travel by the iron, slthough some few will take o path through air.

8, The “ Maguetic eircwat.’—We arrive thus 1t o coneeptice of
i “maguetic circwit,” by which it is understood that the lines of
magnetic influence (fermed Tires of waguetic foree) flow aroand
eireuit in ¢losed enrves, the lines dividing into paths, seeording to
the facility offered, ie, aceording to the permesbility of the
materinle.  Soo Fienves 184, 1895 and 136,

Fro. 184,

e

Lenknge lines peglocied,
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which represent the corea of electro-mognets with eolls removed.
{In IMig. 186, the few * lenkage™ lines of fores, i.2., thesa lines that
do not traverse the armature, ot complete their path through the
nig, are not shown.)

8. There is n useful analogy in this respect to an electrie flow
through a eireuit. Copper and the metals may be said to be very
* perneeable " Lo the electric sarrent.

10. The stoength of an electro-magnet depends to a mreal extent
urnn the gooduess of the magnetie civenit.  Similarly the strength
ol the eurvent in an electrie cireuil depends to o great extent upon
the gooduess of the conducting path open to it. Thus in properly
designed electro-magnels the cores and yoke should be of equal
quality nnd eqeal section.  The armatore (i of solt iron) must
follaw the same roles,  Above oll, the pir-cops must be redoped
o the smulles. possible, sinee air offers comparstively so great o
“pelpetance'® o the Ipu.ﬁu of the magaetic lines that the oleetro-
et will be greatly weakenied,

Fra. 137

Thuas if Figs. 187 snd 188 represens two precisely similar electro-
pirmets, exeepl that the air-pap of A in Fig 187 is emeller than in
"ig. 138 ; the number of lines of force crossing the air-gap in Fig.
187 is, ceteris paribis, much greater than in Fig. 138, And it will
be sean that on the number of lines of fores truversing the pap will
depend toe magnetie effects that are sought to be produced in the

alr-gap,

* Tha termy “reluctanes™ is used in eonneetion with mngnetic lines of foree inn
seqise gimilne to “resistonee” o the flow of cleesrieny i the eleatrle surrent; 7 e,
to cxpress the various depress of diffieulty experivnesd by thie mognetic fines in
travorsing different sulsianees in their path.
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11, In many simple eases (4., oleetric bells! the above considern-
lions will sufice bo explain the action and mechanism, and as long
g ufiicient mechanical action is producod, it is havdly neeossary to
trent aneh simple actions guantitatively.

This 15 not the case, bowaver, with lnrre commercial machines,
sueh a8 dynamos,

12, ** Beery snorenient under the eleetrosmagnetic foreos takes jaes
in &ned o wednner ag B ingarove the aognetie cireil,’”  This role haa
the foree of & genersl low, and gives o elea to vaclons actions wial
phenomena not readily explained from the old notions of altcaetion
and repulsion of unlile and similar poles.

The truth of this universal rule is readily seen by considering o
few typical instanees, cg.—

e} The wttrnction of an elootro-mugnel for o soll-ron nrmature,
and the tendeney of the laiter to sot el in o divect line between
the poles of a horse-shoe magnet.

() With n pelarized ammadure there iz a tendeney o movement
until the lines of fores due to the pormoment wagnot of the armatore
lie in the same direetion, eod in the divect path of the magnetie
giveuit of the electro-magret.

() The action of o elechro-mwagnet on dinmegnetie sobstances
fson porik. 16).  Make the Tollowing experimens ;—Suspemd « rod
of bismuth between the poles of a pewerful eloctro-magnel 18 in
Fig. 189). When the mapnet is strongly exeited, the rod will sel

Fia. 158

itsell ar right wigles to the line joining the poles, sinee in that
position the bismuth (being less permenble than niv) will least
mterfors with the magnetie cirenit.

{of} Take o small piece of thin ferrotype iron, and pluee on the
pole of an electro-magnet.  The thin piece of iron will not, ng might
ab first sight be expected, lio ot upen and adhere strongly to the
polar surface, but will stand on edge sa in Fig, 1808 approximately
parallel to the lines of foree.  Conaideration will show that in that
position it enn best aesist the mammetie civenit.

18, To enlenlsto the strength of o eurrent of eleciricity in o
eirenil, it is necessary to toke into account the BEALF, urging the



enrsent along its presage, ps well ns the resistanes oppoeing soch
paasnge, thwas :
EALF.

Nesistance.

Somewhiit hlmllrlrh the path round which the nlngnahc linea of
foree nre rm'l'l::lrEf[ to travel, may be regarded as o magnetic cireuit,
nndl the total nomber of linez of fores or magnetie Aux, ealenlsted
from the exprossion.

Current stremgth =

magnetomotive foree
masnetic reluctanee,

Where the mrgnetomotive foree is the total magnetising foree
due to the number of ampers lurns used, and the mernetie  refoet-
ance or resistance is directly proportional to the length of the
magnetio giredit pnd inversely propoviional o the eectionn] ares
and the permenbility of the substanees of which the magnetic
eireuit is er 'EEIIH:IHBII.

It is sometimes convenient, however, to desl with the
intensity of the mngnctamlg foree (H) ab sny point rather than
with the tolal magnetizing foree or |ngnel.umnln'u foree (N)

Thus the intensity.of the fisld in Lhe interior of a long evenly
wonnd solenoid s tﬁa same ab all pointe except near the ends and
the value of H will ba equal to

d5C = N
L

Where N is the number of turns in the solemoid or B! the
number of turna per centimetra in length and € 18 the eurrent in
C.G.5, units.

Tt is messured by the roree in dynes with which o magnet pole cf
unit strength would be acted on at the poiut in question and
obviously may vary considernbly at diffevent points ronnd & complex
magnetia cireuit.

But ¥ = & ® H {where A i3 the area of dross-seclion of the
polanoid)

Fotal number of lines of foree =

or d=C x N1

-!t‘ﬁ{,"x::_

‘-'H=_|!_
A

This is the to‘al number of lines passing through the solenoid,
emerging at the end, and returning through the surrounding space,

ag in Fig. 140,
LEE=] ] 1
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Fr. 140

The formule are proved by uae of the calenlus, and are trus
only for long eolenocids; excopt in the particular casa where the
golencid is bent into o eirealar form, as is Fig. 140a, when they are
true without approximation, { being the mean circumference of the
eirele on which the eoils are wound.

14. It ir conveniant Lo wrile the equation in the form :

_4=Cn,
N s
A
gl e ) ' = Eg_uetnmutiva forca,
ps this is in the form—" total Jux e G R
which expresses (in a form similar to Ohm's law for the elestrie
gurrent) the equation of the magnelic eircuit.

“ Maguetomotive force™ is that which tends to force magnetism
through a cirenit, and in the case of a solenoid is proportionsl
to “eurrent = number of furng”’ and in the units chosen =
420 « n.

W Megnetic reluctanee "' 15 analogous to electric resislance, and
varies (just as an electrical conductor) directly as “L" inversely
ar A"

15, Solenoid awith tron.—The next gquestion to be concidered is
the affeet of introduging iron into the solenoid.

Muke the following sxveriment :—

Take n simple solenoid (witnout ircn) and pass o strong current
through. It will be found that the ends of solenoid will show
& slight tendency Lo attract iron filings.

Ingart now mn iron core into the solencid, without wltering to
any extent the current passing. The iron filings will adhere to
tha ends of tha iron core In dense tufts.

The effect of introducing iron appeara to be that the number of
linoe of foree previonaly vxisting i air are cousiderably multiplied
when they pass through iren.

“ Inteagity of magnetic induction "—Whkere one lina of force
ozistod in nir “p' linea exist in the moterial; “p" being o
multiplyin Ean‘ur, which depends (among other things) upon tue
m[m:rmi, qI" us where there wers previously “ H™ lines per square
centimetre in air there are said to be induced " pH™ lines per
square centimetrs in the material. “B" is the symbol used
generally to expresa the intensity of magnetic induction, i.., the
number of lines per square centimetre in the material, and
B= = H.

The * maguetizing force” H is said o induce in the iron B lines
of foree per square centimetre. B is then termed the " intenvity
of magnatic induction.”
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40, Hinea I = pH, we hnve for irom in a long so'sncid, or o
golenoid in the form of o complete ring,

gy Lam. -
o b i
p= iE_ ~2— (intensity of induction),
B M
.
4r x = NN

anil N = 4"1:" = l:' (total flux).

Ap Ap

{l, ns hefore, is the length of the solenoid, or the mean eivcum-
ference of the ring, A the area of the cross-seetion, sll in centimetre
nuits).

The snme limitntions na before apply, viz., that the foomule are

true for very long electro-magnets or for electro-magnets of the
form of o compdete ring,
. 'I'he per.aenbility () is o quantity which we may say espresses
the “specific magnetie condnztivity ™ of the materal; it may, for
dron and steel, be o Ogore of some thousands or hundreds, the
permeability of alr Loty taken an uuify.

16. Dhamaguetic siluteices.—Some substances (e, bismuth and
tor a vary elighl extent copper) are ealled din-magnstic, and have a
permeability less than that of air. In this case the value of . is
fraetional, and il u rod of hismuih be introduced into a solenoid
the valae of I' will be less thon H, but the effeet is only slight.

17. The idea of the magnetie civouit enables uws to ascertain the
vilue of the total flux where the eircuit is not entively through
mugnetomotive  foree

total relustanes

foree = 4.0 % u, while total veloctanes 18 the aum of ol expres-

Yron: for total finx =

, and  magnetomekive

giond of the kind 'Li that eeeur in the magietie eirenit, so that we
S

-
can writs the formulis
dex EF{:-‘ “m

N_-l.ij‘.ncu

_I-,l( Foe ——— il I|
¥ |a|u.:| = li‘lpl.|l
(whieh is Hopkinson's iovmula).

For examyle, ke o maguetic civenit, as shown in Fig. 141,
which is a form similar to that employed in some dynamo-electrie
machines. ABCD is the core of the electro-magnet (suppose of
east-irrn).  F.F are air-gaps, G an armature {say of wrought iron).

" 1 ill
Then reluctance of portion ABCD = e

h 5 eaeh atr-map F o< {'—[[ur,. of air = 1},
]

{a _
Ag ¥ an

= - nrmoature G =
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Fre, 141,

i — S ——

T A I'. —_——

Henee N = total tlnx through metal and, approximately, neross

HII."EII]_'II
dw ¥ 0 ¥ n

Aprm A i Ay X py
giving in this equation the propar values for g, (east iron), wod s,
(wronghd iron), A proportion of the lines of force complete their
magnetic cireuil without passing ncross the air-gap. Theee wre
cilled * lenkage ™' lines, l'l.lll:liJ i deduction on this aceount from above
formuln hns in practice to ba made,

18. The importent point to observe in the above equation is the
very preat mfluence of an air-gap in reducing the total fux, for the
aiv-gap ndds o Invge velictanes to the How of magnetic lives through
the eircuil (just as n wire of high resistance introduced into an
electric civemit will prestly reduce the currenll.  Also, generally
spenling, the better the magnetic vireuit, the less is the magnetic
lonkne,

In the preceding formula we see that “ﬁf;— is large compared to
(27 |

/s & : ;
Y or o {sinea wy and g, are some large numbers),
It follows that we can Yest incresse tha total flux by reducing
the pir-gap e, by makieg tho mognetic eircuit as good s possible.
Thers is always more or less ' leakage " of lines of force, some
finding » return path without erossing the wr-gap, but we shall not
congider this point in detail.

It now remaing to give values to “ u " the * permeability * of the
materinl. This value varies greatly in Jifferent qualities of iron;
wronght iron, enst iron, and steel hiaving different pennenbilities,
while different qualities of each differ considerably among them-
selves,  But the important point to be grasped is obat “p"
depends not only on the quality of the iron but also on the valoe of
the magnetizing fovce, i, the value of H ot the time. (Here there
i# u preat difference between maguetic permeability and electrie
eonductivity, The latter is n constant for any wmaterial at a
partieular temperature, and depends to no extent on the eurrent.)
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10, 11 o™ were a conslant it ia obwvious thot sinee B = n » H,
wi eonld inerenso B % any amount by increasing H {which can be
effocted by incressing the ampére-turns). Dot one elementary
sxperimenta. fact is that o eortain point is reached when the iron
becomas * saturnled,” e, no appreciable incrosse 18 made in B,
however much wo inerease H, Evidently then * p" depends on
the value of I1.

[he most convenient way of nseertaining the value of o i4 to take
typioel specimens of the von or steel amd messure * BT ander
grodually inereasing vilues of * H," plotting the resulis in a curve.

20, In Fig. 142 are plotted the results of some experiments mude
Ly Professor Ewing, on o specimen of wrought iron in the form of
o gomplete ring of mean eircumierence [,

Commencing with the iron completely demagnotized, a very wenk
eurrant is passed thromgh the sarrounding eolenoid and the valoe
of “H" mf!mllul.ud from the formula

de G
r L

The eorreaponding valoe of * B in the pecimen i measured Ly
& test with s Bollistie paolvanometar described later, The value of
H is row pradoally inerensed by smaoll stape, and the corresponding
valnee of “ B obsarved and plotted, producing the firm line shown
O RK.LALK, A closer inspection of the enrve shows that for very
small values of “H" B increpses slowly wnd uniformly, but from
the point K, the corve rises rpidly to L, showing u relatively lurge
inerease in * B " for n small inerense in ©* H."

On still incrensing H it is  noticed that the curve does not
eontinne to vise 8 rapidly as before, shewing that ' saturation " is
being reachead.

Alter pussing M in the diagrom the eurve Hattens out still more,
until at point ¥ it becomes nearly parallel to the horizonta axis,
indicating that practicslly total - satoralion has been reached,
Between the points K and L on the eurve & very small change in H
produces n large chaage in B, so that it is elear that in 0 magnetic
eiremit where 1t is desired to keep B very constant, the material
eomposing that eirenit should be wmagnetized to a higher degree,
that 15 to say, it should be saturated eo thet even relatively lerger
ehanges in H would only produce small changes in B.

On the other hand for polarized instroments sach s telemraph
relays which are required to be very sensitive to slight veriations of
eurrent tho meterinl composing the mapgnets shonld be masnetized
to the degrer indicated by the sleepest gart of the curve.

Ifpow “H" be pradunily reduced and & new curve plotted if is
fodind thai this second eurve lies considerably to the left of the first
and that ' B " remains at 10,000 {in this ense) when * H " has been
reduced to gero: thos shewing that the gpecimon has retained some
of the megnetism imported fo it. This is called the residial
mayretiem. In order to demagnetize the specimen it is necessary te
apply o negalive magnetizing foree by reversing the direetion of the
maguetizing current.  Thus by oradually inereasing “H " in the
negative direction #e get B = O when H = 3. :

The foree, which it is necessary to apply in order to demagmetize
any specimen after it has been magnetized, is colled the ** coercive
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Juree,” and messures the tendemey of the moaterinl bo retain
permaneutly the magnetism imparted to it

The amount of residoal mapnetism depends on the saubetanes.
Soft chareonl iron may, according to Prof. Ewing, if L'H.I'Hl'lillg
handled, retain move than 90 per cent. of the megnetism induced,
but its powers of retentivity are small and it easily disnppears.
Steel, on the other hand, when mede very hard, althongh posseseing
a mueh smaller value of & is marvellonsly reteniive.

If H ba further increased to o negative mazimnm, sgein reduced
bo zero, and again incrensed to o positive maximum, the specimen is
put through what is called a eompleto *evels of maguetisation,”
amid the values of B join into a eurve enclosing a figure as shewn in

the detied lines.
Fra. 142,

B (INTENSITY OF MAGNETIC INOUCTION

APPROXTE SATURATION.
H
e B T k:""—" Sorr mon

=

5 1o 5 20
. HIMACKETISING FORCE.)

MECATIVE RESFOUAL MACNETIIM,
0,000

NECATIVE JATURATION.

Tha peculiavities exhilited by iron when put through such a
mapgnetie eyels hove beon found of grest impertance in the theory
of consfroetion of dyiamo eleetric muchinery.

Work has been done i putting the ivon through a eyele and the
araa of the closed curve 15 o measure of (be amount of work that
has to be so done.  This werk is manifested by the development of
beat in the ivew.

In the case of a field magnet gore of n dynamo machine, where
the eore is constantly mognetized in one direction only, the
permeability of the iron only need be considered, but such is not
the case with respect toiron corves (armature and transformer cores)
where the magnetisation i repestedly and rapidly reversed ; in the
Intter case, the enerpy expended in putting the iron through a
magpetie cyele is apprecinble and must not be overlooked by the
aesigner and construetor.  Thus the eoves of armatores and of
transformers are made of a material which hagas little hysteresis as

poesible.
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21, From a further referance to Fig. 142, it will bo .oticed that
the irom exhibits throughout the cyele n pecularity of - lagging
bohind " the foree **H" &mt magnelizes it. This effect is termed
* Hysteresic," snd may be looked wpon ss due to an internal
magnetie frietion.

The relntions between B and H are greatly complicated by this
peculiarity nnd, aa will be noticed from the fipure, three values of B
uhy b fourd for one valoe of H; in practice, however, the values of
Brund g ara taken from the ecerve shown in firm lines sscending
frqm zero.

22, To determine woe form of the enrve connecling magnetizing
forces and Nux density (eommonly ealled B/H eurve) Professor
Ewing forged the iron specimen into a complete ring.

He then wornd several turns of wire round the ring ae o primary
coil, and over these again o few turns as a secondery coil

Thus by means of a circuit shown in Fig. 143, he was enabled to
pnss a carrent of any desited valoe through the primary coil and
endenlato the value of H from the formula

wherc ! equals the mean cirenmferénce of the ring. A ie the current
in ampires and o the number of turns in the primary coil.  Also,
at the instant the iren ring wos magnetized by the passage of the

Fra. 148,

LALLEFFITE CALVANOETTER
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eurrent in t'ie primary eoil, & momenlary eurrent wae induged in
the secondary coil, eausing a deflection in the Ballistic gulvanometer
proportional to the total flox “N"' through the iron. Binee N is
proportionnl to B the value of Bis thus obtained. By cutting out
resisbanees in stops, the current is incronsed by steps, snd the
complete curve oldained.

The following tnble gives some valnes for I, H, and @« for good
wronght iron and onst iron—

Liood swponglit inon. Ceonad proy cnst ivea
|

I3 H, o I H. p

0, HKE 14 HEHRD UL b L
Lih (W i AL LA i L] OIHI
12000 Hh 1414 | 6L 215 +iii]
15,061 12 1.0 TIHER {4 158
R ELLY] 17 HiE] H KK il 106N
o | fiti ok | 18 71
e I sl il JLIRLER] | 154 (b
170040 105 . Tl | 11, (K} ap &7

I

fNOUCER CURRENTS.

28, It has been stated above that when a current of cleetricity is
seb up in & wire an eleetro-maguetic ficld is generated around the
wire, nnd il ig now tecessnry to investigate the converss of this,
which s equally true, namely, that when an electro-magnetic field
is snddenly set wp wroumd a wire, forming & complete cireuil, &
carrent is goverabed and will How in that wive during the setting wp
af the Celd.  Bo long as the magnetic fiel] remains motionless nesr
the wire, no gurrent will be induced, but i it s rapidly advanced
towards or withdrawn from the wire o eurrent may be defecied.
The induced eurrent vansed by the spproach o1 the magnetie field
will be in the opposite divection lo thal esused by the withdiawal
of the field. The source of the field is immaterind and muy he o
permanent magnet, a stradght wice, or a helix careying o current.

If the gireuit contuinin s the wive is noo closed no eurrents arve
produced, Tut wn EMLE, is sel up danding to produce corrents.

From this it may be easily soen that any alterstion in the lines
of force passing t{lmugh 4 wire, even if dueloa current in the
wire iself, would tend to produee a eurrent and set up an EALE.

24, Nelf induetion.—The divection of this indoesd EXLY. is
given by what iz known as Lenz's Law, which may be stated as
follows :—* In all cases of electro-magnetic induetion the irduced
affects will be such us to oppose the motion or other change thab
produces thom.” Thus t-haE.E'..M'.F. indueed in a wire by the ltera-
tion of the lines of force passing through it, is in the opposile
direction to that E.MF, eausing such alteration.

Henee, when a current is started in o wire the eursent during its
[ormution produces a field and this feld re-acts upon the current

N B ==This subject iz mare fully discussed n Militry Elestrie Lighting Vel L,
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imppding its growth, This effect is known ns Self Dnduclion or
induetanece.

The intensity of this sell-induetive ackion depends largely on the
fdvm of the eiveuit and i the case of a simple straight wire is
almost impereaptible, bot is greatly ineveased i the wire is looped
intn the form of a eoenoid or flat spieal, and is still further in-
ereased if the solenoid containg an ivon eore. On the other hand,
Mo owive o wonnd on the bight (Fig. 144), 50 that in ench coil the
currents in the bwo wires mun in opposite divections, then the
megnetic fields produeed by each eorrent will neutralize one
another.  This is o devies made nee of in winding resistance eoils,
gl sueh eoils wre said to ba non-induestive.

Fis, 144,

25, In one of Faraday's early experimonts he took an iron ring
and wound upon it two insulated cotls of wire ench of severn turnes.
A hatlery was connected Lo one cobl (primary) and a galvanometer
to the other {secomdiry).  He found thel whenever the cuvrent
froun the batlery in the primavy civenit was switehed on or off
surrents were detected in the palvanemeter attached to the
seéondary eirenib.

In Inet the eurrent through the primary eoil magnetized the ring
amd the lines of foree thus {:rﬂu.tmll get up enrrents hy induction in
the other. e o . - :

This prineiple is new employed in the design of indoetion coils
and transiormers,

In all travsformers the E2MF.s penvrated in the secondary
eivenil ure very nenrly in the spmw proportion to those in the
primary eirenit as the relutive nmmber of turne in the two eoils,
This will be apparent from the following example: Suppose the
primary voil consists of one turn and the secondary of two turns
of wire round the core. The lines of foree generated in the

rimary coil by n eorrent will ent both turns of the secondary coil
and induee an EALE, in each. Since these turns are in series the
E.M.F.z wili be added togather and the total EALE. will ba dovble
that in the primary.
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Thus by choosing the preper number of turns for the iwo eoils,
the E.ALY. may be transformed up or down as much or as little as
mey be required.

26. Induction Coils,—1t will be elear frnin the above thrt machines
may be constructed which will generate very high electro-motive
forees.  An induction eoil is such an apparstus and consists of a
oylindricnl bobhin with a central cove of ivon, surroundead by short
primary eoii of stoul wire and a seeondary ecil of many trrns of very
thin wire. (Hee figure 167, which shows the prIm:iE]a.}l

Tho primary eirenit is connected to & battery or suitable jenerator
sid containg an interrupler and & key. By mennis of the interrupter
the primary cirenit is completed and broken in rapid suecsssion,
with the result that a powerful oscillating eurrent is induced in the
secondary circuit. The setoal number of lines of foree tha! pass
thromgh the peeondnry civenit coil on the completion of e cirenit
ie of eoursr tho same os the number destroved on the break, bot
the rete of change of magmetic flux is wueh grenter in the Intter
case than in the former, as it takes longer for the eurront to grow
ta:&its full value on switching oo than it does to die away on switching
off.
Consequently the EMP, generated on breaking the eireuit is
greater than thot penernted on completing it, sm effect which is
intensified by the introduction of a * condenser " neross the spark
gap. The setion of & condenser is dealt with in a later chapler.
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CHAPTER XL

tlestrieal Commnunsieations,

. The mosl alementary mathod of electrical eommunieation in
hv 111mn| of bellds, omploved with or without telephones. These
balle may be either single stroke, trembling, or 1::1&1151&]

8. Single etroke bell. —The “ single stroke ' bell is the simplest.
Ite action is ingicated in Fig. 145. B is an ordinary horse-shoe
cltv-ct.rr..'-mrng:l {seen in side view); A, a soft-iron armature carrying
n atriker L. %’ha armature hes o limited movement about the pivot
P, the setion of o spring 8 againgt o stop tending . keap it in
normal pogition.  On eawsing g corrent to fow round the coil of the
alectro-magnet, the armatore is ntt:mn:teﬂ, the striker giving one
stroke npon the gong G. The attiscting force censes when the
eurrent i# broken, snd the, spring 8 restores the armoture to its
normal position.  Thus each time the key is depressed, one stroke
ig gi=e. on the gong., The key and battery may, of course, be- ab
some distanes from the bell. A simple code of signals is usually
arranged.  This form of bell'is frequently employed in railway work,

Fiu, 145,
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mines, &e. In differcnt inctruments there may be considerable
variety in the mechanicul details controlling the movement of the
armature, In this and other similar electro-magnetic applisnces,
the armature should not be allowed to coma into actual contact with
the poles' of the electro-magnet; as the residual s netisn
might be sufficient to prevent the spring 8 acting sufficiently rapidly.
Some ** pir-gap "' in the magnetic civeutt ghould be left.

8. Trembling bell.—In this type o continuous alarm is produced
na long as the key is kept depressed. The * bell-push  is the form
of key commonly adopted, in which two metal springs presced
together by an ivory push complete the electrie nlrfmlt %he action
15 a8 follows:—
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On Erﬂsm-g the “push,” the eurvent passes to terminal Tg,
throngh somature A, along a light spring 8§ to an adjustable

stop; thence through the coils of electro-magnet E fo terminal T,
und baek to the battery. The srmature A is attracted, rnd being
earried on by its own inertia, eauses the striker L to strike the gong
. But the cirenit of the elestro.magnet is at the same timo hroken
by the spring 8 leaving the stop. The armature, being wo longer
EI.I:L!‘M‘tE{{:nﬂiﬁE. back nnder the fleence of a stiff spring by whish it
ie suspended.  Cirenit is again complets, and the nrmature attrocted
as before. By this aetion of * moke and break,” the arwatore is sef
into vapid strokes ae long as the * push ™ remaing depressed.  On
veleasing the bell-push all netion cease . LAl

4. Fig. 147 illustrates an exeellent form of * polarizea bell nsed
for ealling up in eonnection with telephone eirewits. M is
permanent magnet, pelas g gnown. Soft tron eores 1, T aro letinto

Ho. 147,

the lower part of the permanent magnet, and form the legs of an
glectro-magnet. These cores may be regarded as o wmagnetic
extension of the lower (N} pole and the upper ends will have
normally ¥-seeking polarity. They are wound with coils ad on
electro-magnet. A soft iron armature is pivoted on to che opposite
pole of the permanent magnet, and will aequire eonseqaenily
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with the alternations. The armature carvies a small siriker K

whioh oseillating to and fro, sirilies two gongs (not shown in sketeh)

aliernately.  As alternations of eorrent are required to ring bells of

this type, small moagneto penerators are employed to fomieh the
neckssary eurrent.

§. To nvoid waing & lerge sumber of bells in a system, an
“indiestor s used by moans of which the stotion ealled isennbled
to digtingaish the ealles.

The * mdicrior hox " coptaing & small elestroanngnet for each
station. The armature movement canses o dise to show the
glatinr from wioeh the bell bas been roang,

Threse forme are commaonly in nse,

() Non-polarized indigator, with mechanical replacement.

(" Polarized indicstor, with electrieal replacemont.

() Pemdulum indieator (which replaces itsell putomatically).

f, Mg 118 gives o dingram showing connections and action of w
non-polurized indicator. Supposs bell-push No. 2 to b pressed. The
turrent f.om che hattery aiter pussing throngh the bell arvives of o
voptinnous brass bar, to whicl 18 also connecied one end of all (he
eleetro-magnet coils—one path alone, is however open, vix., through
No. 2 magnet (when No. 2 bell-push only i pressed) thence to
termningl Wy, theoveh the bell-push buek 1o the bstterv. The soft
iron armature; A, of No, 2 imlicator is attrocted.  This armature

Tas, 148
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bejnig parried on an arm capable of o small movement about pivot
P;, by its motion raises the trigger, fr, raleasing another arm
earrying & dise. The dise moving Eﬁzuh pivot Py falls into a porition
ghown in dotted lines. The dise appears opposite o small window
{nok shown in figure) and indicates whence the signal comes. The
dise is replaced mechanically by pushing in a bar (shown dotted).
The bor carrios pins, which engage the counterweighted ends of the
fallen dises, pushing the disc-arms back until eaught by the
triggers.

A considerable number of indicators may be ineluded iu one box.,
The method of ndding move civeuits will be elecr from the figure.

7. When it is desired to offect tho replacement by electrical menns
instead of mechanical means, polarized mechaniem is employed.
An example of such is shown in Fig. 149,

Fra. 148,
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The armature of the indicator is o permanent steel magnet shown
in figure with its N. pole lowest, and pivoted about its central point
P. It carries o dise at its upper end. The movement of the
armature is limited by stops *o the twe positions shown 'n No. 2 of
figure. The electro-magnet is wownd with two scparate coils, one
in eonnection with the ringing eireuit, the other with the reploes-
ment eircuit. (In the figure, the coil in connection with the ringing
cvireuit is shown on the left leg; that of the replacement ciremit on
the right leg: but each coil might be wound on both legs.  Either
eoil with its proper eurrent suffices to excite the magnet.)

Buppose Mo, & hell push to be pressed. The eurrent passes frow
the ringing batiery through the bell to the continuous hrass bar.
Oue end of all the ** lett leg" coils are counected w Ehe brass bar.
Only one cirenit 18 however open, viz.: that through No. @ magnet
to Ty, thenes through Mo, 2 push back to the battery. The direction
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of the ringing eurrent round the electro-megnet is guch as to make
the left pole H-seeking; the right pole B-seeking. The N. pole of
permanent magnet is sccordingly repelled and falla into position
shown by dotfed linea. Te replace one (or more) indicators depross
the replacoment key.

The eurrent from the replacement ba gses round all the
“right leg™ eoils in geries. The direstion of the corrent is such e
b make the right hand poles N.-seeking, and the le/t haud poles
§.-seeking. The armatures will sccordingly be restored to the
normal position.

In the fignre a saparate battery is shown as the replacement
Lattery for sake of simplicity. The ringing battery ean, howover, be
used. The necesspry modifieations of the eiveuit will be obvions.
Pilariced indicators have the advantage often of simpler mechan-
ism. The indientor box ean be put out of reach, not being required
to be handled for purposes of replacement.  On the othor hand the
moveinents are comparatively weak.

B. Pendnlum indicators are the simplest of any. The cirenit is
smimilar to Fig, 148, The magnets arc got with their nxes horigontal,
The armnture carries & dise which is set swinging like a precrl ulam

vwhen the current censes.  The pendulom comes te res! itself in s
ghort me.  For ordinary domestie nses this form appensrs the best
auited,

Telegraphy.

8, The instruments found in the Servies for telagraphy are
intended for the transmission of messaeos on the Morse system,
inn whigh the alphabet, numerals and uE.er aignals are represented
by variow. combinstions of long and short signs, or dashes and dots.

In the most elementary form of telegraph eireuit, the instraments
required at each station for working over short distances Are a
Morse key to send the signals and & Morse sounder to receiyd them.

10,  Single cwrrent keg.—The pattern of key used in the Service
15 known as © the key single current felegraph equipment.”

This i# simply o mal-ﬁic lever, A, A, arsanged to be operated
h:_;r ¢he fingers and pivoted nesar the ecentre of its length at.B,
the movement in eisher direction beiog arrested by slops or

Foi. 150,
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contacts C, I, on each side of the pivet, B. On one side the
lever ig Lormally held down in contaet with the stop by a gpiral
gpring, I ; on the other side, nt the end of the lever, 13 & knob, 7,
which iz grasped by the finger. The stop on the lever ot C is
formed by a serew passing through it, by means of which the
amount of play can be regulated.

The contact O is known ns the hack stop, D as the front stop,
and B a8 tne bridge of the key. Three terrainale are connected L2
thess pointa and mro tixed to the bose of the instroment.

The sowmder used in the service is that shewn in Fig, 151,

Fae, 161,

IsgTRuMesT TeELEoRAMT HoURDER TRaxsLAT!ISG.

11.  Telegragl Socnder~This inetroment, which is in reality
an aulomatic ]{E{, eongists of o horseshoa shoped electro magnet
wonnid with two bobbing,  'The coils nre eonneeted in sevies and
have each & resistanes of 10 ohms. The ends of the coils are
connected o two termingls 1o the base of the instrument GG,

A bell erank lever T is piveted between two adjustable serews
8, M, and is held normally up against the serew S by u spring P,
the tengion of which een be reguloted by a milled hewded screw T7.

s soft iron armature A s fixed to the lever and is pulied down-
wards by the electro magnet H, whenever the current iesent throvgh
the coils ; when the corrent ceases the spring P eauses the lever to
Tise I'I.E',l].i]]..

The motions of the lewr betweer the stops 8 M give rise ton
paries of ehicks, and these, when regnlated by the action of the kev
nt the diutant station, form the signals to be read.  The serews 5
and M are connected through two sticrup-shaped brackets to the
terminals marked with those letters on the ehomite base of the
imstroment, while the third termingl T is connected to the lever.

It is unvecessary (o expluin the use of these three terminals
further then to mention that they are in certain gireaits emploved
automatieally ns the Front siﬂ}t. Back stop, and Bridge of » koy.

13. The usunl method of Telegraph working is known as * inter-
mittent current *' working, and in this cose the action of the key is
simply that of a two-way commutator, the mair hely of the key
being in connesdon with either the front stop or the back stop,
aceording as it ia pressed down or released,
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Fig. 152 gives the conneetions of a cirenit for intermitient
working, and it will be seen that when the key is in ils normal
sokition, the sounder eoils are in the line cirewit, whereas when it
14 Jepressed the battery is substituted for the eoils in this eirenit.

Fia, 162
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At all telegruph stations the apparatus is connected in two lines,
called respretively * up ™ and ** down "' lines, the principal terminal
dtation in any eircnit & usonlly made the “ up " statwn. At the
terminal stations oni of the lines is connicted to earth.

The “up ™ line or line lending to the *up™ station should always
b eqnnected to tue soupder eoils and xine of the hotiery, the
“ down " line to the bridge of the key.

The offect of o mistake at any station between the " up" and
“down" lines is to cause that station to both send and receive
eurrents reversed in direction

15, This method of joining ug, f.e. with sounders enly, is termed
“ direct working," but as sounders require a strength of eurrent
seldom obtuinable through a long and imperfectly insuluted line, &
more gen.itive instrument ealled o “relay ™ is placed in thesline
cireuit ag o receiver,  Thie instrument is so constructed as to work
with very fecble enrrents, and in so dojng to com ilote 'a' loeal
eireuit containing a sounder and & loeal battery, which can be
adjusted to any reqeired strength. .

THe relay has thie further advantage, that, whereas the sounder
requires, {or satisfactory working, that the strength of the gignals
tromt nll statione on the eirenit ghould b egqual, a resalt imposaible
to attain with badly insulated lines, the relay will respond with but
little alterntion in adjustment, even though the strength of the
received current varics eonciderably, Tlis gquality of the relay is
called its range.

14. Telewraph relay—Figs. 158 illuvirate the Relay Telegraph
M. 11, its aetion is shown disgrammatically in Fig, 154.

It consists of two uprigkt electro-magnets with soft iron cores,
which are both polarized by the proximity of their ends to the
poleg of n permanent magnet of horse-shoo form, so that the apper
ends of both are north poles and their lower ends are south }10-{::!:-

The permanent magnet is bent round the outside of the electro-
-magnets for couvenience of econstruction and to econoinise space.

Two short a-matures are fixed on one vertical bruss epindle, and
ogeillate, one between the uwpper or north ends of the eleetro-
mungnets and the other between the lower o south enda. These

15008, K
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armatures ure also polorized by the permanent magnet; the free
ends of the upper one being a soulh pole and thet of the lower a
north pols.

A Ji:';ht Gorman silver arn or tongue is attached to the vertical
brass axis and oscillales with the wrmstures. In doing so, it
alternntely makes contact with two platinum-tipped stops, which
ave in contael with two terminals marked M oand 8, colled respee-
tively the mw.rking and spacing stops.

When vo eurrent s Howing, the free end of the top armature,
being # sonth pole; is nttruula% equally by the tops of both cores,
which are north,  (Bimilarly with the bottom avmature) Consa-
quently, whichover side of the line midway between the pole
pieces the armoatures happen to be, that pole piece will ezert a
superior attractioa on the armstuces snd will keep the tongue
over to the coniact on that gide,

Py taruing the serow B, the bwo stops, which are earried on a
fravoe eal®ed * the carringe,” ean be moved so thet the armatires
ean be appronched to either pole piece; adjusting screws are fitted
to regulate the travel of (he tongue. In its normal pesition for
work, the tongue is given a biss towards the spacing stop.: The
coils of the elegtiro-magnet enct: consist of two separcde coils, one
pair having its ends cornected to terminals U and D, the other to

@ snd {I) These terminals can be conneeted by brase

etraps, so that the eoils are joined either in series or divided.

The coils are so wound that if o positive eurrent enters U and
emverpes ot 10, i reduees the north magnetism in the pole wiscs
Py pnd imeresses that i 1% @ in consequence, the longoe of the
rolay is nttracted towards the morking stop.

If this petion is compared with that of o single current key when
opersted by o telegraphist, it will e observed that the tongue may
be regarded as the bridge of the key and the contacts 5 ond M ous
the bace and front stops respectively. Thue if a local civenis is
conneeted betwesn T and M the relay may he looked opon as an
automotic kay.
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15. Fip. 156 pives the connections for a circoit worked with
relays. Jalvanometers are always placed in telegzraph circuits
to indieate whether or no the current is fiowing, and thus to deteet
any failure that may oecor.

16, Fibratory System.—In the above system of Morse telegra
the time intervals composing the various sefters are intervals ni‘
eilenee batween sharp and distinet sounde, eansed by the armature
of an electro-magnet being moved against .. stop when the signal
ptaris, remaining there during the signal, and returning agringt ise
u:ig'mni atop when the signal is completed.

Fra, &,
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In the vibrating system, an ordinary telephone receiver is used
a8 the receiving instroment uud the mgualﬂ are given by long or
ghort durations of ** buzies " in the receiver, senarated by periois
of silemee. Thia is accomplished by the use of a vilipating trans-
mittar,

7. Vilwafor.—The * transmitter vibroting ™ consiets of an alectra-
magnet AA, a contaet serew P, an ordinary Morse key and ter-
minals, nll mounted on a wooden base,  The nrmature I i8 made
of n sirip of steel spring, so fized as to b2 bent when attracted.
The serew I', tipped with pletinen, is adjosted to toueh the
armature at one point, wnich ia also tipped with platinum.

The ennnections sre so arranged that on the key being depressed
the battery corrent is sent directly through the electro mapnet and
contact made by the screw on the armature. The armature is nt
onice attracted, but as soon &8 it moves, it breaks the cirenit ot the
seraw contaet. The mnrrnetlam 15 then lost and the armature fally
bael into contact again, “thus roduging a vibration, precisely as in
the ease of the trembling el cpiescrilmi above. In the esae of the
vibrator the stiffness of the armature and the rapidity of the make
and break is sufficient to prodoce a musical note.

e



147

TRAsEMITTER ¥ IIRATING.

Frg. 156, Theoretical connections of Transmiiter vilrating (Speaking
eireust pmitied).

1 C®  Recaiver
-L _..-4'/.9; Line

Fis. 1587,

18, From Fig. 157, which shows the theorctical connections of
tho instrument, it wi'l be seen that when the key 15 depressed, thers
are two paths for the curvent, viz., (a) through the coils, resistance
plhout 10 ohms, () out to ling, resisinnee generslly very grest. A
gmail portion only of the eurrent will therafore flow out to line, the
preater portion fowing round the coils.

When the siveunit is broken at the contact apring, the hnes of force
collapse and eub the wires of the eoil producing o high EMF.
Thie E.AMLF. tends (1} to keep the corrent flowing in the same
direction in the ooile, (2) fo sewd a current out to line in o reversa
direction to that previously flowiag, and (3) to spark acrosa the
gap o keep the eurrent through the baltery Howing.

Thus, the existing corrent in the line is reversed and a powerful
gpurt of current is sent along the line, while & spark is produced at
the break and the battery current fails.

Ab this moment the srmature swings back to the conteet serew
and again completes the cirenit. The current in the line is
tharofore ngain roversed o iis original direction, and the current in
tho coils w untii it polls the armetore away from the contwet
BCTEW and 80 on,
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19. The great advantages of the vibration system for military
work arei—

{a) The great sensitiveness of the telephone, allowing of werk
with signals far inferior in power to those required to
work a ralay.

() The receiving telephones rarely require adjustment and the
gignnla are saaly read. "

{¢) Tha great saving m hattery power; further the eurrent
boing intermittent the battery does not pelarize so
rapidly.

The disadvantoge is that signals on one circuit are lisble Lo ba
confused by indunction with those on neighbouring civeunits.

20. The vibrator may also be uged as s telephons, and = micro-
phone is attached for that porpose. When the mirrophone is
spoken ir.o, the variations in its resistance affect the eurrent
i rh the eoils of the vibeating tronsmitter, which act ns an
induection eoil in wn erdinary telephone, described elsewhere.

TELEPHOXTES.

21. The elementary telephone is an instrument by means of
which the mechanical enerpy of sound waves cun be converted into
alectrienl energy and rice revga.  In the first case tho instroment
ig used for transmitbing speech or shortly as o " frapsmitter,” In
the second case the instrument is used as a *' receiver.”

In order to successfully transmit spaech with the nid of telephones,
it is necessary that the electrical enrrent waves produced shall have
exacily the sama forst 68 the ponnd waves, Now the thres eloments
of & sound wave are: Eilch,"' “intensity” (or londness), quality
{or “timbre"). The pitch or note produced depends on the numbe;

of vilrations exeeuted per second; the intensity oo the amplitude

Fi3,. 1,
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of such vibratione; the *‘timbre™ on the form or shaps of the
wives prodocel.

Waves (whether of current or sound) ean be represented
genphically as in Fig. 158, Corve {#) would represent the form
of wave produeed by the simple hnrmonie vibration of a tuni
fork. Curve (M would represent the same note as {a) but louder.

Curve () would represent the swme note, but of different quality,

such as a vowel sound in singing, The sound waves produced
daring ordinary speech ore of every degree of complexity in form,
apd it appears little short of marvellous that a simple instrument
like a telephone can convert them into eurrent waves of exactly the
s form and rice veraa,
22, Before detailing the aetions which take place in a telepbone,
it muel be clearly understood that any motion of a soft iron
armature n front of o magnet pole, will cause an alteration in
the distribution of linea of foree cmanating from that pole. If a
coil of wire b wound arocnd the end of the magnes, each turn of
the coil will eut the lines of foree, ag the lntter move to take up
dheir new direction.

Thug in Figs. 159 and 150 a momentary EMLF. is generated

Fr., 1610,

in a eertnin direckron at the anda of the coil during the pet of
moing the iren dwsphragm AB elose to the end of the magnet.
On removing AR the lineg are restored to their orisinel position,
and & momentery EALF, in an inverse direction is produged. If
the ends of the coil Le connected to another coil surroundieg the
ond of enother magnes {os in Fig: 161, the momentery B.ALF.s
will produse momentary currerts.

Fia, 161,

The magnetie effoct of these in the coil at I, will tend altarnately
to strengthen aud weaken the magnetie lines of the permaneat
magne..  The attraction on the dinphragm will aceordingly vary in
intensity and it will be thrown into vibration. It will therelore
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ha obvions *hat the simple telephone is an indicator of ropidly
changing currents ; and for such currents forms a * Jalvanoscopa ™
of extrame delicacy. ]

23. Suppose two simple telephones zonnected as n. Fig. 141
on speaking in front of the diaphragm ot A, the sounds will be
ruq‘miucml by the dinphrarm B,

he following ie the detail of the sefions that take place :—

{#) The disphrogm in front of the magnet pole at A, is thrown
inte rapid vibrations by the sound waves of the voiee.

(&) Consaquently the lines of force of the muapgnet are set into
a correaponding vibratory nction, ot ome instant like
Fie. 162, the next instant like Fig. 192y,  (In thess
fienres the motion of the dinplrsgm is shown much
pxngrersbd.)

Fro. 182, Fra. 162,
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(e) The eoil of wire {(not shown in Figa. 162 or 163 hoe
therefore induced m it an EALF. which varies from
instant to instant Er&ciﬂel}r a8 the sound wave varies.

id) The “alternating ” vibratory currents so produced passing
around the el at B, preduce, by their reaction on the
lines of force of the permanent magnet B, alterations in
their number and distribution.

(e) The diaphragm ot B is thos attracted with forces varying
from tustant to instunt precisely as the sound wave varies.

if} The diaphragm therefore vibrstes and reproduces the
sound of the origina: voies, as far ag “'mich™ and
“timbro " are concerned.  The * intenasity ' will be
raproduesd {ns a rule) only in o munor degros.

&4, The arranpement shown in Fig. 1681 torms & simple amd
practieable mothod of ecommunieation for short distances (say up
to one mile). Beyond this distanee the ewrrent vibrations becoma
too minuta to produce (a5 n role) andible results. I two tele-
phonea in divided eirenit at each ead be employed, the arrange-
etk iﬂimfrnw.ﬂ; a5 one can be held to *he mouth, the other to
the ear.  Althoongh there are no menns of ealling atention, oceagions
may arise in the Serviea when fhis simple arrangement may be
used with advantage, where improved instruments are not at hang.

26. No instrument yet devised has beea found to act better as a
“ peceiver " than the simple telephone above deseribad.  But as o
“ trausmitter,” the corrent vibrations produced are so minute that
(a8 already mentioned) the use of the simple telephone as lronas-
mitter is feasible only for short distances.

Fig. 168 shews a type of receiver in peneral use in the Serviee;
other patterns are gensrally similar. The permane.t magnet is
ring ehaped, ana consists of two or three soparate stesl wapnets
fnstened topether by secews. The North and Booth poles lie at
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oppogite ends of a dinmeter, and to these two peintc are serewed
inwardly projecting soft iron pole pleces, which ae they aﬂ:w'unuh
each other are turned opwards H:ru-ui;h n right angle to an L shape,
The upper portions, which are very close to one another, are wonnd
with flat coils of wire, The whole of the above ik contained in a
ease of non-megnetie metal, through which, st the back, but
ingulated from it by ebonite collars, pass two small bolts te whieh
ine eade of the L‘ﬂi;ﬂ are stinched, :

An ebonite enr pisce is screwed to the of the case, and
between vhese the fervolype dinphragm is held in position,

With all receiver care must be taken to ges that the ends of the
eoile are nol shorteirenited and that the disphragm is maintained ot
the correct distenes from the poles of the magnet. Paper washers
inserted between the case and the diaphregm ore utibzed for the
latter purposa.

Fin, 16,
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24, In conmection with the use of such raceivers the following
poitats mng by mentioned (—

{1} The gtronger the field, the thicker it is necessary for the
diaphrogm to be. ; .

{2) Togive the grestest effect for a fised thickness of disphragm,
o eortain dinmeter 4 NeeHESRIY.

(8) Binee the selicn depends on the fields doe to both the
permanent mageat and that induesd hl" the coils, it
might appear that an inerense in the permanent field
should always inerease the effeet. Thiais not so, s the
limit of elasticity would possibly be resched under strong
magnetic attroetion and also the variations due to the
coils would cease to be apprecisble if the permanent
field was greatly in excess. The disphrogm should be
a0 adjusted ns to be as close as possible to the pole
pioces  without actunl contnet, paper washers are
generally smployed to secure this. With eontinual uee,
the diaphragm is apt to acquire o pemanent seb, I
this should eeeur the diaphrogm should be reversed.
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{4) The -elative positions of the coils, diaphragms, and maguoets
must be determined by the econsiderm.iom thet the
preater the number of lines of fores cutting the coil, and
the grenter the variation in thess canexd by the
induged currents, the grenter will be the movements
of the diaphragm and eonesegquent effocts,

27. The Mizrophone makes g more efficient transmitter, and the
eombination of the microphone with induetion ewil enables
telephoning to be earried ont over long distaness,

The function of the transmitter is to produce current waves, whieh
ghall have the same form ezactly s the sonnd waves, and be of
gufficient pmplituds to operate the teleplione g receiver,

The microphone is essantially o loose eontact in u eirenit enrryiag
& kteuly cwrrent. For this purposa carbon is empioyedl, as it is
ﬁ*’ucnil; arfusible nnd o or oonductor, its resistnnes alag

enses a5 the temperature rises, and this serves to intensify the
affect of the loose contnot,
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28. The muerophona in its simplest form consists of two earhon
blorks, A, A, between which are round carboa pencils, P, P, socketed
very lovsely into the carbon hlocks. The b'ocks A are very Grmiy
mounted ona pine-board, B, which serves to take up the vibrations
of the voiee. The peculinrity of the microphone is that the loose
pencils are very sensitive to a very slight meehanieal disturbance,
and that the normal eleetrical resistance between the blocks, A, A,
will be ultered direetly in proportion to the amount of the
disturbance.
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9. If now n battery, telephone, ond u:iﬂrﬂ!i:lmm, b connected m
Hi.:l.'lfl]:'I-].E pirenit (ms i Fig, 164), there will o eonstant eurrent
flowing through the telephone, hut there will be no sound heard in
it a8 lon ns the microphone is quiescent, but any disturbanes
communicated to the lattar will eause o momentiry alteration in
its resistance, and therefore in the eurrent Howing. Consequently
the disturhance will be heard on the telephone. [T the canse of tho
distarhpnes is soand waves impinging on the ping boand B the
registanes of the microphone (and uullrmquml.lli'g‘ the ecurrent) will
vary periodically expetly a8 the sound waves, and the telephone will
reproduce the voice by the snme process as described in para. 23,
The telephone may of eovrse be nt some distanee Trom the
microphione.

30. T.e akove combinntion is very efficient over short distances,
It ot leng digtances the vesistanees of the wires hecome o grant
‘that any small alteration in the resistanee of the microphone Hardly
iffecis the value of the current, and the sounds become inandibile,
his will be evident from the following ~onsiderations. The valoe
of the permanent undisturbed euvrrent (gee Fig. 164) is by Ohm's

;. LIS W S i e
I RATFrFi where E is the EALF. of the battery,
It, its internal resistanca, T is the resistance of telephone eoil, r that
ot the eennecting wires, M the normal resistance of the micrephone.
Now, tha eorrent vavies sioply on aecount of the variation of M,
und if Ry + 1 + r ave Lurpe compared to any value M may assome
under the action of vibreadon, 1t follons that the enrrent will not
perceptibly alter, and the variations in the emrrent would hecome
too feeble to operate the distant telep hone,

31. The efficieney of the varving contact is preatly improved by
employing esrbon granales in eontaet with a thin earbon dise.
This superiority is due to the greater number of earbon points
of contack, but this type of transmitter is subject to the great
disp lvantaes of being suscepiible to moistore, which eanses
the granules to * pack ™ or eake. To overcome this difficuity the
senribon grannles i the dnnning cone transmitter are halid betwesn
emall pyvraciids arranged alternately in rows on a earbon plate, and
a :a.r']m:u dise; this arranpement ensures o goeater uniformity
ol contact.
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82, Nenrly all modern transmiiters are of the carbon granule tvpe,
and in the latest pattern introdnesd into the Berviee ac.ipsule is used
which econtaing the earbon shot sealed up into an airtight case.
(Fig. 168) 'This eapenla Gis into the case of the tiansmibter,
the connections mre t.]iban mnde by the case of the eapsule and the
platioum eontnet shown in the figure, this contuet is inselated from
the case of the capsule.  The sealicg up of the shot prevents dunp
from affecting them: when o espsule 8 Groa an' beermes
defective it fz distarded and a new one wsed. In most Barvies
ingtroments the {ronsmitter and recsiver are combined in ope
ingtroment and known a8 a *f Telephone, Mand.” All such
instruments are very similar in design and contnin a switeh
projecting in the hoavdle, this switeh is pressed by the fingers when
the eperntor is sposking or listening.
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To increaso the range of thiz el mentary telephope eirenic
indoetion eoils wre wmtroduged,

38, The induetion coil used in telephonic apparatus coasista of
an iron core abont three or four inches long (a bundle of fine soft
iron wires is always used), nronnd which are separately wound two
eoils of msnlated wire, The arrangement is sketched in Fig. 167.
Tlve coil next the core is ninde of eomparatively few turns of rather
lnrge wira. It is called the * primary eoil,’” and is shown in firm
lines in Fig., 167, and the ends beought to term’aels T, T. It has

Fui. 167,
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always a low resistance (usually about 05 ohm). Outside the
primary coil, and insulated frons it is wound the * secomdary ™ coil,
which eonsists of a large number of turns of rather fine wire, and
flas consequently o high resistance (150 ohmas is a usual Bgure).

84. The action of the induction eoil may be thus explained :—
Supposing n badtery and key be connected to the ends of the
primary eoil {as in Fig. 167). The moment after * making " the
virevit, there nre satallished through the irom eore o lorge numbar
uf lines of force. As these lines of force ave closed curves, they
cannot Le created throngh the iron core without curtfing ench turn
of the secondary edil. Binea the number of turns of the secondnry
eoil is large, there is a large momentary EDLF. induced at the
terminals, T 7' of the secondary. If the secondary coil be con-
ected to a telephone, a sharp click will give evidence of the
momenta. vy current that hos passed.

similarly on bresking the cirewit the lines disapear, and o
womentary EALF. (tendng in o reverse direction) is prodoced ot
the terminals of the secondary eoils. and a similer elick Leard on
the telepiione,
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o Further, any seriodical chanye n the valwe of the * primary "
crrrend will enuso periodieal changes in the nember of lines of fores
threading the coil, and consequent periodical changes of EALF, at
the termrnals of the seeondary coil.

(Nete—An induelion eoil is nsoally drawn conventionally as in
Fiz. 168. Bolh ecils are, however, in reality wound arouad the
iron eore.)

85. If o cirenit 15 now made with microphone, battery, and
induction eoil (as in Fig. 160), the fwo stations A and B ean

Fra. 180
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eonverse over a long distanes, for the sound vibrations impinging
on the sound board of the microphone, M, are conti-unlly sltering
ita resistance, and therefore the current through the * primary " of
the induetion eoil is being continually allered. Co.responding
changes are continually taking place in the number of lives of
foree that threwd through the ecil. Conseqoently the secondary
eoil sends to the line and throogh the receiving telephones onrrents
which vary divectly as the sound wave. The voice ig aeeordingly
axactly reproduced by the telephones. The large E.M.F. produced
by the secondary coil is, moreover, able to overcome -the high
resistance introduced by a long length of line ~vire, and the results
are andible over considerable distances. An important point alap
to notice is that the use of an induction eodl renders the variation
of current in primary coil independent of the resistance of tue
#ling," thus overeoming the difionlty referred to in para. 80.

86. In ouder that changes in the resistance of the microphone
may produce considerable ehanges in the primary eurrent, the eell
and primury coil must be of low resistanes enmpared to the normal
resistanes of the micvophons.

87. Such on arcengement providee for the transmission of
speech ; brt it is alsoe necessary o nrrange for atéracting atbention
ot the distant station. The volume of spund produced o the
recaiver by the voies is seldom sufficient for this purpose, and viher
menng have to be regorted to.

* Colling-up " moay be done by means of an ordinary bell and
battery, by a amall magneto generator and polarized bell, ov by a
vibrating call instrument generally hnown as the * vibeator ™ or
buzrer proviouely describad.

88, The requirements for such a felephone cirenic are therefore
as follows:—

(1) Frimary speaking cirenit beokon when nob in use,

{2 Line wire joined normally to ball or buzzer, but transferred
to the secondary coil and receiver dvving converantior.

{(3) A coll arrongement capable of sending a current to the
further sbntaon.

L those instruments fitted with the vibrating eall, the vibrator is
however frequently inserted in the microphone eireuit, the battery
niil _primﬂ.rf eoil Doing eommon bo both.

Fip. 170 showe n eompleta faleplione civooit with the necessary
switches,

Fr. 1710,
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39, Ao mubomatic ewitch is usually employed, on which the
raceiver is hooked or plased when not in use; its weipht on the
switch keeps the line wire in contact with the bell circuit, and when
riiged # apeing nsserda itself, autometicelly connesting the line wire
to the secondory coil snd receiver, at the same time cstablishing
the microphone circait.

40, Earth retuwrne are used in Field Telephone eirvenite for the
saving of time and transport only, and are very objectionable. The
eanae overnenring from inductive effects with adjacent lines, nn
parth enrrents couse much noise in the roesivers.  They are nover
durployad on telephone circuits whers it can be ayoided.

41, Telephone brchangea.—The requirements of o eompleta
talephone systeca is that any oftice on the system ean *“call np " nnd
converre with any other offics.  Connecting up o number of
telophonee oprofie eireuit does not generslly weet the cage,

The method wenally ndopted in the Berviee ie by o telephone
exchange which consiate in bringing o cireuit from each office tos
mntﬂﬂ postbion, aind eonnecting these cireuibs to & suitable switch-
Lonrd.

A deseription of the various patterng of switchboards is beyond
the seope of this book, but will be found [ully dealt with in
“ Instroctions in Army Telegraphy and Telephony,” Vol. 1.
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CHAPTER XIiI.
Eleetrie Lighting,
Incandescent Ligliting.

1. Peeliminary.—The evolution of light by olectrical methods is
almost entirely the resuli of incandeseence; that is to say, to obtain
light by electricity, heat must first be generater.

It will be remembered that when an electrie current ia forced
through & resistant eonductor, energy is expended and heat is
obtained.

In the ordin ineandescent glow lamp, the highly resistant
earbon or metallie filnment ja hented to o high temperature and
light is given oot, not from the combustion of the filument, Lat
from its becoming sufficiently heated to glow brightly; similarly in an
are lamp, the tips of the esrboas give light by incandescence, thongh
in the ense of un arc forwed in air scae comoustion iakes place.
Thus, if o conduetor of combostible materinl like carbon is heated
while in the air to & sufficient] high mperatrre to obtain light,
eombination with the wir will take place and the condustor will be
consumed.

Kow we bave seen previonsly that the best generated in e
conductor is proportional 1o C* R.; that is to say that if the current
perength is kept constant, the heat generated will be incveasod o
the resistonee of the conduetor is increased. It is therefore
necesgry, not only to selech a conductor that will stand great heat
without melting or aisintegreting, bat also, in general, to excluds
all nir from comtact with the hented conductor.

. Ca-bon Filawwnt Lawps—Until reeently earbon was almost
universally used in inecandescen. lamps ns the conductor, and o
fitnment of earbon enclosed in o glase globe from which all the air
has Dbean exeluded ie still peclhaps the mwose common form of
incindeecent lnmp.  The earbon filwment bos Lowever boen largely
displueed of late years by the nse of filaments made of some of the
rarer metals, such as Tantalom, Tungeten, &e.  The prineiples of
eonstruetion of wll the varicus Iu.ml:‘m nro howover the same, and a
consideration of the carbou lamp wi'l suffiee to illustrate them.

In the carbom lamp, the eénds of the filaments are fived to
plutinuw wires, which are fuzed into ihe ends of the zlaes bulb
and protrude through it.  Fiatinum is found most suitable for this

pose g the co-ethicient of expansion of platinum and glass aie
nearly equal. The connections from the eirenit are then made to
these platinum wires,

Thke eandle power of such a lamp depends on the surface of the
earbon hented and the temperature fo which it is healed; ae
however the flament ennnot be raised above a certain temperature
without destroying it, it becomes clear thit ultimately an increase
in the hested surface is the only menns of obtain‘ng rore light.

This inerense of surfaes ean be obtained inerensing either the
dinmeter of the filament or its length. In former ense, it will
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g noted, the resistance of the filament will be decressed, but its
enrresit carrying capacity increased; and in the latter the resistance
only will be increasaed.

The life of o ineandeseent lump, or the number of hours it can
waintain light, varies considevably and is mueh afected by the
purrent strength that s passed throogh it; o lamp that is kept
burning with o small current compared with its earrying capacity
Ias o mueh lower efficiency, Dot lasts longer than one of the same
fype which & kept more henvily ehinrged.

The *eficiency ” of n lomp is measured by the amount of
elactrical energy in watts consumed per eandle power, and may be
taken to vary betwee ¢ 1 and 4 woatts par eandle power neeording
to the pattern of lamp and method of runnihg them,

After o lomp has been in use for some time the transparency of
the bull is often mueh redoeed by a deposit of earbon upon the
inner surface of the gliss.  Several reasons hove beon given for
this defect, but none appear conclusive. This dn.faa:il- nol only
reduces the transperency, Imt also involves a redoced seetion of the
flament. thus inersnsing the resistones of the lamp.  The effi-
cleney of a lamp in this comndition is taus groatly reduced,

8. Metallie Filement Loampa.—In the Tootalom Tump, which may
Be token s oan exnmple of 2 metallie flament lnmp, the metal
forming the filament is redueed from the oxide and is nearly as bard
ng diamond,  Tantalum is also nearly infusible, so that it ean be
heated to n very high temperatare without fesr of its melting.

The resistanes of a Tantalom filament s very much lees than
that of u similur filoment of earbon, and eonsequently for lamps to
brn it n simedlar voltage, the Tantalum Glement mugt be either of
lesa dinmcier or longer. It is nsual to make the flament longer
and thig necesaary lengths 1s necommednted in the bulb by support-
ing it on a number of wire supports enrried radially on a eentral
glass pitlar. The resistance of Tantalum, like most metals, rises
with its temperature.

The efliciency of a metallic filameat lomp is very much higher
than that of n enrbon lanp, a8 the proportion of lominous to heat
rays inerenses very rapidly with an inerease of temperature, and
vuries fromn 1 to 1.7 watts per candle power.

4. Nerngl Lamp.—Another type of ineandescent lamp used for
apeaial purruues is & * Nernst "' filoment lnmp.  The filament in this
type is o the form of a short rod made from the oxides of Zireonium
and Yitrinm,  Sweh o flament is pracdeally non-conduocting ob
ordinary temperatures and requires to be hested sufficiently lo
make it corductive bofore Lehit oeon | oobtained.  The resistance,
hpwever, Ialls very rapidly with & rise of temperature. When the
filament is glowing the Siveonium ia found o be deposited out of
the oxide, and it is necessary durig action for the filament to have
aceess Lo nir to allow re-oxidization to take place,

To hewt the filament preparstory to lighting, o heating eoil is
provided. This consists of an open spival of copper or iron wire
conted with poreslain to protect it from the glowing filament.  This
heating eoil surrounds the filament and is connected as o shunt
across the terminals of the lamp. It thos receives the whola of
the eurrent when the lamp is first switched on,  As the heat nses

15024 L
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in the filarent more current passes through it, until when the
enrrent sirength reaches a cortain value, o small magnetic awiteh
guta out the heating coil sutomatically.

To prevent the eurrent through the filament rising to toe high
a value, on account of the rapd reduction of resistance, 5 com-
pensating resistance is also provided. This compensating resistanco
tanlies the form of o thin wire spelosed in o glase ol from which
all the air hos been exhausted, nnd i placed in seres with the
filoment,  The temperature and hence the resistance of the com-
pensating wire rises until the inerease in its resistanee buoaneces the
decrease in ihe resigtanee of the filument, at which point the
eurrent remains steady.. This type of lamp is useful where s con-
eontrated souree of light is essentinl, as in the case of reflecting
eulvanomoters,

5. Vapour J’.m;?:.u.—uu[nm proceeding o the congideration of are
lomps, me.tion should be made of & Lype of Inmp which depeods on
what may be termed © luminons™ rather than ineandescent effects,
namely the various vapour lomps,

The vapour of mercury when traversed by an electrie current
2mits a brilliant bluish green lizhi, an® variovs lunps have heen
eonsirueled to bring this properly into proctieal nse, s for instanes
the Copper-Hewilt lnanp,

This lamp consists of o leng glass tube of about 1 inel diameter,
exhansted of nir but contnining a small quantity of mercury, the
retnainder of the tube being ﬁl?mi with mereury vapour.

There is & platinum or earbon electrode ab cnch end of the tube,
anil to enuse the current to fow the Tamp is slowly tilted, when the
vaponr glows brightly.  Thess hmpﬂ nre useful in photographic
work, as the rays have a high setinic value, but the unpleasant
greenish choraeter of the light prevents ite goneral use.

Are Lighting.

it, If two pointed pieces of carbon be joined toa civcoit connected
to n penerator, and the twe points be placed ve-y elose together. no
cunrrent will Bow between them. But, if they be made to touch, the
ciregit will be completed nnd they will become white hot.  1f
the potential difference between thoe points be about 45 volts, (he
points may be slowly separated either by hand or automatic. moans
to o distance of about 4 ingh withont destroyving the current dow.
By menns of this geparaticn moleeninr digmiegration and volntilizs-
tion of the earbon is effected, nud the nir space is impregnated with
go great o quuantity of carbem partieles rodised by the wurrent to a
stale of ineandescenen, that the resistanes of the gpace is reduced
and g bridge formed by whieh the enrrent pasees from one earbon
to the other.

The bridgs is enlled the are, amd the action of separating the
enrbons and establishing the wre between them i8 lowwn as
“gtriking the are.”

7. To maintain the ends of the rods in n state of incandescence,
involvas a continuoue disintegrating effeel on the ecarbon as well as
o gertain amount of consumption by ordinary combustion.  Thus if
the earbons be examined alter the light has been burning for some
time, it will be seen that the earbon attached to the positive pole of
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the generator has & eraber formed in it, whilst the other marbon has
heeome pointed,  The positive carbon will also be found to hove
Leen gomsi med at twice the rate of the negative.

8. It has been estimated that 85 per eent. of the light from an are
lnanp is emitbed from the erater, 10 per cont, from the negutive pole
aiml the remaining § per cent. only from the are itself,

4. 1t 15 obvious frope the nbove, that, to strike and waintain an
are, it 16 neceagary to have some means of separating the esrbona
and ma‘nialning them at the e¢orrect distanee aport for good
eurning ; thisis effected in en ave lnmp by suiteble mechoniem (of
which there are many varieties) which antomatieslly performs ita
functions, provided there is o steady supply of energy to the lamp.

L Steadying resistoice—Are lamps may be areanged cither in
peries in 4 wrenil throogh which s constant eurrent is zent, or in
porslle]l whers a constont potential difference is mainteined.

If a lamp was joined directly to the penerator, so that the
resistnnee belween the esrbons was the only resistance in the
cirenil, ile esrrent would vary very mueh, and in consequence
the light would be unsteady and npeatisfactory. A resistanee is
therefore ploged in serics with the langp, and & relative increase
is made to the EMLF, of supply. By this mesns a very much
gtendier current 18 obtained, for, ae thie stesdying resistance
hos o constant valee, the variations of the arc resistoonee do not
affect the tolal vesigtones of the civenit to 8o great an extent, and
moreover the self induetion of the steadying resistanee resists all
small sudden varintions,

On eirewits where lompa are joined in eeries, this steadying
resistance is not so necessary, beganse where the resistanee of an
one lump varies, the resistance of the other lamps in the cireuit
with it- prevent the eurrent strength from being appresisbly
affected; as however the failure of one lamp in soch o cireodt
would involve the extinetion of the remwainder, an autoinutic cut-
out, with o resistanes equal to the resislance of the lsmp, is
generally added.

11. Series or strifing eoil.—When the arc in & lamp is strack by
anlomalie means o “eeries” or striking eoil is provided. Chis
euil i placed iu series with the lamp and sets as o golenoid.  Thus,
in netion, when a current passes through the * series " coil, o piece
of eoft iron attached to the positive corbon holder is drawn into the
eoil end separates the positive from the aegative pole.

13, Shint eoil: —In order that a constant length of are may be
muintaine! it is neccssary o provide a seeond coil, termed the
“ Bhunt " eopil, and by its activa the earbons are fed forward as
they beeome eonsumed, This second solenoid is joined seross tha
lamp terminals and acts in opposition to the “ striking ™ coil in the
differentinl types of lamp. Thus as the earbons are drawn apart by
the setion of the striking coil, the resistauce belwean them inerenses,
and a greater proportion of the eurrent is diverted through the shunt
edil, the function of which is to bring the earbons together. ;

In practice the action of the ghunt coil is controlled by a spring
or by gravity so that the voltage st the lamp terminals must reech
o certain value before its mpgnetic effect comes intoe play.

The resigtance of the striking coil is low, while that of the shuné
codl 18.hagh:
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: Fig. 171 gives n sketch dingram of the Brockie Fell pattern of
Amp.
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Aetion.—The earbone approach one inother by greavity,  When
enrront is switched on, the series coil lifts up the left side of the
lever, which in turn grips the brake and turne the wheel shghtly and
strikes the are. When the eurrent fails, from too great a separation
of the earbons, the netion of tho shunt solenoid relenses tle whee
and allyws the upper enrbon 6o fall.

18, it should be remembered thot though a dynamo may be
generating o constont voltage, yet, by inserling a resistance in
geries with an are lamp, the voltage ot the Inmp terminals is
difforent for every value of eurrent passing through the eirenit.
For the voltage absorbed by the serics resigtanes is dependent on
ity resigtance multiplied by the current passing through it st the
time, i.¢., % R, Thus if o lorgecurrent is passing through the
resistanes o lorge preportion of the veltage of the dynnmo is
sbsorbed by the resistanes and the voltage al the lamp terminals
is ronsequently low. :

Thus when the earbong of an are latap ars close toge*lier a hoavy
current is passing through the civonit and alow voltage is registered
at the lamp terminals, while if the are is broken and no current is
passing, the full voltnge of the dynamo will be spplied at the lamp
werminnala.  We can therefore, by varying the controlling netivn of
the spring or weight ﬂ[;}'maillf: the shunt coil, adjust this coil to
feed ot any required voltage depending on what length of are it is
intanded to use.

Every are length has definite values for the EM.I'. and eurrent
strength most suitable for it, and a resistance in series must be o
adjusted that these values are obtained with the required length of
are; then if the are lengthens from the conswmption of the carbons,.
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the curront through the eiveuit will deersase with & conséquent rise
of vollage at the lamp terminale. This will caves the ' shunt™
eoi] to commenes and continue feeding unti]l the nre is again of the
eorrect length.

The nbove may be regnrded as the gencral principles underlying
the construetion of the varions types of antomatic are lamps, bot
the efficiency of an are lunp depemds not only on the preeision with
Swhich surh an mulomatic arrangement acts, but also largely upon
the quality of the carbone employed.

14. I the ordibary forms of lamps, the corbon rods nre made
penerally from enrbon derived from gas retorts ; this, when ground,
15 mized inte a paste with pure earbon powder or soot with the
addition of sugar syrap ; this paste is then moulded into rods and
paked. The positive carbon on aceount of its hisher rate of burning
ig nlways made of larger dirmeter than the negative, and o assiEt
dle formation of n good central erpter it is often made with & core
of soft graphite.

15. Of recent venrs, two separate types of are lamps have been
introduced, which have largely supecseded the eriginal type.

Enclosed Are Lempe—"he firet, known as the encloged are type,
Las for its ehief object the reduction in consumption ol the warbon
rods,  This eonspmption is inevitnble in all are lamps in which the
glowing carbous are in coniact with o continuous stream of air, and
in ihe enclosed are pattern, the are is etruek and maintained in an
entclosed spaee.  To ensure this, double globes of glass are placed
round the are, and sir is as far o8 possible prevented from reaching
the ave. Shortly after the are is struck, 1.£1m atmospheric oxygen
contained in the inner globe will have combined with o small
quantity of thae earbon, and the are than burns in an atmoesphere of
nitrogen and carbon oxide, In this way it is found the coarbon is
eonsumed very slowly and that no well-defined orater or point is
formed, the ends of the rods remaining practieally flat.

16, Fleme dre Lamps.—The seonnd ard more recent type is called
the flame are lamp. It hos heen found that a longer and more
Faminous are of o plensant orange colour isformed between carbons
trented with enleinz salts, and at the same time greater effie’sncy
is attained by the employment of earbion rods treated in this manner.

The carbons in the Aame are iype of lamp are generally aclined
to one another and the are formed between their ends is made to
bow downwards either by plaeing ¢ magmet over the areor by
stopping the aseent of the hot air, and thaos of the are, by placing
an inverted metal cup over the are. 4 ) )

The diswribution of ight from the Lame wre is curiously different
érom that of the open sre. T the fame wre the greater part of the
light comes from the arc.iteelf, the proportions are stated to be :

Are 60 %,
Pocitive Crater 25 5
Kepgative point 156 9.
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CHAPTER XILL
Featien] Eleetrieity—Comlensors,

Prelimiwary remaria—1. Conlency to the eustom uaouLF adopbed
in moany text-books, we have lefl the considermtion of statieal
phonomena Lill after current electricity has  leen studied, for
“eurrent " is all-important for those who study the subject with =
view to ita practical applientions. The phe omenn of rlaticnl
eleatricity, thongh o fascinating study to studects of abstract
sgience, fnd few peactical applicstions. Nevertheless, these phe-
momena must be stodied m I:I]‘15-l}1' bo arvive ab o complete knowledge
of the subject. Btatical * eharges ™ also modily the effects of
eurrent in certain instnnces, ng, for exnnple, in lone lelecimph lines
and submarine esbles, whose * capaeity © considerably redards the
eatablishmeut of a current of the value indicatad by Obm's law.
An important practical applieation of electrostalie phenomena bas
Leen found in * wireleas telegraphy,”

2. In thesoe notes it is intended only to present in o concige form
Lhee experimental facts (nnd deducliona therefrors) thot lead to the
theornes of * potential ** and the ideas of aleatrical © eapaeity.”

B. Fundemental cxperineints,—I0 o dry olass rod ba rulled with o
vy piece of sitk, both the rod and the sill: heeome * electritied.”

11 a atiek of resin or senlingwax be rublbed with o piees of fur,
ie resin and for besome * electrified.’”

In both eapes the * electrifieation ' of the glass rod .r of the
resin is manifested by its sttracting to itself light nnelectrified
sabstrnees, sauch ns pieess of paper, tin-Toil, sobd leal, &o

4. Opposite Linds of electricity—The * eleetrification ™ prodoced
on the yluss rod when rubbed with silk is opposite in kind to that
prodaced on a stiek of vesin rulbed with fur, as may be shown by
the following experiment :—

Suspend a rubled glass red by au insulating thread. It will e
repeded by o similarly robbed glass rod, but artracted by a rulived
#tick of resin,

5. lositive and negative,—Tho opposite kinds being self-neutral-
izing are suitably ealled pesifire and wegatiee ; that produesd on
mass rubbed with silk beiog ealled . itrevus or positice elocteicity ;
that prodoced on resin rubbed with for Ywing ealled reafnows or
negatice slockricity.

6. General lair—A Inrge number of similar expoiments lond to
the general law ** Unlike electricities attract each other; like repel.”

T. Frictional electricity,—The term ' frictional electricity ™ is
givan to those charpes produced by rubbing one substance agrinst
another. In general it ean be shown that charges are produced
when any two dissimilar substances are rubbed together, and
further, that an equal quantity of opposite kimds must always be
produced, one kind on the robber, the othor on the substance

* The chapter: on thia subject In- Sylvanus Thomps sn's © E|r':|rnnl.nrr
Lessans ™ may be read with svent advantage,
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rubbed. The charge on the rubber may be examined by holding
it with some insulating meterial. If this were not done the charge
wonld ““ezeape to curth” (as it is callad).

H, The chorges produeed by friction (or eontact) on conduetora
ean only be obeerved if the latter be held in insulating handles, for
otherwise the chorge is dissipated *“to earth " as rapidly ns it is
produced.

Charges of eleetricily produced by frietion are (eompared to voltaie
electricity) of small *“quantity ™ but of very high * potential " or
nrossure ; aud, consequantly, only the rery beat insulating materials
(e, plnss, pbonite dry air) are of any use to isolate such churges
and prevont them from leaking awny too rapidly. Even a small
smount of dust or moisture in the pir will rapidly cause dissipation
of the charge.

9 Another phenomenon will also be observed with frietionnal
charges, viz., that the insnlabing material will sometimes break
down under the stress doe to the high potential, esnging brilliant
dischavges (theough sirl,  Glass and the solid insulators resist this
breaking down action better than air, but even they ean ultimately
b puigraed,

10, Frietimal seviee—Virious miuterinls ean be arranged in a
series sued that one stending earlivr in the geries becomes positively
eleciviliod i rolibed Iy ono further down in the list, which itsalf
boeamme neratively electrifiod, vizot Fur, wool, i';'u]‘:r.. plass, silk,
metals, sulphor, indin-rubhber, gutta-percha, eollodion.®

11, Frictional wachines: -Frielional - machines have  been
comstrueted which render eontinuous the proeess of producing
charges of eleetricity. Do these muchines a exlinder or plate of glaas
tor ebonite) is rotuted Letween rublars, the eletrivity so 'E'I-]_'l:l:ﬁlumi
on the surfaee of he glss being collected on large imsuinted
eonduetors,

Frictional maekipes have. bovever, been quite superseded by
the more eficiet sod eenvenient * induetion ™ mm—ﬁnaﬁ. when
etitien] ebarges 1. considerable  quantitfes: aro regquired  for
experimental purpones.

12, Condnetion —Charges may be shared between conductors by
bringing them into contact with each other, the movement of
electricity taking place by w process eallud ** conduction.”

18. N fivee in interior of «loaed condietor.—A very importunt
experimental fact is as follows :—A chorge of electricity (at rest)
rgsides wholly upon the exte-igr surface of the charged body. The
moat delicnte experimonts have feiled (o detoct any electrie foree in
the interier of 0 elosed conductor. (I8 muost oot be forgotten that
electricily tn motion may be eonsidered ns moving through the mass
of a condueting subistance.)

14. As o consequence of the faet stated in previous parngraph,
if a charged body, A (Fig 1720, be inserted into another insnlated
holiow condnctor, B, and allowed to touch B en its inner surface,
the whole of the charge on A will be given ap to B, A, if with-
drawn, will be found completely Jit:flun_'mh and, moresver,

Frow Sylvaune Thoupson's * Elomenthey Lesiona,”
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charge proviowsly existing on B ean prevent A losing ite whote charge
i conbact,

15. Idea of guantity.—DBy repeatedly elinrging A "rom a constant
source and conveying the sueeessive churpges inte B, we ean
accumulate on B any quantity of electricity we plense, saowing
that althongh cloctricity s nol & substanes, theve need be no error
in treating charges of electricity numerically ns quantities.®

16. In order to trent electrical charges quantitutively, it is
necessary i ngres upon some definition of weit quantify (oleeiro-
statie) of eleatricity.

17. Heverting to an elunenstary experimensl fact, there is o
fores exertid between two eharged bodies.  Procided that the charges
are sifuated upon bedive o amall that they ean be o uesidered as guenia
i eomgherieon with thelr distanse apert, the law discoversd by
Coulomib is as Tollows :—

Law of iverse squares.—* The foree exerted between two charged
bodies varies directly as the produet of the quantities of the charges
and inversely as their distonee aparl " or m symbols :

Jf= r‘:;‘:. or in proper units 1 - ':f';:, in air, thisv is colled * the
law of inverse squires.”

18, Tlait guantity.—This lnw i made the bagis for defining anit
quantilty, In the centimetro-gramme secomd system, therefore,
“tho electrostalic unit of queatity is thet quantity which, whea
plagad 1 cenbnoetrs distant v eie Teoe an equad and  shoilar
quantity, repels 16 with o foree of 1 dyne”

[Note.—No definite names hinve been allotted 1o the varous
electropfatic units, and cora must be taken not to confnse them with
the electro-magnetic units, from which the practical noits (Coulamls,
Ampére, &) are derived. ]

1 We ean then treat qusntities of eleetricity numerically in
terms of the unit quoantity so defined, vrefiving the appropriate
gign seegrding as the charees are +cr—  For ecxample, if two
charped bodies be bronght inio contaet, the resultant charges on
both bodies will be the slgebruie suw of the charges,  'I'he result-
ant chorge will not necessarily be equaliy distrilbuted between the
iwo bodies, but will in the case of external contlact be distributed
in proportion to their **capacities.” In the case of ieternal contact,
ng in Fig, 172, the exterior conductor will have the whole of the
resultant chnrpe,

20, Loleetroscapes.—* Electroscopes ™ are used for Jdetermining
whether a body is electrified or not, and whether the charge, is

* Annlogously, it mwst be remembered that we enn denl quite practically with
qqunititios of heat, of pressice, &e., whick nlso are nof subislusees,
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pocitive or negetive. A simple rough form of olectioseope may Lo
made by sus ending two light pith-balls by fine linen threads from
an J'.IIEllirul'irtl.I stund. The pith-balls will, when charged, repel one
another nnd fly apart, inoicating the presemee of n chnarge. A far
better form is the goli-leal glectroscope shown in section in Fig, 175,
The very delieate gold leaves will indicate Ly theie divergence o
comparntively swall chiarge,

Fu 17,
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v Eleetragieters” are ingtrnments which serve to megsure chorges
by aveans of the potentinl they produce.  Coulomb's torsion-balance
it an electrometer.  With this instrument Coulomb deduced the
low of inverse squares.  For experiments of extreme delicaey,
Lord Kehin's electrometer {5 the one most ueed.
a1, laduction.—Iosulated  conduetors mny be charged by
amelwclanir.

Every charged body exerts an influence in its neighbeurhood,
shown by the elementary experiment of the attraction eof light
wneharaed bodies by elharped one.

Thiz mny be explained by the following experiment.

Suppose un insulated  weebarged conductor B to be brought
elose to a positively charged conductor A (Fig. 174). If B be

Fru. T74.

examined, there will apparently be a nepative charge on the end
next A, and a positive eharge ot the far end. Hence from the
law * unlike attroet " thera will, on the whole, be & foree of attrac-
tion between A aml B. Inducfion therefore precedes altrnetion.
The positive charge on B is apparently repelled ns far as possble
fromi A, so that if Bis touched with the finger or otherwise con-
pected to *earth ™ while under the fufluence of A, the induced
positive charge will be repelled into the earth, the negative churge
being, as 4 wers, * held bound ™ by the charge on A.  On diseoa-
neeting B fror. earth, there will now be o ** bowed " negative charge
on B, Now if A be removed to & disteanes; B will be foand to have
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n " free” negative charpe. By this process B will hava been
charged * by indoction” with @ charge of oppoesife sign to hab
on A.

22, Note earefully the separnte wteps when charging o previously
uncharged body by * induetion.”

1) Bring body elose to indueing charge.

(2 Connect this body to earih.

(3) Discunnect from earth,

{4) Remove indueing eharge.

Note also that previous to eonnecting 13 o earth, these is no
separite charge on B, the nmount of repelled positive eleetricity
Ieing exnetly equal in pmonnt o the stiraetod necative,

28, faolated bodivs.~When a chorged hody is far removed from
other bodies, we talk of it as an ieelated clavge. In reaity no
charge ean be completely isoluted.  For example, o charged gphore
A, hung i Jhe centre of o large room induces on surface of foor,
wills, und eeiling, an opposite ehoarge; the fefal guartity of which ia
exnotly equel to that on the charged sphere.  In the experiment
degeribed in parn. 21, the auoant of mduesd chuege on 3 will not
Lo gquite as grest ns the amonnt on A, beonose thore will, o o role,
be otLar bod'ies mear A in which indvetion is also taking place.

2, Secpail erperinent—The Esllowing experiment, kaown as
“ Foradoy's ice-poil exporiment,” 8 ver justructive, and serves to
prove thut tho fetal indwewd ehorge is exactly equal in amemt to
the indocing charpe. A smindl elineged spheve 15 eareinlly lowored
Iy mieinsulnting eilk twead into o metal jor (*iee-pail ) supporiad
on att insulating stool,  The signs negalive and positive in Fig, 175
indicato the various induetive actions which take plage. Toae gold-
leal electroseope, whose dise 15 espnected Ly a condgceting wire to
the iee-pail, shows o divergence under tho influenes of the nositive
repelled electricity, Let the charged sphere be now brooght into
confuct with tho boltoni of the vessel, mul then eavefully removed
in & completely discharged stabc (see pora. 14).  ¥o alterwtion in
the divergones of the gold-leaves will havo been oleserved, showinmg
that the amount of positive eleetrieity on the charged sphere is
exnot!y equal to the fefal amount of induged ehinrp,

Fui, 175,
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25. A f_,u]d-luul.[ electroseo may be churged by indoetion or
HinMuenes ™ in the manner a!:wm:l in Fig. 176 51.1ppme & charged

glass rod to le brought near the :In.:, bhe leaves diverge under
Frie, 1.6,

Py r'f:pﬂ"

Glass rod —.

fﬂfﬂtfim @23 pleafroscope & &y ;WMH.

Jposilive irflucnes: The dise is then towched momesntarily with
“ihe fimger, the repelled positive charge eseapes fo earth, the
Jeaves collapse.  Reémove the glnss rod, sud the leaves now dwnrgu
“with the distributed (fron) nogative Lhnrg:
26, Flctrophorng—Tha “Fi" lecta ophorns™ 18 an indoetion ap-
‘paratus. In its wsuaad form it eonsists of two parts—an ebonite
}J]ﬂ-h# rocnmetal Y aole,” md o be'nss dise fittod with an insaluting
wndle, 1t is capable of producing u large number of charges from
one initial charge, and is nsed as follows:—

Smrwila
T AR G b i = s
el J:rip
!‘.ﬂ'ﬂ'd Eln
fee g et
W
i

Dige be Barth. Dis remcverd
+ iy chargec,

Action af Eleetropliorus,

The ebonite plate is fret frietiopally sharged by rubbing with
fur. The brass dise is.next placed on the ebonite. {Note.—The
dise must vt be here conzidered as in contact with the obonite,
for the latber is wn insulotor, but st n very short distanee from ie)
The repelled negative charge is then removed to earth by touching
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the dise monentarily. Finally on removing the dise, it will be
found charged with positive electrieity. The different steps are
shown in Fig. 177, Emuﬁt be observed that the original charge
imparted to the ebonite has not been peneibly diminisnad by the
operation, so that the eharge given to the dise may be mparted
to n Leyden jar, and repestedly ehoarged anew from the same
HOUTe,

27. Continnons electrophori—Mnachin s rre made ip which the
separate actione of (1) bringing the uneharged body under influence
af an initind charge, (£) removing the 'L‘E]l]l’-_']].-l.?ﬂ charge ot the r:igll'lt
moment, and (3) colleeting the free charges, are nntomatically
performed on turning the handle.

Lord Kelvins " Replenisher' is perhaps the simplest of this
kind of machine,

Wimshural's machine is, however, the most powerful and
efficient. 11 ig, though simple in eonstroetion, most complex in i*s
pation, and o exploin it in detaill wonld be beyond the limits of
this course

These muachines, which for Iaboratory purpoeses are now aniversally
used in preferencs to the eld form of f=etion machine, nre termed
* aecamuleting infleence machings,"” and sometimes ' continuoud
electroplior."

28, Deagity—Having ascertained that o charge of elecricity
resides on the surface of a body, one point to investizale is the
mianner in which it digtributes itself over the surfnce.

Experiment shows that in the ease of an deduted sphere ihe
digtribution is oniform over the sueface.  In other words, the
“ density " is the snme ot all points of the gerviee. By ** donsity ™'
is mennt the * quautity pee square centinnefre.”

If o charge of ) uaits be given to an isolated sphere of radine

-

20, With bodies of other shanes the density is different at different
paris, the tendency Litng for the density to be greatast where there
are edges and points.

Fig. 178 gives un idea of the distribution on varioss isoluted
bodigs, The stndent must not really consider the charge to have
any thickness af all.  Where the density 18 preatest the strain on

r, the density at every poing is

Fig, 17H,
TNy
r;-" \1 ."‘E‘h s L ey ."‘
i I |: }
Y s II"'..,‘__...-—— ——-__,"r
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Density of charges ou different bodies.
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thao di-electrie or inanlating medinom is greateat. 16 will be noticed
(hat the densiey becomes very grent of points, s0 much a0, that the
air in contact pecones eleetrifiod, and o continaous dischargs takes
prace.  This aclion of points 18 moae use of 0 sfatical eleetrical
mechines for eollacting u]mrgEE on 4 eondustor.

In ILghtm ng rods the main use of pointed terminals is to canse o
silent continugus (wd consequently barmless) discharge of the
induead charge, and so tond to prevent the violent disruptive “ flash ™
which is tho souree of damage and danger, and ullimately to
wedispoca the flash to pass Imn:l:l-l.h:-sh' throngh the eonductor.
lelegraph instruments and telepbone apparatus ean be protectad
from dwmage by ligotning by o simple device that depends upon
the dischorging aetion of points,

80, Aeerations in the densities oeonr iF the chargod bodies nre
brought nuar other bodies, whether chargad or uneharged, mdoelive
effects coiaing into play.

(Note.—The more modern method of eonsidering electroatntie
phenomenn is from the point ol view of the strains in the di-electric
sieder the corees eallisd ato action,  These stenins eon Be pletured
v imngining * lines of electrostatie force ” springing from charged
hodies.  To oo into this part of the suliject wonld requirs mord time
thane thers 15 ot digposal.  For foether information consult the

Jstest edition of Sylvnnus Thompson's * Elomeatary Lessons,')

T '.l'n'rl-r_.',r a!f' Hotential —i_.‘n;.u.;r'l'l'lalr.

11, The theory of electsie " potential © deduced from above
exporimental faets is one of the mwost difiionlt bot ot the same time
one of the most importul salijeets o grasp.

As the name ** pitentind ¥ indicates. Lha obiject of the theory is to
felermive the amount of the mHuence which a r:h.u mod hmh' or i
svstem of clirged bodigs exerts nt varions points in the vieinigy,
il faether to determing the amount of stored-up energy thas exists
ipon nochncged body in vietwe of the charge opon it and of
e sirreumlings at the tine.

42, For the chief thing we praotically veguiva to Enow alsoot the
eledirieity on o ehnrmed Dody is the amonnt of enerey it posaossos,
We then know what “uffects in the shipe of work oy be olbtained
from it. Now to know the guaefidy of electrigity lili.ru 15 01 0
charged body 15 oot sufficient to tell us the amonet of ceigy slored
up i taat body,  Beshles knowing the quantity, we maust koow the
*potentinl V' or the amoant of stored-up esergy which ench unat
HossEERES,

Analogously, it is not sufficiert to know the quaatity of water in
a'tank in ovder W gauge the work stored ap in the tank ; we must
ilso know the height of the tank, so that the stored-up energy of
the water m the tank may he messured in El'ﬂ'i']'i'l.‘l_i.-l]ll units,

Further, a charged body exerts influenee in its neighbouriood.
Therefore, at any Immh i its peigphboarhoon] there must be a
dedinite * potentinl ** due to the charged Gody. In other words, if
there be brought a charge of similar electricity up to that point,
work woald have 1o be done on that charge,

Similarly, we might say that a paint ) feat wliove the level of
the ses is at a potentinl of ** 100, becanse o masa of oue pound (say
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of waler) loeed fhere would have a stored-up energy of 100 fooi-
pounds due to the gravitation of the earth,

When we say thal n |:1‘.|I:I:|t- i nf 4 eortain patential Cue to S0
charge or charges in the vieinity, we mean that an unit of ulmtrmlla.'
if placed nt that point, would possess n eertain quantity of store
up energy due to those charges.

#8, Froin these econsiderntions we can state the followin:
defintfions :—

Dieinitions,—"* Potential at a pwint™ due to o charge or eharges is
the term used to cxpress (numerieally) in terme of waork the
influence which that LLI‘I.TE‘H or those chorpes o electricity exert ot
thiot point.

The® * Potential af a point ™ due to  charge, or eharges, is measure 1
by the work which must be spent on unit quantity of elestrieily to
].lrmg it from an infinite distanes up bo the point under consideradon
apainat the forees exerted by thess charges,

To fix the ideas, if there be any number of charged bodies A, B, C,
&e. (Pig. 179 aud an unit quantity be brought to n pont 1’ the

Fro. 170,
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amount of work stored up in the unit at point I' 15 the ** potentialat
P It follows then that ** differenee of Jlmim-tlﬂf heh'-mt two
points is the ameunt of wark dene on anit []unnhl'.-}' i meving it
between the twe points.

4. If then we can measure (in whatever units wo eelect) the
emount of work to be done on an unit quantity to bring it from
one point 1o another under the influence of certain charges, we
have o nnmerical measure of the diference of potential between dhose
two poinds.  If we can measure the smount of work required to bring
the unit from an infinite distance to the point under considerntion.
w3 have o numerical measure of the potential al thiat peant,  Bines

* The chur ehondd be situntod on bodies of infinitesinil disnensions {o
render this nition exack
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work = force x distanee, and we know the law of the foree (law of
inverse squarss) we ean obtsin the following results (Fig. 180) :—

Theres are ** ¢ "' unils {positive) on sphiere A.

Let Vi ba potential at point P, ¥V that at .

Then Vp — Vg = differance of potential between P and Q.

The distances r, ~, &c., are in contimetres ; ry, r3 represent the
distnnees of the points g0 noark«l from A.

Then Ve —YVg = g-- 'F;. r e il
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If there be more than one quantity of electricity g, o%, ¢,
mituabed at distanees v, =, ', respectively from P,

Ve = T +5 4 E—; -

IR
or Vi = z:j‘— SN R et e T R
similarly Vv, = :‘;’_- SENETT e
q
and Vo—V, = zl— 2% : : : . (0
¥ F.a

A mroof 18 ns foflows :—
l',h, Letween ) and P = work done on & + unit in moving it
from ) to P I
= (avernge fores) » (distanee QL)

= I x {‘F" — ),

Suppose P to be divided wp inio o large number of very
sl parts distant ry, fe, e Tu— 1, respectively from A (see
Fig. 180),

Then Force na dislaties r == %

"ud 1] i L .I'%

Menn force when {r, — #) 15 small — ;%
1

. work done in the smnll element (i — 7}

=1 ) = i"— )
rir 1 i
Bimilurly, work done in the small element (rg -— 1)
IR
B
and in (s — ) work done fs =T — 1,
Ta s
and i {r' — o) work done ig = - x EEs i, :
Fis—1j f
.5 work done in ]thﬁi]]g over whole distanee () to P =% — _E._'
LI"., ‘1'1' - qu = E pm _rq-'l'

it »' is ‘nfnite Vg = 0, m:d-f; - 0 and ¥V = —T'T- Similacky with
any number of charged poarticlos
Vi — rf.

(Nate.—This result is oblained at once by s simple applicstion
of integral enleulus.)

86, Awalogy.—The blen of moving a charmad pnrti.cle in o eartain
direction, and the foreo gradunlly inereasirg (resulting in graduoally
inereased work) hag s mechanical sunlogy as follews -—

If a balloon filled with unit quantity of gos o2 situnted al »
very greal altitude above the earth Le houled down close to the
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cartl, the foree exerted on the balloon is geaduslly in-reasing, and
the work stored up in the balloon is the swm of all the (varying
foreea) = (elenents of distencee).

86. The earth is always taken as ferv potential, ie., a ploce
infinitely removed from other charged bodies.  * Potentinl ot a
poing,” then, may be considered the same thing as “ difference of
protentinl betwesn thab poir ¢ and eacth,”

37 Retvrming now L ou - electio-stakie ks 1:—

From definition para. 88 it fellows that if unit quantity of
wloctricity e moved from w poing A at unvaring potentinl Vy toa
l:llillh B at unvarying potential Va the work done on unit quantity
in expressel nemericslly by (Va—Ve), Henes the work done on
) mmits B8 4 (Va-——Vn)s {T'his is true in whatever units “qunntity”
ainl * difference of potentinl ™ be measured.)

Henes in the practical nnits ndopted in enrrent eleetricity—

Work (joules) = 0 (coulemnbs) * ¥ (volts) ; and sinee ) =
enrrent & time, and work = power 3 time,
Power (wakts) or rate of work = C (smpéres) » ¥ (volts).

It will be noticed thol. these sguations of werk and pewer which
we hove made use of in carrent electricity follow directly from
the definition of “difference of potential.”

48, Pyeipotention sopfaces—In para. 84 it is evident that at sny

point distant » gentimetres radios from A the potential is %, i,

i spheve of rocentimetres rading from A a3 centre is an * equri.
gedeaitiad saefaes,” and n serics of eoncentrie spheves form n Reries
of equipetentinl surfaces.  Hownd s number of charged bodies the
equipotential surlages take varions curved forms which in some
;:Lne_u approximate to spheres ab o great dirtance from sll the
nlies. -

The surface of auy conductor of whatever shape is an equi-
potential surfase, for if o difference of petentinl exist between any
two 1m'mll|-'. on ueoldieking surfaee, elestricity will fow i1l this e
s el

IEIF;*;. 181 wnd 12 give an iden of the forms taken by the
equipotentiol swrfaces i two cases, The figures, of course, repre-
sent plane sections of these surfaces. The military student will
notiee n resemblance between these amd eontours of ground ; a
positively charged body being the electrieal analogue of an eleva-
tion, & negutively charged body thet of n'depression.

Fio. 181
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Eurfnees raund twa oppesitcly elsrped spheres,

an, Petestinl of o aplere.—An Important gquestion #=: w0 what
miential 18 0 body veised when u oquentity of electrivity, 43, is
mmpnrted to it? In the case of an isnlnted aphere the previons
para. enpplies the answer.

For all the electrieity being dictributed oniformly ever the
surfnes of the sphere con be consulered a5 secunnunbal ot its

contre.  Therefore the potectinl of an isolutsl sphore .-- when ¢

is the radins of the splere.

Hemea the potential to which two isolated spheres will be radsed
by the snme quanlity deponds uat atdy o this el g, Gt o s
other q;-iumm'!_u of tha body depending, awong ofber thivge, wpon the
gize.  This quantity is termed the copacity of tla Lody,

Cupaeitit,~The gane ean be shown to be trae of bodies of any
shape, though for bodies of irregular shape the potentinl canust be
engily ealenlrtad. _

The capacity of a body is measured by the quantity of electrieity
required to ruse its polentinl to unit, .

40. In all cases the potentin]l o which a bedy &8 rpised by s
quantity () varies divectly ws (), and invarsely as the capacity < K™

or ¥V« E—

A body lus anid copoaeity when anit gquantity of elsetricity suffices
2 raige it to unit potential,

If K be expressad in terms of wmt capacity e syuation
becomes V = E

41. This quu.lil.g—llm eapacity of a body—ie that which enables
i body to * absorh ™ (g0 to speak) alarge gquantity of eleclricity for
a definite inerense of potential, and is of preat pracieal importancee,
The capaeity of a body depends on—
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1ot Its siee nnd shape.

dnd. Its proximity to other bodies (whether charged or un-
chnered, or connected to earth).

frd. The insulated medmm or * diclectrie " which geparates if
fromm other hodizsg,

dd, Clepuecity forsinle,—TE 18 eany to eplenlnte the capocity of a

boady in eertain simple case , of which the following are exumples :—

(1) Aun isolated sphers: capacity = r padiusl®

(41 A ~phere surronnded by another gphere connested fo enrth
(repnentel by air)

K= : % ‘;_ {vex Pig. 189).

Faa, 184,

{4 Two equal parallel surfaces (one eonneeted lo earth and
sepmrated by air)

e

BT S

where A is nren of either sorfnce and o is distanes L atween
g TRdL

-

Ik

Ifaie, 18,
Koo rla
The sbove [ormule give the eapacities in ' glegtrosiatic ™ unite,

lengthe and nreas being of conrse expreised in eentimelres,
uld. Mpleere—Tha first formule 1= simply proved.

Potentind of sphore (parn. 3% = ng'

_Q
and from para. 40 =

. K = v (gae fooinote to para. 42).

* The woeanisg « this B *That oomber which in centlmetres represents
the rading of an fsolated spheco also reprosents b CL0RS. units its coparity,”
Thedinsensione af electrosiatic enpacity are lincar.
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Thig alws thiat the copasily of a bndiu it propovtional bo ita size.
d4. Concentric gpicres,—The second formula as follows (ses Mg,

184) ;—
The patentinl of inner sphers is Lf'— f'! = S
r=r

This = 't%' ¢ s hifars.

rr'

s —

45. T'ws diges.—Tha third case (two equal purallel surfaces) can
e immedistely dedused from the preceding,

For two parallel surfaces can be regarded as poklicns o two
spheres of very large radii,

. 2
And when r and ¢ wro ||l1'gﬂr.”_ - :—: (whare J 11 the dis-
s = L
ot belwesn them) = TIIEI- = % whieh clso  approximately

aprlies to portions of the splere,

{Note that this formula is an approximation, sinee the density at
the edge of u dise is greater than over the surfice A body will
then bave o large enpacity if (1) the surfuee is lnrge, (2v distanes
fmm L entthed body is small, (3} the dielectrie is of high ** apecific
imduelive capaciky.”

44, The space belweon the ?]]JEI'EH and plates in alove formuks
ure supposed filled with air. 11 filled with any other substance the
above formule must be mulsiplied by o eonstant whiel is called the
* speifie indietive capaeity ™ * ol the material.

Specific inductive capaeily—The ' specifie inductive eapneity " of
a “dielectric " may be defined as the quality possessed by the sub-
star.ee of merensing or diminisaing (reistive to airy the eapacity of
electrificd lodies.

The ** 8.LC." of air baing unity—

That of pacaflin wax = 2, about.
w o oloas = 8 to 4, about,
The complate Eormule for (2) and (3) above are therefore

rr
[

K=wvx
=

H — ETE—'.

o=

where ¢ is the specific indactive capacity.
47, Leyden jar.—The action of o Leyden jar may now Le easily

understood. It eonsists of a glass jar lined inside and out wiih
tin-foil ; the outer lining being to “eur*h.” Here arve ull the

* The term “oap, ity 7 in this expression is unfortumata, pa i° §5 oeed 19 the senae
ol n * gualily " possessed by the substnce of lhe dieleciria. The tern - speciibe
eonductivity ' hag been propssed, and is better. :
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conditions for high eapueity, viz., large surface, small distance apurt
of linings, high “8.LC." of dielectrie. Consequently the inmer
eonting will tuke o lnrge quantity of electricity to raise its potentiol
by a definite amount.

Imstriments ealled condensers, mneh wsed in practical work, nee
deseribed i the following chapter.

By making the dielectrie thin the capacity may be inerensed
indefinitely.  Practically, however, o point i veached when
diglectric brenks down and o spark paeses.  Air is rendily broken
down,  Glass resists better, but may altimately be pievced.

48. Erperimente.—The following experiments serve to illnstrate
what has heen anid about copueity :—

(It efienedd e stated that the diverpenee of the halls of a pith-lall
electroseope, or of the leaver in o pold-lenf slectroseope. are indica-
tions of the ' potential ' to which the body bas been raised rather
than of ithe goantity of electrienty that has besn imported, Tor the
ename * parmedify . may nuder different cirenmstances prodoee quite
different nmmonnts of diverranea of the leaves.'

Erpevimmit No. L.—Charge an electroseope with o quantity
ime in Fig, 186). It nequives o potentinl (V) and the leaver diverge,
Bring an earth-seomnaeted plate (or the hond) eloss to the kool as
in IPig. 187, ‘Ehe leaves will temd to eollupse, showing that the

Tae, 167,
Fac. 186,

fo B rih
b s

A

potential is diminished. For the aetion of bringing the earth-
connected plate to the knob increases the capacity, and since
Q=K =V, aud Q remonins unaliered, V must be proportionately
decreased.

_.’;',Lr_f.u'l'fmrjﬂ' N B G]'.I-.IIIEH an insulated dise, A, until the F’it'h'
balle diverge, a dise, B, earth-connected, being close to . On
removing  wise O the balle diverge shll  forther (potenticl
ingreasc.d).

Replacing 1 rvestores original divergence.
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Feo. 184

F R

PARAFF =

Place » sheet of paraffin belwesn  the dises, diverzance still
furthier reduced on secount of inerenss of capneity and consequent
dearence of potential, the wautity hers remaining unehangad.

Ezperiment No. 8.—Plage o Leyden jar with pith-lells ottached
on sn insalsting stand, o very small guantity of electricily s ifices
tar eanse o large divergenes of the balla.

But on connectivg the outer copting o enrth o very wmuch
larger quantity is necessary to produce the same divergonee.

i, A clorged conduwctor in the presence of s opposile in-
duced charge has o lovge eapacity, and o wueh b ger guastity
of electricity is required to mire its potentiel a dofinite amount than
if isolated.  As an exercise the netion of the electrophorns should
e congidered from the poiut of view of * eapacity.”

80, Fnergy of diecharge.—When s condugtor (., n Layvden jar)
is discharged to earth, the energy of the diselinrge is gaual to (the
men potentinl during the tiae of discharge) < (nantity dis-

chnted).
= 3V = (.

for, during the dischmge the potential sinks from its mskimun
faantity.

Compave with this the mergy stoved up v an oeiform long,
thin, vertical tnbe filled with water, which equals

4 (height) = (weirht of water).

Clondrenaers and their wet fi Desting,

1. The term “condenser " is usually employed to designate
istrunrents El:ll'.ll‘.‘-'iﬂ.“}' constrocted for e with the comnpurativaly
pruall ‘L‘H:tDLI.I'.iI'I. differences emploved in voltaie or enrrent elestr'city,
and waich possess large electrieal enpueity for the size of the
conductor.

As usmally construeted. condensers eonsist of sheets of tin-ioil
saparated by shests of mies, or in the cheaper forms by papes
svaked in paraffin wax. Sueh an arrangement an be diagram-
matically shown in Fig. 189, where it must be bragined hat the
spaces betwean the leaves arve filled with mics or parsfiin wax.
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Fras 1589,

- -
|.

It will b sesn that such an arcongement possesses all the
easentir e for lurge copaeity, vi., lorge sorfece, small distance
between surfaces, and s dieleelvie of large specifie inductive
ety

It is obwionely not suitad for lavge potential differcnces, as the
thin dieleetric wonld be piereed, bat well mlapted to the potential
differenes: oldaips] from ordinary botteries, The two sets of
dednves wie rometines ealled * the eoatings " of Lthe eondenser,

2. The relation quantity = potentisl *X eapoeity () = VE)
aatildishied in st :!1|u|.]11|=r for electrostatie units, 18 troe of any
gystem of umits, so thiat in the practiesl units the eapacity of

b EFTFI 1) B

2. N

}o———:-{

condenser is weasared iy the number of conlombs which will juss
inte either coating of the condenser when the coatings are con-
nedted o' points ot a constant potential diffevence of ene relt.
(Fig. 190,)

I wwe conliih pmeses the condenser has unit eapagity, The
nivme given to the pricticnl unit of capacity is the * Farad.”

. A condenser would have to be of coormans sise to poesess w
enpacity of 1 farad; henes o move eonvenicnt unit of measuremeant
i5 the microsfacad which is equivalont to one-millionth of o farad.
(For exmnple, if the plates were only one-bnndreedith inch apart in
air, & surfnes of about 11 square miles of conductor would be
necessary for a condenser of 1 favad enpacity.)

With n comlenser of 1 micro-farad only one-millionth of u
couloml wouid pass into each eonting with o battery of 1 volt E.ALL.

4. Note that there iz no cirenit through the eondenser and,
consequently, wo true current aceording to Olm’s law.  The
sunent the battery is connected to the bwo eoatings thero i a rush
of electricity to eharge them, i.e., a strong eurrent for an instan;
s the condense  gets charged the eurrent dies nway. Practieally
the whole guantity passes ina very small fraction of a second.
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b. A galvanometer inseriedin either braneh, AB or CI), Fig. 191,
will necordingly show a momentary deflection, and fhe amount of
the deflection will be the same whether in AL or CD,

It the whole charge for discharge) tukes place in so short o time
that it is completad bafore the needle hag time to move, nd if the
friction opposmy the movement of the resldle i negligible, it can
be shown that the quantity of electricity thet has pessed is pro-
portional to the sine of balf the soele of the Gest swing,  Whes the
amgle s small (us 18 always the case with refecting galvansmeters)
the quantitiee may be taken pa divectly proportional to Jhe fivst
swings without sensible ¢rror.  Buch o gelvanometer is termed
* ballistie.”

In order that the needle may not move until the elorge is
eompletad it must be heavy, nnd a delicite sugpensioe is necessary
to reduoce friction.

An ordinary  Thomeon reflocling  palvanometer s sufficiently
“hallistic™ for use with condensers, ag the time of chargo ond
discharge of chese is very small.

Specisl ballistic galvanometers on the reflecting principle are
made for marnetie experiments.  In these attention is poid o
ohtaining a heavy needls of larpe inertin bo seeare o leree peciodie
time with as delieate n suspension as possible, while the Lovenent
of the needle is ag litke “dsnped™ ns possible by its motion
throngh the air.

. The combinntion of o eondovnser with o ballistic galvanemeter
enables various tests and messuremerts to b eusily performed.

Buppoere it ba required to compare the enpaeities of ‘wo con-
densers, 15 and Ky connect anch in guecession to o hattery, key,
and Imllistic galvanwoeter as in Fig. 191, Let Iy, Dy be the
“ first swings " obtained on depressing key.

Th  (quantity) 1T KV

dhen Dy (quant.tyi 2 KV
K i} D|
Hence K= Do

I K, is o stawdard condenser of kunown capacity (say one-thind
micre-farad), Ky is known in micro-faruds,

7. Buppose it be required to compare the E.LF.s of two batteries,
vonngsel each bottery in ‘mrn through s key to the same Sallistic
galvanometer and the same eondenser of compacity K (as i
Pig. 101. Let Iy, Dy be the * first swivgs ” obtained on depressing
key with batlerics of EALY. By and Es,

Dy @ KE, diff f potentinl = EAMF.s of
then T = KEs (a8 dlifferenco of polentin #
batterias). -

E
Henee E, _ Dy
; B D

* The correeted firal swing shoald alwaya beusod | this is slightly Innger thao
the observed value, owing io the movement of the medio being slightly
o dumped " by fristion. If dy represents the observed firm swing, o d de the
obeerved soeond swing in the same diroction ; then I jthe correclud swing)
=i 4+ §(dh — de) sppooximately whon the damping is sns.
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If E; be o standard cell By is known in volts. Nole by this
mothod neither cell is canaed to formish a eurrent. )

Fio, 0L

/_{ ‘:"f; '-'"""'e J

\.\ 8. 4.

ey




INDEX.

ane

Avcunmilalors &
i e dfl -]

i chenical ruul.lnu of 87
Allove, Tempermnivve co-cfliciont of 1
Arnnlgninntion of zine plote Frafi )
Annseter, dosarpilon o o
i tviiag eoll Evpae a7

i shuekerl Lype =14
Apipies, definition o g5 L]
i practic. unit of surronk l!mngth T7
Amipire's rube o, x =i 2k o I]-
Ampére lEins . =5 = ek X =4 B, 194
Anobe .. 0 =1 it e s ~H 3
Aro lnnpa e 153
- w  mobion af e LF 52 o Sl aban ST
- w el trpe i i e, FL B 14
o Mamme. i ) g - i B3
Autu.l.h:- newikle L. T 3 i W o o 7
1A, abms e il 10
15 wembal Tar :|||||.|,;.||.-| tie |I||1 .,_ o e - 1
Hattery, eleetrie ki e I
5 IHI |I1:IrJ'I||| ik of |.1|.1.|. rnenl n:ﬂn.le'e B e e 11D

" i = = Fusion soetluml... 114

7 1o = Mivee's mpthal 114

S, # 1500, peothad ., Il

r'-lu-|:1 elrouil -:rl' o 4]

]k-liu vhopivie, polavized .. SR, . |
i & dlgle strake ol W ey ) Lo AT

& W treaubling ... PR I
P.H. odiren,. Profeasr o iag's nr{nnqmm m ﬂeﬂ.um._ '-r_- P i
BT, chins i 1
Dansen’s eell 30
Culibrntion of Aneter ... 1, S - | 1]
i o Yoltoseler .. %, =y i B Sl ]
gﬂmlﬁr i AT
LELE 444 id e, ) F i 17k
Carlbans for ne imtl;‘m 5 ok i %! 2 St ThG
Colla, = beat nrrangetiient of o L H]
s compebion of i
eliedrie prlary Buussi'n . an

- i Danlell’'s ... o7

: s o diey Dlath oo B4

' ™ iy | RS AN 4

: ' Hiroies o &

" - ' Loclanchd ., PR - |

" (e w  principles of 4

" i . standnrd Latiook Clark a4

- - ol Westan ¥ormnl or Eml.uumr' i kil

= i ﬂmudmn of neoumalatom ... b [
" o eimple, chemien] netion of .. , A



185

Colly, electrie sivple, lneal motion in

" i n pelarization of
o in emmpuumd gicenik.,
wim pumllel o,
- VBRCEIRE .. e
o ECUrco of craTgy in ... L
voliaic i
i uu:l:li. wlectricnl i
o divided, lnws ol ..,
Cirenils, simple ... + 2E &
Cooveive fores ... o o
Coila resestanse 10D it
s 7 A 4 1l
'IL‘-umpaun ol ...
C-iHI'lf‘ﬂlluulil‘lg vesialunee to gulvanomelens ... =
Condenacye S b Ji T 7k 5
Conduction elpetroslotie ... i
Coanlictivity 5
renistaiace .. i s i
Culll:hl-t'l.ur:i i o - o
Canduvinrs, elwdee of !II.IIII!l‘ILLIH fur ... Al &
X, edfeet of tenspemtuare on e’ Al ’
L meechniical strength of ... e A o
0 tnlile of i =I5 e
Conneetion betwern power and hmtmg uﬂ'uct s e
Uonseijuent pole of magnet -l o ¥,
Clonsl cnaly, cefnitson of Tak e rety FiAr S
] st isal nnit of r|u||.nr'r|:u s ~H 5
Covent, chemiead offest of ...
: o baleaf B
. conditions fo Tervslibog
o alirootioak of “
5 it guetie effved of % =4 o
- principle efeeis ... o il =1 o
i stren;sth af fi ¥ o A5
s themonl effect L. - o AR
Corve womnpnetizotion ... L e 2l
Tuueiedl eell & e g i $sa ita
Declbnativa, sng'e of i3 .o e o 3
Uenstly, chectrosindle e e o ar 3
Divningnetie substances . g5 o  JoT s
Differenee of patentinl, wessuroment of . = A
F P i - Poggeodor meethad ..
s 2 & patenticnneter metlnd
% s i twa oflection mathel . ..
Dip 1wl
Directlon ol exrront =
Diwvided clecwis, Invws of ...
Dyinandg checbrio nmehine ..
Dy nnuoineter, Slenens’ . i Ay e i
Eunth's mngrotian M w = i .
Enrcly reéurns - ..
m advmniages |:|..|:||| 1E|r|||.:|1"'|.|1|!.1.|;~|.5 uff T s
Em'l.llﬂ.ﬂ". eleatricnl s 5 i P =
Electiie ﬁg]ithq.,,, 1:|.r.l.|1.de-.u::1|.t i A e L
Elestpodus 5
Elestrolysan 2 A i e i
Electrndyies ; fus e 1] =L) iy
Ebecterivtic netion
Electro mngmet ... %

FAlii,

o
42
]
e N
4
e oy
ana B 7
H
o 16, BY
v
R 1
we 10T
]
PR 1 ]
s 168
il
]
e -]
&
1l
s i
P i
4 R
i fii
P 7
L
]
i
5
s 4
2
a 1k
1

1

i 27
0 £
e LTI
wia 2 LA
il 1A
=y
S
R K 1
i ik
i
i 4
. ikh
- Gk
. 1
. i
(s ™
-
]

]

e -0
4
4. 75, 122



186

L ETT W

Elocteo mngrotio Induetlan aw, - L

Elocteo magiots, prooctieal forms af .. erE |

s n - Erengih of ﬂLI.ﬂuuf IR )

o magneikEn R 1

Elestromaiers PO | ;)

EﬂmMu EnmiEMF} e | rod as e

Elestrossupe Al

Erg, uull ol pum:r T
Exchanges, elephone S [

Fall of potentinl . i 17
i = ,|.;:ru.].|l|lLu.| rv|:|:rrr.'le:||m1.|u|| 15 - Sy 03
waker s For ... N htt T 1]

F-I'I.I.'IHI p‘rﬂ.lrl.|l:n| it af enpacity ... o i
Fheld, ld.rnll.“lll of mmgnetic el ahE 3t ]
anz!-. limos of ming petic ... ol -ﬂH IE-I o
Foroe, mngnetiz ng i iy o e " 125
Foraiules, inble . § S Yk b i iF Bl
Frietionnd clectricity a0 AT o s w104
o o lunes i i o - LTy L 165
TFlus magnetic ... : ¥ 5 = e ISR
Fupes, constonts of ﬂ"rl.Lﬂ" i, P T N 1 T

Galvanometers ... i i Ty s 0 e, ED
Galvananster, Ballistie i
1 eompeneEling Feadiitanes o 45

- doteetor ... sl

i differentind ... LG

i Twelzonial ... HT

S imaving ecail it

i ]:ll‘hllﬂ':lﬂ af o o 2 s

x CLTTT T A —. -4 A = o o &L

* sngle pnd diglexs L. e s er S |

" (LT aed = s4d i hiE BT
vertienl, or three mil HE

Gauges, wire, tnble of . )
Generors, clectrien) 5
Gronping of cells ... g in
Grove's eell an
" EAMFE of .. 16

H, symbol for nmgnetizing foree ., 18T
Heuiry, praction] anit nfmdnﬂmn e | FTH
Hopkinson's foru-ula i = e 1mp
Hysteresls i ca 1B

Inenndescent lighting )
Inclination, & af 1]
Imilicators, cleciric = (i P ]
Inifueod currents. .. Rt
Induction codls .. 2o He ainr HHE
a w dor telophony P |
n eleetvomagnetic as  1B4
w  electro-statie ... e Iy
" mngnedic i i i, 128
Tustruments, Lesting prum-j. btu-mn e ]
Ins.lntion reakstance ik )
7 L :ll:ma; ul s =i, s . wanlt A



187

Insalstors
" tlll;‘ir'nduf m.u.t-e:rhl i R e

" eftent ol b bare oo ...
iable o 5o i

[ﬂtﬂﬂilj‘ u{mng_-uu_tu_ Beld
Intermal reslstanee

n " [ISTETESTECRT TS nf,.,

" " " Tigwian uwthwl
Blnnee's manthod .

# 1008, peethiod

- 4
Invgrsn ~uares, Inw of .., i e
Tron shd ateel, mngnedic properties of ey

Joile, winkt of work

Bnihods
Relvin balanee ... i =i i
«  replenisher Fin ans aan

Eeyn, telegraph single enrent
Filowats 1 .

Lavimps, electrie s
ib i = abion of o

3 i, w  enckpsed e

I o w  Mine ... =

1 4w steadying vesistnaies for ..

=~ uonrbon filsmsent L

b « netadlic Glunent ...

4, o Bt L. e -
'|-|'|-Fi|'l||?||.' rer i wes

.T.n'n of :lllu.u:uu.ltl.uu o % e
Leelunwhe eell ... i% W g
Teene™s b of solf mdueunﬁ v i
Laydeas jnr
Limes of inagnotic lorce ... e il
Landstane
Laoen] netion i ewils

Miigmot, nxis of . Lo =T e
] Ennscijaent polos in = o

b hersasbio:

& PHTILATENE

w o poled .

w  propaertios of
strongth of
ll&gmk uﬂun of errent
s.aruetion and rtpuladon...
eiroabl o e §5F ey
suakor vd e 445
feld .. - T ik
.. direction of ot &7

w  disteriion of

o intensity of

o Of electrie cument ..

H o uniel .
i flug. ..,
G foree ., Aoy i rEE
= mductic o. intens :|l|gr il i
i pe i soft mwan ..,

T =& T T F-1 0

AR,
e By 13
1%
18

. 16
T 1
e 114

R
e T, TE

]
FEoIg |
. TH, Hl

S |
e 182
aee 1ERE
o 1ES
SRR - |
ann. - LIEK
w1049
i it
R [ 1]
s (i
K il
s 14
e 178
0+, 124, 127
e ol 26

5@
sia il



184

Magnetic meridinn i it

A needles = g

4 pale, it il i

i B

i, prupt-ﬂ:uu al |1'u]| n.ml utoel

" rnbairsd oo aia wan

uuhulu.lm' = i
Mu.gn:l.:u:ll. FIHE TTTETEE Y o
o lnw of i aan
i inclectlur theary of ...
ol reslcunl = I
ternisd rnl i Fri
}lnhjbubﬂ gunernior E o
Mngncto mative forcs g e
Mugnetl=aiion, varve af .. i
T desdrvictiog of A
retetilion of e
'II.IIII.'!"I msobhod i e
Muthiesun’s st ilanl for eopper wires
Me. sureosent of carrent . e
= o imsualalion resisfianee
ey woindernal resistnnee of eells

i + TEHIRSRIICT L
- a xultnge .. 3o

?ult-ﬂ eF: o ik,

E]I.I.ll. £
HLLnJhr: filient l-mp A s
AMierahin P
Microphuae o i .
Minatta cell ey e i
Novdles, wingiwile
Nernsl g

Non-induetive winding and colls - ...

Ubach cell i AN hl
{Hian, delinition of LEg

o practicnl oot of :I'I'."ILHHII:II:‘I’." %
Olim's lnw Lay o e

Ovevlsenring on telephinne cizenits ..,

Peruweability A s sk *r

I ndorl’s snetlod i i

Polemzation of x eell e i o

Poles, iangmelic | s B

Post Dfeee reluy .. . ek

Fotentin] differenes s i

r. i waley nna fox

w  defiouibion of - L <5

i full of ... iy

w ol n sphees

i theory of T p
Pasontinenoter, correil prspsurenent by

s ALY, meusuremsent o

Pyromseters - ...

Tueewivers. action of telephonn o

Felay, telegraph ..,

Keluctance

Falik,
i
1

oo 001, 70

51

i
i
w2 141
i)

it

{iir

fith

Eil

" ik
15k
127
1k

i

70, 13

b

11

I L

21

1 THE
1
Likk
114
1K

[LE]
15tk

bL1]
158

2

(if]
1ag
L

k3
10
T
1%
157

4h, 1TH

119
b
b

I H

2, 185
Ik

178
17

176

171

114

157
I

151
143
125



I H]

Testlunl nmgnetisem
Heriatance sotls, THE =

v ¢ - pm:unn.l I'hh:ﬂ fa* uu aff
L 1L reasars for p ;n.cl:u:ul riles
- e 1060 =

' i & p.nu.hm] mll:l:l' l'uﬂ:uf

= eleotroal 3

i oxlernl

v inbernal of coll 5.
i testitig of insukation

- lame of

5 e reaen ni'

rx o 1.|-1. Jnﬂ':rt'ﬂ!u] L1|-u|.|||:ul

F, - wubslitution netlad

= = Whenist e bridge |:||r|:|!|1.:|l]
i i with wsetre bradyge ..

e o with seriies rr.'m.-umlu ol
Ky sperilie

H it of

HEaturaiion, r n.gmtl.u_-
o eell -
"':'ﬁrfmn'l:qu'r eqll
s LT
AIRLLE hl.!ulii"lﬂ i tlml uf
Bell Jtlduﬂlun
" Taemns'n I‘.am'
Serices cail for are Ty
Bhorl eireat
Shumt eodl fop ave lnp
Bhonts, galvanousler .. =y
w0 nlcplying ]:u:!nlr af
L 1I|Iht'ruu.1
Bolenold
e riles I'ur puauri.i.__r i.:: n
w —wibli frun
Hoaumiler, telegmph
Houwml waves s
Eavvifie indoetive’ rn.[!n.lwt\
o resistinee, :'Id]mtmu wf
Buntieal electrizity . proli-aioney pemnrks
Stunibnrd eols, Tatieere Clark o
Westan Nornsal or l:ml.mhuu
"i!mt;nng rusistanee for wrc fuonp
Bloel, wagnotic propecties of

Tungreant galvananscter

Telegraphy B

lephones 4 %
hphnm sirraity, vequivements for
i:;u'hmq.rm ;
handd
recviver
i Erunganitter or lmrmphuuu
Temperatire oo cfficient

i effeet an eonduciors ...
b & toveulnborn
resaElanse .o
Terreatrial II.I.I:I.‘.F!-I:II:I.IIF:I

Therig piless .
Transtormacy, pnncip'ln af .

FAGE.

131
ALY
10HE
108
109
107
L

16

16
piLY

10
101
10
10
Tk
TiH
L1

10

e 10, 7T

W, 123,

.

1l

161

8
141
14H

157

1‘1-‘1



Um, Pritisfr thernanl
capnaity
of eurrent Ilmnn:th
ifferenco of p-uuqmnl
. slectrienl o
w ndustion ...
. magnetic feld e
+  lOngnek pele it
n  pOwar
»  guantity
+ Fosistanen ..,
work
Units, sbsolute ...
o mnnlfiples of
Universal shunts

Vibeatory syalen of tobegmphy
Yitrator !.ulrgn
Yab L g
Valinie cell s
o - Al Fl.nil'mll. |
W =1 !':-J'LI;L;JI
B 1 Iﬂ']]'l!i of motbn—
Vodenaeter at
Volt-nunueter
Voltrmieter 3!
i enlibrmtion of
., elevtro static

Waoter u.l:lﬂug;v of gurrenl ...
'W'nil.

Whl.n.hl:.:l.a 'I,m.dgu 1.|:.r.'1'—:.' nf
Wiring inbles ...

o Ml of potersial ..

100

P T

T
a7
T
T8
ﬁ!-. i
B8, e

T, lﬂﬂ

2



MILITARY EOGKS, mablished by Authirity—euntioped,

ATION PAPEERS. =M ilinry i— |
'Z."u.l.HIE.'I.q: Cortifeatesn - Foph mm& RYiE | Mwreli, Eopt, 100 | M, /Bopl,
105 Maicdh 1511, Fech fkd, Fl -

Emiranee: 1, LM, dend ¢ HAL F.-z-]lqgn. M.« Dec. 1HG, Fanmduly, ﬂ'nv.—
Dipc, 10, Jusa-Tuly, Mov-Doee. I907, Tuie-July, Mow, -Dee 1008, Fons-July
1pag, Jo .q.'-h.'g-'. Novo-Brew 10008, demesJule 1001, :

TEAL, & sy, Fowrtl Cinesg aind D5 Collego, Foorth, Tlivl snl Broosd
Beivl imin, . Jaly, Do, 8L June ¥, Eack e . )

L. Acidmay, FPowrth Clesiy and (o8 College, Seonlor Divislon. oo, 1HIE,
Juse, Tiist, BN, Tukg, D 1HIT, - Earh 1a

Eraff Cnlleze. Adnissdon, o, 17 "R 1900 Ang 100, Tuuesduly (Bl Eadls

Togriiler “ Fortea,  Dansdisn - Parusnost  Ferne, Specis]l  Beserva - of - Offeers,
Frrritoris]l Foroe;, and dlonad “ilitary Porcoss. Aoy, Ko, 106 May, Hur,

R Endh L, -

Ditles My 1A, | Od.

Ligadvunits awd Copdalny of e Jlogulur Ariny sod of the Ausizpliag nad

- Wnmlian . Pirmarewi MiFitary Firvos, Majors: of the Hopl dssy  Mediod
{depmine Arupl b Tecluakeal Bubjeety, Liontenants, Unplains, sl
Maiors -l ‘tis Verritorial Fore, fuor Promedion | Officirs of This Specisl Leserve,
Territorial=} anil Cetortal Mllimey Forces ¥Volmtary); for e Bymbal

L "r'..." Alay 10, Ez,

Liert aniila wwl Captaine of the Rogular Snur and of the Asslralisn, Conedio,
el Mfw Bl Presssisand Hillgary  Foraie, Top Primiolian : sinjors I:il'lJ‘IE'l'
ihel AL, and AVihin 2 Tambe] Fileess for Commgein ;- ale ol
thie Toyal Araly Modla] Cues (Rigulie Arng) ine © Teelm sal Enhgeidal?
T Pivanotic ny Tavapens nbe, Captnisd, and Mapars of Lo Vo el Faro, for

“L'pcmutiion g ditlcers of the Specdal Hesarve ol Ofipers wod dhi ] orviloe? opaisu
L'r'ul'ulul.ul-_;_'l. fur tha Hembol S48 7 e =g Bhge (HIRG | Slay 1911, welt s

Mitris, T=vpminl ¥ eomamry, anl Unlversiey Candidagid disreh, Beyr i, dlareh,
Ho e Bl Chel, KRG Marchs 1T, i - TH Lo R

Speetal Trserye, M, I'erriterinl- Poive, amil 'l'in".'lrrhll_lf_l'-llulﬂ wa,  Oief, T
Muvhch, (el 1HHL Mareds, iz, VAL, alveeh S Eaclk i

Uileers Tominiug Corge i— -

Pialidts ol Ehis seane DEciules. Cortlloate X, Do= 1R, o
Uit of e diietor smml-Boniir Thiviaiome, {H;Iﬂirll.ru:,_'l. a=a 0. Fyll.h; of
T Mo D Now, 1200, Essl il
Forvips 1angunkni Mialurin. o, Friss, kel THOE, Fuly, Def, 1o, .Iullr LD
_Apel; Joby 5000, Jnn ude, Gak 1000, Jan, 1401, h:.i 14

EEXPLOBTTED. Scevliw Trinfistogn, 1905 D Tkl

TIRLD SERVICE. Alauual fuii— 1 = . -

Aelihay, ¥ Dripnde IHSpE IR 1008 T . ¢ Liilier imtin'on])

Dhienan,” Tt ilowidere) Brigdr®s feluia L IL 1o, HITH o

Dk Meavy (31 $ikpr) Buitory niok Aumsolio-riliden.  Bxpekitionsry

Pores, THI

Hillis  Dloide  Tefpidn,| 13qr, G, WHA L : -

Ditto, :!Lll.l{-llh Appeadizio, LA Daitecy nod Mountod Brigule San=venliios
o]y i =

Choymlry '|I:-rg]|uu-t.‘.&pid..irilnumr_? Troe, <1010, ikt

Engliieirs i i,lﬂ.u.'.Ii-i]u:g“plgI'.|||||.u_||_!-.,_:!':li |.|LilL||||ur:|l']"|-r||-. LN E L T

TRtk c-r iy - Bapeitt oy Forees - B Gl
kb H i l.‘_l,ill.. Fan sl IhIIILI':f Eupat, ' T G,
e = Culde Todeprpd Campany. Expedifiinory. Fove, VUL L

Thitur, LEis sl bl W linigieajeh sy v Exjeilibguary |,"'l;|ll,'-'. AR T,

Tt Fhekl Comgaui,  Exgevbbogms Fooes, o 190HL ! .

|EIEITTN ]1I:|I|'rrllll'|l. |E!p|r||'|lll\.rllllr'f:|"l. Lo ] (1A = oy,

EhiET Teh -_r,-.1.||l:;4,|u|||.;|_1,.-_.=“ Ligern sal i ction, Broslitiunry Finooe,
'k il -

| R “'lﬁ Lagapany, Eageilitheinry Fioos, - 1%HL- Wl -

Infaniry Hlattmlani, 1’|"I.]Iﬁ|.|.l.hmT!|'1“ur\:I'| P Gdy

Tifuliry Moy =) Tatinbivi. - Bsjuedilinueiy Fovoes - TRHEL

}Inil'l_'.l!"ﬁ-“_.,':'ﬁ.‘l'. dlemy, - P G,

Pt Dgben Chorpas, Hawwe Tiodymon ik WL

FIELD BERVIOE POOERT BOOE. 19 i

FIELD EERVIOE REGULATIONS, [Uuwil.  Opesitbhma,  f0us o

R Rl R Tert IL. Organfentis giul Adudiieteaibes, UHE 1o i

mﬁmf' INSTRUCTIONS TN EELATION TO ABMY ACCOUNTS.
= EHI% =

~-FOREIGN TANG AGEE STUDY PP Tegnlailon,  Sow f0HC 5

FORTI-ICATION., FEE TAKENT. FPor ilw Teeperal il Trainizmg
Extnbbivhmer 3 pd fo e Instroction ol Offeors of - ol Arse of & Aumiice
o Fiungacien dvmy, Tih Blien,  Tasdael, 4

{10 8



MILFTARY BOOKS, published by dufbority—emmiinsed.

FRAWQO-BMRMAN WAR, 1870-7L Trukted from the Gersan Oficfal
Aepogul, Five vola £8 17 6l

Alan sspoentaly, i I‘-ﬁuuhduﬂ,&nhuhmmﬂd -

Pirut Part—H n!tlln\hrhﬂthﬂmﬂ.ﬂﬂm t—
Voll 1 {Hosss. 1w G} Outbroeak of Tosiiftics w Batblo of S ptbe, ..Hﬂ-r.

Wol. # {Boess, i o 0% Meildp of On mhuamﬂnnhunlﬂm.ﬁaﬁ:r F i3 5::.:

Barunil I'uri—Hl-nhq'lf of thn War apninat the Tepmblio.
¥l 1 I'B-r'mm. o 18} Investmmt of Parly io H.u-tm]_-:l&m of Ueleans by
Uy Crermmase. £l i
Val, 8 (Horms, 14 i 18%  Ereats by Horibers Franms b ool of ¥_. TnSaris
wewt fpom bﬂ,g!l.l.li ol Dz Bipgo af Fards foon ennmmuniseinnt of Dee. i
l|!u:]_a'|.t‘ﬁl.|lFu5Ir'.- Operntious im the Boutli-imst trom nodilidle of Nov hu miildln
ufl Jom.
Vol 3 Heme 1anl 85 Eveuts fo Baib-cest Framce fvom :|1|Edn1|u u! .i"l.n. L
Terminstion of EpsbEliLlie., , Regrwan] Cpiuiiiil % 'Tha 'r;u wtipe.
Hemseward Maseh nnd mmliuuu. "hetrospenl Wi oa »

Bisct oo,
L Eventn ln July, - IMas,
2, Eviwts do Hyve of 1hattles ﬂr '"r itrth nod Elnl';.l.u:run And |r|ﬂ|.|.u]'_“' "|.|. -
N Hath 1d"'|'l"ﬂr}]1 euil Bpdeluyws,  Snd wellilon,. s ﬂ' i
Y Adve or o Thisd Arwy o the Moselle, du. -Smd =it E?# ﬁ“
aw I|Hﬂ1:-du1.|l menr Meiw cn Lich, Tith, sud 170 Angusl  Baithe of ¥ %a—-
Tisar, il wlllm. i, [,
i Ml '! L-ru-mlhth—ﬂd. Teriv da . I“g_ll'
e --l|l1-1']n'Il af Thlal Asmy sk ol Aroreof Hie Mo agaiost Ay ﬂlu#q:-
L
“  Basthe of Hodam, B ' : ot o Tt
. Prosoedings ou Qermen Couat heforn Porlresais (4 Alsver gl Lottnlae,
Butels of Nudenevle,  [lemnnl e o] War wgr o Hr_[ll.ulillh'tl’ -l:l-_ ki,

0, Lovestment o Paris ' Captore of Toal nuil Stransbome .
1L Events bofore Pards, s st oblir pofole of T oeeles "i'||"d.l.' Is Weunbtern Franum
TTLL RS B 4 ttpnlurr. & i,

12, Laet Enpmganents with Frencli . al e Fldoe, Oeenrveuse; aler fall of
Htmsehinrg assd Mots h.uml-lﬂ]u . s, id,
i, Cegierrrases ou Thentre @l War in Praps np to He-pemapaddm of

by the Fevmans. i,
11, Mossuren for Tuvosdisent of Paris npto midih 0 Deochelee.
15 ]-Imu:rtﬂ I'ui' Prode_ g tho ]mum.mquj. ol Prris aml ﬂmm Tnifiers
_E,l.-l Lo oneneonioct of TETL. . i ddl
18 I“rmmuug“ Ay from, esnnmnssiend ol LETE smidl ihe drletion,

15 Pmmﬂ[-.gunl’liu.l..!nmuhlml ponesgninmit of 1871 entil the Armifion S
1 - Decurroaiie o Suplb-sdetorn . Thoalee of Wl.F to-malddla of Joousry, 187L

i Evmmis baforo Paris from eommnionesseenl of 171 i tlin Avindedion, Fe
10, I'h!:?"l'm 1l M’-ﬂ-lrl_l.lfg'll Tlwm F”::trk{mﬁm mid!uhm'.-l'mu.l.lj 187E
i o e of Gidrm s, Bruin Hoa,

m.nm muﬁruil# Lﬂuw e i
Gl Bubreapioe of Was from lﬂiﬁlﬂ it m_pt. Iﬂ“‘uh;l,huﬂnnﬂ
Hpstflitus, - Armisto mml 1|:me. ]i-crhn;l.-u! .'Jnrnum &-wqr

nivd Bonee af Prankloet, - The Om pl:-

Aialyilent Tindns: | Ba. el P .
Flmis— Fr
4o Badele o Coloinbew-Naool ——

L, Padtl uf W oMy Ja Tonie. Positlcn of ix Fovoel af Boon, id.

Elﬂhd ?H;'Fﬂk--ﬂlﬂ In Tomr;, Pusifion of Guuton Furcus Trous 4 Lo

i pum.
B, Dattioad Hedsin - Pl u{ﬂnum.l.ui':thmﬂm Sl
fe, Bettle of Beldun. I'Hdﬁ-w[ HIulelu.im.:Fhlnumullmﬂrlquuﬂmuul

uf the etcugyr,
I{-hrrh HipaE DrERATION )

BE4ANAN ANNT. s Ih'El ITITT PR -
Ieien, Flad tloms, i, La,
Iiiti— I"wt- .i.rtEIlu'r Bl egulaeime. FParl [, Tem Fiae
Drfitdus ﬂmm Roguatige. INGE 04,

mmm+ Tirdll Hogalatioun: 18 % In Rl «
GERMANT. Tho Ul-liil'll'n al IR e Wikl 22 Tl s 1|u'h'.uHu. ii. -

: i..vl‘l.h:'n Frufiats fiue. 1..-.
ﬂ



ANEFTARY BOOKES, publivied by Awlerhy—soniloisd,

G Fanidbooks for -—
Yo, AL Mask L e Berclon, BHR LGl
ol 5 I'F:Em ke w anid Limbor Mark V. Plald
Li-pr, BEL. Marks II. o wind Daerfagm, Wignn, .
Hattorbpa, 1001 Ll..

ar-pe, T T CL '.I'.':.r‘n Ly IL, IT.% &rd ¥, with Mark I. Carelagns, smil Merkn
J:I'rl_. [ le ra nnd Wi +  Tetrtorial Fores giul Movabis
Armm I-lhﬂﬂm Lo
e G - Ill'l'll‘.gl Armument and * erritocial Fors (BH ALY 1000, 8d
1o, QLF, Laed Servioa, THIR. 1,
CHL; o tawh  MafoLoio IV, nnd TVa, wul Currlages “Mh b e LS
aed 11, Herpe Al 180,
Vg, Jedniod B.L. - Mol Iip-w ul. ik la
b g, 1, H-rrwih-l'l'r Bid,
Slunch BL, Marks 0, X057, Tamd Bervien, 1000 Is, G
Eoln' BAL L. Hewltree of 70 ewt, Mevahls Armamout mnd Atinaiment of TWorks,
Land Berviee., 1031 B
&-Inoh WL, aml B, L0, Gome, MoJmtings, &= U8, 1o O,
-Eiply T W ke WL ol WILY, L sipvlte. 1900 84
=inoh AL, Hotbeitsir, 8 owt, W Ig
fi-fnph . Taml Bervies, 183, -1
Gelnis W V" 1P Lawd Horvire 1001  1s,
" atih o L Howiteer, Muek [ 108 a Gl
fimingl PL; MI.—"- 1904, 94,
f<Enith BL0. - Maria TV, —, Lagd Bervlen, 1ML Le Gl
=igra L, How taors 19001 99,
fotnely T, HewTizer. Boctlon Guow Dreifl. 9000 24
&7-inch GLF, Fixed Armamenis,  Lasd Roryieo, 1904, 1s,
A7 ckneli-] ¥, Fleald Avmomerds; Dhiecfor. 1900 34
-E':"—l'-ud'l.ﬂ.PJ!t.,m Trwvuiiln I:Il-rHEEH I-Il-ﬂ- Barvica, 1818, P,
Bl imeh .. Mpnindn. ek L 'Eﬂ:llmml. 190 1s 8o
ri_l-lll-mu'll anl A)E-fnck l;bu.vnl:ﬂ IIp.liJu o ih'.l.g:l.llu LA fHe—shea),

on Carringee. MG, l.'!h.nl v inlAstcy, FPampel @ amd Elnnr Mounting-,
e e e > B r { Cler rnh.ﬁ
Hti=inch Kowdenlalt B-\]Iﬂ'ﬂ'l gad Ganluir T-Iapesl edyorL.d from {I-I.-ln:h Bu
Ol AL H. (Mmmler, Megizing Kifle Chnmnieor, o Jarriages. 1 ('
EECORDS OF THH BRITIEH ARMY)—
Hurse Guarrdag 17th T [Iqwnru Ench fa
Dirkgucm Grards, rd, n,m..m:. Fch 4o
'I'I' ¥ J.-l. Iirl'lr IIH;. o, 1 u.u.ll Ll Each 4
E b, sl 1k

Cape :I'[L-'.qﬂ.rh!l H‘Em-u s,

Fuol, 0 Gih, @, 7ok, Stk 106, I10k, Dby 1hc 184k, 37EN, 196, 10,
wnl'%ﬂnlh.mmw :h.lﬂhﬁbu.iri'ih.'rm.'r o,

Dia. R4th, Hﬁl‘ht.?'ﬂth.nﬁ-ﬂ'm Enak fip. :
HIFTORIEE BFD. mmﬂwm
Eﬂ'!‘]islhgﬂ" MHI:I. Im ona wobume, da.
Ditts, _The Dragoces. 1d
Ditla,  Reviand
The Dk Walch
%l’.lm.m.l.rimk _
T'ha Brukw of & Wieal Tehilfng Ty nent.
i ot bvimchdss B
TE Tlegd BT A Taday, A
Thin Prir ..l]hri. h‘hﬂluﬂihﬁuhﬂt
ﬂml‘ﬂiﬂdﬂﬂﬂ Leturter i [Royas uanidiags),
T Privmes Tharlol 8 of Walsi's i Derrkekirn
Thio Felesss Lonis's Argyll wml FElghlsndire
Thnﬁwﬂﬂuﬂiﬂg[mhL
Tha Hoyal Walsh Funiliors.
lﬂﬁ!!m-mmrm. Kuning Sisfl Ragulallend. T'ee -
mrmwmmﬂwu FRUm 1700 TO
18T,

INFANTEY TRAINING. 1HIL 1. _

ANFANTRY MO™ TTED Traicng "L dd

INBTITUTES. Caerclaon axd Begimental. Bules for e Muassgfomant of, - 1HEL
INTELLIGENOY-DUTING IN THE FIRLD, Heme for, 184 2L

Lf,
EINGS BES TEATIONS . WD ORDITES FOR TIR ABRNY. 188, 1 &4
. { Ender revision))



MILITARY BOOKY pubiisked by dubherity—amiionad,
OPERATION mm A Torholsl B [linn vox Kimmwrwa, 'T'mmalsted
from the ormen. 1 I.'nﬂ,:r. r !
0L ICAL mv.u. or Handhool af Tuebreo foe for dhe pelilonne of Borgroos.
o lElon, 1880, 1a
Wulen o, (W1
ANCE QOLLEGE (nnd s@ Acitliry Qo =
il ol [Measee, Beperds o, "r:.rluuu. Eﬁh-{l.
) ovmamic b Mobes anc o Besold slltle O L
Insarn!. * sviss { Morenl Arkitlery) Muns vmeut snid Firdl Priselpien of Took-doaing,

O, (Rlelik. Teparie e, Vai o, Fash 1g
Heipuln) jime el & -
ORDNANOE O 3PB- Ay, !1I.HII|[I Chplima, DINOE. O,
0 IDNANOE MANTAL : l'-f
~HANTE, HERYTION. Tnl.nl o Soveoil adiflos,  1H0E, W‘ll.h_vq]nmu
lflﬂll-l;;{ 7o 8 Ameslusein,  Juse TR, Die, 19000 Bashi 1l Do D,

158,
JRNTLNOE SERVIOES. ARNT, ll.i‘uhl]r- Bi—
Paed ), - 1ML Fd if..‘:d:rrpn'dm}
Iilin,  Amesd waln, Do I0CApell A+ 15U, Jai,, Feb, IHEL 0 Badi 14
Pt TE- L00H—fal
IHb .ﬂ.mlrJu nts.=Jan, Falb  JwseOvlk, Tae 1008, March, Moy, Tuos, §
oty m'...:ul.l:ll} I'.|'1{I F'I.l.... |||||-J_|;[|1L Bl.e'll. id s oy,

TIX Jl.?:-n l.L‘ 'I|I|.i:i NXIX, July b1l Examime
iz amd Terling llf ! llnIJl-l i Mgval Bervine,  Lde
FPaTROL JTOAT EPROTEURITE 1 10 3 armn of the Avimy Makie] Tepmrtmuul,

ik Ty Deicris Frv (silnlogss ol | VPhEed Ealban.. Val, T, 'Hugl'lp W Atk
b L
= DOTIEA of Offieors tuomending  Bqeadeess, Tafterioe, O ule, e,
Thmlmmetiqoe. Aok =

FHYBICAL TREAILNTEG. Manmr af, 1

FrafdE-NiEEs mu O mm BATE, Nl ha B ane-
Tibemebow o, 1ML, =18

PORTABLE SUB-TARGET [(Hzrk I, Bl !Fu'«-. i e 1 44 porens)
POSITION-FIND B, Appllen uu ol ToConal [aktenlinl Bedua wy,  [00F, 24,
e e oo, K Thati bt i
o, T and= o men ol Ui T
Amdring, TRt Do oty Pt i e oy T ot
mﬂuﬂ.&m ERET: OF NIL .l..'l? m. Liai o,

Jir 1o B Sdiwiel  Moa) B ko 15 4d el {muaed by
I5|-'||l" ALY 'H.I.-.\Jh"ﬂ-

BAILWAY DISTAMORS, [rilw' llluuL.uipl TIi) daliehnie  IRBL 7o
RATECCAY MANTAL iﬁ".i.'l].

}wuq'.“ Cffiegru ol B, B Mﬂh N da e
o s ru i ! -
G FINE R Hunibooker— g
1‘41-r\-'w-'in Fiw Blevajud Batiiclor, Taed Bar st Bl A,
I 1T Aviemizssly, 18 .
Taldss, Aggeindly, I liriy TAnge FL 1L & Lslmimi il Mark TI®
Murindin.  Infancry-patbern, DA D, .
Walkii, leprludk - i Tasdisaetlne 1 anil o welil, BHAE Ie,

.-a..'ltll—-\i‘:l‘:l'b.l];ﬂ- FLELD, . Wikh YWakiin F:u'rﬂ Banigr-Tsadir mnl Tilemnei

Bl aryilRbais HALa L PN (" , "
- ML ';‘{u:__ %mn[—ﬂhﬂ Tudkrickives for thedlann wun

whll "o o

umwmﬂ??nrm mﬂMmm BFEOIAT RE&FT™ _ &,
Bernlntiins, - T - S5d. {E"m n'rnnqj

hlﬂ.ﬂl.gl'?l OF B "[‘il. m!m:r I'.I'H'I.'I'I. ﬂm
LABOUR, &e., 14 10" PLELDC ) Tustrnetsd® fir the, 1907,

El'tm!-;l.ﬁ.- Beaitlirrn hlu-iu oF lu:rt.lnnJ:mHFm:luu.[Ju.u_ I.!'l‘l!, a4,

RIFLE A N [T Lo L bty il slimcblans dnr - TUIE. Ml "

RIFLF BRANGES TRAINING SHOUND, AND MUBERTRY OCANMP
T I.h.]fk 'WFulhu'u Uarss Dolenoes). Huniﬂ.u Ordore. ' 1010, 24

||r£ T R Ty PR M/ w5 bar il
EatAN I:I.I'!.l..i'!' .mn NAVAL -rinu. byl U008 e, 0
GUDES0-TA FANESE WAR
Medinel 2l Snnltagy egarin Frl|||| @ Mdees agiaclindd 4o dhe Joponese amil Rusaizn
Pywrirs i Hie FIeeL 1L
Cifiginl Tlshier. Ihee ], illllmnnr 11e= ‘|'r LT {'l|:-1|-|1|_r]i-.m||.- np tennl funlalisg
Eliv Eliifie of e Ua-Rh, pisoieA] bl IHML . In L
Tark TL. Fraa e Talids of  the  ¥a<in |.|| Ligray, A
colmadvyy UHE - Ong Tant LIL The sk oot & riliny,
100, ke Bl Pt 3V, Theepng  B0RT &G Pario ¥
Bba Bl I9EL eyl
Lz 1sin q_'-:'«-.-nr 1R 1L||.'|.i| L' 71 e To Ajp. 4, 19, - Wilth mse ol
2o 1L,
:H.nlrnlrli r h‘mrliﬂw-{'rl..uﬂ aftanhing L e Jipasine gl Besalan Forees b tie

H-m-:u"?llla. “'L.|I I.wmu Maps {nod g
f ﬂl.&‘.ﬂ Ellumnl'l:??rdﬂ'.l .L]_Tli-
FPlak -
“ n'l.l'llhlﬂ m&uhﬂu 1 I.H

ite -mmunmsmw



ATELITARE BEDER, publiihed by Aulfnriiy—eonileoed,
ION ONDERS. A Techmiml Biage, brilows vor Hisosn,  Trenektod
from the CGermms.  1a-6d,
O "DOAT MANTAL, or, Handbook of Tairon fons tor the guidaeso of Srrgeoim.
s g AR I.HI!-L 1o,

Pl R e (ot w Astiliery Culle e
Ldvmi ||. [amiite, Heyorls v, Vissoiw, Faix

summi . Noea i Besond elitso o R

ﬂm.? Tl {H-u:'-l-l' Artillerr) WMamy pormd sl Ficsl Principles of Took-kesning,

Oiolmnue, Mofieira. . Biv 1rr|:ﬂ e Wi ame. | Barch 1o
Hllallrul:luur b L T - h r | o
TRDN OaXPE Lemy. u.n- Onlire. 10,
0 LDNANCE MANUAL i o il
! ~NANTR BSHRVTION 'l'r-.u.u o, Bereulh efidsn, 1900 Wik walzaoe
y lemu = Tefd - Amendesnts  Joos 1009, Deo, I000,  Bach Ld ¢ Do Do
IRT T AN CH HERVICES. ARMY,  Egulbii &:—
hr‘-ﬂ] YHE fd Lruuder o |
rl-"lt_tth LI?]EL ‘:;:url. B 19007 Apglly A= 1009, Jan,, e 101 Eszls 1,
[ TE. - -
Dt | b by wide, = Jam, Peb - June; Ged Tl 1908, Mazch, ey, Tuns, July,
ik ﬁr: 1mml']'|[ll.l} =I|.,J'|||-|-':I.l|:1 1l
:E.I ey il g A gl XXTEL J'l:'l:-"'-ﬂ'l. Exmming
{iun mlll l'-lrm: ol Comrdide B - Woval Sorvioe;
PaTHOL. JIOAL BFROTN B (i tie M ooums of Tie Aoty 'll:ﬂ'lm A Thepariment,
11-"' - o 135“"" i Catladigain uly Tlllrll” Fellblisan, Tl |-|'5, By F i ir W, ik,

i I‘.I'I:ITI:I:!. e (ifleers E‘nﬂunudlug ﬂ.iu.uhuun, Bxliscies, L o illes, 8o
Drnbimur o, 1l =
AL Manusted, o1

PFHYBIO TEA I NING
m_-mmr‘nuwnmm 0 Ao I“'HH HAPE. Tl bt T sni-
Tidiratlon of, IIDE <1s, =
s BLE SUB-TARZFET (e T, misld Thiser 15 aien L, O — T
FORITION-FIND “H. #i_:}dl.ul‘thdl ol [u Cosnt BatfvHed: Molig e, 1004 14,
FROJUED SEHE oy :
FROIROTION, &c. I"cm_p-tl'l'q. A TSt for use ul U TLAT,
Aoy, 'I":|.;r|. T.r—"l"n.'ll. ]"p,.l-l. ET. I, s,

FUTRLIOA 1E'I.lﬂll'l'_ ] mm' INTEREST. Liar nf,
Qumarbirly. H'nt o B Rel awlept U Mons B o 15 dd eek [ Dendimaed, by

'1 1!]. ABNMY DEVIEW
.m.mu rehue - Habbio al, THER sditlon,. 1504, T Gl
“..H.."I.'H' 'li'l.l{ ﬂ
WAYA II:LI.T .ﬂ..l!.!.x‘-'l!'ﬂk ARD mm ov,
Notea w,furﬂlmﬂ %‘F» Tindkwwy impsides. “1000 By, $ad
EARGE-FINL

Deprossion,  For T vkl Ialbegied, - Tand Bes o T Ldd

ool al b, Amepidnombe. | Lt
Thllis, Appemilisy Deprsssian, Regu Plublag e isesl; Mock =

Werimbn,  Infomey prttern.,. 1A, 24
VWntkin, CEegilath s o Dustroction M, lu.nlpur.-hlu Wik, ]“-Hﬁ_

.-..llilii-l‘ll'.lﬂilﬂ:l FIRLD. . Wilk H'ul.llﬂ Fw]'lﬂauﬁ-ﬁunh.r uu.rJ el
Haipdtdardi. 15901 &,

HANGER 1_I!II'.I'«J -'L'I.J..u." &_ﬁ,ﬂm:ﬂ(‘!ﬂhﬂ! lmabrupidonn for Lha Uoxs e
tian ok

ARORUITIH rmm mmmrnl‘nmmnw bl
ﬂ.- lathomn, « IBG0: S Ll.-nu-" rm.n'n}

HT BMIANTAL.
hnm:r. IONING OF I'U‘H‘Ir!ﬂ-, TRA TAMORLT, I".E!:lll--.l ANINATS
LaAR T’ il TN THT FINLD. - lestimwtions Gic Ll ].NT. 1d,.
BEWOD 3 ﬂa.l:lh-m n.mq.'lr 1 quatios consetuing.” Jua. !."'III.I. *y
BIFLE L ANGEN, | areand e grtioon of. | Tistenetfune le -1 fhaf,
RIFLT TRAINING GHOUNIN, AND MUAEETRY OAME,
. T uLJ."f wtorn oapl Delfnncen), Humuu.ll;nm LA E R
e Il-rﬂllﬁgﬂ.. glnlad ik Chis,  TIM, BRSNS
Emrxranmu Diguminary of, 1950 R, B4
'Fn.unan_u n..l;un

Medivut ol Banliney Bigeels from llHn'rn sbinoliod to bhe Fepanean mnl Ansss
Frioes o flie Finbl 1, fia

8cialalistiry,  Terk 1 Cosersof-tin Wor ting; Eretuds wp tooamal - tnsinding
e ISutbls Saf Blne Wi-li canul elitmn 19, el ihd, g
Pk IE - Pk e Ridtli ol O Ya-lns gy Tilseor_or,
oxpluefve, 10,  Se: Paxvi TIT.  The Bl ||I|..'|.|.‘l|.|.pr.
NG, e By Tubk TV, Dimecymg 19T Amg . Port W,
LRhwTn I01L W R

I.Hﬁfﬁ’ﬂ[- %‘{h"-'-l-l gl Millmer Vol ko Todmg #8100 Wit o gl

Hile

]'I!r-;|_|u.-||| Teurn,  Trrw ST OTMerrs abisebod © Uis Jagminnes alnd Toeslan Fofsis o fha
H.Irne"l"lrh--. ﬂ']lll Lo misew !f Maps i'l'\-ll' awll el i,
D. Faollog Opderd Appli-
ml.ﬂh ia '1..-5 ﬁ:ﬂm -ﬂ i Bxtinliry Plain  TJ15 P
I-'IE EWORD ENOT. Spsolfio-

l'-l'l mnmlﬂ Mutiwal sl
s {Einder revioin)

TH

al



HWHITARY ﬂﬁlﬂﬂi‘, publiaed by Suhoriig=rooiiuned,

Army te=
J H:ﬂll-ll. B [Aad e e Thig nme] Plell Bindsbing
rl.'rr othor !“n'-i.,, an Winds af sirptt Oodiirese B Aoy 177 =
H1E,

[ H1|l'| v, Elomewtery.  Hanflook, 00, Tl
Jn.{"rnu.si..u. LT N (Dwtr revisies :
Bl 1Hvgione,

Hinslng in. ALl - fak

Bramillee $3nditu u;nuprhﬁ.i“ wi b, Towsheen, 1010, Ml

b [ lams il Fxirmel s Mesgd wmind Ol & foress - o oflilabes hir

Tlidrl-lams Oyt fetes of Bbhimtba.  THEEL 34

BOQTTH, Trmining anil Useofl, | Livlare by Oulo 0.0 Qarter, 19 . S0
EBORFWE  simuinml Desllog  Provilos “wal, fow Berrw =it g u-llﬂ- Tiqe ol

Ceibminifdies, LM% la

AT OO, ul.. 1806 O owoli. with Case of Mapea!  aome |

Mo, ED 4r,  {Thith, B4

iy

:._?'-l. 1|'Il.mll'l|:11l'ﬁ'm £ 8 ¥l T TR W

(TR il 1.1“. Brtllh ey O milima.  Tiis
ERW AL N, I 'I‘nummr [ TJ.uth.h-r Hﬁqﬂ-ﬂl ul ol LWeg, L
BIEGE OPFERATIONE in the (st o paiod b 1.-:-, 10§10 o Ves Fedbsmane).

Trauslinbod, *de, .
IIE.I.II..I'.IH:I. Poiiog Maowih 200 Eraptiebel, WY . T Bar w4 o My 1,

1M
ANMN, Trek Tonle, THEL Wl Tabiten, i,
BMALL WARSE *Thrir Peinaiphen an  Proctior. Thind Blfthn. 1. Brpeiun

e,
bt LD ‘H‘I‘mlm . BN, Vel L Oeoge. shlesl, Deo spiico,
Uit i, LA, ialhdal Mlstors: Vol L 3= Waol §
WAR, 16081700 —

EOT AN
M guEniiiE,  TH YRl
i, "III il I.-!ulﬁl‘l;lnl EH: [lisparindr T * The Jumrual f
o hrm ! e
ﬂﬂ:ﬂ 'ant-u‘:l r_lud.-.u. {Exlranisl Frim n’rl..; .r.;a“:-utd
l..uu:lfu . Ta, i, :
Tﬂl-mlﬁ m
whill ol e Sk Wieasndisl,  Hiport f e O tenl
 eiah T Cren nug:umu" Yooz, oo :
mﬂmmux N 'ﬂ.ll. gl 2t < b 1d
OFFICERR,  Insdrocfimis ml i E.l'rl vl Traic] godote - il

1=, 1k
Iln.‘i p-#liﬂ'?m ftwr THE SFBOTAL N2ELRVE OF
YE. Fr wishinml.  Hevised

B;.'.P'H]I Tﬂmﬂﬂmh%m‘;mﬁ+ ?I'um.r:. l.'l.l'

APEOEA MEHERVE swuiml e dugglemesnl 11..
.n‘uI lh-u Aw_ﬁm el e Seheme ot Wikivis, 1 Hpscial .I..l: b
Iﬁ.

EONFEME Fulk THE FROVIRLOW R m&m ,M!fl' THATNIRG of
thwt wlcded will hm'l‘maﬂﬁ"rnﬂﬁvh‘ = fit gnggidement thi
't s Ml smlom Ucloag ol (g o AU, Sov, 80, 1908), .

skluna 10 o wpelnted wiflh  Amondinesis

Naw, 50, 1Mk
-ﬂ.ﬂ'r ‘MI Ik [ ]
et [=itn h'-ll"[ ..-h:':. Genoml | ieivoctiona; anil Bee, 1.
ﬂ.ﬁ{:hﬂﬂurﬂ. T -.!l'r'lr'll'reﬁrr_j'} Pumrll 1380%an, 1805, [ Nepristes,

BTATIUNE I UNITE OF TLAE ‘m
SFECIAL RERENVE, AN m&ﬂi FuURCE, l.|| « il

"wm Tvr |.1h. '“' ilh= aps] hh* Ar|ll J-n,

HTATUS Borreinry of hb e ]’Ili AT
Moo ment al, ‘iuﬂunud Alpiupramln: L. L

STOREE wsnd Im LM, Berviee. Priosl Veeabilary o Lasd Sers < Blois s,
Hurew robises G Lani] gl Bevpl Servioey, 99—

Tort I La L ﬁ:n P

Tilbis  Amenibments, Ol T, iy, L [T TR
Tuky (01l ek i '

Purt [ Sa

Ligren aamemdiinnia, O, 1”. dine, Ayril, Dol 1074, Jan., Agel,
Jube 1000, - Laf, miache, e ol

BUDAN ALN AN 1L gl To 18 Turell e .T.Il.[nnnr- Cidmi, £,
BULDAN. Thy Augle-Ezypilae A Do il il Iifferres oo -y Briilan
Uiy erpdinml j—
Yol L H-mf.lq':ll.h-i.l Lty dwee ulnl :Illpm"l.u-. C, ey UI-. “w Al
TiiIL 'ﬂ-']rlﬂ g Tl {“I’I‘F ﬂl Vil el
i be. o T fur A
1:H.I‘.'.w.l.u.ll ll Hl.iu"n- Lrhw]lr:;rln'li IIIh-l.lallu By I; ‘:'ﬁn ﬂiﬂ:::. ¥
i I
el o B Sl 10, Pabr-d-Glass], - VIIL
Bartdidni, TN ¥ rlrlh.-WHIm Bngdan.,
Divis Clapder VL Bopgdessend (A} Dabr-el-Gbeml.  Additinoal Boites. B
Iy



HrniFaEr m:lr.-.'F-r,uuuh.r by Astbansilyp—eontfumsal,
EDAN SAMPAIGN. m,.-s 'IH"' |-a.|hu= gl Mags, :H'-r. s
:&m‘llp ‘.I'.I.I.Ii'-l!‘&l l.l..'ﬂ.'l.ﬂl IIIWIJII.- Riggulal i,

TR . “Aigund ||J~.|'h,f1r |h.l||]_r:-|.||. v Mexh Peam il MK .1.-'. 1T,
:-'Ilsu. '||-h lx & T dilew Lot Phigf*n ifrart Dot ol EdewblitiAes Bor Aguar—s ol
3 il r l'l.‘ll%lllr 1 |‘w1.l minl for snunivs of 1° sbEj o sauli
| 14 125 1 il e Trliliss meesl fn :--ml-m: Maps, Ao,
!jllr.n. '.|||u |u|t: wlilis the Prajoaton of Uiratlenles Jor maps om
: i T Tl T e
BWEDEN F.TH B'IF Y. E.'lnul-' iy Mailieuk, 1M s
o A T
ND TOURS ON THE OROTNLD:, The U'reperation
Akt Fruin 1hil.“|||:|l'hm:.. 1o Sl
FIBLD. lipskroeHan o Taplee aml Mgiatiinesg
i v

ONT. A i Piwstiiiflini  Fiis Yol L
H I i
H} H T il Bmslemprifund Tie tlio B il
.-nqmﬁ;:m BTl EENTTIG [T
= B ik Ll Borvios, 1L il
,ﬁm o Fagidjuuneiin ¢ Frbatdishimiende) s—
{mt- o] Caded Tnituwhich hava pioodys] Qifirsal paviigaiting Trim
I rhe

Himdeinliting tﬂ idl
|1|'|n,. ulaliung ypueernlige the  Feemalios, | Jll‘ll:lnll A
{‘;‘nlmnmmt_ |I|‘:I' liy L‘\Hmr.:. Agsordiilnn® [Tennd wiik Ir'|ﬂcl.-1!‘.'ﬂ. LER e

L1V A ]

[ L T T
mnilssling i l.IJr_'* r|||-|. in I'hl Terrilciul P !,.l“n'rtr. tin ulitrls n,
P Ll | -
JI|I||||||'|- iy 1'1.' L||| rur bt prggeesed il HIE fiewey Vel Hjpeer i1, Mt 31,
THIY, yvin I\.Hlllﬁlu"«'ll H'J Fhilis |Hu| -'l-i‘l.l 1801 S
Exgsmpiiion Trnn Jhry Borvus, 8 3
Lagiogh c—Noe 1o Pl s hll*]‘ﬁhﬂmh“ﬁl Mis, .."'ﬂl-'rul-l r-rl"lllllilf-iﬂ-l
I Bk Moy |q_-..-||l Bl Fisgee] Il Y e mmiibrys  Tal I1||']|I 1] |f,||II R TS T T
TLa, jo i -
Cirgreniealhog nink Falalidlslouimnt, H"l“ll] Jaheharel 18, 'ﬁ“‘l". =
Tersznlunt b Tor o il il AT TR TSR L] TR = S i’hfl.'l' EL T I
Wi, aBanlinka el lrlih#qwl.d hal Moy 28, I"ill':. LI
L TR 'i‘lr thee 'rmnelor TS0 11|W‘q|l| ATThlhery ol vnigsing, Lhio Fiiijaertal
L "'"""I..-'\- i I||.-|r3‘|.1'|l.|| T TURLY 1'"\-' : EII“|I i |l:|.||l|;r rotgankeslinn
mte e TrerlBacial Fopnos -k s Teli LR 15, A
'H.rlllll- salMny ||r\-||l|||||. . A FL.- ..1 P
&ll.—l’l il AMnfls mf Ll ?-|Iudiu|. '| i, !l.l.l.ll.\.l]q“‘ """‘. L _HJ.UII'..IJ.I.‘ Ll
4l ibitei]l Xareh 10
|'i.|||||||| Emeclal 2. U.':.hlllil H ll.l'l.'é. o 1
Wellpneary AN ey
Qi Tur B 1.I|1n'u.-ulluu--f b Bngleml a0l 5 D 1000, 30

Traluingr, K Matrcte Fre=-Mmlisal Carpe j!"ll '1_".". Vriduki 1"'
z \-F':J'I- nrE

.ﬂﬁi LR o T 1l 11| ST TR bl Sleidind
Trausgect Codmmalibie gk N Llerplefsbopt gl 1900,  Repwrbon, el

Ty m"ﬂ VEE REGULATIONS. 120, 4d
kR oo oLt i F000 . Mol TNEES Wk 10
T DANT. -;EI--P '.x. I!.-lF'i i | e Prndabnal, i

THE_EII!‘IE. ROHR © Ha Am!uhﬁlur".qﬁ 1
Sl sl
EUMFPET .um LE SOUNDE | - " M. Wik g it e W, thss

TYPHOTS (ANTE TL""I“ Eﬁnﬁk“ wh Bl v tusl s

. dlloedniie, 1'!. Hl--l- Lipstitbat la, £l
'l.'-F‘ﬁ"'I e L Wﬂuﬁ: W-I- Ludairuaptlipg, - Bl ) el Wi,
HIMER.S ‘T

CanhLIss e b mbil Ay, i, oL,
Imarguit iy bir Bl -
H 1 RE L B LT "|"\.1|=II;. IIIII:'\-I-.II.'\-Er m'; il
{.._“.l-vmw;m_u-n._ Ui
ALPAHAERD et pdiane ol Jin 151, Las
: . fingalislic] . Tluis,
%

CORPHE,. Armyi—

b |.11|l||||r YISTTEES - . 1och
r ir Irl.-' Unlers 190, d,
“T mﬂm Lrui Hezulifions, T D
. 2 AT, Terratential Praa
.i.' i mmfuﬂ“ OIREOTORY FOR THE
hINH ; ilx R.ll'l! fy flerighou | o, A, ol Ball,  He wits
"ﬂ".l':' N

1a.
v His Beganliig (0 Menagemest and Tacul, 3
A - p{‘ Tiefierviat i qoerps iy, WL G Map, Bl TADL - i
PULY W BTE. Narn biveul B |"Irl.-:l AT AT T gunime®ial with the, [Rs).
[l

-Tl?jlﬂ:ulhu' My i






