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NOLES ON DIRECT CURRENT FOR ELECTRICIAN'S MaTs II.

a1 :

The Bleciric Current.

Bvery asom is composed of a ceniral nucleus of positive chorge,
around which revolve @ nwiber of negative elecirons, Ycrmed planciory
GlectIons, In many subsiances certain of thesc planciary clccirons
ore nos very firaly bound 4o their porcent otoms snd so are frec Yo move
from cne asowr S0 another. Such ¢luctrons cre colled frec clecirons,

In o substonce coniuining maay fres ¢lectrons, coppsr for
exauple, ~n interchange of ¢lecirons busween “he atome is convinuslly
geing on, dn guitc o hophozard manner,  Under She influcnce cf a
cersoin foree, onllad s Difference of Potcntial, hovever, tho clcotrons
are osused $¢ move, no lenger in all dircoiicns, bus roinly in one
pardiculer dircetion, and this conatituves = cuwrrent of cleciriclisy.,
Thus =n clecirio currant is merely o drifs of elccircns wainly in She
sone direction, and under the influcnee of a diffcroince of poteniial,
T+ is *hc difference of poteniicl which determings beth the strength
ond %he Airection of the currant,

Currcnd iz dencked by the sycbol I 2nd is meosured in amperes
"
(oxr cmps.) by an Lmneter,

{CUu -
18
517 S,

& currens of 1 Awp. is a flew of clectrons ot the rate of
per scoonid,

o

o

Difference of Potenkicl is donoted by %he symbel.V ond is
measured in Velts by o Voltmeicer,

OEM'S LAY,

Thiz lov states that the rotic of the differcncce of petenticnl
betnecn fny “we peinds in o cirewit, Yc Yhe current flowing, is
congtont, provilel thot Tho SviourieusysrenainsschoTgomt, This

arnst nt isg enlled the Resistocnece of that port cf She circuid,

Resistoneo iz dencted by the symbel R ond is monsured in Qhus
by 2 Megicr cr by 2n Ohmmater, .

Ohm's Leni eon be expressed by the follawing three formulae :-

» -

V v
Ri=maiis I a- 3 ¥ = IR.
I R

The three cxpressicns con be cbinined from She dizgroa (Fig. 1)

Fig. |

-

Conluctors arc shese moterials which offor 1i%tile oppesiticn to the flo
of clocsricisy, e.g. meisls, allcys, clectirelytes, ocrbon.
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Insulators are those materials which offer great opposition to the flow

of electricity so that proctically no current will flow through them,
#.ga colton, rubber, mica, bakelite, porcelain, agbestos,

Laws of Resistance

The registance of a conductor depends on ==

Its area of arpas saction,
¢) Tho material of whish it is made, (the specific resistance).
d Its tenperatura.

Ea} Its length.
by

Spoecific Resistonce of o substance is the resistonce of o pisce of' tha
materiol ona inch long and one =guare inch in cross section, (Flg. 2)
Sorotiles oontinetye vnlts are usad, -

Neglecting the offect of (d) atove we hove :=-

R = —l'r‘:
! ~
radistonce in olma (n)
lenzth in inches Fig.2
specific raslatance in ohms
cross sSaction in Square inches,

whera

TN
.&Hh’

Exrmple :=  Caleulste the resistance of o copper wire 1000 yds. long
and 0,0012 8q. ins. in cross section. The specific

re¢sistance of copper is 93&?: chms per inch cubo,
B = CJ.E x 1000 x 36 = 21 _olma, *
10F x .02
Eftoet of Tulpuraturd. - e iy, g

In senersl, ths resistoncet (R} of a conductor increuses with an
inorease of tomperatura,

The increase of resistance with rize of tomperaturs ia given
b}" Hoct.

where of = the temmerature osefficiant.
t the rise of temperature,

i

Examplo = 4 conductor hos a resistance of 20 ohms at 0°C.
Pind its resistance at o room tesperature of 259C., the
temperature coefficicnt of oopper being 0,0043,

20 x 0,0043 x 25
Etiﬁ- :‘]'ETIE

22413 ohuia,
With aome watorials an incroase of tempernture produces & deeransza

of' rosictance, These naterials are sold to hove = nagative terperaturc
coeflicient, e¢.g. carbon, dilute sulphuric acid,

Inoraase of reaplistanoo

New resistonoe

Cortain special alloys, e.g. manganin, eanstantin, have no
torporature coefficiont i.e. the resistancoe remsing esnstant over nmornol
ranges of temorature,
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Multiples and Sub-Multiples of Units,.

Moge msans 1,000,000 ulms, Cefe r:x,oo‘m. (26) .

Kilo " 1,000 e.g. kilowatt (KiW), kilovol: (KV),
#illi " 1/1000 of 0.8, millivolt (mVv), millinmp (mh).
Micro " 1/1,000,000 of e.g. miorchm (u._1), microvolt (uV).

Registances in Surits. (Fig, 3).

when soveral oonuu %tors ore jeined in series, thot is, so
that the whole currént flcvs t}‘r‘l\,h ench, their tctal resisisnce is
%*he sum of the mpm%e resistonces,
A AA A s
- Ry
N Rl R;

Total Resistance .= R1+R2+R3

Fig.3

Resisvoneesin Parsllel. (F‘ig. 11-)-

#hen conductors are arranged so that ecch forms o separaste
path for a periion of thc teval ocwrreny, shey ore stid %o be in
parallel. Their combined or jeint resisiance (R) is found by %he
formula :— I

dgaguiggeri il T 1
By R1 P.2 Rj o e =

Fig.4
Exauple := Find the %4ctcl rusistance when three conductors hoving
2.rL, 3.0. , and 5. resisioncs re jpectively cre joined () in serics
(b) in poralicl,

(2) R= 2+3+5

10 chms, (;—’,I’v:z'.:tug"

b) 1 1 1 g e B = A
( ) .i.:: -z+-3+-§—':j—o R=-;0—1 o (._f"‘Su 988.13‘%0)

If = nurber of resistonces in parallel have the same value then :—

Reszistance of one
R =

Number in parallel

C.Z, Find the resistonce of 10 lamps jeined in poarallel if & the
rasistonce of each is 500, chms,

500

R==5=

50 chms,
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FOuER,
Power ia the rote of doing work, The mechonicsl upii is the
Horsc Powor, agual to 33,000 £t. 1lbs. per min, ¢.g., o 1if: of 1000 lbs,
shreush 335 £S5, in 1 oin.

The alecirical widt of power is the WATT,

: ihe power in on eleosyrdical circuds de given by 4he produst of
she ourrcnt ond the D.F.

F = IV wtis,
The relacion batwsen vhe mechaniensl and the eleciriconl e 1s
Elven by 1=
iH.P. = Tt wntts,

ENERGY.

‘Energy iz sho capacily to de work, The electrical umit is
tho kilowati<howr (K§H) also knotm ns thoe Board of Treds Unit.
1 kilevmsi-hour ig the power cxpended when & power of 1 kdlowoii is
loft vn for 1 howr, or o pewer cf 2 KW for &+ hour ofo,

Exompls ;= A rodictor tokes 10 nmps. from 200 vold modns.  Whet is iss
power ©nd whot would it ecat te use it for 6 hours of o chorpe of 134,
Por undis ¢

Current x D.E.
10 ompa. x 200 vulta
2000 ymitts or 2 .

Fowor

B on

Encryy capendod Irfhmimyiemafumesdie 8 Klllocr. 12 upits,
het =2 x 134, = 1s; 34,

Thoe sluple oell meat widely wused where small ourrenss =rg
required feor sherd poriods is 4he Laeclancho,
Pusitive platoc = Oorben Nogeslive plate = anclpamated Zino,
Evvdting liquid - sclution of amacnium chleride.
Dopolorisor - Moangonesos Dioxide.

The volenge generoved by chomiocal moticn is obount 1.5 wilis
and is Sormed the BLM.F. of the cell.

Dry Colls org Leclanche cells in which the oxeiting liquid or cloctrolyta
is Sbecrbed in o poste.  They ore secled 4o provent the paste from
drying up.

Inert Ceolls ochtain the some matericls but require 2ho additi-n of
WOoLer priot Lo being brought inte use,

socohilary Jolls or Accumulotora,

In tha simple cells chomical substtnces src uged up 42 provide
& current but 1% is possible o store up elooirical encrgy by chonging
it into chamdeal echergy which can ba reacnvoried as desired. Such o
o¢ll is the Lend=fAcid Accumulatcor,
Popi4ive plafo - Lond porcxide Nopotive plate = Load,
Elccirclyte - diluve Bulphuric Acid, E,M.F. = 2 wolis,
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ltlokel-Iron Aoosumaleter,

Uaen lighier than the lecdeacid oell. FBEoth plates gre formed
on aveol grids, the poaitive contzining niokel hydroxide and 4he
negavive, sponzy ircn. The elecirolyte ls caustic potzsh solutiob.
E-I}'[I'Fl — ﬂl}:u‘-:- 11-:? 'mlt..‘_‘-..

£ similor oell used in the Service iz She Fickel-Cadminm—iron
accumulator, It iz preferred to the nicksl-iron for certein Jork
becauze it melnteins its cutput &f low temperatures.

Internsl Resistance of Cella. (Fig. 5)

The miieriale of & siaple cell hewe sn spprecioble resistance
and whan ourrent ia Jlowlng thare is a loss of wvolizge through this
resistanca, =

The terminzl voltuge (D.F.qp) is <hen less then the E,M.P.
Oonsider a cell on open
circuls, Connect &
Tolimeter S0 1ts termintls
and teke the recding (aey
1.5 volta). This messurez

|| the E,M.F, of %he cell.
i If now we oconnecs an outside
oircuit the volimater resding

will fall (totsey 1.2 wolis),
This resding mansurer the
AANA serminal D.F. of the cell or
she volis uzed in driviog the
Fig 5 current through the exterpsl
circui<,

e pYHET |:'.j3I ToiTs ig used in drivine the ourrent thronoh the
s

coll on Rooount of its internel resisionca, Aocumnlatora hoava &
very low internal resistonce,

Copacity of an sccumulétor iz moasured in ampere=hours. Thus an
feaunulator of capucily 100-acp-hours should give s sieady current of
A amps. for 5 houra, but it iz moat unlikely Yo give 100 amps. for

i hour,

Cells in Series. (Fig. £)

; The E.M.F. of & single cell is alweys
suall and thereflore & nuzbar of cella nre
fraquently connscited fogether to form =
battery, If 29lls usre connecief mo that

@

the posltlve terminel of one is joined fo 2 =
shoe negetive terminal of ihe next and \7 =
20 an, shey ere s:id io be conneoted in

series. Fig. 5 shows the circuit of a
Saprvioce torch in which the batiery is i
codposed of vhree dry cells in saries.

= 12 ususl 9 n=ke B hatt{-,r:,- by jolning Fig &

gimilar oells and, if these be connected
in zeries thep -—

il x nunker of oellg.

E.IMLP. of hﬂt'.::r}" = B, of cne oo
w8 wnd therefore the 2P,

The E.M.P. of o alngle dry cell is 1.5 vol
of o Sorvice forok ls L.5 wvolts,

s
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Gells in Paral 14'_1'.

In this groupiog all the poaitiwve platea are conbected toiether
oralng a3 it were, one large positive plate. Similarly all the negetive
plates are joired, In this caze =

E!H-Fl ﬂ'\f battﬂr:,'r =] EIHI?I ‘:'f Gl 45 Eﬁlll-

Bxample = TFind the strength of the cwrrent from ten cells, each
naving an EM.F. of 1.5 volts and internal repistance
0.2 ochms, through an externel resistznoe of 10 olms when

the cells ars joined (&) in =zeries (b} in parallel.

(&) Scries Growping (Fig. 7).
Ir" ) ] =EaLF. of batiery = 10 x 1.5 = i5 volta.
LICELES Resietance of battery = 10 x 0.2 = 7 orms.
Total resiatonce of edreunit = 2 + 10
= 12 ohua,
[[=F's] A
AAA Cirront = L,__Z = 1,25 Ama,

Fig.7

(b) P-.w.u_nul Growping = (FPig. 8).

E.M.F. of battery = 1.5 volts,
Resistanda of battery = %—'ﬁg = 0,02 ohms,

W CELLS
Total resistance of circult = 0.02 + 10
- . . = 1‘}! Q-E e 1 Y
e dadic o
l%ﬁ&.ﬂ- Currens = 10, :IE' = ':r-l. 15 - o

Fig.8

Whestatona's Bridze,

If two wires sre connected in parallel and a currant passsd
through them, then for each point in one wire, there axists & point in
the other wire at the same elecirical potential, IF thess two points
bo conmeeted by & third wire, no current will flow between them, Thus
in Piz. 9, if D 45 at the some petentlal as C, no ocuwrrent will flow
through the galwanometer G, (A golvansmeter is an instrument which
indicates the presence of an elactric uurrent}. =

Fig.9

When this podint of balance 15 obiained, then
A

s R e T

Reaiatance of AC ;E-T:nl::t:ant:,: al
Ramistonca of B0~ Resigtanca of BD

This principle is used in the Fester Distance Thermometer, the Evershad
Bearing Indicator, and the Bridge Mezger. :
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MAGNETTSM .

saznetic SBubstancos such as iron, stesl, ndckel, cobali, are capsble of
being attracted by o magnet. y

Poles of a Maznet
=

These are the points near the ends of a magnet ot which the
magnetic force of the magnet appears to be most greatly concentrated.
One ia North-seeking (N), the other South-seeking (8). = I% is
impoosible to isslate either pole of a magnet.

Fote :— Repulsion is the only test of & magnet.

Moleoular Thoory of Magnotiom

Kecording to this theory the meleecules (the smallest berticles
cnpable of adparate cxistence), tot only of & magnet but also of
wimegnetised lron or stesl are conplete megnets themselves. Befcre a
piece of ateel is magnetised these molecular meznets are assuned to be
arraiged in closed magnetic chains, No externsl signs of magretism erc
shown (Fig. 100, The actual arvangement of' the molooules in fhoso
chains 12 not known but it is vossible that they arrange themgelves in
groups aa shovm in the diagram, ‘When the steel is magnatisad ( by
dtroking with & magnaet or by mesne of an oloctric ourrent), tha
molacules are rotated until they are forred into parallel lines with
their N poles all in the saue direction (¥ig, 1),

1 :IE_:n n -"> = 2 Z :Es:
Al kil {"}?{ e e, e e
Ay AT = e il e
S -____..---q-—'n:h"'ﬂ"""__'_'_ R qu_it__-__ =

Magnotic Saturetion,

When o plece of steel is being magnetised thoro cames o time
whon, no satter how you may incroase the nagnetd 2ifg foree, won will
be unable to make the ateel a astronger magnet., When this paint has
been reachod the steel ia said to have reached o aiate = masnatie
saturation
fiota ;=  From the theory abowve a1l the moleoules have been twrned
parzllel linea, T

Mashetic Induct ion.

Py simple experiments wo may shew that a picce of iron will becoma
magnetized in tha presence of a magnet., It iz said to be maznetised by
imduction, -

Note := 1.. Inducticn precades attraction,
2  The inducad magnetisn depends not ordly on the distance
batween megnet and iron but alsp on theip rolative positions,

.—t.r-
L =

daznetic Fiolda,

The ficld of & megnet is the moace awrrounding it 'in which ita
influance ean be detected,

AlLine of Pores is that line along which an imoginary isolated N pole

=
would meve i free to do so, {The direction in which auch & pola would
movo gives ita positive direction). ;



Disgrems of Magnetio Fields,

Typacal diagrams of magnstic fields are shown in Figs, 12 to 16.
Fig. ¥3 illustirates the distortion of the field of a straisht bar magnst
when & piece of soft diren is placed near it. (Mote - magnetic induction).

@

1
I
n
z

N

qu. 13,
I
ol
Fig 12. !\
\
S

T

- Fig.15.

22
P

Fig 14 Fig 16

Magmetic Properties of Iron and Stecl,

il ———

Sort Iron - Can be magnetised wvery easily and fully, but loses its
magnetiam quickly, It is sultable for temporary or
gleotro=-magnota,

Steel ~ Cannct be magnetised so quickly or sc fully as soft dron,
but retains its megnetism for a long tims, It is
suitable for permanent magnets.

Cobalt Steel or Tungsten Stesl,

These are speclal magnet steels, which can be magnetised wvery
strongly and retain their magnetic strength for a very long period.
They are used to make strong permanent masnatse for use in instruments
ardd magnetos, £



-0 -

SLRCTR0 MAGKETIS.

I o compass needle be vlaced nosr o wire carrying a current,
the needls is seen to be deflected from its normal N-3 position, There
must thorefore be 4 megnetic field around the wire caused by the current.
Experiment shows thet the lines of force of this field are oircular
and their diraction con bo found by applying Haxwell’s Corksorow Rula
wiieh i8 as follows ==

"Inagine a coriserew belng scrowed into the wire in the direction
ot the current, Then the motion of the thumb will indicate the
positive direction of the lines of force®,

Ficld due to o Straight Conductor carryins a Current.

This is shown in Fig. 17 (current away) and in Fig, 18 {::u::mnf;
towardn),

Pield due 5 two Farallel Conduct ors carrving Currant,

This is shown in FPig, 19 { curents 11 the nase -E.irr:ctt-:-n} and
in Fig, 20 (currents in opposite directions),

e ‘_.F-i?ﬁ.. Rl S qu .H

1

' @)}j{(

Fig 19 Fig 20

Magnetic Field due to a Bolenoid.

Fige &1 shows & solonoid and the field due to the vurrent. The
solenoid will have some of ths properties of & hap magnet and the nature
of ita poles can be found by the Rizht-Hand Gripping Rule which states :1-

"Grip the coil ir the right hand, with fingars ir the direction of tho
current and thwmb at right angles to the fingers, Then the thumb will
indicate the N pole of the solencid",
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FiC. 21

Megnetic Strensth of £ Solencid depends on :=

() Strength of current
b:l Numbor of Turnz

1) MARC wcleadon of Ml Ve comt w wadi .
The two factors, cwwent ol mmbar of turns, are multiplicd
wogether to give the muber of mmpere-turns, Thus 2 solenoid of
50 turnd, corrying a currsnt of 3 seps is 5aid +a have 150 ampora-turna.
If the eorc of 2 4018noiA be composed of & masnatie matorinl

1%8 magnotio strength is very much incrensed, This inorease may be o
much os 1000 times for the field of a dynaio whers the core is mado

of spacial soft iron,

Usas of Slectro—angnets. (Fig, 22).

Bolls, buzzers, telephome receivera, ficld masnets of dynamos
and motors, magnatic cranes, eirewit bre nxers, ralayvs, averload and
reverso current trips ete.

Effact pf Air=liom
" c— W -y

=agnet and an armaturs, and the pull of the
magiet then measured, show that the stren
15 geotly weakened by an 'pire ap ',

‘th of £ha electro-iagnat

Expurimenta with suiteble spoaratus in whioh varying distences
are rade between an selsctro-

With the spparatus shown in the followins flzure, the aloctro=
magnet is allowed to attract the larye piece of seft irok C which moves
horizontelly in the guidos F,

o arey is measured by the

The pull necessary to drow the arueture
spring balance 8, the pull being taken by the
Tixoed peg D.

To demonstrate tha effect of the airemar
varying thicknesses

gap, vieosa of poper of
are placed betwasn the pole pieces nnd the mrmoture,
The pull=off iz thun measured,
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A

FIG 22.

A === U ghapod scfs iron.
B - Ooila.
0 =— Soft iron ormatura,

I} === S%0p,
Hezults :=

Currens in Colils

E === Ripgid Block,
B oee Guidos.
S —= Spring Balsnoe,

Nos of plecos of Full roguired,
Faper inscreed,

£ Ams. Mo 32 1bs.
1 2 1
9 18 "
5 g I
-— ' P 5 1
L ompa, Hene 37 lbs.
1 jE L]
2 Al
3 18 ™
I R
Wote := A ourrents of £ amps gives o pill of 32 1ba, ~ Eoghe ba

oxpoctad that o currs

nt of L amps would give 6k 1lba, instend

of 5/ as obove, the nusbsr of Surns in she ocils meumdning

SHe aomg. Thiz iz &
mogrnes rocohes o atat

xploined by the fnobl thet the olootro-
g of mapnetio schurttion when on inoreso

in cuwrrons will not give an increcsed pull.

INSTRULENTS,

The Moving Coil Instrument. (Fig, 23).

If c ooil bo suspended fracly in the ficld of - peroenont mognot™
and if now o currens be possed chrourn the cepdl <here will be o Curning

affcot oxortod on =ho eoil.

This Surning cffoot doponds on the stronzth

of “he currcni in Theé coll and Shorofore this prineiple may be used to

mesaure tho ourront.

Tha magnat used is of

the horse-shoe type with shaped pole

picces and &n iron cylinder fixed between them, Tha ooll moves
arsund this cylinder and twns against a pair of hair-springs whiah
alag sarvae to lead the ourrent to and from the coil,
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imtonse magnetic field the mmbor of twmns reouived for

the opil ia omnll, Honco tho moving parts ore light, the instrument
sonsitive and the power absorbed small,

A8 the field in the alir-gop is strong, the instmaiend iz little

affeocted by stray ficlds ond in 2ny case, the whoele instmment is
encloged in on iron case $o shiold It from exbernol moagmetic fields.

Diaodvantocns,

It iz romorkably doad-beat,
Tho ocotdon ls not slugpizh.
The scale 13 ewvenly divided,

1. Wonkeming of €the springs end mognet with £3ma,

Cam only e gontoatad in 2 alreuit in ona Wiy = nonoe norkoed

tonminnls - wrong uwsnge bends pointer.
praciutions oy bo affected by choange of temporatioa and
gtronz oxternal masnetic fialds.

b

] g

oan be

= Dosrits

Balance '"iighli-.i

usad only for D,C.

_-Alaminium Tubg

POINTER

ARRAMNCEMENT QF MOVEMENT OF

MC INSTRUMENT.

DIAGRAM OF MOYING COIL
CONMNECTIONS.

e

Steel Magnel

Saft lran

2

@

Steel |

e

Led

“Brass
DETAIL OF PIVOT

ARRAMCEMENT OF MACNET & CORE

Fig 23



The Mowing Troh Instruiant.

(a) The Attrootion Type (Fig. 24).

FPOINTER

=i L

DASHPOT PISTOM,

FIC.24. {ard Angle Prnu:unn.:]-

[ha Attracticon type daponds on tha principle that a piece of
iron tands to9 mowve into the strongest pert of & magnetic field in which it
may be placad. In the Fig. &bove the coil C carries the current

which 1z £5 boe measurod, The pisce of iron I is mounied on & spindle
which carries the pointer and a gravity control consieting of a bent

arm to whicn is attoched o piston moving in an air dosh=-pokt, This

device rendsrs the instrument dead-=beat.

(bJ—The Repulsicn Type (Fig. 25).

SPRING

e
- 'Fr'

¥
i

COoIL

L]
1
i
L

L}
1‘I.rl

i
3
)

.".”

LR T
L] i'lf‘_

FiG. 25.

arranged inside the circular mecnetising coill Ons pisce is attezched to
the spindle, the other is fixed, When current flowa in the ooll, both

pleces of iron are similarly isnznetiszed and the movable picce is repalled
iram the wide to the narrow end of the larger fixed pisce., The movomant

ks

is econtrolled by a flat halr-spring.

In the Repulsion type (above) two shaped pleces of saft irsn are



Advantoras.

4, Robuzi constructlon, ohesps ;

a-  Wo ourrent in the noving porks, and therefore Lthoy con be builv
to carry the whole current in the fixed ardl.

%, Con be used for A.C.

Disadvantagcn.

1. Toendcnoy toc rend Low,

2, Soale is not wniferm - alpaely orosded et low roadings - olose ogein
st upper roadings. _

3, Influenced by cxternal maghetio fiolls, (iron ocssc o minivdse ciiecij.

Bffeat of a Curreni=cArrying Conductor in & Magnetio Plold.

vhen & conluchor carrying & cirrans is ploced in 4 mopgnotic
£ield, across the lines of forca, it expérisncus o foroa tonding to
wve 4% aoress She fiold., The dirdotlcn f this fuvrce oon bo found
Prom £1oll dlograms dravn 05 in Figs. 26, 27 ond 2B or wors simply by
epplying Floming's Left Hand Rule.
WRxtend the thupb, first ond sscond fingers of +ha left hond &b
right angles to ong another,

Firs: fingor = Fiold

. BcCond Tinger = QCurrens
Thulb - ',_-T’Jﬁiun"-

Fig. 26 : : Fig.27

o,
* s
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Fig 28

ELECTRO MAGNETIC DNOUCTION.

If & conlustor cuts lipnts of Iorod, an B0 F. iz induced in
+he conluctor. {Faruﬂﬁy’s Lur.'}.

Tha direoticn of this Z,MLF, will bo such o to cppoad the change
whioh produces i (Lenz's Low).

The dirceticn con best be found by applying Plecing!a Right Hand

Rulo.
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If' the conductor is part of a closed oirouit, current will flow.
There will be then a curreni-sarrying condustor movins in a magnesio
field and the conduoteor will experience a forse, the direotion of
which can bo foumd by using Fleming's Lef: Hand Rule. t will be seen
vhat this foree, called megnetic drag, is in the direotion opposing
motion, (Pig. 22), Thus en enzine driving & dynamo must exert torgue to
evorcoms "drag". Dymamo end motor action cecur at the same Sioa,

Hete ;= Leoft Hond Rule for motor aetion - (motor oars keop to the loft).
Right Hand Rule for induced E,.F. (dymamo scticn),

MOTION

INDUCED EME
MACHNETIC DRAGC

Fig.29

Farts of & Dymenc.

1. Staticnary Fisld produced by self-exciting electiro-magnets with casgt
steel cores and laminated soft iron pole shoes,

2. Rototing Conduotors let into alots in an armature former which is
Juilt wp of lamineted soft iron stompings.

3s Cecmmiator,

In practloe the conduotors are made te rotate betweon the
poloe of an eleoctro-magnet. If the oodl AB is rotated oloclwise, the
induced E, M. Fa. (by Flemingle.fight fand Rule) will bo in the direotion
ahmm in Flgs., 30 awl 51 enl the voltege at the torminels will follow
the wave form cf Fig. X2. Thiz iz an alicrmating E.M.P.
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Fig. 32

LI now the ends of the coil are soldersd %o fwo copper sopme
nsulaged trom each othar, which rotate with the ooll, ar

& and I.':'., insulnte
brushes bear on thesa segments, if will be found that the current in

a cuit is unidirsctional (Figs. 33 and 3L) ond tho wove
Torel 12 8 showmh in Fig. 35,

5l N i Ll
i ey o = @ - - L
4] } IEEDYM &8 A

Tais arrangement of sogmonts forms what is
Commutator.
© A e — - ———
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Fig 35

The E.M.F. cbtoinad fyca o single aoll would be raother smoll,
1t oould be increased by having o coll of many Surns, but this would
oauss a4 very blg rise and fall in terminol woltege., 4 better method is
to uae a large nurber of conductors, equally spoced dround the
gireumforense ond €0 conneot ench mcniuotor in serles wlth its neighbour
by soldering the ends to sdjarent scomubotor segmenisz. Fig. 36
illustrates the effert of (2) o single coll (b) two coils ot right ongles
(¢) & lorge nuzber of egunlly spooed conduntors nonneciel in series.
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Fig 36
Tha brushes are mada of carbon to minimize the sparikdng of the machine.,
Foctors governing the E.M.F, of 8 Dynamno. e

2 Speed of the mmchine.
(3) . Strength of the Fisld.

E‘l Mumber of conductors.

Mote :=  HNumbar of eanductors &nd spead sre incorporated in the design
of the machine but the field 5t*‘an¢tn ean ba varied by tha
use of a Field Regulator, Thie iz the method used by the
cwitech Board Watehkeopor to leep a ateady ferminal voltsge
in .M. Ships.

Types of Dynfmg.

1. The Series Wound Dynamo,

Thia machine ia not used in the Service because & big increaza of
" s L =1
load (current taken from the machine) produces 2 correspondingly big
inorease in terminal voliags,

Za Tho Shunt Tourd Dynamo.

The field coils consist of many turns of fine wire'oconnacted
aoross the armature, i.e. in pevallel with the axternal cirouit, As
the load increanss, "I"J‘ terminal woltage falls alightly, but this can
ba oorracted by nm'u‘:*'t of the ‘?:I.Eld Rogulator which adjuats the field
currant. Thisz is the methsd vioed in the Sorvics and roferred to ahova,



=S oka

The Shun Profeciion Coil oonsistis of 2 high, non inductive rusisiance
ooppected cercgs the fleld rogulsftor to provide on altornosive posh in
gng8 Yne rogulator olrouit is broken. All Service dynomos ore

fivted with shunt protootion coils. \Piz, 3?}.

- g
FIELD
WINDING
SHUNT PROTECTION
COIL
A ' <

mn REGULATOR

qu- 37

Sa Thoa Camound Hound Dynomo,

This is rezlly o shunt wound dynoms with a few fwrns cof thick
Wwire in serdes with the armoture and the externnl ciroudt, and wound
=0 glve o mognevio f10ld in the somo direction ne 4hat of the shun®
windinga, As Sthe leod inoreases, the sories field inorecsaes and
belonocs the drop in weolfoge found in the pure shunt mochine, Such o
machine gives nn olmost oonstont velinge cver a wide range of loods
witheut cdjueting the ficld regulator (Biz. 38)s e
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If & conductor carrying a cwrent be nlaced in & maznetic f£1ield,
across the linea of fores, i1t experiences m force tending to move it
acros2 the fields The motor i a machine for converting eleotrical
aperyy intos Lechenical energy. It is constructed similarldy to the
dynams but is more robust. The conductors are carried in slots in the
arngture and the current chan.es direction by commitaticn whon tha
conductor ia midway between the poles., Smosth running is obtained by
using many conductsre, ecually spaced sround the enmture which itself
asts as a flywheel,

Beck E.MLF,

o

Once 1n motlion, the machine acta as a dynamo, since the armature
conductors arc now outting the linea of foree of ths field, and an E,M,F.
v.'il?. be Lt}ﬂ:mu@ wilch, by applying Fleming' 5 Right Hand Rule, is seen
to be in opposition to the current, (Pig. 39).

Tida 13 ecalled the back B,M,F. of the motor and it is the
existence of the back Z,M.F. that limits the value of the current taken
oy the motor. On no load the back E.M,F. io almost coual to the applied
voltaze and the current in the armature ia very small,

APPLIED EMF

- BACK EMF

e . &

2 12ad e zrester value of ansature cwrrent iz necessary and
t} dl.F. must thorsfors be smaller. This reduction in back
E.M.F, 18 usunlly obioined by 2 reduction in spoed 92 tha motor,

Typas of Motor.

fs The Serins Wound Motor.

The total losd ourrent passes throuzh the field windincs and the
nronture,  The large sterting current gives & big starting torque. On
no lead, whon the current required is aasll, the field is wonk, this
results in o very high running speed to keep wp the value of the back

E.M.F. (Fig. L0),

B



SERIES
FIELD

Fig 40,

Heto 3= (1) & series motor must bo started glways on lead end cust pover
be allowed to run light,
(2) Torqus increnses as field incrosscs and as armaturs curront
inoreases,

2, The Shunt Wound Motor,

The shunt current is constany; armature current % siort ia
groaser than normal and this gives a fadrly big starting vorqua and
allows the motor to be started on load, It can olsc be siarted light,
28 1t does not race bodly under such conditions. The speed moy fall
by about 9% on full lozd, (Fig. &),

Fig 4l

Hote :— Undor normal running conditions both pories and shunt wound
machines toks o fairly heavy armature ourrent, In the sories rotor
this means that the field owrrent is 8leo loxwo and thorofore a senll
number of turns only is required for ths fiold windlng, In the shunt
motar the fiold cuwrrent is much smaller and many moré turhs are roguirad
in this onaa,

S« The Livdting Shunt Motor,

This iz vesontinliy o series wound cotor with the oddivion of a
amall shunt winding which gives o £121d in *he same direcotion g3 the
seriva windinz. The shunt turns provide sufficien: Tield fo prevent
reoing on no load (Pig. L2).
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ke Tho Cumnlziive Compound Motor,

- Like $he limiting shunt notcr this iype hos twe windings glving
ficlds in the aame divection, but In %his onse the modn £icld 1s that of
tho shwnd winding., The serdes winding is odded to inprove the starting
tergue (Pdg. L3). :

«le |B=

Flg &3

5. Tho Differontial Compound Mobtor.

This vyps of motor, like the cumulative compound, hos o madn
- shwnt ficld, bul the gerdes winding gives o field in the cppoaite
directicn 4o that of the shunt winling, Thila wockons the modn field on
henvy lends and thus counternots the tendenoy of tho shunt nochins 4o
drep off in spocd s the 1ood comes cn. With enreful compounding the
specd rumcing plmcst ocnatont ot oll leads (Fig. &4).

o B

Fig 44

Ises of Motors,

(1) BSeries Type - slecirio traction, fan motors, crones ond
rariable apeed jobs,
1i) Shunt Type - workashep motors, pumps and small gonerciors.
(i4i) Limiting Shunt Type — copaton, boat hels%, armmition heist motors,
(iv) Cumulative Compound Type - wrolley busos, heovy mochinory.
{¥) Differontinl Compeund Type - bilse pump motcrs. '

Hevorsing: of Motors.

Tc rovarse the direction of rofaticn, ihe direction of eurrent is
mevorsed dn elther the cmmoture or the field winlings, but net in both,
Owing <o difficulties with the field i4 ig usunl %o raverse 4he dirocticn
cf' the armniure owrrent. .

T
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opeed Comurol of Motors. '
Heihods of spesd control may be divided invc three m&in groups i=
A, usthods depeniing on -&lﬁﬁlrnti{:ﬁs in the Tield strength.
H. Ingertion of resistance in tha srmatore ciroads,

C., AlSerations in the supplyr voliage,

A. Alterations in the Pield Sirength.

- = 4 L]
(Hete :— Specd increases az £icld iz weskenod ond deorenses as
field is efrongthensd).

{1) Series Mochines,

. -

(a) By use of a Diverter,

This is & voardable resistance conncotod corcas tha
ficld windings (Pig, 45). As the valus of this reslsicnce i= deorensed,
more currgns posses through tho resistonce 2nd less throwh $he ficld
windings. Thus she svrength of the £icld is refuced and thoe mosor
apceds up, :

"E“I O
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Fig 45

(b) By Ro-grouping the Field Ocils,

LN

) ' & ~fowr pole moohine hos four ficld ocils ond those
con bo ocnneoted (1) in series, (2) in series—poradlel, (3} in parallel
(Fig. 46). A diverter mey be used with any cne of theso arrangesenis.
Hothed (1) pives the strcngest fleld and slowest speed, (3) gives the
weakest Tiell and She fostest speed.
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{2) Shun% Hochines,

By uao of o Flcld Repulator. s

Thisg is o voriable resistcnoe ploced In serics wish
tho f1eld o.dls. By inerenaing 4he wolue of this resistanee the fisld

aurront is roduced, *he field woskened anl the motor must spood wp.
(Fig. 47).

o S
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Fig 47

B. Insorticn of Rosistance in tho frmbiiurc Cirouit.

This mothod can be veed with either type of motor ond resulis
in o redustion of speed, If is westeful in power aincc thore ore
lorge lossce in the resiatsnos, but is the ¢nly proetionblo wny of
abt~dning wery low specds in mony onses. It is unsntisfoosory for
phunt mochings o8 & slight odteration in lcod lends tc o big chongs in
Bpoed,

Ce -altorsdions in tho Supply Voltoea,

In the Word-Luonard eystom which is. spplied o forwoxd onpsiin
motora, 6 sépirate gensrator is used, driven from the ship's moins by =
shun® wound motcr, This gencrator supplics current Yo the arsature of
the notusl capeton metor, the fi0ld of which is cxecited from tho moadns,
nnd tho wolinge supplisd onn be vordiod by the use of the fiold repulator
cf tha dynaco.  This is & very flexible method of spood oontrel,
but the first ocst is high, os threoo mochinos have 3o be used,

(Mcte 1~ The speed of such o moter is very nearly proportichal €o the
npplicd wolinge; hence the wlde wrrlzoticon cbinined by this mothed) .
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