
Chapter 15 
learning Objectives 
At the end ot tht.s chaPittt tM stud~nts will be ab!e to: 

Reccul tMta chang1og rnagootic ~'ox through a. cltcvitcauses &n emf to be lnduoedio 
th&CirctJil 

2 Kno-N that tnn nducc-d emf lasts so tong as the magnetic flux keeps changing. 
Detotmloll~ Motl(onnl omf 

.~ Use FataO&ys law Qf elec1tof'l'l.a9nebc induction to detembne the magnitude of 
induced emf 

s Appt y Looz's low to detem'line the d1rection of induced emf. 

r. Recogni7e $fll1 and mutual induction. 

7 Oefi~ mutual induc~anoe. self·inductancc and its unrt henry. 

8 Knowanduselhetormut& E•i-Lr 
9 Calculate tho energys:toreo ill an lncJuclanee. 

1 o Oescnbe the pnn~iple, construction and opetation of anAC and DC Qitn&f'~t~ 
Describe the principiQ, construction and ope~ation of OC motor. 

1 :J ~ecognito baCk emfJn motOt'S ood baCk motor etfec1 in genet'81ors. 

, · ·. Describe tho structure and principle of opere lion of transformer. 
N V 

' 4 Use NJ- ;/"nndVJ,.-= VJ, loran ideal transformer. 
• • A4>pT:y lransfonnar equalion to SOlva the problems. 

't> Understand aod d&s<.:tlbe eddycorrenu al'\d use of laminated core. 

A s soon as OerstOd discovered that electric currents prodooe magnebc fields, many 
sclenbSts t>eg3n •o 10().'< fof the reverse effed:, that is, to caus& an eloetric CUI'r'Gnt by n'l$1ans 
of • magnetic fiPJd. ln 1831 M.cMOI Faraday in England and at the same tJme Joseph Horvy 
iO USAObSGI"Ved that an emfl:s set vptn s conductor when it moves a<:ross a magnetic field. 
If ttle RlQ\Iiog oonductor was conneded to a sens.itiv& galvano.neter. it would show an 
&ledric currant RoWing thi'OlJI)h too c•rcuit as long as Ole conductor Is kept moving ln the 
moonebC fleki. The emf ptOOooed in the oooductor is called Wlduoed emf, and the current 
913nerated is csllad Ule iOO'OOOd current This phenotnenon Is known as etectromagnctic 
inductiOn. 
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There are many ways to produce Induced emf. Ftg. 15.1 
illustrates one 01 them. Cof\Sidef a sttalghl pktce of wire of 
lcogthtplaced ~the magnetic field of a permanent magnet. 
The wire is oonnected 1o a seo&~tive g.alvaoomeler. This 
forms a dosed path or loop witho..rt any baltory. Jn the 
beginl"'lng wtJen the loop is at res1 Nl the magnet:k:: field. no 
cutren' is shown by the galvs.nome~er. tf we mova the loop 
from left to right. thO l&ngth tof the wlte is dragged actO$$ the 
magnetic field and a current flows ltuovgh the 5oop. As we 
stop moving lhe k:lop, cu«ont atsost()l)$. Now, if we move the 
loop In opposite direction, cutToot atso reverses Its d•rectlon. 
This is indicated by the ctoflo-CtJOn ol the gatvanometer In 
opposite direction. 

The Induced curent depends upon the speed Wllh Which 
conduCtOr moves aod upon lhe resistanCe of the loOp. tf wo 
Change tho reslstanc» of !he loop by inse<ting difhlrenl 
resiStorS In the loop. and move h ll lhe magnetic fiQid with the 
same speed •""'Y time. we find lhot tl1o product of induced 
ourrent/ end lhe m&istance R of the loop remains oonst.ant. i.e., 

1 x R= constant 

This constant Is the Induced emt iM Induced emf le3dS to 
an induced current when the cirwiUs dosed. Theo.arrent can 
beinctCasedby 

•> using a stronger magnetic fJeld 
1l) movingthefoopfastel' 
m} replacing the toop bytl coil of many tUm$ 

If we perform th& above experiment m lhe other way, I.e •• 
instead of movin9 the loop acnJS$ the rnagnet1c f~eiO. we 
keep the loop station~ry and move the magnet, then 11 can be 
easily observed that lhe resolts 3fe the same. Thus.l1 can be 
concluded that it JS the relative mottofl of the loop and the 
magnet that causes the lnducedeml. 

tnfact.lhis reMtivomoMnct\anges the magnetic nux through 
the loop. therefore, w6 can say that an Induced emf i.'S 
prodvoed in a loop if the magnebe flwc through it changes. 
The greater the rate- of chango of .nux. lho larger rs ttle 
l:nduced om f. 

'fhQre. arc some other metnods descritxtd b~ In which an 
emt I$ induOOd In a b>p by pnxtucing a change of magnetic 
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An •oducedcunwntcan also begenetatedwhon a~ 
or con1t1nt area il rotated '" a constant mt)gnottc 
OOid. Here, also. the mapnotic ltux through lho COlli 
dlanoos (F lg. 15.4). Thts 1S the basic pnnclple used In 
eloclilc genom1ors. 

A very lnto,....hng method to induoe Ct.Wmr~t •n • co• 
en'o'Oivea by prOdUcing a change of magoottc flua •n 
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3 11earbyooll. Fig. l5.5shows two coils p&3CCd side by 
slde. The coil Pis oonnectedin series with a battocy. a 
~eostat and a switch. while fhe other 0011 S is 
corm&Cted to a goNanometer onty. Since there iS no 
battery in the coli S. one might expect tho~~t the current 
lhrough it wUI atways be zero. Now, lfthe switch of the 
coil P is suddenly dos9<1. a momentary current i$ 
induced in coil S. Th1S: Is indicated by the 
galvanome1er, which soddenly d&ftccts and then 
retvms to zero. No indUOGd cun&nt exists In coli S as 
long as tOe current flows steacl!ty in the oot1 P. All 
oppositely directed current is induced in the OOil Sat 
th& Instant the switch of ooil PIs opened. Actually. the 
cutTetlt in P grows from zero to its maximum value 
just aftor the sw,teh Is closed. The current oomes 
down to zero wtlon lhe switch as opened. Due to 
change in current, the magoetlc nox. associated wlth 
'he coil Pchanges momentarity. Thtsehanging flux Is 
aJso linked with the coil S that causes the 'nduced 
current In it. Current in coil P can also be Changed 
wllll Ule l>elp ohneoolat. 
It Is also possible lo link. the ch.enging magnetic flux 
WJth a coli by uslog an etecllOmagnet tnstead of a 
permanent magnet. The coills ptaceclln the magnetic 
field ol an ei9CI.r'Om.a!)net (Fig. 15.6 ). Both the coil and 
the electromagn&l are stationary. TM magnetic flux 
Uvough the coil is changed by cnanglr"'Q the current ot 
the ~tromagnet. thus producing too iOdueod 
current in the coil. 

15.2 MOT10NALEMF 
In the pteviouS section we have studied th-at v.'hen a 
conductor is moved BOrO$S a magnellc 6eld. an emf is 
ioduced betweeo its eod$. The emf ot the mcMng conductor 
Is slmitar to thai oC a battery. i.e., if the &nds of the conductor 
.1re jOined by a wire to make a closed cltcuft. a ourrontl\ows 
through». 

The emf lnduc~te~ by the motton of a eonductot 
IICI'OUI magnetic flofd II: calaed motional emf. 

Consldor a condue11ng rod ollenglh l plaoe<l on two perallet 
metal rails &eparated by a distance L. A galvanometer is 
connected between lhe ends c and dot tho rails. This fOims a 
complete conducting loop abcda (Fig. 15.7a}. A unifonn 
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rnagnetJC r.etd 8 t. epplled directed mo the page lnibelf 8 '*' ~ 
whlnthlrodllltaUonlll)'.gatvanometer~otnoNT~ (' ..,_, / ., 

"' ... lOOp n ""' ""' ,. ..- "' ... .-go ,.., -
veiOOI)o v. the gatvanotn111t W'Ocates a curr....a Plowng 
llvcugiiO>eiOOp.OOMouoly ............... --.., .... 

"""""'oiN canducbng <OCI """"'' llle rnagnocic liolcl. Tile ' ••• -
mov.ngrodis dng as asour<:eofemft • V • v~ • ~ V 

When lht tod moves. a charge Q v.1tl'l•n the rod et.o moves •l'----:=:=.="-4-F'-:.. 
w•th tho ... mo velocity v '" the tnagflelte tleld 8 end d 
experieoces e force given by 

F•qvxB 
The magn.tuckl of the force is 

Fsqv8san9 

s.no. angle 9 betwMn vand8rs9Cf. so 

F•qvB 

Aj>oly.ng lllo nghll>and ......... -!hat F IS dorliCiod 11om o 
to b., ehe rod At 8 r-.J1 lht Charge mgr8tH toN tQp end 

ol tNt conducfot. As more and more of the c:Nwges 1"n9'ate 
oonc:enttahon of tfle charge tS ptoduoed at me top b and 
defoency ol chatgo..•s at 11\e: bottom a This ntd4!1nbut.on of 

char90 Mts up Jn elec:tros1abc field E duect&d trom b too 
The electrmtahc forc-.e oo the Chargets F. =qE d~reclftd from b 

10 a The ayttom qu.ckly reache$ an equilibrKm' Alate '" 
wh•ch the~ two fOI'COS on the chaf94' are b81anc-<d tf E 1'$ 

the elect! IC tnton••ty •n lh•s &l3te then 
qE :qvB 

- E"_• . ..S tiS I) 

Tho"""""'"' .m I Ml be....,, to llle po40nllaltldlef,_, 
.\ltaV • v. ~ 0. two enc)S of the tnOvlnO COI'IOJCIOt in 
..... _ - · Tho~tolpoiOOiial<ril bogiven 
by \VIt Aitne-Oic:looens.tyiSgtvenby ... ~t ... ol 

""'grlld~enl "*.-
E 

.w 
L 

or .\ v~tE,=(tvB) 

I~~ 2j 
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Interesting Information 

•• 

n. ...... (lptl ... (ll'l .. ~ 
c1 -.,;t~(Jln••*'= ~ Tr-. 
.,._. 11'1 "' MOW poe • OOIIr1Q 
....... ll'oet i\ lhe -- pol • not 
E~ N Gil'*"» ot .... hMief • 
coollO klueh. TN col~ bonHih 
Ill& ~ e.mes .: CU"Ntt 11\al 
procM:IM ~ ~ IU( 

Flux ~ Will'! pol& Induct - 1ft 
thom. 06'IWII .. Qtl'*'..., ... Ifill 
moYil pol tNI '*-1.4> !hot ...... bill 
110 Cl,lff'OIIt ~ ~ .,.._ 0'--·-

The motionat emf 

t =4v= -LvB (15.3) 

This is the magnitude of motional emf. HowevEK. if thO angle 
be~ v aod Sis 8, then 

t = -vBL s.ine (15.4) 

Due to induced emf positive charges would flow along the 
pc~th aboda, therofoto tho .induoe<t current is antidockwise in 
the diagram. As the current flows the quantity of the charge at 
the top decreases so the eledric intensity decreases but tho 
magnetic force remains the same. Hence the equibbrium is 
dl$turb0d in favour of magnetic force. Thus as tho charges 
roach the end a of the oonductor due to current Aow, they are 
cai'Tied to th& top end b of the conductoc by the unbalanced 
magootic field and the current continues to Row. 

Example 15.1: A metal rod of kingth 25 em is moving ala 
spood oC 0.5 ms4 fn a d1roction perpendicular to a 0.25 T 
magnetiC field. Fiod the emf produced in the rOd . 

Solution: 

Speed of rod= v= 0.5ms·• 

Loogthoftod= L =25cm=0.2S m 

Magnetic flux density= B= 0.25 r=o.2s NA 'm' 
IAduoecf emf • E •? 

Using the relabOn. 

t =-vBL 

t •0.5 ms·' x 0.25NA-' m·~ x 0.25 m 

t=3. 13x 10' JC'=3. 13x 10"11 

The: motional emf fndoccd in a rod moving perpendicular to a 
magnetic field Is t = ·vBL. The motional emf as wall as 
other indiJO&d em1's can be described in terms of magnetic 
ftux. Consider the e.xperiment shown in Fig. 15.8 again. Let 
tho conducting rod L moves from position 1 to position 2 in a 
sma• interval ol time 61. The distance ttaveiiOd by the rod in 
timeAtisx, ·x, =t.x 
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(155) 

(15 6) 

As tt'ltl rod tl't<Wt""' u-rough tne O!SUM'I4 " u. !heW'IC~, .. '"the 
area of toop 1s g ven by _\A : .\XL. Th•s W\Cf'8ases the flux 
ll\mugh thek>op by \t'b = .\A.B = .\xI. B. Putting \x.L.B ~ ,\¢1 

lflEQ 156.we~l .. 
' -~ (15.7J 

_61. 

If !he,. IS a ""' ot N lool)6 imteod ot 1 Single lOOp. 1hlo 1M 
induced emfw•l become Ntimn, I.e., 

... ~ (15.8) 

"" J\llllough lhl above expresso1 It - on !he boM ot 
-emf but ... - in genorol Tho-­
tnt 8lfiVed at by F at.o&y. so lhille ki"'I''WW as F arad.1y'slaw 

of tlectromagnetiC lnclucton whiCh IUitOS that 

:"Tho ... _ emf Induced In • concluding coli of N 
.._ .. oquoltothe--ofthe_ .. _ .... .... ._ .................. _ .. _,.... ___ _ 
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The minus sign Indicate:& that the direction of the induced emf 
is such that it opposos the cfla nge in flwc. 

Example 15.2: A foop of wire is plaoed ln a uniform 
magnetic fl&kl that is perpendiculaf to the plane of the loop. 
The stmngth of the magnetk field ;s 0.6 T. The area of the 

toop begbls to shrink a! a constant rate of ~ = 0.8 m1$ '1• 

What is the magnitude of emf induced In the 5oop whiJe it is 
shrinking? 

Solution: 

Rate of change of area =';: • 0.8 m1s"'. 

Magnetic ftux density = B = 0.6 T = 0.6 NA''m·• 
Numbet of rums = N -= t 
Induced emf = t = ? 

M> AA AA 
Rate of change of flux: =6i' -= B 

6
,- cosO'= 8 :\i 

Applying Faraday's Law. magnitude of induoed emf 

t=N ~=NB~ 
At At 

e: 1 x 0.6 NA •m-• x 0.8 m1 s ' 

t • 0.48 JC .. = 0.48 V 

In lhe previous soction. a mathematical e)(presslon o( th& 
F alltda)"s law of ~9dtomagnebc induction was derived aS 

.: -N~ 
61 

The minus s1gn in the expression Is vory important Jt has to 
do with the direction of the Induced emf. To determine: the 
d1tedion we use a method basod on the discovery made by 
the Russian Physk;ist Heinfieh Lenz in 1834 He found that 
the polarity of an induced emf atways leads to an ln<Juce<J 
current (hat opposes through the magnetic field of the 
induced current. the Change inducing the emf. lhe rul6 is 
known as Lenz'& law which states that 

"The direction of th• Induced current is always so 
as to Oppose the change whk:h causes the current". 



The tents lllw raflft 10 •ncluc:ed Qlft'ef'U and no1 to nctuc.d 

....... ""*" - - ... """ ..,.,.,. • <l<edly to -
<X>f'<IUCtlng loopo ..... -· w ... loop Is ""' -
we """ lmlloM u If il ..,...... dOSed. and then from lhe ..,_ d- """"~we can find the -.on d.,. 
induced emf 

Lee us apply tho Lent's law to the CQilltl wn.cn euneot 11 

k'Kfucf)d by the movement of a bar magnet we know ll'lale 
CUfi'Gnt car'YW'O co.l produces a magnetiC f~o&ld slrn&ar 10 that 
ot a bar mDgnot One face of the coli aces as the n0f1h pole 
while tho olher one as the south pole, If the COllis 10 oppose 
the motion of the baf magnet the faoe olthe c»ltowardt the 
~necmu•t booomoo noMpole(Fog. 15.9) Tht1W0not1h 
potoo wit tnon repoloocilOChe< The right haJ1d Moappo..o to 

....... ........... .. ,,.. 
the COif IOggbtl thai the induold CUr'J8nt mutl be ar'lt.l· 
cloc:*wiM Is Hen hom ~Sideolthe bar magnet 

Ac:ootdoog 10 Lonz'l low the 'l>USI>' d ""' mognel Is the 'chango'--... --..,._.,., ... .,.,.,..,, 
acts to oppo~e tJ'IO push.. On the other hand •' we put the 
ll'l8lgf»t -* ay from the col the tllOUOed CUtTenl v. I oppow 
the ·pu.-by CtOOtong • oouth polo on.,. foG6 or oo1 toward• 
the bar magnet 

The Lenz', low 111 nl.so fl statement of law of consorvatioo of 
energy that can bU 000\'onlently applied to toe c>rr..UJI.I 
1nvolvtng lnduood CUI'fonlS To understand lhis, consldur OtQ 
again the ekponmont In F.g_ 15.8. When the tod movos 
towar dl: l'ighl. emf •lndllCUd in it and arunduced eurroot flows 
tnoough the loop 1n ""' .,,_ dorecbon. Shoo lhe 
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c:urret'IC cetr)'W'Q rod II I'I"''IW'lg Ill the magnetic: fiekt, ll 

-·- a ""9'"" lon>e F. haw1g lho ""'111" .... 
F. • I~ By nghl hond nAe lhe dlrocoon ol F. It 
-eiOiholoiY,IO~lendslosloplherod(fig 15108) 
All external draogtng rorte equal &o F.. in magn.rude but 
oppos:rte m dtteel!Of'l mu,. be applied to kHp me rod ITlO'JinO 
with oonstant vetooty. This draggmg fofoe ptOVId8l. the 
energy lor the Induced current to flow. Ttus onorgy It the 
source ot induced current, thus eiectromagnettc induC1•on 11 
exactty accord•no to law of oonsei'Vation of onorgy 
The t.enz't low fotbtdt ti'l~ tl'ldu~ .cum. .1 d~reGtOd 
dockwlw 1n thra eate, bnea~ lhe ,,.,c~ F w('l .. ,d be tnen 
n tne U!roc:Uon of v that v.'OUkt a~IP.rC~te the rod tnwetds 
'lllt (Ftg 15 10 b) Ttlcs •n tum woold lldue& a atrMC"'(., 

~rrenl the mag,.:~ f..act due toll a1so •n.;t&a~.:o ~·• ~ rhl 
magnebC to.wce tne~eatn • Attlet Thus the m· •. m of uw-Wlft 
IS-ac::celerfWid ntOI't Md n ·ore S!artJng NCth a thii'IUk" Ql &an"Jty 
of energy. we otlelln r' ...,_ IFKU~ io!netc .. ·.'WMG'f of 
moboc ..... ~ .......... noNbent ~ ~r'ltOC»U 
~ •'·Pftl)etu.a!lf.Q w":"<:h IS aga.t~~t ~f: law of 
eontetVat.,. ot .....-gy 

Consider two OOils ploiMiAtd dose to each other (F~ 1S.t1) 
One ooil OOMctCied Wllh o battery through a 6Wltch nnd u 

< 
s 

... ..., 
• 

•. 

fl. -

meostatls CAIOd the "ptlmury" and the other ono c.onnoctOd 
to the gafvAnomotcw 11 calleclllle •secondary". It the cuiYOr\t In 
tho primory Is changOd by varying the resistance ol lht 
rheostat. the megnotiC ,_,x In the SU~If'lg region 
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"""'- S.... lhO ooc:ondaoy ceil a;;, h magnooe t.old of 
""..v-y. "" cllong;ng ... also Ink$"""' ""IOOQndary 
Tl'lil c:.a-... en lnduc:ed am lin !he sec::onoaty. 

n. pMGa ...... In wlllclt • cMI9• 
curnnl In ... col lnduCM ....... In 
.......... called ....... IIMiuctlon. 

Ac:c:otdu'lg 10 F•ra<f.ay's law. the emf mduced .n 1he 
secondary COllis proportlonat tb the rate ot ch.ongo of nux 
t\<D .:.\4> 

__r: pautng through II, t.e , t, = • N. -.--! 
.\t a.! 

whete N. " lho number ot tums m the s.econclery col. 

leclhO flux'""""'~~ 11>roug11 one loop or h ~cool be 
... Net flu• puling lhrougllh ceil of N. Joopo II N ... AI .... 
lut .. propol1aol ... ., .. magnetic liekf ptOduCed by lhe 

.,.,_ '· .. "" - and ""' ..__ - - • 
~IOI .. Itlerelote 

(159) 
N .. 

Where M • ' 1 Is propontonality ClOfiStanl CliiiOd the 

'· mutual lndueranco of the two coils. It depends upon the 
n~berof tums or the coils, their area of Ct01$ • S6Cb0n, tholr 
dosenes.1i IOQO«her end the nature: of the core m111Mal upon 
't'ltlieh the t'NO coli are wound. 

By faraGay"s law lhe emf R:tuoed '" lhe secondaty COil •I 
-bylhO ... of Chango of flux lhn>ugh ... ...,.,_., 

lcll .:.\N 41 
" • • N -----!. = - --.t.....l. .. . ~t :\1 

Pvlt.'lg N.4P, • MJ, from Eq 15.9 

(15. 10) 
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The negative sign in Eq.15.10 indicates the fact that the 
induoed emf is in such a dlfedion that it opposes the Change 
of current in the primary coil. While finding out the valuoofM 
from Eq.15.10, negativG sign Is ignored. Thus M may be 
defined as the ratio of average emflnduoed in the secondary 
to ttle time rate of change of current in the primary . 

• 
M'= M' ' ,, 

dt 

The St uni.t for the mutualtnductaoce M Is Vs A''. whiCh Is 
c<>lled as hensy (H) afte<Joseph Henry. 

Ooe henry 1$ lh8 mutual induc:lllnl:e of lh8 P"" ol coil$ in 
wn~ 1M ratoof ~olcunonlolone arnponoper sec:ond 
m the primary causes an iAduced emf of one vo« tn ~ 
·secondary. 
EXample 15.3: AAemfof5.6Vis..nduced in a coil while the 
current in a necuby OOiJ is decreased from 100 A to 
20Ain 0.02 s. What is the mutuaHnductance ofthe two ooi!s? 
If the secondary has 200 tums, find the change in flux; during 
this interval. 

Sotutton: 
emf induced in the seconc:Jary = t, = 5.6 V 
Change an current in primary =-Ill, = 100A· 20A = 80 A 
lime lnterval toe the ch.ange = t:J = 0.02 s 
Mutual indudance = M = ? 
No. of turns in tho secondary = N, = 200 
Change in flux ;;: act~ = ? 

"' Us!tv'l t • .-.!. M 
·~ • dt 

5.6V : Mx~ 
0.02s 

M = 5,6 V x 0.02s • 1.4 x 10' VsA'' 
80A 

M> 
By Faraday's Law t, = N. __. 

dt 

A¢1 = &.At = 5.6 V x0.02 s = S.G x 10 ... Wb 
' Ns 200 
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A<A>dlllg 10 F.,.,.Y•Iaw lho change clllux otwougllo ooO 
by any tnMnSinctJces., emf 1111. lnallhe ~ .... ,...,. 
diloiiMd 10 fll loduoed etnl was: l)fOCJI.Jald by. c::Nnging 
.._ llux from tome oXlemal ......,. But lho "-cl 
flux through 1 0011 n\IIY 'lisa be doe loa d'lange of current 6n 

111e ooil ll>elf :::;:~~~~ 
ConSider ltlt citQ.IIt shown in Fig 15.12. A coil is oonnecced in 
senes with R but!ury end a rheostal Magnetic nux is prodooed 
thfough lheOOitdue to CIJ(ront in tt If the anrQnl l$ chtlnged by 
v3l'ylng the rhOotllt QOiCkly, magnetic flux ttvough the 0011 
Changes that cauu1111n induoed emf Ill the coli Such M emf 
1s called u to~ lflducAd emf-

11M phenomenon tn wftlch • chaft9inl current In • _lnd ___ .. ____ _ 

WU>elluxl!vougllonoiOOII clone cool bo <0 , lhon.,. .,...llux 
~ 1'8 CXJI of N 1ums WOUld be H <P As •11 f>lopcnonel 
"' the .._ - - .. '" lum .,_....,.. 10 the 
CU'I'rf'f'C /. thi(tlcwe 

Nlt~/ 

or N<O •U (15.11 ) 
N<O whew L • 
1 

1$ thO constant of proport.on.ah1y CAlled the self 

1nductanee of the 0011. It dependS upon ltle numbtr of tums ad 
the toil, Itt area or cross-section and tM core mateMI By 
'MI'lding the coil fltOUOd a ferromagnetiC (•ron) eote. tM 
magnetiC ftu• end henc:e the •ncluetance can bt h:~ 
~tfyr'llb!i..,. to1NI for an uc::oce 

8y F•adey'lt.Dw . •n'tf lfMiuCed in the COil as ,.. 
t s ·N­

.>1 
'(N<O) 

t=- -. !>I 

Putting NfZ) • L/from Eq 15.11 
6(U) "----l>l 

" "' o,•-L_,v (1512) 

., 



The Eq.15.12 ShowS that l.he SGif inducod emf In a colt 1$ 
proportional to the lime rate of Change or current in the colt 
Self inductance L of a coil may be dGflned as the ratio of the 
emf to the raleof change of current ;n the coil. The unit of L Js 
atsohenry(H), 

The negalJve sign In Eq, 15.12 lndico1eo !hot the soli induced 
emf must OllPOS<' the change !hot produced k, That Is why the 
...,. induced emf Is somellmes called as b8cl< eml, This Is 
exactly in acx:otd with the Lenz.'slaw. tf lhec:urrontls ro-eased. 
the induced emf will be opposite to that of ba:tto.y and if the 
CU"Tent is decreased the ii'Kb::ed &mf will aid, rather than 
opposing the battery. Because of their self inductance. tXliiS of 
wYe are known as inductots. and are widely used in eleclronics. 
In attematiog current, inctvctors behave like resistors. 

Example 15.4: The current in a coil of 1000 turns is 
Changed from 5 A to zero in 0.2 s. If an averege emf of 
50 v is induced during this interval. what is the self 
indudance of tho coil? WMt i:s the Rux through each tum of 
the coil when a ourtent of 6A is ftowfng? 

Solution: 

Using 

Change In current =A/=5A·O=SA 
nme interval 

emf induced 
Self induction 

Steady current 
No. of tvms of ~ 

.;;fl.t~0.2s 

•t•SOV 

•L•? 
=/=6A 
=N= 1000 

Flux through each tum;: <I>;;? 

t SOV SOV 
L AI- SA 51\c 

&f 0.2s · 0,2s 

l.• 2VsA ·~ 2H 

Now. uSing Eq. 15.11 

N<I>=LI 
Ll or <I>•­
N 
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We h.aYe lfuCJod in c;hapl:ef121'1at eNif9Y can be &toted'" 
1he alldr< 6ekl bet NMn the plalles d a c8J*401 In 1 similar 
rT'Iilol"'nl'f. energy can be stored '" the magnetiC fteld c:A an -Cont~oe~• 0011 ~eel to a battery end a &Witch ., ~ 
(Rg 15. 13) WhtnthetW!tc:h IS turned on voltage Vtsepplled 
ac::tOM tho end$ ot the COil aod CUITent ttvough 11 f1MS from 
z&rO to 1ts mnx•mvm "'* u6/. Due to change or current, enom4 
is induced. whiCh~~ Of'po~>•te to lhat of battery. Work lt <JonG 
by ttwt baltety to mQ\Ie charges agait'lsl the i'Kiucod emf 

Work done by the ~ttery in mewing a small ctlargo \CIII 

W• ~ (15 13) 

..,.here" it thoo megnl&ude c:A inOJced emf gaven by 
>) 

t.. • l -v 
Puumg 010 vt11ue ol r on Eq 1 5 13 ,.. goo 

W• \4L -'Y :..o\Q-L\1 

" " 
(1~ 14) 

Total work done tn esUtbllshing the current from 0 to /ls found 
by insortmg ror ~q ,the average cuncnt. and tho value of f\1 

\t .\Q 0 -. /1 
A ... erag.o cvrront =\I = -

2
- -2 I 

Cl\ange.., corrent • \.1 = 1 - 0 = 1 

1 
W • -ll.l 

2 

w•.!.LJ~ 
2 

Tho$ ~ IIIIOol .0 II pc;lltential energy ll"'lhe inductor Hence 
the 811(>1'gy' I.IOttld in an ll"'duC::Ir rs 

' V - L ' ( 15 1~) 2 . 
As '" euao of 1 caPACitor. e-netgy is stored •n the tioctrle f.eld 
betweon the plo.tot, li<OWise, in an inductor, energy Is stored In 
the magnobC flnld. Tharofofe. Eq. 15.15 can be e:KPrO'IHd in 
teff'nS of tho rnagl){\ttc fiekl 8 ola solenoid 'iftllch haa n tums 
""' unit lonillll oo<t .,. of CtOOS so-. A. Tho magnede fiold 
sttengltl •,..Ide ill lc 8 '--- JUt/ SWU flux ttvough lhe ooll is 



For Your lnformabon 

• 
M ~ onwi'O~ *"" !If ooor.­
ConJ fiN' ,., C4*\ ~ I)) dCIIMcS 
-nc~a--.~tl'l~ 
c:urront J, _,.of #le ~...., .,_...,.encwttt #le,.,.,.we~ 
lhOuQh ._ co~t b)' 111e iron~ eno 
'"" to Ml ~ -'· n. mNr 
~ .. .,.,.III'ICI.~Io 
~ "" .tnOI,I"'t d ctKf'ellt ~ lhl ... 

<I>•BA 

iJ> ~ ...,_ntA 

Substituting the vatue of ¢1 in Eq.15.11 
N<l> 

N<J>: Ll or Ls­
I 

p ntA 
we have L = N .:....a,_ = N J.V1A 

I 

(15. 16) 

If tis the length of solenoid. then putting N = ntin above Eq. 
we get the setf foductanoe of the solenoid as 

~. (nl),.,nA 

~. p..Ji/>1-
S..bOtitUbng for L. tho Eq.15. 15 becomes. 

1 
U.•2(v.r{N)I' 

(15.17) 

(15.18) 

8 
Since B for a so&enoid is given by 8 = JVII ?r : ";; 

• 
Substituting for I, Eq. 15.18 becomes 2 

u •• ~(.vi~>~-{.:.) 
1 8 2 

U =-- (M) .. 2 ., 
• 

(15. 19) 

Now energy density can be defined as the energy stocOO por 
unit votume ins.ide the solenoid. so dividfng Eq. 15.19 by lhe 
volume (At), we get eoergyclenslty, 

1 8 2 

(15.20) 

Example 15.5: A sdenoid 0011 10.0 c:m tong has 
40 turns per em. When the switch is clo$ed, the current rises 
from zero to Its maximum value of 5.0 A in o.ot s. Find the 
energy stotod m the magnetic field If the area of 
cross·soclion of the solenoid be 28 cnt 

Solution: 

Length of SOlenoid: t 2 10.0 em • 0.1 m 

No. of tums = n = 40 per em • 4000 perm 

96 



AJoa o1 croas &eCtion A== za em = 2 8 • ~o tn-
Scadr currcnl = I~ 5 A 
Enofvylilo<ed•U =? 

Frst -calo.Jiotet..indud3ncel"""'JihoEq (15 17) 
L•p.,n"Al 

(41l.d0 11WbA 'm ,.(4000m')1,..2.8"10 m1 ,.0tm 

5.63,.10 ;WbA' 563..:10 H 

Energy &lorod• U ·~ L lci(5.63'11 ,0 )NmA ~-"(&A)1 
70h10 1Nm 7.04w10"J 

· ... --........... - ,-.... - ...-. . --- ........ 
··-"'-- .. ~~-~-~-- ,. ,. --- . 
We 1\ave learnt that when a c:unent call')"ng cod IS plao.d ., a 
mognelic liold o IOtqOO 8Ct$ on" lhat ,.,...,. lhe coil. \'/hot 
happens lila 0011 ol WW'els rota"tedl ., a magnebC IWcr7 Con • 
currenl be procJucod .n 1"1 ceil? Yes. It does Such I doYice Ia 

C8llod.""""" -"" 
A current ~n11"1tor Is a deviu that eonvorU 
m.chanlealeMrgy Into electrical ene!1Jy 

The ponclple of an et.ectnc generator iS' based oo Faraday's 
law oa el.c~romognetlc Induction. When e ooll Is ro«oled In o 
magnfltlc flnld by aome mechankal means, magnotk: nux 
through U\0 coif changM. and consequently an oml Is 
induCedtf" l.heOOII. 

tr the Q801'8kV 1s connected 10 an exterN~ cataJ•I. an t~lectnc 
curr&nt tithe output of~generator. 

Let a rec::cangWv bop of Moe ol area A be pBcad n 1 unllorm 
~- B IF~ 1514; The 1occ> 5 .......s -.c z"""' 
ltvau!l'tiiS eenw a1 CD JW'M angUar~ .. One nor r. 
locc> II -IDa,_ nng Rand ""'-ond ID ll'oO nng 
R" lhele nngs.. c:dod the'51ip mgsare ~1Cw.th1ht ax. 
OliN locp ,lf1d "''""'-< Rings R R' -19011101 -.or; 
carboo bru~ to wNch ex1emaf ciraJit IS COOOII W ld 

To caArula~ rna lnduood emf In !he loop, c:onsidPif 1t11 poo1b0n 
(Ag. 15.15)whllo M lsrolaiing- The fogo"'""""' 1M 
t<>p ......,., tho coil n,. """'"'side ab ol tho 1occ> b ..,.;,~I v.llh 
YOiocfty v In ~ mr~gnotle r.uid 8 If thO angae bet\t.oon v •ld B 
be8, htmcfiOn d omf~ in lhe Sid& 8b hal II• tMgMude, 

l. = vSLg,a 

Flg.15.14 

,~ t$ 15 



The direction of Induced current In the wire ab is the same as 
thai of force F experlencod by lhe chalgesln lhe wire, I.e., 
from top to the bottom. The same amount of emf is induced in 
the side cd but the direction of current Is from bottom to the 
top. 

ThetefOte t ... = vBL $in 9 

Th& net contribution to emf by sides be and da is zero 
be<:ause the force acting on the charges inside be and da is 
notalongthe'Nire. 

Thus tw=t... =-0 

Sinoe bolh the emfs in the sides ab and cd drive current in the 
same direction around the kxlp, the total emf in the kx:>p is 

t=t .. +t. 

t = vBLsine •vBLsin8 

t=2vBLsin9 

If the toop is replaced by a coil of N turns, the total emf in the 
ooilwil be, 

t=- 2Nv8L&in8 (15.21) 

The linear speed v of tl'.e vertical wire is related to the angular 
.speed co by the relation 

V=(l)( 

where r is the distance of the vertical wires ftom the oentte of 
!he coil. SubSI!Iuling 6l(for vin Eq. (15.21) 

We get 

t=2N(O>I)8l.Sin6 

t= N<.>(2rL) Bsln6 

(15.22) 

whefe A= 2 r L =-at&a ol the c::dl 

A$1he angular displacement e • 0>1, so lhe Eq .15..22 be<:ornes 

t •NO>A8M1(0>1) ........... (15.23) 

Eq.15.23 showS that lhe Induced emf varies slnusoldally with 
lime. 
tt hoo the maxknum value c. when sin (rot) Is equalto 1. Thus 

.. = N0>AS .......... (15.24) 
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TheEq.15.23 cenbewrJU8!1"1 as. 

t=~Ml(NI lt525) 

If Rlt the f8Sil!¥1oe of the ooll, then by Ohm's taw. '"dUeed 
c::urrenl in the col wll be 

Of 

I ~ '-,sin{wt) 3R s.n(w.t) 
R R 

where/, $ maKimum curreAt. 

(15.26) 

~- .. ollhe coi .. - 10 .. froquoncy ol 

rotatiOn f as. ~ ·- 2d 

The£qs.15 25end15.26canbewnttenas 

L •t._IW'(b;(, (1527) 

(15.28) 

Eq.15 28 ill"deeleS tno '¥tll.ab0n Of currenc as a funaion ol 

8 = 2aft. FJg. 15.18 ShowS 1M gr11pn for 1ne cutrenl 

corresponding to different posltk>ns of one loop of tho coli . 

• 

WhonlheangiObe,_v&B•&=O'.IheplaneollheiOOp 

is potpeflcfieutar 10 B. current fs zem. As 8 Increases, current 

also Increases and at 9 • 9<r • ~2 r&d, tho k>op is pero!lel to 

B. - Is maximum. dOreclod along obcxla On further 

1ncrNM In 8 c:utrent dto'eases, and at 8 ~ 1 ~ "' • rae1 the 

curr(l(ll becomes zeroes the k)op It again perpendtelllar to B, 

For 180" < 9 < 270' current lncreasos but rewrset its 

diod>Oo o as II doMirom 1he flgu ... c..rent i$ _.­

aklng dcbad. AI 9 = 27(1 = 3 N2 red. c:urront liS tnal'II'TMJm in 

99 
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lhe reverse drtKbOn as the loop is P8f'81et to 8 
At 9 == 360", 2~ rK. one rotation • c:ompewct_ u. toop il _ .. a....,.,........,._.,,_._ 
one r...c:aon lhe eyde ,...,..._..,.._lbeCUfTef'(..,.,.._. W'l 
dll'ectJon onc:e .n one tycle. Thefebe. suc:fl • Cll.lfl'elnt • 
called lho ..,_ - ft .......... "' .,......, 
flrnespo<-

fn actuBt practJce a numbor of COlis are wound around en won 
cylindet wtliiCh Is tOUittd m the ~&be fiekS. Thes auem~ 
is ca41ed an armatute. The magnouc r.otd is usually prov•d«< 
by an electromognet Armature Is rotated by a fuel ong;ne or B 
twbine rvn by a wntortal. In some OOf"Mlerooal genoratora. 
tiekl magnet Is mcatld around a s.lationary armature. 
Example 15.&: M al~'ng c:unentg&nel'iJtorop«abng et 
50 Hz hes o oo1 o1200 tum.: The c:oil hes an an>a o1120 em' 
What should bo ... -be-.. ""*"'""' c:oil- "' oroer 110 proc:~tJot an tm1 d maxll"nlltn value of240 ""*? 
Solution: 

F~of!ota:lun•f•50Hz 

No. of h.wnl of the CCII• N • 200 

Are.aoftMOOII• A •120cm'•1.2x tO"m' 
Maximum emf • t_ • 240V 

Magnettc flu" ~Sity • 8 • ? 

flfS.L wo sl\ltll find tho tngut.arspeed o> • 

Using .... 2.,22 
en•2•- )1[50•314.3rach' 

7 

u...v .... - "' 
8 ~ 

N<oA 

8•0.32VIrad'm••o 32t 

D.C. I .. ld au• 
Altomating current gonernto111 ore not su•table few m&ny 
applk:ations. for example, to run a D.C. Motor. In 1834, 
William Sturgeon Invented a sJmple dG'wce <:ailed 1 
commutator that prevents the direction of Q.ltrenl from 
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Changing n.,..,. ,, o c _..,. .. """"".., ... A c 
ger.erotor '" c:onslructtOn with the d fferenoe that 
'slop ._ • ..., ""'"""" by 'II*._. Tne 'II* '"'Ill'""' 
two-olonngfloloct8Sa- Fig 15.11 
snow. ... 'IC>IIf1ngs' A-A. alladlediD""'IWOendool ... 
eolllhat rotatas 1n the magnelk: lieKI' 'Nher'llhe current_, the 
CCII II ttro and Is dbol..t to dtange dlrediOn, lhe apiM 11rtgS 
a-.ochangelhe con lads wllh !he C8f'boo bt'UShoe$ 88' h this 

way the ootpyt from 88' remains '" the sam.. d•te<:lt«!. 
afthoogh the current is not constant tn mtgnttudo . The wrve 
oUhecurrent ltllhown in F~.15.18.1t I& similac toe 3ineturvo 
with the IOwot hltt' lntoottl.cf. Tt. 1\uc:tuabOna of the OU1put Clln 
be ~111ty reduced by USing many ools nMof Ilion o • 

• 

~Angle one Mutbpte COlla we wound atOUnd e c:yt•ndrical corA J.A A /'\ f\ 
to kwm m. ~turo Each col is c:::onneded 10 a ttP~Wate r. ~ Jf-. ~ \. 
commutator- ... OUipul ol ......-ycoi<S- orly • A 
rMC:hes 41 PNk emf. Thus IPe emf .-. lhe OIAit c;m,. til --· 
A-!Ct •!he-Of elodncityp<Odu<IIOn Pnlcornliy, 
the genel'atora are not &O s.mple ~described above Attuo• 
turbine It tumed b~ hiOh pres$Me steam Ot watorffll! The 
shaft or the tUtbk\e it otta<:hed to the 0011 wt'llch rotates in 11 '· 
m&gnetlc flolcl 11 000\I'Qrts the mechantcal (lntfgy or tho 
driven tvrblne to &lecttictll energy. The gooerator auppllat 
Q.lrTeOI to lha axtomel crtu~t The d&lrice5 in the cittU•t lhiM 
c::onwme· eleclt1cal energy are known as the '\Qed• The 
greeter N load tr. lwger the cunent 1$ lllJPC)IIed by the 
oet*"•10f 'MMtn the CltCUrl ts open. N geoet810r doll nol 
""'llOy oloctllc81 .-gy, ..., a .....y-"""" 1o -Ill 
rocate the 0011 Aa toon • lhl ~ 4 dosed • currttlt 16 driron""""" h col Tho,__,_ .. _-on.,. 
.......,. -COl Fig 15 19-""lorceo OCW1Q on 

- , 

--
... 00o1 Fcxa~ F, fO ICilf1g on fhO left side ol ... col -­
on0Qu81 buloppool!o ""oo F,acts oothengnllldo oltheco.l. 
These forces nrv IUCh ttlat they produoe a counter eorque 
llltU CJPPOSM. lhe rotatiOnal mobon of the co1l. This tfi'6Clll 
som&tHMs referred to as back motor &ffect In the geM,.. toll! 
'I'M largtJf the curran! druwo, (h$ greater blhe counter torque 
ptoduood Thai mea01 """" mechan.cal ene<gy lo requ...S 
10 keep the COil rot~~~tmg 'Mih coostant angular speod Thli Ia 
•n agreemeo' Mth lho law of conservatiOn ol energy The 

-­. - -..... 
\c:. \ .. 

I ' """"' ... .. _ 
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-..,...,.., 11)1 the '1oad",...... come hom the·­
....ce"uoedio-the"'""""-

11. D."C.JIQIQR 
A ITIOO' • • c»vu wtMCh converts elec:cncel energy r..a 
mechatlicat tnergy We already know that a ...,.. CMyltiQ 

current ptaced 1n a mtgnebC field experiences a fotce. Thi~ • 
!he bas.te ptine\ple o, an electric motor. In c:ons.ttuction a 0 C 
motor Is altnilnrto a 0 Cgenerator, ha\llng a magnetiC fteld, • 
commutolOr and on orm.nture.ln tho generatof, the &M\Itui'O 
i$ rotated JO the magnetic IH!Id and current is tho output In the 
0 .C motor. eurfont pauea through the armature thet rounos 
in the ~tiC tiMe! tn the O.C motor. U\8 btv&h" ort 
c:onnec"'" 10 1 O.C oupply "' battery (Ftg.16 20) Whln 
cunent flows llwooglt the armalure cool. the lotce on tile 
-~IIO<QUO.IhoCrotatesthean·noMo. Th<o 
.,.....o~ ""'.._depOnd>._, u.ecuneot. tho avoogtt 
ol the ll'oiO""""- ........ ol the ooi and the- ol 
..... olthea>l 

tf the c:umtnl in !he COIWW. aiUle lime .nltle ..,. deftciiOn. 
the aorque on 11 WOUld be reversed after MCh twwf reYOiuOon 
B-ut at tNI lt'IOI'I'tt(lt. (1Qmmuta1ct reYetSeS the dwectl<M1 ~ 
current thet kMP* the totque alwa)'$ in the aame tonSt. A 
5nlo problem Maes due to the uso of commutator, thAt Is. the 
torque vanlshe!ll o&eh lime the ourrent Changes rts <lttoctiOo. 
Thi$ cremes JOfka In the smooth running of the annature 
Howevet tho pn)blom Is overcome by using mcwo than on. 
ool wrapped around a soft·iron ccwe This res~a tn 
producing 1 mofe t.telldy torque. 

The magnetiC f-etd "'CheROOt. IS pn;Mded by a ptfmlnt01 

magnet "' .. --- The - of ... ___ lly_tht_,_ Tho-coOt 

maybeii"'MnN ot., para!OtiiOthe am'laU"ec::ois: 

tS.tl 8ACtC EW .. MOIURS 
A motor 11 jJsllke • genetator running in nwerse. When the 

a>l ollho """"' - - the mognetic - by the 
8pllhd po<onttot ddiO<onee V, an emf' Is tncluced In n Th<o 
Induced emf it In such .,. direction that opposes the emt 
ruf'lnfng the motor. Due to this reason tho !ocltJOid emf Is 
called back emf oltho molO<. Tho magnhOdo ol tho back emf 
in<:n>aSO$ wllh tho Speed of ...-r 
Since V and 'are oppo~~to In polarity, Ole oet emf in the Clrcort 
t5 V- c. If R lathe re~ of the oo11 and I the curren1 drawn 

lfr.! 



by lhe motor, then by Ohm's raw 

' v_~ 
R 

(15 29) 

When the mocor •s JUSt staned, bttek emf is almost zero and 
henco a taroe wrrent passes through the COli A.s th.e motor 

speeds up. the back emf 1ncrea.ses &nd the current becomes 

ama1er ana smaler. Howevef. the CU1'8I1t 11 tul'!'ioient 10 

PftMde torque on the CIQII to clnYe the load and to ove~ come 

loeses duo to friCC1on. If the motor ts overtooded. it slows 

do\t.•n. Consoquently. tho back emf decreasos and a.llow5lho 

motor !0 draw more ~~ If the motor it cwer1oaOod 

beyond .......... .,. - <Wei t>e so hog!\ - • tnll'f 
bum out the motor. 

Example15.7:A permanentme~gnet O.Cmotorisrunbyo 

botiOiy ol24 - · n>. col of lho mo40r has I - ol 
2olwns. "<11•1101'01 _..,., ol22.5volls- <*MnO.,. 
Iced at nonnal speed WMIIS lho Ct.m>nt wtoon """"'JUOl 

&tarts up? AJso find the cumM'It when motor le running at --· Solution: 

OporalionVoltage •V=24V 

Reols11<101o<tnoooti•R=2n 

8aclt..,., • • • 22 5 v 
0JfT'61'1t = I s ? 

I) 

uu,g 
When motor)ustslarts up, thOb8d<. emf t • 0 

V• '+IR 

24V•O+! x2n 

24V 
1•- •12V!l'•12A 

20 
.nen moeotnansat notmel speed.l • 225V 
then using V,. t +IR 

V•22.5V+II(2Cl 

I• 2'V-22.SV •0.75VO '•0.75A 
20 • 

11.13 
A ltans:bmer is. an 6tedncal deviCe used eo Wnge a given 

--...,. lorger"'--·'"II eml. " 
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worics on the ptlll(ipll of mutual lnCfucbon between two coils. 

In pnnc;aple, 1M~~~ 001'$151$ of two cok ol copper. 
eiOdrieolly .-led tram 08dl -·"""""on lhe ...,. 
"""ccn The OOiiiO .met> A.C- <$ Wllllliod io­
prwnaty ancllhae hofn illhic'b Wd' 1S<Iel'oered to the CirCUli II 
called !he leCX><1CWy 

It &.hould be n<,t_, lha1 Ulete 1$ no electrieal OOOnoebOn 
between the two coila but mey are magne:ica•y llf'lkod. 
Suppose that an &ltom<•l,ngemf •s appitedto tho pnmary If at 
some instant I the fklx In tho pr.nary rs changing et l.he reto of 
Ac.tiU than lhora w;JI bo bact~. oml induced in the prunury 
which v.\11 oppos'~ tiN tlppllod voltage. The Instantaneous 
vatuo of the s•~lf W'lduced &mf IS g;ven by 

Self induced emf • N # ,\ell 
\1 

~ tile .-.co 01 U.. CCOI io rtOgOgol>lo INn the boc' ..,.. io 
-andOI>I>OIIoto--v. 

Y, batt omf N ~ 
\1 

(15.30) 

v.nere N~ 18 the numbof of turTt6 Wl lhe Pf"'m&l) 

Assumong 018111" ilwough '"" - .... - tlvouglltho seoondaly, 1 o , tho two <X>Oo am llghUy coupled. the mto Of 
Change of ftu)l, In the ltiCOndary W11 al$0 be t\~IM '"ld lht 
magMucJo of tho loducud emf actosS lhe seoond{lry i8 ~ by 

h~l V, N, t.l 
where N. as the numoer or ll.1n61t11he secondary 

OMdong Eq t 5 3 I by Eq I S.30 we got 

II' N 
v,. 1¥, 

( 1~31) 

(15.32) 

If N. > N. rtiOf'l ACQ)(dr'lg to Eq_ 15.32, V. > V,. suet. • 
transformer in wNd'l YOJ1;Jge ecross secondary it gtNtur 
than lhe pnmary voltag& 15 c;311ecl a step up transformer (F iO 
tS 20 a). Strmtmty •• N, < N, 1.0. the nurnCMw' ol tums In lht 
secondary is ,..,, them the number to pr•mary. then v. < v •. 
suc:h tron3foml0f 1n which voltage across s.ocondtuy •• to•• 
than lhe pomary volto•ue '' celled a step down transformor 
(Fig 15.20bl 



It II tmpOtl:ao'\ to noM1 1hat lhe e6ednc:al ~ In .a 
-~~- fromb ........, ...... IOClDIIdo<y 
col by I'I'IICJanlo Of c::hiMglng lu• For an kiMI ease lhe powtt 

O¥>ull011e- loMMy """"'"' ... powor<Upulfrom .... _,. 
,. Power inpUI• Po.o.er Ol.ltl)ut 

V I•V,I, 

v '· V: I 
115.33) 

1, ts the CUff"nt In lhe primary and 1. In the woonduty The 
curronts ~tre thut ln.,..rMIY ptoportlonat to the respective 
\'Ob9f1S Thettttore. m e $lep up trentJOf'mel' wnen the 
V0fta91Kt01S the aecond.-y rsreised. thlv&l~ of cu,r.,-.t it reo..- TNs Is""'~- .. .,.."' 11>o otodne 
s.upp~y networt~: where trenstonnet .nc:rea• •• • vobglo n 
reQ.ces h curr..-.t 10 thalli can be lransm"t%ed ,_long 
dl5!anCes ~ IT1Ud'l poww los$. 'lf'hen c:utTerlt , PMMt 
llwouiJI> a,_......,., R. ll>e-lossdue 10 '-oflecllo 
(R S..WOOOR•IIlernoolanc.cf-" lnordot 
to mtncrNZe Inc tos.s dunng transmissiOn. it IS not ponlble to 
re6uce R because • requlfes the use ot thiCk copper ,. ... 
which becomes htghfy unecoll0f1lical. Tho porpoe.e • weR 
servl:ld by reduong I At the generating PO'Wtf atatiOn lht 
voltagu • at~pped vP to s.ovoral thousand of vo111 And power 
Is tmnsmdtud •t low cuHenl fo long di$1ancea w•lhelul much 
loSA Sl&p down tron~orormers then decreeselht volt~tOO to 8 
safe vakMt at the ood of lin& 'Nhote the consumer~ ~ttc~:nc 
power IS loc8tf'd lnslde a house a transformer mey ~ UMCI 
,.,.,..,- .... \OOIIagl """'250 ..... 1o9..,. '"' mgong 
bO!IO<--""Uo..,..,.,.-,. T-wlth .. ...., ___ .,..........,.,....,,_,,__._. ---.goo .... requnoc~ 
Or<y , an """" -me< tho O<r!pu!....., II nootf\' OQUaf 
to tho lnpUI powar 8ul in an actual ~.IllS itl 1'101 the 
C3"' The OU!j>ul 18 alw~ less lhan il'llUI due 10 -
~ Thor., ato Nro maon causes ot power toss, n~y· 
eddy cunontt and magnetiC hysteresis 

In order to onhanc;e the magnetic flux. lhO pnmpry end 
S6COndary COlla t1f U1& lf{losformer afe wounc.J on &Oft Iron 
eor&_ Tho tluxgo•mralif'td by tho coils alsopassea thfough the 
core. As magn 1hC flux ch&OQOS through a solltl conductor. 
6\Ciuceo cut 1uota are ~el up 1n dos&d peths 10 the body or the 

IuS 

][ 



c:ondUc:tof_ Th6M Induced curr.nts are 5et up In • ditedion 
~IO.n.llwtWICiare.._, .. eddyCUI1Wiil" 
reuts rn power ...,_bOn and h6a&lnQ of the core .....w 
ln-10 .......... "* ---10 low of 11*0 ...,__"*..,....-oed--ln-"'­
laye<Sol-- -""low of eddy­
(F"tg. 15 21). Hyol- "'" Is lhe enotgy Qpoodod 10 
magnetiZ• and d«nngneta:e the c::ore material in each eydt 
oftheA.C. 

Duo to these powettotns. e ttansformef is far from bfMng an 
ideal. Its output powet Is atwaysless than its input powor. The 
etr.aency ol A lransformer Is defined as 

E output power " 1 00 
1nput power 

1n-10-.n..-,ey.care-boex......., 
IO"""'"''ol"'--loooes For~ooro-bo 
-trom.n.---ot·-­
tr,:sterll•loo9 ..... very 111181. The in:SuiMiOtl betwMn 
-~-bopetleclooasiO_IIIo_ol 
eddy- Tho-ollhe primary and -"'Y 
coils should be MpC to 1 tnlnimLm. As power transfet from 
primary 10 M<Xlfldary lakel plaoo lhiQU9h flux lnl<agK, oo 
Ule primary and 16COI'ldltY coils should be wound WI such 1 
way that flux coupling bttween thom Is maximum. 

Elulmple 15.8: Tho tum•-ola S18P up __ ,. 

50 A CUIOil4 ol 20 A It pesood lhiQU9h ns pl1mlty ool ot 
220 YOftt. a.... lho ·-of""' ,.,._ and .,.,_1 '" lho 
,.::ondeqOOI ~ CMtranlformer lobe idMI OM. 

-:N 
:1 • 50 

N• 

V.•220V V,=? 1.•? 
V I V 

Uting lhl equation -' • :L -get ...:.L. = 50 
V, 1, 220 

Voltage In the IIICOf'ldlrycoll• v. c 220x 50= 1100 volts 

v 1 
1, • :e.. '• •-x 20 .. o.• A v. 50 
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SUMMARY 

An emf • MC up in a c:::onduaot when it tnoWe tl(mllla f1'IIONitiC fteld. tlls c:eMd an --Tho.,._ Ill' ... - of • ...--. -..00 -~~---. 
Magn•ude of """"""'I omlln a red of ltngCh l ....,..;ng - veloc:ily v - a 
magnellclloldofwenglll B moldng8-~la t • vSL.IIn8 

• F~ law slalel that the emf •rwtuced 1n • conducting ~ ol 

Nmop.ll__.tolheneg14Moth,..MwNdtllerMgt'lleluxbaugl\hool 

.. charVnv--
Tho Lonz'lllw - lhalll10 d- of ... - CUAnllo olwaya 10 M 10 

OWOMI!Ie chMge..nlch""UMSihO current. 

The~ In wNch 1 d\lnging CUtt'M In one coli anduols an-"' In enol'ler 

coillcollodlle--

One'-Vylalho--of .... _ofooialn-·-of....­
ofone_.por-lnlhoprin"ery_an_omlofoneYOIIInllo 
MOOndoly. 

• The ~ In wNcn • changing curranc ~ a ooil induc:M an emf in tlMif Is 
collod .... '"""""'"-

1 1 

A Q.WJWit genetalor a a deW» lhM co,..... rnec:hellkat tMr0Y 11'110 •atlric:lll -TheemfproducedinegentrMorJ:s l•NeoASttn(tDI) or l•&.lln(2a:ft). 

Amotof,..devioe,...,lch...,..,. __ lntomochlnlcal-. 

Tl1tl ~emf kl a motor CCJPC sac the M'lf runni1g theftdcw. TNt induced emf II 

caledlho--oflle-. 

QUESTIONS 

[)roes the W1dueed emf in 1 o rcurt c:tepend on tho res~stanco of lhe cirtUit? Does tho 
onduce<l eurremd_,cl on u.. .... sla,..oflhodreu!f? 

A-IOopof,.,..•-llwoogll• un~~onn._llold ThonormoiiOihe 
lOop.-~ ..... magnaoc- Ia. Otri- in lhaiOop? 0..... 
reason for )'OUr answer. 
A ltght mota"'c nng ;s reloaMd from above 1tt10 a vec1ical bet l'l'laUnet 

(Fig. 0 15.3). vo-oo rorobovo.doeslhocunool llowdoekwlooor 
antlclod<wlooll\lherlog? 
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154 

155 

WNtt 10 the donleton of the co.nent tfwou9h -fOr R 
lnF~gO 154? Wllen$WOIChSio 
(a)-
lbJOI>OIIO<J 

~ 

Doet the -emlalwayo act 10-.... thomagnebcftuxlhrough o <milt? 

15.6 When lhe IWI1Ch 1n. the circuit is closod t Ql.lrret\111 
es~.abliahed in the COil and the metal ting )UmPt 
upword (Fig.O. 15.6). Wtry? 
Deoertbe what would happen to the mg K tho 
bltttry polwity w«e reversed? 

'~t-0 tU 

15.7 Tho Fig 0 t57show$ac:c;tof-e on lha xy plono 
-. _..-doleded along they .... ~ __ ol ... ...,. __ _ ' 

15.8 

1510 

15 11 

1512 

1513 

15.14 

15 IS 

lha COl be.- on order 10-an eml and 
• currtnt "' the c:d? 

fit 0 IU 

• 

• 

' 

How would you position a flat k)op o4 wko In a <:tumglng magnetic flold so that 
therwtla no emfll'lduced in the loop? 

&n a cerUhn regloo the earth's mogi'Mibe fMtld point venalty down. When a plane 
rl101 due north, whiCh wingtip ilpos•tlve+y dwged? 

114> 
Show INM c and f'tl- have tt. same until 

When an Mldnc ~. suc::h as an~ drt, I& be1nQ used. does tt altO act u 
• genert8IOf? tf so what is the c:oneequence ol .... ? 

Ceo 1 O.C mofor be...,_ onto a DC -tor? Whal ChMgeS are ·-to 
be oano? 

Is " -"" to Change both !he oree o1 tho ~ and the magnetic foeld '*""'' 
thmugh the loop and Sbll not have an 1ndue&d .,, tn lhe toop? 

Can an electrtc motor bG used to dnve an ei$Cllk: generator with the OtJtput from 
the goooratot b&mg usad to operitto the motor? 
A au•pond&d magnet is oscillating fretty lin o hortront81 plane. Tho oseilla!JOM a.-e 
ottongly d!lnlj)ed when o metal plate is placed .,_,he mognet Expta.n why tl11t 
occura? 

lOll 



tb 16 F"our uomarl<od vnr" em&rge !rom a tmnsfotTn&r. Wtwt steps- wovld yov take ro de~nelhe turns rabO? 
1517 a)c.tll~tr~n:~euethepcHN~ 

b) In elransfonner. thor& IS no n,..fet ol c::hlrge from Ole pnmary 10 lhe eecondafy How No. then lho power treosrorred? 
15 18 When the pn~ or alransb11'16r IS c:onnoctod to a.c""'"' ltte cutNnt In" 

t) .. ...,. ..... ,.,._...""""'._,but 
b) --~~~_--,c;,Mis-E-ttMMf-

PROBLEMS 

, 5 1 "" eml ol 045 v • - but-. .... ...;, ol • molal bar """""" """'-'91> • magnetoc field of 0 22 T. Wh01 f.wd SlrengtJl _,ld bo neodld 10 pn>duoo ao emf of l. 5 V between lht.l f!Ods of the bot, essurrwng thelt ah Qtt)or factors remain lho same? 
(Ms;0.73 T) 

15 '1 The ""•• oett5"Y 8"' a J1190n bJ !...,.... tt1e pole tecu oft,.,_ ahOt magrtM · ~ 0.5 Wbtn dlreded Y«ttaalty ~n.vatd Ftl'ld the emf ~nduc;ed .,_a llratght wwe 5.0 em k»ng, pefJMndiCUIM to 8 whtw'l it ts moved ;n ad rec:tlon at at'l ang~ o160* With the horizontal withe $peed of tOO ems' (An~: 1 25 x 1o-'V) 
'5.;. ACOIIohwehaa 101o0p:s Elch1<"10pha$iln.,..oi15:.1CJ'f"· AtT\IIgO('!)C;fietdtS 
~100W &OOaceof e.1 :1\ k)()pal II limeS. Wthe magne::ic~ta c::h$1~ lrom 0 05 TtoO.oe T •n 0.1 ' · f•ndtheavertge emf 1nd~ 1n lhe ooldunng thi$ fione 

(Ana: +1.6 x 10'V) 
15 4 Aorw&ar coil.ha~ 15tt.iOlSof teGIUIJ 2cm N<:h The plane of tneeoil 11-as at40" 10a .... totm~Aoldoi0.2T .... - .. ~ ... osr .. · 2•.find""' ~ofllllnducedomf (Mo: 1 Bx to•v) 
15.5 T'NO cols are pl.lCOd Side b)' liCit~. An emf of 0 8 Vis Obtitrf\lad 10 ono cod when tho current ._ d'IOOOing ot lha rate or 200 /14' In the olhef ~. What ta lhe mutual illdocfM'IC:e of lhe COlis? (Ans: 4 mH) 
15 6 A po r of~ COils hat a rwtual ~ ol 0 75 H H ltle currerr1 10 N pnm.ry chango• from 0 eo 10 A 1n 0.025 s. whAt is the • ._..... induced emf In me secondfary? What 11 tho c:hango In flux In 1t If 11'\6 sooondary haa SOO tumt? 

(An.s:300V 15x10t Wbl 
15.7 A--hasl!>>....,.andbMil-112.4 1-.H - .. 1toeftux1NOugll 

each - wtton 111 - Is 2 A? What ,. 1toe onducod emt when 111 ""'""" d1ange .. t20AI ·? (Ano: 1.92 ~ 10 Wl>.48mV) 
t5 8 A sotenoid of lengU\S.Ocmand CfOSSS8Cbondl area 0.5f;tn1 has 520 tuma find the 

self lllduelartce .,.,. solenoid"'*' Ill core Is"''· K""'.......,.,,..­•oa-1NOuglll 5A.W10 21 lind lhemagrtlfUdo ol-omfln ·' 
1"'•4KXI0 WbAm I (Ano:l6x10'V,2.12X11rH) 
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• 

1 _......,.llvoughocoil--ln>m 100 IMio200,..1nO.OD5a.an-

emloi<IOmVIoptOduoodlnlhocoil. WhaHslhoHiflnduclanc:eoflhocoil'l 

11> )Find thelncn>aseln lheooergy sto<e<llnthe cool. (Ano: 2 mH. O.oJ mJ) 

Ulr.o eny -· lhl ..., .. _.--- onegy. f"tnd the moguec;c­

storec:IWl a 1f*:e where wangth of e811h·s fteld it 7 x 1Q4 T, d lhe spte1 OCQ.4)IIS an 

arHof tOx 1Cfm1 and has:ahe4ghtof750m. (An1: 1.46x tO' J) 

A-coil of-18an-200 1urn0 and -In • '""""" mogneoc: -of 

mogniWde 0 05 T. II lho peak- is 12 V. -is lho angular~ of lho coil 
(Ana: 4718ds 'J 

A-IllS • ~coil-~~~ of 380 ILms. Tho coil- at 

420 rev per min In 0 14 T magnotie lleld. The 1*1< .-of eml ptOduood by 1he 

gOilOrato< Is !10 V. ff ihe COil is 5.0 an wtdt. fino the length of the slda of the coil. 
(Ant: 45 em) 

II • desired to make en a.c genec 80' 1hM can prockJce If\ emf of tni.'01'UTI YMie 

SkV With 50 Hz trequMCy. A colt of area t m' havu'Q 200 turns is used as arma,ure. 

Whauhould bo the mognlluOiof lhemogneticlleldln v.llieh the COli rototes? 
(Ano:008T) 

1 1• Th•bedtemftn amotori$120Vwhentf'M motoria tumiog ec 1680revperm~n . What 

it the back emf whenthe motor lums 3360 rov per min? (Ant: 240 V) 

Ao.c...---•Z<40Vondhoooo-of05n . -""'""""'"' 

running at nonno1 -· the ormoturo "'"""''It 15 A. Fino the back omlln the 

onnawre. (Ana: 2325 V) 

A-~ hoooo r-.sof4 Oanond-of I.OofiAmog.-- is 

appiiOdoverlho ring. po<pendleutat 10 IU pion&. ~the maQ1'411clield-lrom 

0.2T 10 0,4 T ln a time '"tefVal of 5 x 104 1, what It the current in the ring during this 

~ 
(Ano:201A) 

A coli oliO tUtn5 an<l 35 csn' ._is in o __ ,__ IIOid of 0.5 T Tho 

coil It puiiOdf>ut o1 ihollold In 1.0 o. Ftnd the lnduood emlln the COil no~ ispull0d0111 

oflho-. 
(Ano:1.75x WV) 

' An Ideal SlOP--·-'·-"''"""' SIJill)ly of2<40 v "·-to 
operate a 12 V, 30 W lAmp. find the CUften' ln tho primary and tho nnstormotlon 

.-? (Ans:0.125A.1120) 
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