
� 1. m (a) � (f) if qfu@ � * � Mffl � ctft � ctft � 
( predict) �I 

r 

ffl 

r z 

(a) (b) 

---- --
----D � 31'1 .0 

X 
---- - --731'1 

� 
(c) ��¥-tf�<m'$ (d) '-llU�q;J���

��

(a)� � §cf � � � � t 3@: � "$ Pwfijfll-< � ftm
� §cf iR uJ@T t (Gftfoft §cf � 'tJftf � &RT � tg} 3@: QRT �
� � � � "$ � t mu QRT p � q � � 1' t1

(b) � pq 1' q ftit lR -+S §cf q ftit � � � t 3@: ��§cf
����ti QRT � � qllITi@t � p�q ���§cf
W � � � t1 3@: � ftm � §cf � iffFcr � � t ('tJftf cJ;T
� � tg) X y � 1) s WI � � t (� "$ 'Pill•fijfli'<) � QRT
��x�y��tl

Electromagnetic Induction 
oS|qr pqacdh; çsj.k6
vH;kl iz'u
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(c) uJq � cm � � \ijJffl t, (Iii' � -q � 'ij; 1fA ll W«G � t am:
� lffi1Rf atR � � � � t, � 'ij; � � 'ij; Pl4•Ujtil'<
� � � � G�o11qJ tam:�� ll � � � �
�Jlq;R�t���cmcp+ffflcpl��t��
� lT � cf1lITc@ � lT � t � 'ij; � � t Pl4'11jtil'< �
� � � G�011qt1f t � xyz m;r ltl

(d) � t1+114)Gt� cm � ffl lR � � � � ti � 'ij;
cf1lITc@ Pl4iiljtii-<, � � � � � 31R t � 31R � � ll
�����Jlq;Rt��am�����-q
t1 am:����� ll � � � 'ij; � � ll t1

(e) ���cm� ffl t, � � � 'ij; � � ll m cJR-fi �
� t 3IB: � � � JJq;R � � t �� 31R � � 'ij;
cf>RUT � � � � t, 3IB: � 31R � � 'ij; cf>RUT �

���-q��������t��ltl

(f) � cfR 'ij; cf>RUT � � "fflW titJ 'ij; "tll@1-I -q i 3IB: titJ -q �
� � � � (�titf lt 4>=0)

� 2. 1%r.f-qqff@��� ���cfilotPWT���� 
qiuqftq��I 

(a) "fir 01Pt�Md anc1iRcfiltfR'�q_tr-ij�'ffl"ffl'I
(b) "fir� �q_tf � � � cf'R'"q � � � 'ffi tnl

X X X X X X X 

X X X X X X X 

(a) (b) 

(a)� lR � � � � � 'ij; � 3R"-<' � 31R t � �
3Tipfa cpl cJR � � ll � \ijJffl t qi{ � � if<J \ijJffl t (�
� titJ cpl � 3Rl � � � mcJT t) 3IB � lffi1ffi' � �
t 3Tif � � � � � � JJq;R t �<ffl ��cm cp+f <ffifi
t1 � � � � � 'ij;� � ll t1
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(b)� � � � tfR"q �mffl t "ffif � �� IITTiJ 1fi 'Elem t
����mq;;J�����q;iftqjJ�
qj«fi t1 am: � � � ��o11qd � -q � m1ft � a'd'c'b'a' �
� � mq;;J � lff;J � � � � 3lR m,

� 3. � � qf<.-l�cfil * � {l;ilifte< � if 15 -q;l "l1 � � 
2.0 cm 2 'cfiT � 9lel-"m q_tl qfl.-1�cfil cfit � * � fflf 1'Jin ti � qf<.-1�cfil 
if�� �'cfiTllR 2.0A if 4.0A "« 0.1 s ���'ffl' ��*�

���affl'�min? 
{tff � t, aR � � � � n = 15/cm = 1500 m 

mt� cpJ � A =2 cm2 =2 x 10-4 m2 

�di 4-2 2 � 'i1�qC1., - = - = - =20A/s
dt 0.1 0.1 

'JfAT e � ftcff. 'if'('{ t1 

� � Pt4+ilj'til'<, 

e = d� = E_ (BA) 
dt dt 

� e = A dB = AE. (µ
0
nl) 

dt cit 

(·: qA;,1�cf>I 'ij; � � IITTiJ B = µ
0
nl)

di � e =Aµ
0
n-

dt 

(·:4»:: BA)

0 = 2 X 10- 4 X 4 X 3. 14 X 10- 7 
X 1500 X 20 

e=7.5x10 6 V 

3@: � fa.cff. 'if(,{ 7.5 X 10 6 ti 

(•: µO = 41t X 10- 7) 

� 4. 1{cfi 3tll4dlcfil< q_tJ � � 8 cm 1l_cf 2 cm t, � � 't1'{ � qic!J 
1afT t1 � q_tJ � Mf * 3tfi1dklcld 0.3 T * C(ifieqH '!klcfil<t � � 'i(ffl'{ cfit 
3fft�_Wtl �q_tl*ciW{�'cfiT� 1 cm s-1 fm� �*ftro'tf{

� � cflN G@' fcl@;n 111lf, � q_tJ cfit 11fif 3tfildklqd 1i (a) q_tJ cfit � 
� * (b) q_tJ cfit lircft '!rlf �I� ft:qa if��� fcficR � acn 
�? 
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ffl � t, cfJ � � / = 8 cm= 8 x 10-2 m )( )( 

<ft�� b =2Cm=2 x 10-2 m 
)( )( 

� cp1 � = 1cm/s = Q01m/s 
��B=0.3T )( )( 

(a) vR � � � � �l (/=8cm=Bx10-2 m) 
)( )( 

TffaJWJ �.err. era� � 'ff 
e = Bl v = 0.3 x 8 x 10-2 x 0.Q1 = 2.4 x 10-4 V

(b) 

�-�-�'!f'T��-lil-
t,r 

t= 
2 X 10-2

=2S
0.01 

uN � lm!l � � � l 
(/ = 2 cm= 2 x 10-2 m)
� ame.n 'ff '3tCA �.err. era 

e = Blv = 0.3 x 2 x 10-2 x 0.01 
e = 0.6 x 10-4 V

�=����=ax10-2
� 0.01 

t = 8s 

)( )( 

X )( 

)( X 

X X 

)( 

)( )( 

8cm 
)( )( 

V 

)( )( 

)( 

X X 

8cm 
X X 

X X 

JN.J s. 1.oift� '-11ijctft���M��q@ 3ifii�ktctt(3'8J�'tlmf: 
400 rad/s ctft� �����ti �cfiT�ftm� �c@lf� 
�ti 3'8.l� �1'1ft� 0.5 T cfiT i(c:fitl"IH iktctl'-1 t$r�'il � 
� 3'8J � � �� � 1@-qft 1'JURT �I 
� ���/=Pfr 

� cp1 � � Cl)= 400 rad/s

��8=0.5T 
c;:cJ ftR cp1 � � = 0
� ftR 'q;T � � = /Cl)

V = 0 + /Cl) = /Cl) 
2 2 

(·: v = f(l))

8/(l) e =Bvl=-·I 
2 

(I) 

... (i) 
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0.5 X 1 X 400 X 1e=-----
2 

e = 100V 

am: ���'ij;��fctcfl. � 10ovt1

� 6. � � � � � 8.0 � 'ff'-IT -qro cfft ml 20 tam'
� 'ciq'('{{ � 'tffur: 50 rad/s cfft � � -e' 3.0 x 10-2 T � ((cfitfqH
iklcf>14 �-q 1f' 'ffi 'ti � -q � 3ifttcfiaq 'ff'-IT oftmr ���a@'
"cfif lfR'ij@�I �� 100 �"cfif����ffi�-q �
� 3ifttcfidq lfR cfft T(1JAJ �I 'Wf � � 'cfiRUT � oftmr � cfft T(1JAJ
�I ���-e'��t? 

ifc,wf �t,���=8cm=0.08m

�'ij,���=20
��q;r�=1on
� 'ijlJ ro = 50 rad/s
� � 8=3x10-2T
� � � fcl.'cfl. � e = NBAro sin CJ)(
� ft.'cfl. � tg sin (1)( = 1
:. � fit 'cfl. � e

0 
= NBAro = 20 x 3 x 10-2 x 3.14 (0.08)2 x 50
e

0 
= 0.603 V

�� � � J
0 

=eo = o.5o3 = 0.0603A
R 10 

afR:@�ft.'cfT.�
1 i21t 1 i21t 

e = - edt = - NBAmsm(I)( dt
. 

T o To 

1 [cos oot ] 
2x

e =-•NABro --
T m o

=NBA [cos 21t -cos 0° )
T 

e = N� [1-1) = 0

�"'qsf>tg�ft.'cfl. �e =0
tfltR'ij;�afR:@��

=E
0

l
0 = 0.603 x 0.0603 = 0.018 W

2 2 
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� 1t � "ij) X'itl ll � � q;y � ffl <fTiU m t1 �Ti� EJRT 
� "CR� � � � t "G1T � 'ij; � q;y fc)m:r cfRm t 3@: El@ 
M��TfWiffilfGAffl���q;)�"ffl"lltl 

� 7. iicf � � q if�� 101ft � � � 'fflHl30 x 10-4 Wb/m2 

"fflRffl � � � -¥iCc6lll � � � � � � 5.0 mis qfi � � fiR 
wrt1 

(a) �if ��cffif$a@ctiT�llRcflflmt1J?
(b) � cffif$ a@qfi mil cflfT t?
(c) �qiJ�-mftm��fcfqq"tRt?

ffl � t, � cfR q;y ctTT = 5m/s 

�cfRq;J�� 

10m W---,1....----E 

B = 0.30 x 10-4 Wb/m2 

cfR�� /=10m 
(a) cfR 1l � � fct .err. � e = Blv sin 0

�. 8=90° 

sine= 1 

v= 5 mis 

(·: crR � "ij) � � "ij) � tJccf> 'ij; ����Ti fl'R �

t)

= 0.3 X 10- 4 
X 10 X 5 = 1.5 X 10- 3 V 

(b) � "ij) � � � Pt�iiij-81'<, � � � � 31N t oif � fct. err. �

���-it�� 31N Ml

(c) � � fcl.err. <IB "llT EJRT � � � � 1{ci � 31N t, am: � fffiT
� fcl11q "CR t1
(EJRT � � fcl11q � � fcl11q � 31N � t)

� 8. ��if 0.1 s if� 5.0A � O.OA oiiiftRffti-1 � am@� 
� lffff lffl 200 Vt 'ffl � if ��(cfi{i51 ���I 
ffl EJRT Ti� di= 5-0= 5A 

EJRT�Tf ��� dt=0.1s 
� afrffit fcl.qy, � e =200V 

di 
e=L-

dt 

200 = L (�) "lJT L = 200 = 4 H
0.1 50 
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� 9. 'tfm-'tfm ffl !ii��4f * � � qiJ � � 1.5 H t1 � � 
� � 0.5 s � 'EIRT O � 20 A -qftclffio 'ITT, 'ffl � � ctft "fficRT, � �

fcffiRT�mirr? 

� �t.�cpf"ITT"OJ� 

M = 1 .5 H 

�1lEIRT�d/=20-0=20A 

�-it�llm�dt=0.5s 

�ll�fctm. �e=M dl = d<!> 
dt dt 

d<!>=M.dl 

= 1.5 X 20 

d<!>= 30Wb 

am: � � 30 Wb ti 

� 10.� � � � ctft am 1soo km/h��� t, � � -qw 
25 m �t1�mull{fcffir;rr fctiteiHl<�1t1TT? �� ,Jklcfi\'-4 �qif� 
��"ti{ 6 x 10-4 T � -;da cffi'Uf (dip angle) 30° ti

� � "llR qiT 'ijTf V = 1800 km/h = 1800 X � = 500 m/S 
18 

/=-cfm c); � � � =25m 

� � 8=5x10-4 T 

aja cfflUT 6=30° 

fct.m. � � Tfftf cpT � � ffi lR 

e = B.,vl

e = 8sin6 vi

(�,By�c);��q;y�trect,t :. B.,=Bsin6) 

e = 5 x 10-4 sin 30° x 500 x 25 = 3 .1 V 

am: � c); � � fct1l<fRR 3 .1 V ti 
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vfrfjDr iz'u

120



y 
X X X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X X X 

X X X X X X X 

---------�x 

��mtllff����� 
dB= 10-3 Tis
dt 

� q;r � R = 4.5 m n = 4.5 x 10-3 
n

��mtllff���� 
dcj, = d(BA) = (dB)A
dt dt dt 

= 10-3 X 144 X 10-4

= 1.44 x 10-5 Wb/s 
<itf���<f;RUT���� 

dcj, = dB. A· dx = 10-3 
X 144 X 10-4 

X 8
dt dx dt 

= 11.52 x 10-5 Wb/s
GAT WTI<f Z-3Tlff ���-ii�� q;) tre"ffi t1
<itf -ii � � fctcrr. � 

e = 1.44 x 10-5 + 11.52 x 10-5 

e = 12.96 x 10-5 V 

<itJ -ij � \:1RT = !_ = 12.96 X 10-s = 2.88 X 10-2 A
R 4 .5 X 10- 3 

<itf ll � l:1RT � � +zt vrr � �llR-ii � � t1

(·:cj,= BA)

� 13. � ,1flffl,11lwft �ld6�cfi( � � � � * � i'4ch14 � q,'t cftifffl
*�qiJ"qJq;JmT�tl ���-mil'� 2 cm2 �q,'t �
� (search coil) qiJ "w;ntT mT Tf?IT t1 ��if 'tlm'-'tlm' fffftra' 25 'q;t t
cJ¥U � i'4ch14 � * � 6qct�d mT Tf?IT t � tfif � la 1Jftr � � *
'ilfflt��t1�:�3Fllfcntfif���90° �����
t � � qiJ ffl i+41q,14 � * � 1T �I 1.f � � if �
7.5 mC � qiJ � l@T t � -qftqv;r if � � (ballistic
galvanometer] �"ij@flf;?rr��tl �� �qiJ .. llftm'-f
Q50O t1 �q,'t �cftsmrqiJ ��I

121



ffl � <P1 � A=2cm 2 =2 x10-4 m 2 

oR����N=25 

� lf � � Q = 7.5 me= 7.5 x 10-3 C
�<P1� R=0.5O 
vfif�cf>T�IW;f���'GfffiTt'ij'ijci,,=O. 

�lf�� 
I = � = _ Ndcjl I dt

R R 

B= QR= 7.5 x 10-3 x 0.5 = 0.75 T
NA 25 X 2 X 10-4 

3@: � lf � lW;f 0.75 T ti

(1 me= 10-3 C)

(·: e =-N:)

(·: ci,, = 0)

(·.·ci,; = BA)

�14.mif��cfft�PQ'q;1'�11?fff��AB"CR�f�
� � � � � � � � ti �, � � �cn1t1 � �
31M�kic4t( qaif if f1 � ��.flifll< (�) G � � � � � K -qft
�� ���'ti �qft � = 15cm, B = 0.50T ��, �
� � � � aR; q_tr cliT � = 9.0 mil ti � 'q;1' l(cfittqH 'qR �I

N 

,· ::, 

s 

(a) 'qRf � K � (open) 't � � 12 emfs q,i ';;f@ � � � q if
1'J@ilR t1 � � � � cliT 'qR � � (polarity) G@lll(I
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(b) �� Kwft�11t��ftm11t�cfif �11'�? �m11T
��K�(close)���

(c) � � K � ffl � � Q.c:fi\1'11.f � � 11ftr if m 'ffif ,ft ,��T-11 'tit�
'qftvnifi i@' � °;nff cli«IT � o-f 'tit� cfit 11ftr � 'q;R'OI ijklcf,,ll i@' �
cli«IT i't cfiRUJ � �I

(d) � � � cfit �if� 'tit� cl@ �G@ cfif ltr-1 � 1PJT?

(e) � � q_lf if�� 1Mf if fci;a;ft llfcffl � iPff? � llfcffl cfif Wcf �
t?

(f) ���ifMffl��G@�'ffllll� -g;1a1c1,it1 ���
�����m?

l'ff �t, ��� /=15cm=15x10-2m

� &a B=0.50T, 

�"ij;�Rtflq>J� 
R = 9 m n = g x 10-3 

n

� q;r � v = 12 emfs= 12 x 10-2 m/s
(a) TffalJR � fct<TT. �

e = Bvl = 0.50 x 12 x 10- 2 x 15 x 10- 2 

e = 9x 10-3 V
����"ij; Pl<Mijtfi-<, ���� [ =-e( x )]� P� 
o � 31R t am: P � � wrrr � o :,fiOiiciiqj � wrrr1

(b) tf, � � � � � t P "Q"-<' er-=rmJ � Q "Q"-<' mAT � � �
m uf@J ti u1q � R � \jffifi t � URT � mtfi t cJ¥:Jl 31Tiffi q;)
���ti

(c) u1q � -oocfr vlTcft t cJil' � "Q"-<' � � � � W@T t � P cf Q
"Q"-<'� 31l<ffl� &a� cp«fJ t �����am
� mm t am: ���mm t1

(d) u1q � R � vlTcft t, � � � � t � oR -it � � W@T t
(�&a-it)

� = Bil = 8- �, = 0.5 X 9 X 10- 3 
X 15 X 10- 2 

= 7 .5 X 10- 2 N
R 9 X 10- 3 

(e) � cffl "flJtR TffcJ � TffwtA � m � �llfcffi
=�'if(iJX� 
= 7.5 X 10- 2 

X 12 X 1()""2 

= 9x 10- 3w
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(f) � "ij; "ffilJT � 1' ?lflJ Vlfc@

= 12R = (�)
2 

x R = e
2 

= (9 x 10-3)2 

R R 9x 10-3 

= 9x 10-3 W
��q;rm��tl

(g) \iji{ � � � � "ij; � t 0= O cfil' � ftcff. 'il1, e =Bv/sin0 �
1lr-f 1' � � 'il1, "ffil31T cm � q;rbft1 ara: � � � t wm
� fct.cff. 'i11, 1fr � t1

� 15.crrg-� ql'< .. l@cfil ctft� 30cm 'ta?.JT�"q;f �25cm2 "tl
ql'( .. l�cfil -ij cl'R: * -q;u qfi m§Zlf 500 t cl?.ff qm 2.5 A t1 £tRT � � 10-3 s *
��"qi{��t, 
"6Gf f.fq;p;J if fctffi;n fcrclfur � fcf .cJT. a@ � m7lT � ql'( .. l�cfil * ftm �
'¥ii�lf � * i:rrtc@;r 'q;T ';f1J1Rf 'tfF@ �I 
� � t, 4R-11�cf>I ��I= 30cm = 30 x 10-2 m

� q;r � A=25cm2 =25x 10- 4 m2 

cJR"ij;��� N= 500
EfRT /1 =2.SA, /2 = 0

tl'illl.:C,"<IC'I cit = 10-3 s
4R-11�cf>I � 3RR � fctcff. 'il1,

e = dcp = :!_ (BA) (·: cp = BA)
dt dt 

/ EfRT � 4R-11�cf>I � 3RR � � 1R � �

B=µ0nl (� n=�� 1' cJR �� � � =-;) 

e = NA dB = A:!_ (µ/!.1) = A µoN . di
dt dt I I dt 

e=500 X 25 X 10- 4 
X 4 X 3.14 X 10- 7 

X SQO
2 

X 
2·5

3 30 X 10- 10-

e =6.SV
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WA 16. (a) fitSilt(eR �(l'?.1J a �*qtf *afrq �mllf�cfif� 
�cfro? 

I 

. X • 
a 

a 

a 
a • V 

(b) "qAJ�aR'ij 60A �t(l'?.1J�� 3Tit v=lOm/s *���,t 
x= 0.2m "qt�'ij�fcf.cu. ��cfro? 
a= 0.1 m '8(1'?.1J�-qr-ffi�fcf;�cfif �� �'ti 
� f.lq;Jq � � 'lJ1T � � i � � tfflcRI ffl ffi tcJ
'8i-tlcfkt-, � i1 

� I 

(a)ll'AT ; am 'ij; oR � x � "CR dx � <tr
dx 

a 

31�Prc�tt t cflf <tr � a t oR � X � V 
x=b a 

- a r 

'CR��
B = µo .� (') ••• I 

47t X 

a 

X 

(3FR1 � 'ij; � oR 'ij;� � ct>T � � ffl 1R B= µo .�)41t X 

31(,q����q@l�'CIB'cffi 

d'1)= B.dA = µo -�•adx
41t X 

[·: dA = � q;y � = adx � (Q 'fl] 

d'1>= µo .�.cJx 
47t X 

cft llt �3TT 'ij; � Ml<t><'I-, ffi 'CR 
� = µo . /a J< x+ a)..! dx = µo , /a [In x]� + a

41t x X 41t 

� = µo • la [In (x + a)-ln (x)] = µo/a in(�)
47t 27t X 

'1> = µo/aln (�+ 1) 
27t X 

Wf \JJf-ffi t nP '1> = Ml

�.M���tl 

... (iij 

... (iii) 
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tf'fi(ii)�(iii)� 

Ml= µola In(�+ 1)27t X 

M = � lo9e 
(
� + 1

)27t X 

3ffi: � � cJ211 � � � � � � q;y � t1 
(b) � t, �I= 50A

� V = 10m/S 
x = 0.2 m 3fR a= 0 .1  m 

e = _ dcp = _ !!_ [µ0
a log

e (
a + x

)]
dt dt 21t x 

= -µoaf !!_ [log (x + a) - log x]21t dt

= - µoaf [-1- !!.._ (x + a )-.:!.!!.._ (x)] 21t (x+ a) cit x dt 

= _ µ 0a/ [-1 _ dx _ .:!. dx] 
21t (x + a) dt x dt 

= -��
/ [ (x : a) - ; ]

-µo a2/ve--·---

21t x (a + x) 

e = 47t X 10- 7 

X 
(0.1)2 

X (50) X (10) 
27t 02 X (0.1 + 0.2) 

2 X 10- 7 
X 50 X 10- 2 

X 10 
0.2 X 0.3 

= 1.67 X 10- 5 V

� 17.M � � R � � fttJ if� 31ml).. 
((cfiWiH � -e- fcrclftcJ t � if � 3iiti�ct,14 � t � 
a:rsjf � �����q;t�t (6tt51Ufd�d) 
� �if� �cfi�i-41-1 i141ij,1ll � fcrnfur t1 � 

B = -Boft[rS a, a< R] 

=0(�) 
i141ij,1ll ���'CR fttJ cfiT � � � cf>U? 
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i:tCl �t,�311"ffitf1cq A.=��=_g_ � 21tR 

ftq��=R 

ftqq;y�=m 

= -B
0

" (rs a, a< R) 
=0 (�) 

d4> e=--
dt 

3IB: �&a�� t@cffl � � � � l{tZJ � 
e = - f · di = 

- :: 
�t@cffl-q��cl>RUTE, ������ti

e f di= -! (1ta2B}

E x 21ta = - 1ta2 dB

a dB 
E=---

2 dt 

dt 

311"ffi � � F = QE = (21ta x A) (-�dB )= - 1ta2
A. 

dB 

2 dt dt 

� � (F)= dp =d (mv) =m dv 

dt dt dt 

mdv = _ 1ta2
A. 

dB 

dt dt 

... (i) 

mR (doo) = - 1ta2
A. 

dB

dt 
(·: v = Roo)

7tB2
A. doo=--dB 

mR 

� � � � � 31� � � t

A.a2 7t 
ro=-- Bv

mR 
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