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 Marked Questions can be used as Revision Questions. 
 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : SUBJECTIVE QUESTIONS 
Hkkx - I : fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

 

Section (A) : FLUX AND Faraday’s laws of electromagnetic induction  
[k.M (A) : ¶yDl rFkk QSjkMs ds fo|qr pqEcdh; çsj.k ds fu;e  
A-1.       If flux in a coil changes by , and the resistance of the coil is R, prove that the charge flown in the coil 

during the flux change is /R. (Note : It is independent of the time taken for the change in flux) 
 ;fn dq.Myh esa ¶yDl ifjorZu  rFkk dq.Myh dk çfrjks/k R gks rks fl) djks fd ¶yDl ifjorZu ds nkSjku cgus 

okyk vkos'k /R gSA ¼uksV % ;g ¶yDl esa ifjorZu es fy, x;s le; ij fuHkZj ugha djrk gSA½  

Sol. i = 
R


 = 

1

t R





 

q

t




 = 
1

t R





 

 q = 
R


   

 

A-2.# The north pole of a magnet is brought down along the axis of a horizontal circular coil (figure). As a 
result the flux through the coil changes from 0.4 Weber to 0.9 Weber in an interval of half of a second. 
Find the average emf induced during this period. Is the induced current clockwise or anticlockwise as 
you look into the coil from the side of the magnet?   

 ,d {kSfrt o`Ùkh; dq.Myh dh v{k ds vuqfn'k ,d pqEcd ds mÙkjh /kzqo dks utnhd ykrs gS ¼fp=k esa½A ifj.kkeLo:i  

vk/ks lSd.M ds le; vUrjky esa dq.Myh ls ikfjr ¶yDl 0.4 oscj ls 0.9 oscj rd ifjofrZr gksrk gSA bl vUrjky 

esa çsfjr vkSlr fo0ok0cy Kkr djksA D;k çsfjr /kkjk nf{k.kkorhZ ;k okekorhZ gksxh ;fn ge dq.Myh esa pqEcd dh 

rjQ ls nsa[ksA     

      

N

 
Ans:  1.0 V, anticlockwise. okekorZ  

Sol.  = 1 2

t

  
 = 

0.4 0.9

1/ 2


 = – 

0.50

1/ 2
  

  = – 1 volt || = 1 volt. (Anticlockwise)    (okekorZ) 
 
 

A-3. The flux of magnetic field through a closed conducting loop of resistance 0.4  changes with time 
according to the equation  0.20t2 + 0.40t + 0.60 where t is time in seconds. Find (i) the induced emf 
at t = 2s. (ii) the average induced emf in t = 0 to t = 5 s. (iii) charge passed through the loop in t = 0 to  
t = 5s (iv) average current in time interval t = 0 to t = 5 s (v) heat produced in t = 0 to t = 5s. 

 çfrjks/k 0.4  ds cUn pkyd ywi ls xqtj jgk pqEcdh; ¶yDl le; ds lkFk lehdj.k 0.20t2 + 0.40t + 

0.60 ds vuqlkj cnyrk gSA tgka t lSd.M esa le; gSA Kkr djksA (i) t = 2s ij çsfjr fo0ok0cyA (ii) t = 0 ls t = 5 

s es vkSlr çsfjr fo0ok0cyA (iii) t = 0 ls t = 5s esa ywi ls xqtj pqdk dqy vkos'kA (iv) le;kUrjky t = 0 ls t = 5 s 

esa vkSlr /kkjk (v) t = 0 ls t = 5s esa mRiUu Å"ekA 

Ans: (i) 1.2 Volt (ii) 1.4 volt (iii) 17.5 C (iv) 3.5 A (v) 86/3 joule.  

Sol.  = 
d

dt


  = – (0.4 t + 0.4) 

 (i) t=2 = –1.2 volt 
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 (ii) <> = 
t




= 
2[0.2(5) 0.4(5) 0.6] [0.6]

5 0

  


 = 1.4 volt 

 (iii) q = 
R


 = 17.5 C. 

 (iv) <i> = 
q

t




 = 3.5  Anticlockwise  okekorZ   

 (v) H = 
2

.dt
R

   = 
5 2

0

[0.4t 0.4]
.dt

R


  = 

86

3
J 

 

A-4.# (a) The magnetic field in a region varies as shown in figure. Calculate the average induced emf in a 
conducting loop of area 10–3 m2 placed perpendicular to the field in each of the 10 ms intervals shown. 
(b) In which interval(s) is the emf not constant? Neglect the behavior near the ends of 10 ms intervals. 

 (a) fdlh LFkku ij pqEcdh; {ks=k fp=kkuqlkj ifjofrZr gksrk gSA {ks=k ds yEcor~ j[ks gq, 10–3 m2 {ks=kQy okys pkyd 

ywi esa] n'kkZ;s x;s çR;sd 10  feyh lSd.M varjky ds fy, çsfjr vkSlr fo0ok0cy dh x.kuk dhft,A (b) fdl 

varjky ds fy;s fo0ok0cy fu;r ugha gS \ 10 feyh lSd.M varjky ds fdukjksa ds lehi O;ogkj dks ux.; eku 

yhft,A    

     
Ans: (a) –1 mV, –2 mV, 2 mV, 1mV 
 (b) 10 ms to 20 ms and 20 ms to 30 ms. 
Ans: (a) –1 mV, –2 mV, 2 mV, 1mV 
 (b) 10 ms ls 20 ms o 20 ms ls 30 ms 
Sol. 0 to 10 ms : 

 (a) <> = 
t





 = – A
B

t




 

  = –10–3 × 
3

(0.01 0)

10 10



 = –1 mV 

 10 to 20 ms : 

  <> = –10–3 × 
3

(0.03) (0.01)

10 10



 = –2 mV 

 20 to 30 ms : 

  <> = – 10–3 × 
3

(0.01) (0.03)

10 10



 = 2 mV 

 30 to 40 ms : 

  <> = – 10–3 ×
3

0 (0.01)

10 10



= 1 mV 

 (b) slop of B–t curve is not constant in the intervals (10, 20) and (20, 30)  
  B–t oØ dk <ky vUrjky (10, 20) o (20, 30) ds e/; fu;r ugh gS  
 
A-5. A conducting loop confined in a plane is rotated in its own plane with some angular velocity. A uniform  

and constant magnetic field exist in the region. Find the current induced in the loop  
 fdlh ,d ry es jgus ds fy;s ck/; ,d pkyd ywi Lo;a ds ry esa dqN dks.kh; osx ls ?kwf.kZr gks jgk gSA bl {ks=k 

esa ,d le:i rFkk fu;r pqEcdh; {ks=k fo|eku gSA ywi esa çsfjr /kkjk Kkr dhft,A  

Ans. zero 'kwU; 
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Sol. Since  = 0 hence induced current is zero. 
gy- pwafd  = 0 vr% çsfjr /kkjk 'kwU; gSaA 
 
A-6. A metallic ring of area 25 cm2 is placed perpendicular to a magnetic field of 0.2T. It is removed from the 

field in 0.2 s. Find the average emf produced in the ring during this time.  
 25 cm2  {ks=kQy okyh ,d /kkfRod oy; 0.2 T  pqEcdh; {ks=k ds yEcor~ j[kh x;h gSA bldks 0.2 s esa {ks=k ds ckgj 

fudky fy;k tkrk gSA bl le;kUrjky esa oy; esa çsfjr vkSlr fo0ok0cy Kkr dhft,A 

Ans. 2.5 mV 

Sol. <> = 
t





  = – A 
B

t




  = –(25 × 10–4) 0 0.2

0.2

 
  

 volt = 2.5 mV 

 

A-7. A solenoid has a cross sectional area of 6.0×10–4 m2, consists of 400 turns per meter, and carries a 
current of 0.40 A. A 10 turn coil is wrapped tightly around the circumference of the solenoid. The ends 
of the coil are connected to a 1.5  resistor. Suddenly, a switch is opened, and the current in the 
solenoid dies to zero in a time 0.050 s. Find the average current in the coil during this time.  
vuqçLFk dkV {ks=kQy 6.0×10–4 m2 dh ,d ifjukfydk esa 400 ?ksjs çfr ehVj gS o bles 0.40 A dh /kkjk çokfgr gSA 

ifjukfydk dh ifjf/k ds pkjksa vksj 10 ?ksjs dh dq.Myh dldj yisVh tkrh gSA dq.Myh ds fljs 1.5  ds çfrjks/k ls 

tqM+s gSA vpkud dqath [kksy nh tkrh gS rks 0.050 s le; esa ifjukfydk esa /kkjk 'kwU; gks tkrh gSA bl le; ds 

nkSjku dq.Myh esa vkSlr /kkjk Kkr djksA         
Ans: 1.6×10–5A 

Sol. <i> = 
R

  
= 

BA

Rt
 = 0( n ) AN

Rt

   = 
7 44 10 400 0.40 6 10 10

1.5 0.050

       


. 

 
A-8. A heart pacing device consists of a coil  of 50 turns & radius 1 mm just inside the body with a coil of 

1000 turns & radius 2 cm placed concentrically and coaxially just outside the body. Calculate the 
average induced EMF in the internal coil, if a current of 1A in the external coil collapses in  
10 milliseconds.    

 ,d fny&/kM+du ekih ;qfDr esa 'kjhj ds vUnj  50 ?ksjs o 1 mm f=kT;k dh ,d dq.Myh o 'kjhj ds ckgj 1000 ?ksjs 

o 2 cm f=kT;k dh ,d ladsfUnz; ,oa lek{kh; dq.Myh gSA ;fn ckº; dq.Myh esa] 1A dh /kkjk 10 feyh lSd.M esa 

[kRe gks tkrh gS rks vkUrfjd dq.Myh esa çsfjr vkSlr fo0ok0cy dh x.kuk djksA  
Ans.  493 V 

Sol. B = 0 0 0

0

n µ

2R

I
,  = B × ri

2 × ni, EMF = –
t




  

 EMF = 
2

0 0 i i

0

n µ r n
–

2R t

  



 = 493µV. 

 
A-9.# Figure illustrates plane figures made of thin conductors which are located in a uniform magnetic field 

directed away from a reader beyond the plane of the drawing. The magnetic induction starts 
diminishing. Find how the currents induced in these loops are directed. 

    
 fp=k esa irys pkydksa ls cuh lery vkd`fÙk gS tks dkxt ds ry ds yEcor~ i<us okys ls nwj dh vksj le:i 

pqEcdh; {ks=k esa fLFkr gSA pqEcdh; çsj.k de gksuk çkjEHk gksrk gSA bu ywiksa esa çsfjr /kkjk dh fn'kk Kkr djksA 
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Ans. 

(a) (b) (c) (d)

 

 
Sol. (a) In the round conductor the current flows clockwise, there is no current in the connector; (b) in the 

outside conductor clockwise; (c) in both round conductors, clockwise; no current in the connector,  
 (d) in the left-hand side of the figure eight, clockwise. 

   (a) (b) (c) (d)  
Sol. (a) o`Ùkkdkj pkyd esa /kkjk dh fn'kk nf{k.kkorZ gS] la;kstd rkj esa dksbZ /kkjk ugha gSA (b) ckº; pkyd esa nf{k.kkorZA 

(c) nksuksa o`Ùkkdkj pkydksa esa nf{k.kkorZ] la;kstd esa dksbZ /kkjk ugha gSA (d) vkB vad tSlh vkd`fÙk ds cka;h vksj fp=k 

esa nf{k.kkorZA  
 

A-10.#A uniform magnetic field B exists in a cylindrical region of radius 1 cm as shown in figure. A uniform 
wire of length 16 cm and resistance 4.0  is bent into a square frame and is placed with one side along 
a diameters of the cylindrical region. If the magnetic field increases at a constant rate of 1 T/s find the 
current induced in the frame.    

 fp=kkuqlkj 1 lseh0 f=kT;k ds csyukdkj {ks=k esa le:i pqEcdh; {ks=k B fo|eku gSA 16 lseh0 yEckbZ rFkk 4.0  

çfrjks/k okys rkj dks oxkZdkj Ýse esa eksM+k tkrk gS rFkk bldh ,d Hkqtk csyukdkj {ks=k dh O;kl ds vuqfn'k gSA ;fn 

pqEcdh; {ks=k esa 1 T/s dh fu;r nj ls o`f) gks rks Ýse esa çsfjr /kkjk Kkr djks \  

 
Ans. /8 × 10–4 A 

Sol. i = 
R


 = –

1

R
   

d

dt


 = –  

A

R

dB

dt
   

 i = –
2r

2R


.
dB

dt
= 

8


 × 10–4 A  

 
A-11.# A coil ACD of N turns & radius R carries a current of I Amp & is placed on a horizontal table. K is a 

very small horizontal conducting ring of radius r placed at a distance Y0 from the centre of the coil 
vertically above the coil ACD. Find an expression for the EMF established when the ring K is allowed to 
fall freely. Express the EMF in terms of instantaneous speed v & height Y. 

 ,d dq.Myh ACD esa ?ksjksa dh la[;k N rFkk f=kT;k R gS] blesa I ,sfEi;j /kkjk çokfgr gks jgh gS rFkk ;g ,d {kSfrt 

est ij j[kh gSA r f=kT;k dh cgqr NksVh {kSfrt pkyd oy; K, dq.Myh ACD ds dsUnz ls Y0 nwjh ij Å/okZ/kj Åij 

dh vksj fLFkr gSA tc oy; K eqDr :i ls fxjrh gS rks blls LFkkfir fo0ok0cy dk O;atd Kkr djks \ fo0ok0cy 

dk O;atd rkR{kf.kd pky v rFkk Åpk¡bZ Y ds inksa esa Kkr djks \ 
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Ans.  3

2  
2 2

0
5 / 22 2

R r N y

R y

  



I
 

Sol. B = 
2

o
2 2 3 / 2

R N

2 [R y ]




I
  

  = –
d

dt


 = – A 

dB

dt
 = – r2 

dB

dt
     .......(1) 

 here ;gk¡  
dB

dt
 = – 

2
o R N

2

 I
 × 

3

2 2 2 5 / 2

1

[R y ]
 × 2y × 

dy

dt
  

 = – 
2

o3 R N

2

 I
2 2 5 / 2

yv

[R y ]
     

 put this value in eq (i) and get Ans.   
 ;g eku lehdj.k (i) esa LFkkfir dj mÙkj izkIr gksxkA  

 

A-12. A closed circular loop of 200 turns of mean diameter 50 cm & having a total resistance of 10  is 
placed with its plane at right angle to a magnetic field of strength 102 Tesla. Calculate the quantity of 
electric charge passed through it when the coil is turned through 180º about an axis in its plane.  

 ,d 200 ?ksjksa] 50 cm ek/; O;kl vkSj 10  dqy çfrjks/k dk ,d cUn o`Ùkkdkj ywi] blds ry dks 102 Tesla ds 

pqEcdh; {ks=k ls ledks.k cukrs gq, j[kk tkrk gSA blds ry esa fLFkr ,d v{k ds lkis{k tc dq.Myh 180º ls ?kqekbZ 

tkrh gS rks blls çokfgr fo|qr vkos'k dh x.kuk djksA  

Ans. 25 × 10–3 C = 0.078 C 

Sol. q = 
R

 2 2 22 200 (25 10 ) 10

10

     
    

 
A-13.# Figure shows a square loop of resistance 1  of side 1 m being moved towards right at a constant 

speed of 1 m/s. The front edge enters the 3 m wide magnetic field (B = 1 T) at t = 0. Draw the graph of 
current induced in the loop as time passes. (Take anticlockwise direction of current as positive)   

 fp=k esa 1m Hkqtk okyk 1  izfrjks/k dk ,d oxkZdkj ywi 1 m/s ds fu;r osx ls nkfguh vksj xfr dj jgk gSA t = 0 

ij bldh lkeus dh Hkqtk 3 m pkSM+s pqEcdh; {ks=k ( B = 1 T ) esa ços'k djrh gSA rks yqi esa le; ds lkFk izsfjr /kkjk 

dk xzkQ cukb;s (/kkjk dh okekorZ fn'kk dks /kukRed yhft,) 

 

Ans:   

Sol. For  0 < t < 1s, ds fy, i = Bv/R = 1 A (anticlockwise okekorZ)  

 For 1s < t < 3s , ds fy,  = constant (fu;r) so vr% i = 0, 

 For 3s < t < 4s, ds fy, i = Bv/R = 1 A (clockwise nf{k.kkorZ),  

 For t > 4s, ds fy, i = 0 
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A-14. Find the total heat produced in the loop of the previous problem during the interval 0 to 5 s  
 mijksDr ç'u esa le;kUrjky 0 ls 5 sesa ywi esa mRiUu dqy Å"ek Kkr djks \  
Ans.  2 J   
Sol. H = i2 R1 + 0 + i2 R1 
 = 1 + 0 + 1 = 2 J 
 
Section (B) : Lenz’s Law  
[k.M (B) : ysUt dk fu;e 
B-1. Two straight long parallel conductors are moved towards each other. A constant current i is flowing 

through one of them. What is the direction of the current induced in other conductor? What is the 
direction of induced current when the conductors are drawn apart. 

 nks yEcs lh/ks jSf[kd lekUrj pkyd ,d nwljs dh rjQ xfreku gSSA muesa ls ,d esa fu;r /kkjk 'i' cg jgh gSA nwljs 

pkyd esa çsfjr /kkjk dh fn'kk D;k gksxhA çsfjr /kkjk dh fn'kk D;k gksxh tc os ,d nwljs ls nwj xfreku gks \  

Ans.  Opposite direction, Same direction. foijhr fn'kk] leku fn'kkA 
Sol. This is in accordance with Lenz's law. 
gy- ;g ysUt ds fu;ekuqlkj gSaA  

 
Section (C) : induced EMF in a moving rod in uniform magnetic field  
[k.M (C) : ,d leku pqEcdh; {ks=k esa xfreku NM+ esa çsfjr fo0ok0cy 
C-1.# A metallic wire PQ of length 1 cm moves with a velocity of 2 m/s in a direction perpendicular to its 

length and perpendicular  to a uniform magnetic field of magnitude 0.2 T. Find the emf induced between  
the  ends of the wire. Which end will be positively charged. 

 1 cm yEckbZ dk ,d /kkfRod rkj PQ viuh yEckbZ ,oa ,d leku pqEcdh; {ks=k 0.2 T ds yEcor~ 2 m/s ds osx ls 

fp=kkuqlkj xfreku gSA rkj+ ds fljksa ds chp çsfjr fo0ok0cy Kkr djksA dkSu&lk fljk /ku vkosf'kr gksxkA ¼NM+ dh 

yEckbZ pq-{ks ds yEcor~ gS½  

       
Ans:  4 mV, Q 
Sol.  =BVL = 0.2 × 2 × 10–2 volt  
 
C-2.# A right angled triangle abc, made of a metallic wire, moves at a uniform speed v in its plane as shown in 

the figure. A uniform magnetic field B exists in the perpendicular direction of plane of triangle. Find the 
emf induced (a) in the loop abc, (b) in the segment bc, (c) in the segment ac and (d) in the segment ab.   

 fp=k esa n'kkZ;s vuqlkj /kkfRod rkj dk cuk ,d ledks.k f=kHkqt abc ,d leku osx v ls blds ry esa xfreku gSA 

f=kHkqt ds ry ds yEcor~ fn'kk esa ,d leku pqEcdh; {ks=k B fo/keku gSA çsfjr fo0ok0cy Kkr djksA (a) ywi abc esa, 

(b) Hkqtk bc esa rFkk, (c) Hkqtk ac esa rFkk (d) Hkqtk ab esaA   

       
Ans:  (a) zero   (b) vB (bc),  positive at b     (c) vB(bc), positive at a  (d) zero 
 (a) 'kwU;   (b) vB (bc),  b ij /kukRed     (c) vB(bc), a ij /kukRed  (d) 'kwU; 

Sol. (a) abc = 0 [ effective length is zero ] [ çHkkoh yEckbZ 'kwU; gS] 

 (b) bc = BVLbc 
 (c) ac = BvLbc 
 (d) ab = 0. 
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C-3. A metallic metre stick translates in a direction making an angle of 60º with its length. The plane of 
motion is perpendicular to a uniform magnetic field of 0.1 T that exists in the space. Find the emf 
induced between the ends of the rod if the speed of translation is 0.2 m/s. 

 ,d ehVj yEckbZ dh ,d /kkfRod NM  viuh yEckbZ ls 60º dk dks.k cukrh gqbZ fn'kk esa xfreku gSA {ks=k esa fo|eku 

0.1 T dk ,d leku pqEcdh; {ks=k xfr ds ry ds yEcor~ gSA NM+ ds fljksa ij çsfjr fo0ok0cy Kkr djks ;fn 

LFkkukUrjh; xfr dh pky 0.2 m/s gSA   

 Ans.  –23 10 V  

Sol.  = BV(L sin) 
 = 0.1 × 0.2 × 1 sin 60º 

 =  –23 10 V  
 
C-4 The two rails, separated by 1m, of a railway track are connected to a voltmeter. What will be the 

reading of the voltmeter when a train travels on the rails with speed 5 m/s. The earth’s magnetic field at 
the place is 4 × 10–4 T, and the angle of dip is 30º. 

 jsYos iFk dh nksuksa iVfj;k¡ ,d nwljs ls 1m nwj gS rFkk oksYVehVj }kjk tqM+h gSA oksYVehVj dk ikB;kad D;k gksxkA 

;fn Vªsu 5 m/s dh pky ls iVfj;ksa ij xfr’'khy gSA bl LFkku ij i`Foh dk pqEcdh; {ks=k 4 × 10–4 T fo|eku gS] o 

ufrdks.k 30º  gSA 
Ans: 1 mV 
Sol.  = BvVL 
 = [B sin] V L = 4 × 10–4 × sin30º × 5 × 1.  
 
C-5. A circular conducting-ring of radius r translates in its plane with a constant velocity v. A uniform magnetic 

field B exists in the space in a direction perpendicular to the plane of the ring. Consider different pairs of 
diametrically opposite points on the ring. (a) Between which pair of points is the emf maximum? (b) Between 
which pair of points is the emf minimum? What is the value of this minimum emf?   

 r f=kT;k okyh ,d o`rkdkj pkyd oy; blds ry esa fu;r osx v ls LFkukarfjr gks jgh gSA oy; ds ry ds yEcor~ 

le:i pqEcdh; {ks=k B fo|eku gSA oy; ij O;klr% vfHkeq[k fcUnqvksa ds fofHkUu ;qXeksa ij fopkj dhft,A (a) fcUnqvksa 

ds fdl ;qXe ds fy;s fo0ok0cy vf/kdre gksxk \ (b) fcUnqvksa ds fdl ;qXe ds fy;s fo0ok0cy U;wure gksxkA bl 

U;wure fo-ok-cy dk eku fdruk gksxk \  
Ans. (a) at the ends of the diameter perpendicular to the velocity, 2rvB (b) at the ends of the diameter 

parallel to the velocity, zero. 
 (a) O;kl ds fljksa ij osx ds yEcor~ , 2rvB (b) O;kl ds fljksa ij osx ds lekUrj ] 'kwU;A 

Sol. B

V

A

B

C

D
 

 max = AC = BV(2r) 
 min = BD = 0  
 
C-6.# A wire bent as a parabola y = kx2 is located in a uniform magnetic field of induction B, the vector B 

being perpendicular to the plane xy. At the moment t = 0 a connector starts sliding translation wise from 
the parabola apex with a constant acceleration a (figure). Find the emf of electromagnetic induction in 
the loop thus formed as a function of y.  

 ,d rkj dks ijoy; y = kx2 ds vkdkj esa eksM+k x;k gSA ;g le:i pqEcdh; {ks=k B esa fLFkr gS]lfn'k  B ry xy ds 

yEcor~ gSA  t = 0 {k.k ij la;kstd NM+  LFkkukUrfj;  :i ls ijoy; 'kh"kZ ls fu;r Roj.k a ls fQlyuk 'kq: djrk 

gS (fp=k)A bl çdkj cus ywi esa fo|qr pqEcdh; çsj.k dk fo0ok0cy y ds Qyu esa Kkr djks \ 

+
B

y

a

0 x 
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Ans.   By 8a /k  
Sol. V2 = u2 + 2ay = 0 + 2ay 

 V = 2ay  

  = BV(2x) = B 2ay  × 2
y

k
  = 2By

2a

k
 =  

8a
By

k
. 

Section (D) : Circuit Problems and Mechanics    

[k.M (D) : ifjiFk o ;kaf=kdh ds ç'u  
D-1.#  A square frame of wire abcd of side 1 m has a total resistance of 4 . It is pulled out of a magnetic field  

B = 1 T by applying a force of 1 N (figure). It is found that the frame moves with constant speed. Find 
(a) this constant speed, (b) the emf induced in the loop, (c) the potential difference between the points a 
and b and (d) the potential difference between the points c and d. 

 oxkZdkj rkj ds Ýse a b c d dh Hkqtk 1 m rFkk dqy çfrjks/k 4  gSA bldks pqEcdh; {ks=k B = 1 T ls 1 N (fp=k) 

cy yxkdj [khapk tkrk gSA ;g ik;k tkrk gS fd Ýse fu;r pky ls xfreku gSA Kkr djksA (a) ywi dh fu;r pky, 

(b) ywi esa çsfjr fo0ok0cy, (c) fcUnqvksa a rFkk b ds chp foHkokUrj rFkk (d) fcUnqvksa c rFkk d ds chp foHkokUrjA  

        
Ans. (a) 4 m/s  (b) 4  V (c) 3 V  (d) 1 V. 

Sol. (a) F = LB = 
R


 (LB) = 

2 2B L V

R
, 1 = V/4, V = 4 m/s 

 3.2 ×10–5 =
2 2 2(0.02) (8 10 ) V

2

 
 

 (b)  = BVL = 1 × 4 × 1 = 4 Volt  
 (c) Vab =  – Rab = 4 – (4/4) (1) = 3V 
 (d) Vcd = IRcd = (4/4) (1) = 1 Volt 
 
D-2.# Consider the situation shown in figure. The wire CD has a negligible resistance and is made to slide on 

the three rails with a constant speed of 50 cm/s. Find the current in the 10  resistor when the switch S 
is thrown to (a) the middle rail (b) bottom rail. (Neglect resistance of rails) 

 fp=k esa n'kkZ;h fLFkfr dh dYiuk djksaA ux.; çfrjks/k ds rkj CD dks rhu iVfj;ksa ij ,d leku pky 50 cm/s ls 

pykrs gSA 10  çfrjks/k esa /kkjk Kkr djks tc dqath s dks (a) e/; iVjh ls tksM+rs gS (b) fupyh iVjh ls tksM+rs gSA 

(iVfj;ksa dk izfrjks/k ux.; gS)   

 
Ans. (a) 0.1 mA   (b) 0.2 mA  
Sol. Equivalent ckt. rqY; ifjiFk 
 (a)  

 i =
R


 = 

BV

R


 = 

–2 –2(0.1)(50 10 )(2 10 )

10

 
 = 0.1 m A  

 (b)  i’ = 2i. 
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D-3.# Figure shows a smooth pair of thick metallic rails connected across a battery of emf  having a 
negligible internal resistance. A wire ab of length  and resistance r can slide smoothly on the rails. The 
entire system lies in a horizontal plane and is immersed in a uniform vertical magnetic field B. At an 
instant t, the wire is given a small velocity  towards right. (a) Find the current in the wire at this instant.  
(b) What is the force acting on the wire at this instant. (c) Show that after some time the wire ab will 
slide with a constant velocity. Find this velocity.  

 fp=k esa ux.; vkUrfjd çfrjks/k rFkk fo0ok0cy  dh cSVjh dks fpduh] eksVh] /kkfRod iVfj;ksa ds fljksa ij fp=kkuqlkj 

tksM+k x;k gSA yEckbZ  rFkk çfrjks/k r dk ,d rkj ab fpduh iVfj;ksa ij fQly ldrk gSA lEiw.kZ fudk; {kSfrt 

ry esa gS rFkk ;g ,d leku Å/okZ/kj pqEcdh; {ks=k B esa j[kk gSA fdlh {k.k tij rkj dks nka;h rjQ vYi osx  

nsrs gSA (a) bl {k.k blesa /kkjk Kkr djksA (b) bl {k.k rkj ij yxus okyk cy Kkr djksA (c) n'kkZvksa fd dqN le; 

ckn rkj ab fu;r osx ls fQlyrk gS rFkk ;g osx Kkr djksA  

      

Ans. (a) 
1

r
 ( – vB), from b to a (b) 

B

r


 ( – vB) towards right (c) 

B




. 

 (a) 
1

r
 ( – vB), b ls a   (b) 

B

r


 ( – vB) nka;h vksj (c) 

B




. 

Sol.    

 (a) i = 
BV

r

  
 Clockwise  nf{k.kkorZ  

 (b) F = iB = 
BV

 B
r

  
 
 


  

 (c) F is towards right so v will keep on increasing after some time current will not flow in circuit then it 
will move with constant velocity. v will be maximum (or constant) when F = 0. 

 (c) F nka;h vksj gS vr% V c<rk jgsxk rFkk dqN le; i'pkr ifjiFk esa /kkjk 'kqU; gks tk;sxh vr% tc  F = 0 rks V 

vf/kdre (;k fu;r) gksxkA  

      So vr%    = BV  ,  V = 
B




  

 
D-4.# Figure shows a wire of resistance R sliding on two parallel, conducting fixed  thick rails placed at a 

separation . A magnetic field B exists in a direction perpendicular to the plane of the rails. The wire is 
moving with a constant velocity v. Find current through the wire : 
fp=k esa n'kkZ;k x;k gS fd  nwjh ij fLFkr nks lekUrj tM+or~ pkyd eksVh iVfj;ksa ds Åij ,d rkj ftldk izfrjks/k 

R  gS fQly jgk gSA iVfj;ksa ds ry ds yEcor~ fn'kk esa pqEcdh; {ks=k B fo|eku gSA rkj fu;r osx v ls xfr'khy 

gSA rkj esa izokfgr /kkjk Kkr djksA   

       
Ans. zero 'kwU;  
Sol.  i = 0 
   (circuit is not complete ifjiFk iw.kZ ugha gS )   
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D-5.# A long U-shaped wire of width  placed in a perpendicular uniform and constant magnetic field B 
(figure). A wire of length is slid on the U-shaped wire with a constant velocity v towards right. The 
resistance of all the wires is r per unit length. At t = 0, the sliding wire is close to the left edge of the 
fixed U-shaped wire. Draw an equivalent circuit diagram at time t, showing the induced emf as a 
battery. Calculate the current in the circuit.   

 fp=k esa n'kkZ;k x;k gS fd  pkSM+kbZ okyk U-vkd`fr dk yEck rkj yEcor~ le:i rFkk fu;r pqEcdh; {ks=k B esa j[kk 

gqvk gSA U-vkdkj okys rkj ij ,d  yEckbZ okyk rkj nka;h vksj fu;r osx v ls xfr'khy gSA leLr rkjksa dh ,dkad 

yEckbZ dk çfrjks/k r gSA t = 0 ij] f[kldus okyk rkj] U-vkdkj okys tMor~ rkj ds ck;sa fdukjs ds lehi gSA çsfjr 

fo0ok0cy dks cSVjh ds :i esa n'kkZrs gq, le; t ij ,d rqY; ifjiFk cukb;sA ifjiFk esa /kkjk dh x.kuk dhft,A  

      

× × × × × × ×

× × × × × × ×

× × × × × × ×

× × × × × × ×

v

 

Ans.  i = 
Bv

2( vt)r



 

Sol.  = BV    

 Net resistance  dqy izfrjks/k R = (2 + 2x) r    

 i = 
R


= 

BV

(2 2x)r



 = 

BV

2r( Vt)



 

 
D-6. Consider the situation of the previous problem. (a) Calculate the force needed to keep the sliding wire 

moving with a constant velocity v. (b) If the force needed just after t = 0 is F0, find the time at which the 
force needed will be F0/2.    

 fiNys ç'u esa of.kZr fLFkfr ij fopkj dhft,A  (a) f[kldus okys rkj dks fu;r osx v ls xfr'khy j[kus ds fy;s 

vko';d cy dh x.kuk dhft,A (b) ;fn t = 0 lSd.M ds i'pkr~ vko';d cy F0 gSA rks og le; Kkr dhft, ftl 

ij vko';d cy  F0/2 gks tk;sxkA     

Ans. (a) 
2 2B v

2 r( vt)



 (b) /v. 

Sol. (a) F = i  B = 
Bv

2r( vt)



 × B = 

2 2B v

2r( vt)



   

 (b) at t = 0 ij, F0 = 
2 2B v

2r




 

  
2 2 2 21 B v B v

2 2r 2r( vt)

 
    

 

 
 

 t = 
v


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D-7.# A wire of mass m and length  can slide freely on a pair of fixed, smooth, vertical rails (figure).  
A magnetic field B exists in the region in the direction perpendicular to the plane of the rails. The rails 
are connected at the top end by an initially uncharged capacitor of capacitance C. Find the velocity of 
the wire at any time (t) after released. Neglecting any electric resistance. (Initial velocity of wire is zero) 

 fpduh] Å/okZ/kj tMor~ iVfj;ksa ds ;qXe ij nzO;eku m rFkk yEckbZ  dk rkj eqDr :i ls fQly ldrk gS (fp=k)A 

iVfj;ksa ds ry ds yEcor~ ,d pqEcdh; {ks=k B vfLrRo esa gSA iVfj;k¡ 'kh"kZ ij /kkfjrk C okys la/kkfj=k ¼izkjEHk esa 

vukosf'kr½ ls tqM+h gSA fo|qr çfrjks/k dks ux.; ekurs gq, NksM+us ds i'pkr~ fdlh le; t ij rkj dk osx Kkr djksA 

(rkj dk izkjfEHkd osx 'kwU; gS)   

      

C ××××

××××

××××

××××

××××

××××  

Ans. 
2 2

mgt

m CB 
 

Sol.   

 Acceleration Roj.k a = 
mg – i B

m


 .......(i) 

 Here ;gk¡   i = 
dq

dt
 = 

d

dt
 (c) =  C 

d

dt


 

 i = C 
d

dt
  (BV )  = CB  

dV

dt
  

 i = CB a  .....(ii) 
 from  eq. (i) and (ii)   
 lehdj.k (i) o (ii) ls    

 ma  = mg – (C B  a)  B 
 [m + C B2 2 ] a = mg   

 a = 
2 2

mg

m CB 
, v = 0 + at = 

2 2

mgt

m CB 
 

 
Section (E) : EMF Induced in a rod or loop in non uniform magnetic field 
[k.M (E) : vle:i pqEcdh; {ks=k esa ,d NM+ ;k ywi esa çsfjr fo0ok0cy 
E-1.# Figure shows a fixed square frame of wire having a total resistance r placed coplanarly with a long, 

straight wire. The wire carries a current i given by i = i0 cos (2t/T). Find (a) the flux of the magnetic field 
through the square frame, (b) the emf induced in the frame and (c) the heat developed in the frame in 
the time interval 0 to 10 T. 

 fp=k esa çnf'kZr gS fd  r  çfrjks/k okys rkj }kjk fufeZr ,d tMor~ oxkZdkj Ýse] ,d yEcs ,oa lh/ks rkj ds lkFk 

leryh; j[kk gqvk gSA rkj ls i  /kkjk çokfgr gks jgh gS] tks i = i0 cos (2t/T) }kjk O;Dr dh tkrh gSA Kkr 

dhft,A (a) oxkZdkj Ýse ls xqtjus okys pqEcdh; {ks=k dk ¶yDlA (b) Ýse esa çsfjr fo0ok0cy rFkk (c) le;kUrjky 

0 ls 10 T ds fy;s Ýse esa mRiUu Å"ekA 
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a

b

i

  

Ans.   (a)  0ia

2




a b
n

b

 
 
 

 ;  (b)  = 0 0µ i a

T

a b 2 t
n sin

b T

    
   
   

     

 (c) heat Å"ek = 
2 2 2
0 05µ i a

Tr

 
  
 

2
a b

n
b

  
  

  
    

Sol. (a)  = B.ds  

 = 
a b

0

b

µ i
adr

2 r




  = 0ia

2




a b
n

b

 
 
 

 . 

 (b)  = – 
d

dt


= 0 0µ ai

2
  sin 

2 t

T

 a b
n

b

 
 
 

    

 (c) 
10T 2

0

Q dt
r


   =  

2 2 2
0 05µ i a

Tr

 
  
 

2
a b

n
b

  
  

  
 . 

E-2. The magnetic field in a region is given by B


 = 0B ˆxk
L

, where L is a fixed length. A conducting rod of 

length L lies along the X-axis between the origin and the point (L, 0, 0). If the rod moves with a velocity 

0
ˆv v j


, find the emf induced between the ends of the rod.  

 fdlh LFkku ij pqEcdh; {ks=k B


 = 0B ˆxk
L

 }kjk O;Dr fd;k tkrk gS] tgk¡ L ,d fu;r yEckbZ gSA L yEckbZ dh ,d 

pkyd NM+ ewy fcUnq ,oa fcUnq (L, 0, 0) ds chp X-v{k ds vuqfn'k j[kh gqbZ gSA ;fn NM+ 0
ˆv v j


,  osx ls 

xfr'khy gS] rks NM+ ds fljksa ds chp izsfjr fo-ok-c- Kkr dhft;sA   

Ans.  0 0B v L

2
 

Sol.  

 
L

0

0

B x

L
    v0 dx = 0 0B v L

2
 

E-3.# A straight wire with a resistance of r per unit length is bent to form an angle 2. A rod of the same wire 
perpendicular to the angle bisector (of 2) forms a closed triangular loop. This loop is placed in a 
uniform magnetic field of induction B. Calculate the current in the wires when the rod moves at a 
constant speed V.            

 ,d lh/ks rkj dh ,dkad yEckbZ dk çfrjks/k r gS rFkk bls 2 dks.k ls eksM+k x;k gSA mlh rkj dh NM+ tks dks.k (2) 

ds v)Zd ds yEcor~ gS] can f=kHkqtkdkj ywi cuk jgh gSA ;g ywi le:i pqEcdh; {ks=k B esa j[kk gSA tc NM+ dks 

fu;r pky V ls pyk;k tkrk gS rks ywi esa /kkjk Kkr djks \ 
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Ans.   (BV sin ) / r(1 + sin )   

Sol.    = BV    

 i = 
R


 = 

2x
cos

BV

r 
  




 where (tgk¡) cot  = 

x

/ 2
 

 

Section (F) : Induced emf in a rod, Ring, Disc rotating in a uniform magnetic field 
[k.M (F) : ,d le:i pqEcdh; {ks=k esa ?kwe jgh NM+] oy; o pdrh esa çsfjr fo0ok0cy 
F-1. A metal rod of length 15 × 10–2 m rotates about an axis passing through one end with a uniform angular 

velocity of 60 rad s–1. A uniform magnetic field of 0.1 Tesla exists in the direction of the axis of rotation. 
Calculate the EMF induced between the ends of the rod.    

 15 × 10–2 m yEckbZ dh ,d /kkrq dh NM+ blds ,d fljs ls ikfjr v{k ds lkis{k ,d leku dks.kh; osx 60rad s–1 

ls ?kwe jgh gSA 0.1 Tesla dk ,d leku pqEcdh; {ks=k ?kw.kZu v{k dh fn'kk esa fo|eku gSA NM+ ds fljksa ds e/; çsfjr 

fo0ok0cy dh x.kuk djksA  
Ans. 67.5 mV 

Sol.  =
1

2
 BL2   

= 
1

2
 0.1 × 60 × (15 × 10–2)2 . 

 

F-2.# In the figure there are two identical conducting rods each of length ‘a’ rotating with angular speed  in 
the directions shown. One end of each rod touches a conducting ring. Magnetic field B exists 
perpendicular to the plane of the rings. The rods, the conducting rings and the lead wires are 
resistanceless. Find the magnitude and direction of current in the resistance R. 

 fp=k esa nks ,d leku pkyd NM+sa] çR;sd dh yEckbZ ‘a’ dks.kh; pky  ls n'kkZ;h xbZ fn'kk esa ?kwe jgh gSA çR;sd NM+ 

dk ,d fljk pkyd oy; dks Nwrk gSA pqEcdh; {ks=k B oy;ksa ds ry ds yEcor~ fo|eku gSA NM+s] pkyd oy;sa vkSj 

la;kstu rkj çfrjks/kghu gSA çfrjks/k R esa /kkjk dk ifjek.k o fn'kk Kkr djksA   
 

     R

B B

C D
 

Ans. 
2B a

R


 from C to D  

2B a

R


 C ls D 

 

Sol.  

 (where tgk¡ =
1

2
Ba2) 

 i = 
2

R


= 

2B a

R


. 
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F-3. A bicycle is resting on its stand in the east-west direction and the rear wheel is rotated at an angular 
speed of 50 revolutions per minute. If the length of each spoke is 30.0 cm and the horizontal 
component of the earth’s magnetic field is 4 × 10–5 T, find the emf induced between the axis and the 
outer end of a spoke. Neglect centripetal force acting on the free electrons of the spoke.  

 ,d lkbfdy blds LVs.M ij iwoZ&if'pe fn'kk esa [kM+h gqbZ gS vkSj bldk fiNyk ifg;k  50 pDdj@feuV dh 

dks.kh; pky ls ?kwe jgk gSA ;fn çR;sd LikWd dh yEckbZ 30.0 cm gS vkSj i`Foh ds pqEcdh; {ks=k dk {kSfrt ?kVd  

4 x 10–5 T, gS rks v{k ,oa LikWd ds ckgjh fljs ds chp çsfjr fo- ok- cy Kkr dhft,A LikWd ds eqDr bysDVªkWu ij 

yxus okyk vfHkdsUnzh; cy ux.; eku yhft,A  
Ans. 3 × 10–6 V 
Sol.  = 1/2 BL2 = 4 × 10–5 × [×(30 × 10–2)2] × 50/60. 
 
F-4. A thin wire of negligible mass & a small spherical bob constitute a simple pendulum of effective length 

.  If this pendulum is made to swing through a semi-vertical angle , under gravity in a plane normal to 
a uniform magnetic field of induction B, find the maximum potential difference between the ends of the 
wire.        

 ux.; nzO;eku dk ,d iryk rkj o ,d NksVk xksykdkj ckWc] feydj çHkkoh yEckbZ  dk ,d ljy yksyd cukrs gSA 

;g yksyd v)Z Å/okZ/kj dks.k  ls ,d leku pqEcdh; {ks=k B ds yEcor~ ry esa xq:Ro çHkko esa nksyu djrk gSA 

yksyd ds fdukjksa ds e/; vf/kdre foHkokUrj Kkr djksA   

Ans.  B g sin 
2


 

Sol. max = 1/2 Bmax2 
 Here tgk¡  mg(1 – cos ) = 1/2 mV2 

 V2 = 2g(1 –  cos ) 

 max = 
V


 =

2g(1 cos ) 


 = 
22g 2sin / 2 


= 2 sin /2 

g


 

 max = 
1

2
B2 × 2sin /2

g


;  max = B g sin/2 Ans. 

 
F-5.# A conducting disc of radius R is rolling without sliding on a horizontal surface with a constant velocity 'v'. 

A uniform magnetic field of strength B is applied normal to the plane of the disc. Find the EMF induced 
between (at this moment)    

 f=kT;k R dh ,d pkyd pdrh fu;r osx ' v ' ls {kSfrt lrg ij fcuk fQlys yq<+d jgh gSA lkeF;Z B dk ,d 

le:i pqEcdh; {ks=k pdrh ds ry ds vfHkyEcor~ vkjksfir gSA bl {k.k fuEu ds e/; çsfjr fo0ok0cy Kkr djksA  

      
 (a) P & o Q  (b) P & o C.   (c) Q & o C  
 (C is centre, P&Q are opposite points on vertical diameter of the disc)  
 (C dsUnz gS, P o Q pdrh ds Å/okZ/kj O;kl ij foijhr fcUnq gSA)  

Ans.    (a) 2BR v  (b) 
BRv

2
   (c) 

3 BR v

2
  

Sol. (a) PQ = 
1

2
B(2R)2 

 =
1

2
 B

v

R
 
 
 

 (2R)2 = 2BvR 

 (b) PC = 
1

2
BR2 = 

1

2
B

v

R
 
 
 

R2 = 
BvR

2
.  (c) QC = 2BvR – 

BvR

2
 = 

3

2
vBR 
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F-6. A closed coil having 50 turns is rotated in a uniform magnetic field B = 2 ×10–4 T about a diameter 
which is perpendicular to the field. The angular velocity of rotation is 300 revolutions per minute. The 
area of the coil is 100 cm 2 and its resistance is 4  Find (a) the average emf developed in half a turn 
from a position where the coil is perpendicular to the magnetic field, (b) the average emf in a full turn, 
(c) the net charge flown in part (a) and (d) the emf induced as a function of time if it is zero at t=0 and is 
increasing in positive direction. (e) the maximum emf induced. (f) the average of the squares of emf 
induced over a long period    

 50 Qsjksa dh ,d cUn dq.Myh O;kl ds yEcor~ ,d leku pqEcdh; {ks=k B = 2 ×10 – 4 T esa O;kl ds ifjr% ?kqek;h tk 

jgh gSA ?kw.kZu dk dks.kh; osx 300 pDdj çfr feuV gSA dq.Myh dk {ks=kQy 100cm2  rFkk çfrjks/k 4 gSA Kkr 

djksA (a) vk/ks ?kw.kZu esa vkSlr çsfjr fo0ok0cy tcfd dq.Myh çkjEHk esa pqEcdh; {ks=k ds yEcor~ gks, (b) iw.kZ pDdj 

esa vkSlr fo0ok0cy, (c) Hkkx (a) esa çokfgr dqy vkos'k rFkk (d) le; ds Qyu ds :i esa çsfjr fo0ok0cy ;fn ;g  

t = 0 ij 'kwU; gS vkSj /kukRed fn'kk esa c<+ jgk gSA (e) vf/kdre çsfjr fo0ok0cyA (f) yEcs le; vUrjky esa çsfjr 

fo0ok0cy ds oxZ dk vkSlrA    
Ans. (a) 2.0 × 10–3 V   (b) zero   (c) 50 C  

 (d)× 10–3 sin (10t)  (e) mV  (f) 
2

610
2


 V 

Sol.  

 For half cycle, v)Z pØ ds fy,,  

 (a) <> = 02


 

 <> = 
2NBA


 = 

4 42 50 2 10 100 10 2 300

60

       
 

 

  <> = 2 × 10–3 volt. 
 (b) For complete cycle, iw.kZ pØ ds fy,, 

   
  <> = 0 

 (c) q = 
R


 = 

2NBA

R
 = 

4 42 50 2 10 100 10

4

     
 

 (d)  = NBA sint. 
 (e) max = NBA =  × 10–3 V 

 (f) <2> = 
2 2 2 2N B A

2


 = 

2

2


×10–6 V. 

 
Section (G) : Fixed loop in a time varying magnetic field & Induced electric field   
[k.M (G) : le; ds lkFk ifjorhZ pqEcdh; {ks=k o çsfjr fo|qr {ks=k esa fLFkj ywi 
G-1.  A circular loop of radius 1m is placed in a varying magnetic field given as B = 6t Tesla, where t is time 

in sec. 
 (a) Find the emf induced in the coil if the plane of the coil is perpendicular to the magnetic field.  

1m f=kT;k dk o`Ùkkdkj ywi ifjorhZ pqEcdh; {ks=k B = 6t esa j[kk gSA tgk¡ t le; lSd.M esa gSA  

 (a) ;fn dq.Myh dk ry pqEcdh; {ks=k ds yEcor~ gS rks dq.Myh esa çsfjr fo0ok0cy Kkr djksA  
 (b) Find the electric field in the tangential direction, induced due to the changing magnetic field.   
 (b) Li'kZ js[kh; fn'kk esa fo|qr {ks=k Kkr djks tks ifjorhZ pqEcdh; {ks=k ds dkj.k çsfjr gSA 

 (c) Find the current in the loop if its resistance is1/m.   
 (c) ywi esa /kkjk Kkr djks ;fn bldk çfrjks/k 1/m gSA   

Ans. (a) 6 Volt (b) 3 N/C (c) 3 A  
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Sol. (a) = A
dB

dt
 = (1)2 6 = 6 V 

 (b) E × 2r = A 
dB

dt
 = 6 

 E = 
3

r
 = 

3

1
 = 3 volt / meter. oksYV / ehVj  

 (c) Find the current in the loop if its resistance is1/m. 

 i = 
R


 = 

6

1 2 r


 

 = 
3

r
 = 

3

1
 = 3 amp. 

 
G-2 The current in an ideal, long solenoid is varied at a uniform rate of 0.01 A/s. The solenoid has 2000 

turns/m and its radius is 6.0 cm. (a) Consider a circle of radius 1.0 cm inside the solenoid with its axis 
coinciding with the axis of the solenoid. Write the change in the magnetic flux through this circle in 2.0 
seconds. (b) Find the electric field induced at a point on the circumference of the circle. (c) Find the 
electric field induced at a point outside the solenoid at a distance 8.0 cm from its axis.  

 ,d vkn'kZ yEch ifjukfydk esa /kkjk  0.01 A/s dh ,d leku nj ls c<+ jgh gSA ifjukfydk esa 2000 Qsjs@eh0 gS ,oa 

bldh f=kT;k 6.0 cm gSA  (a) ifjukfydk ds vUnj 1.0 cm f=kT;k ds o`Ùk ij fopkj dhft, ftldh v{k ifjukfydk 

dh v{k ls lEikrh gSA bl o`Ùk ls xqtjus okys ¶yDl esa 2.0 lsd.M esa gksus okyk ifjorZu Kkr dhft,A (b) o`Ùk dh  

ifjf/k ij fLFkr fdlh fcUnq ij çsfjr fo|qr {ks=k Kkr dhft,A (c) ifjukfydk ds ckgj ,oa bldh v{k ls 8.0 cm 

nwjh ij fLFkr fcUnq ij çsfjr fo|qr {ks=k Kkr dhft,A    

Ans. (a) 162 × 10–10  = 1.6 × 10–8 Weber (b) 4 × 10–8 V/m (c) 18  × 10–8  = 5.6 × 10–7 V/m 
Sol. (a)  B = 0n 

   =
d

dt


 = A 

dB

dt
= (1 × 10–2)2 × 0 × 

2000

1
 × 

d

dt


 

  = 0 × 10–4 × 2000 × 0.01 

   = 2 × 
d

dt


 = 4 × 10–3 × 0 

  = 162 × 10–10 Weber. 

 (b)  E = 
2 r




 = 
3

0
2

2 10

2 1 10




  
  

 

  = 0.1 0 = 4 × 10–8 V/m. 

 (c) E’ × 2r’ = A’
dB

dt
  

  E’ × 2 × 8 × 10–2 =  × (6 × 10–2)2 
dB

dt
 

  E’ = 
36

8
.E 

   
18

4
 E = 

18

4
 × 4 × 10–8    E = 18 × 10–8 V/m.  

 
G-3. A uniform field of induction B is changing in magnitude at a constant rate dB/dt. You are given a mass 

m of copper which is to be drawn into a wire of radius r & formed into a circular loop of radius R. Show 
that the induced current in the loop does not depend on the size of the wire or of the loop. Assuming B 

perpendicular to the loop prove that the induced current i = 
m

4
dB

dt
 , where  is the resistivity and    

the density of copper. 
 çsj.k B dk ,d leku pqEcdh; {ks=k fu;r nj dB/dt ls ifjek.k esa cny jgk gSA vkidks m nzO;eku dk rkack fn;k 

tkrk gSA ftlls r f=kT;k dk rkj cuk;k tkrk gS ,oa blls R f=kT;k dk o`Ùkkdkj ywi cuk;k tkrk gSA n'kkZb;s fd 

ywi esa çsfjr /kkjk rkj ;k ywi ds vkdkj ij fuHkZj ugha djrhA ;g ekurs gq, fd B ywi ds yEcor~ gSA fl) dhft, 

fd çsfjr /kkjk i = 
m

4
dB

dt
   gSA tgka  rkacs dh çfrjks/kdrk o   rkacs dk ?kuRo gSA  
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Sol. m = r2 L  ...........(i) 
 Here ;gk¡ L = 2R 

  = R2 . 
dB

dt
 = 

2
L dB

 
2 dt

    
 = 

2L dB

4 dt
 

 i =
Resis tance

 
izfrjks/k

 = 
2

2 R

r

 


 

 After solving,  gy djus ij ,  i = 
m

4
.
dB

dt
. 

Section (H) : Self induction, Self inductance self induced emf & Magnetic energy density 
[k.M (H) : Loçsj.k] LoçsjdRo] Loçsfjr fo0ok0cy rFkk pqEcdh; ÅtkZ ?kuRo 
H-1.#  The figure shows an inductor of 2 H through which a current  increasing at the rate of 5A/sec, is flowing. 

Find the potential difference VX-VY.     
 fp=k esa 2 H dk ,d çsjdRo çnf'kZr gS ftlls /kkjk çokfgr gS tks 5A/sec dh nj ls c<+ jgh gSA foHkokUrj  

VX – VY Kkr djksA  

x y

i, increasing with the rate 5A/sec

(i, 5A/sec dh nj ls c<+ jgh gS)

L=2H  
Ans: 10V  

Sol. 

+ –
x y

L=2H  
 From KVL     KVL ls  

 Vx – Vy = L
d

dt


 = 2 × 5 = 10 volt.  

 
H-2.# Figure shows a part of a circuit. Find the rate of change of the current, as shown.  
 fp=k esa ifjiFk dk ,d Hkkx çnf'kZr gSA n'kkZ;h xbZ /kkjk ds ifjorZu dh nj Kkr djksA 

   20V10H

5V 2 3V

2A   10V  
Ans: 2.2 A/s, decreasing    ?kV jgh gSA 

Sol. 
+ –

A

2 –++ –
+ –

5v
20v

B2A10H

10v
 

 10 – 5 – 2(2) – 10
d

dt

 
 
 

 – 3 = 20 

 10 
d

dt


 = –22  

   d/dt = – 2.2 Am/sec. 
 
H-3.# In the circuit shown find (a) the power drawn from the cell, (b) the power consumed by the resistor 

which is converted into heat and (c) the power given to the inductor.  
 n'kkZ;s x;s ifjiFk esa Kkr djks (a) lsy ls yh xbZ 'kfDr, (b) çfrjks/kd }kjk [kpZ dh xbZ 'kfDr tks Å"ek esa ifjofrZr 

gksrh gS vkSj (c) çsjdRo dks nh xbZ 'kfDrA      

         

5V
2H 3

1A

  
Ans: (a) 5 W (b) 3W (c) 2 W 
Sol. Pcell =  = 5 × 1 × 5 J/sec. = 5 watt. 
 Pres. = 2R = (1)2 × 3 = 3 watt. 
 P = 5 – 3 = 2 watt. 
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H-4. Find the energy stored in the magnetic field inside a volume of 1.00 mm3 at a distance of 10.0 cm from 
a long wire carrying a current of 4 A.  

 ,d yEcs rkj es 4A /kkjk çokfgr gks jgh gSA rkj ls 10.0 cm nwjh ij pqEcdh; {ks=k esa fLFkr 1.00 mm3 vk;ru esa 

lafpr ÅtkZ Kkr dhft,A    

Ans. 2.55 × 10–14 J 

Sol. B = 0

2 r

 


 = 
7

2

4 10 4

2 10 10




  
  

 

 Energy ÅtkZ = 
1

2
 = 

2

0

B


 × volume vk;ru   

 =
2

0

B

2
× [1 × 10–3]3. 

 
H-5. What is the magnetic energy density (in terms of standard constant & r) at the centre of a circulating 

electron in the hydrogen atom in first orbit. (Radius of the orbit is r) 
 gkbMªkstu ijek.kq ds çFke d{k esa ifjØek dj jgs bysDVªkWu ds dsUnz ij pqEcdh; ÅtkZ ?kuRo ¼ekud fu;rkadksa rFkk 

r ds :i esa½ fdruk gSA (d{k dh f=kT;k r gS)   

Ans.  
4

0
3 5

0

e

128 mR


 

 

Sol. B = 0

2r

 
 = 0fe

2r


    ...............(i)    

0

1

4

2

2

e

r
 =

2mv

r
, f 2r = V   

So f =
2

0

e

4 mr
1

2 r
 
  

    ............... (ii) 

 Energy density ÅtkZ ?kuRo  = 
2

0

B

2
 ...............(iii) 

 Solve (i), (ii) & (iii) and get     (i), (ii) & (iii)  gy djus ij    Ans. 
 
H-6.# Suppose the EMF of the battery, the circuit shown varies with time t so the  current is given by  

i (t) = 3 + 5 t, where i is in amperes & t is in seconds. Take R = 4 , L = 6 H & find an expression for the 
battery EMF as a function of time.  

 ekuk cSVjh dk fo0ok0cy çnf'kZr ifjiFk esa le; t ds lkFk bl çdkj ifjofrZr gksrk gS rkfd /kkjk i (t) = 3 + 5 t, ls 

nh tkrh gSA tgka i, ,fEi;j esa o t lsd.M esa gSA R = 4 , L = 6 H yhft, vkSj cSVjh ds fo0ok0cy dk O;atd le; 

ds Qyu ds :i esa Kkr djksA   

      

 

R 

L

I

 
Ans.   42 + 20 t volt 

Sol.  = 
di

Ri L
dt

  

 = R(3 + 5t) + 6 × 5 
 = 12 + 20t + 30 
  = 20t + 42 volt. 
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H-7.# The network shown in Fig. is a part of a complete circuit. What is the potential difference VB – VA, when 
the current  is 5A and is decreasing at a rate of 103 (A/s)?  

 fn;s x;s fp=k esa iw.kZ ifjiFk dk ,d Hkkx çnf'kZr gSA foHkokUrj VB – VA D;k gksxk] tc /kkjk   = 5A gks rFkk bldh 

ºkl nj 103 (,sfEi;j/lSd.M) gS ?    

      
Ans.  15V 

Sol. 
di

dt
 = 103 A / s 

1 15V 5mH
B

A


 

  Induced emf across inductance izsjdRo ds ifjr% izsfjr fo-ok-cy , |e| = L
di

dt
 

  |e| = (5 × 10–3) (103) V = 5 V 
 Since, the current is decreasing, the polarity of this emf would be so as to increase the existing current. 

The circuit can be redrawn as  
 pwafd /kkjk ?kV jgh gS] bl fo-ok-cy dh /kzqork bl izdkj gksxh fd fo|eku /kkjk dks c<+k ldsA ifjiFk nqckjk bl 

izdkj cuk ldrs gSaA  

    1 15V 5mH
B

A



 
 Now , vc]  VA – 5 + 15 + 5 = VB  

   VA – VB = – 15 V 
 or  ;k  VB – VA = 15 Vs  
 
Section () : Circuit containing inductance,  Resistance & battery, Growth and decay Of 

Current in a circuit containing inductor  
[k.M () : çsjdRo]çfrjks/k o cSVjh okys ifjiFk] çsjd okys ifjiFk esa /kkjk dh òf) o {k; 

 -1. A coil having resistance 20  and inductance 2 H is connected to a battery of emf 4.0 V. Find (a) the 
current at 0.20 s after the connection is made and (b) the magnetic field energy in the coil at this 
instant.       

 20  çfrjks/k ,oa 2.0 H çsjdRo okyh dq.Myh dks 4.0 V fo0ok0cy dh cSVjh ls la;ksftr fd;k x;k gSA Kkr 

dhft,A (a) la;kstu djus ds 0.20 s i'pkr~ /kkjk vkSj (b) bl {k.k ij dq.Myh esa pqEcdh; {ks=k dh ÅtkZA  

Ans. (a) 21
(1 e )

5
 ~–   0.17 A  (b) 2 21

(1 e )
25

   0.03 J  

Sol. (a)  = 0(1 – e–t/) 

 where  tgk¡ 0 = 
4

20
 = 

1

5
 ;    = 

L

R
 = 

2

20
 = 

1

10
 and vkSj t = 0.2 sec. 

 (b) E = 
1

2
L 2  

 

2. A solenoid of resistance 50  and inductance 80 Henry is connected to a 200 V battery. How long will 
the current take to reach 50 % of its final equilibrium value? Calculate the maximum energy stored. 

 50 çfrjks/k rFkk 80 gsujh çsjdRo dh ifjukfydk 200V dh cSVjh ls tqM+h gSA /kkjk }kjk vf/kdre eku ds  

50 % rd igq¡pus esa fy;k x;k le; Kkr djks \ vf/kdre laxzfgr ÅtkZ Hkh Kkr djks \   
Ans.   (L/R) ln 2 = 1.109 s,  640 J 

Sol. I = i0    Rt /L1 e     

 1/2 = 1 – e–Rt/L  
 Time le;  t = L/R n 2  = 8/5 (0.6931) = 1.109 Ans 

 Stored energy laxzfgr ÅtkZ U = 
1

2
LI02 = 

1

2
 × 80 ×

2
200

50
 
 
 
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I-3. A solenoid has an inductance of 10 Henry and a resistance of 2. It is connected to a 10 volt battery. 
How long will it take for the magnetic energy to reach 1/4th of its maximum value?     

 ,d ifjukfydk dk çsjdRo 10 gsujh o çfrjks/k 2 gSA bldks 10 oksYV dh ,d cSVjh ds lkFk tksM+k tkrk gSA 

pqEcdh; ÅtkZ dks blds vf/kdre eku ds 1/4th rd igq¡pus esa fdruk le; yxsxk ?  

Ans.   t = (L/R) n 2 = 3.47 s     

Sol. U = 
1

2
 L i2 i.e. U   i2 

 U will reach 
1

4
th of its maximum value when current is reached half of its maximum value. In L-R 

circuit, equation of current growth is written as  
  i = i0 (1 – e-t/) 
 Here i0 = Maximum value of current  
         = Time constant = L/R    
 tc /kkjk mlds vf/kdre eku ds vk/ks eku ij igq¡prh gS] rc U, 1/4 gksxhA L-R ifjiFk esa] /kkjk o`f) dh lehdj.k 

bl izdkj fy[ksaxs  

  i = i0 (1 – e–t/)   
 ;gk¡ i0 = vf/kdre /kkjk dk eku  

         = le; fu;rkad = L/R  

 = 
10 henry

2 ohm
 = 5s–1  

 Therefore,  blfy,  i = i0/2 = i0 ( 1 – e-t / 5 ) 

 or ;k 1/2 = 1 – e–t/5 or ;k e–t/5 = 1/2  

 or ;k –t/5 = In  

 or  ;k t/5 = In (2) = 0.693 

  t = (5) (0.693)s 
 or  ;k  t = 3.465s Ans.  


-4. A coil of resistance 4  is connected across a 0.4 V battery. The current in the coil is 63 mA. 1sec after 

the battery is connected. Find the inductance of the coil. [e–1  0.37]   
 4  çfrjks/k okyh ,d dq.Myh 0.4 V dh cSVjh ls tksMh x;h gSA cSVjh tksM+us ds 1 lSd.M i'pkr~ dq.Myh esa /kkjk 

63 mA gSA dq.Myh dk çsjdRo Kkr dhft,A  [e–1  0.37]  
Ans. 4.0 H 
Sol.  = 0(1 – e–t/) 
 e–t/ = 1 – /0  = 0.37 = e–1  
 tR/L = 1 
 L = tR 
 L = 4H. 
 
-5. A coil of negligible resistance and inductance 5H, is connected in series with a 100  resistor and a 

battery of emf 2.0 V. Find the potential difference across the resistor 20 ms after the circuit is switched 
on. (e–0.4 = 0.67)    

 5 H çsjdRo ,oa ux.; çfrjks/k okyh ,d dq.Myh dks 100  ds çfrjks/k rFkk 2.0 V fo0ok0cy dh cSVjh ds lkFk 

Js.khØe esa tksM+k x;k gSA fLop pkyw djus ds 20 feyh lSd.M i'pkr~ ifjiFk esa çfrjks/k ds fljksa ij foHkokUrj Kkr 

dhft,A (e–0.4 = 0.67) 
Ans. 2 [1 – e–0.4] = 0.66 V 
Sol. v = v0 [1–e–t/] = 2 [1 – e–0.4] = 0.66 V. 
 
-6.  An LR circuit has L = 1.0 H and R = 20 . It is connected across an emf of 2.0 V at t = 0. Find di/dt and  

Ldi/dt at t = 50 ms.    
 ,d LR ifjiFk esa L = 1.0 H rFkk R = 20  gSA bldks t = 0 ij 2.0V fo0ok0cy ds fljksa ij tksM+k x;k gSA  

t = 50 ms ij di/dt  ,oa Ldi/dt Kkr dhft,A    
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Ans. 
2

e
 A/s, 2/e V 

Sol. i = 
E

R
 (1 – e–Rt/L) and 

di

dt
 =

E

L
e 

Rt

L


 

 
-7. An inductor-coil of inductance 20 mH having resistance 10  is joined to an ideal battery of emf 5.0 V. 

Find the rate of change of the magnitude of induced emf at (a) t = 0, (b) t = 10 ms. 
 20 mH çsjdRo ,oa 10  çfrjks/k okyh ,d çsj.k dq.Myh dks 5.0 V fo0ok0cy dh vkn'kZ cSVjh ls tksM+k x;k gSA 

fuEu le; ij çsfjr fo0ok0cy ds ifjek.k esa ifjorZu dh nj Kkr dhft,A (a) t = 0, (b) t = 10 ms ¼feyh lsd.M½ 

Ans. (a) –2.5× 10 3 V/s  (b)–2.5× 10 3 × e–5  V/s   

Sol.  = L
d

dt


 = 0 

Rt /Le
 

 
d

dt


 =– 0 R/L 

Rt /Le
 

 
8.# Consider the circuit shown in figure. (a) Find the current through the battery a long time after the switch 

S is closed. (b) Suppose the switch is opened at t = 0. What is the time constant of the decay circuit? 
(c) Find the current through the inductor after one time constant. 

 fp=k esa çnf'kZr ifjiFk ij fopkj dhft,A (a) fLop S dks can djus ds yEcs le; i'pkr~ cSVjh ls çokfgr /kkjk Kkr 

dhft,A (b) eku yhft, fd t = 0 ij fLop [kksy fn;k tkrk gSA foltZu ¼{k;½ ifjiFk dk le;&fu;rkad fdruk 

gksxk \ (c) ,d le;&fu;rkad ds i'pkr~ çsjdRo ls çokfgr /kkjk Kkr dhft,A 

     

R2

R1 L

S  

Ans. (a) 1 2

1 2

(R R )

R R

 
   (b) 

1 2

L

R R
   (c) 

1R e


 

Sol. (a) After switch S is closed for a long time inductor will offer zero resistance hence current through  

the battery is I = 1 2

1 2

(R R )

R R

 
 

 (b)  = 
eff

L

R


1 2

L

R R
 

 (c) I = I0e–t/ = 
1R e


  

gy. (a) fLop S dks yEcs le; rd pkyw djus ds ckn çsjd ls 'kwU; çfrjks/k feysxk vr% cSVjh ls çokfgr /kkjk gS  

  I = 1 2

1 2

(R R )

R R

 
 

 (b)  = 
eff

L

R


1 2

L

R R
 

 (c) I = I0e–t/ = 
1R e


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9. A superconducting loop of radius R has self inductance L. A uniform & constant magnetic field B is 
applied perpendicular to the plane of the loop. Initially current in this loop is zero. The loop is rotated 
about its diameter by 180º. Find the current in the loop after rotation.  

 f=kT;k R ds ,d vfrpkyd ywi dk LoçsjdRo L gSA ,d le:i o fu;r pqEcdh; {ks=k B ywi ds ry ds yEcor~ 

vkjksfir gSA çkjEHk esa bl ywi esa /kkjk 'kwU; gSA ywi blds O;kl ds ifjr% 180º ls ?kqek;k tkrk gSA ?kweusa ds ckn ywi 

esa /kkjk Kkr djksA       

 Ans.  
22 B R

L


 

Sol.  = Td

dt


 = iR  

 as R = 0 for super conducting loop 
  pqfda vfrpkyd yqi ds fy;s R = 0  
  
 so blfy;s  T = constant fu;r  

 BR2 + 0 = – BR2 – L  = 
22B R

L


 



-10.#.In  figure,   = 100 V,  R1 = 10 , R2 = 20 , R3 = 30   and  L = 2 H. Find  i1 & i2.  
 fp=k esa   = 100 V,  R1 = 10 , R2 = 20 , R3 = 30   rFkk  L = 2 H gSA i1 rFkk  i2  ds eku Kkr djksA 

        
 

 (a) immediately after switch Sw is closed    dqath  Sw ds cUn djus ds rqjUr cknA 

 (b)  a long time after     cgqr yEcs le; cknA 

 (c)  immediately after Sw is opened again    Sw ds iqu% [kksyus ds rqjUr cknA 

 (d)  a long time later.    yEcs le; i'pkr~A 

Ans. (a)  i1 = i2 =
10

3
 = 3.33 A 

 (b)  i1 = 
50

11
 = 4.55 A; i2 = 

30

11
 = 2.73 A  

 (c)  i1 = 0 ,   i2 = – 
20

11
= –1.82 A   

 (d)  i1 = i2 = 0 

Sol. (a)   

  3 = 0  

  1 = 2 = 
1 2R R




 = 
100

10 20
 

(b)  

  1 =
eqR


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  where tgk¡  Req = 2 3

2 2

R R

R R
 + R1  

  2 = 3
1

2 3

R

R R



 

   3 = 2
1

2 3

R

R R



 

 (c)  

  1 = 0  

  2 = –3 = – 2

2 3

R

R R
 ×  

2 3
1

2 3

R R
R

R R






 


-11.# In the circuit shown S1 & S2 are switches. S2 remains closed for a long time and S1 open. Now S1 is 

also closed. Just after S1 is closed. The potential difference (V) across R and 
di

d t
 (with sign) in L. 

 fn[kk, x, ifjiFk esa S1 vkSj S2 fLop gSA S2 ,d yEcs le; ds fy, can jgrk gS vkSj S1 [kqyk gqvk gSA vc S1 dks 

Hkh cUn dj fn;k tkrk gSA S1 ds can djus ds Bhd i'pkr~ çfrjks/k R ds fljksa ij foHkokUrj (V) rFkk L ds inks esa  

di

d t
 fpUg ds lkFk Kkr djksA     

 

Ans. 
3


, 

2

3 L


 

Sol.  When S2 is closed current in inductor  
 tc S2 can gS rks izsjd esa /kkjk jgsxh  

  

 remains, i = 
2 R


      

  1V

R


 + 1V

2 R


 =  

2 R


  1V

3

2 
 

 


  

  Potential difference fo|qr foHkkUrj (V) = 
3

2 
 = 

3


Ans.  

 and  vkSj L
di

d t
 =

3

2 
   

di

d t
 = 

2

3 L


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 -12. Show that if two inductors with equal inductance L are connected in parallel then the equivalent 
inductance of the combination is L/2. The inductors are separated by a large distance. 

 n'kkZb;s fd ;fn leku çsjdRo  L dh nks çsjd dq.Myh lekUrj Øe esa tksM+h tk;s rks la;kstu dk rqY; çsjdRo L/2 

gSA çsjd dq.Myh vf/kd nwjh ij gSA  

Sol. 
eq

1

L
 = 

1 2

1 1

L L
  =

1 1 2

L L L
    or ;k Leq =

L

2
 

 
-13. Two inductances L1 & L2 are connected in series & are separated by a large distance. 
 nks çsjdRo L1 o  L2 Js.khØe esa tqM+s gS vkSj vf/kd nwjh ij gSA     
 (a)  Show that their equivalent inductance is L1 + L2. 
  n'kkbZ;s fd mudk rqY; çsjdRo L1 + L2 gSA   
 (b)  Why must their separation be large? 
  muds e/; nwjh vf/kd D;ksa gksuh pkfg, \ 

Ans. (b) Separation is large to neglect mutual inductance 
 nwjh vf/kd gksus ij vU;ksU; çsj.k ux.; gS 

Sol. Equivalent self inductance : 

 

A
+ –

B>
i

L di
dt  

  A BV V
L

di / dt


     ....(1) 

 Series combination  

  
A + – B

>
i

+ –
L1 L2  

  VA – L1 
di

dt
 – L2 

di

dt
 = VB   ....(2) 

 from (1) and (2)  
  L = L1 + L2 (separation is large to neglect mutual inductance) Ans. 

gy- rqY; LoçsjdÙo  A
+ –

B>
i

L di
dt

 

  A BV V
L

di / dt


     ....(1) 

 Js.kh la;kstu  

  
A + – B

>
i

+ –
L1 L2  

  VA – L1 
di

dt
 – L2 

di

dt
 = VB   ....(2) 

 (1) o (2) ls 

  L = L1+ L2 (nwjh vf/kd gksus ij vU;ksU; çsj.k ux.; gS) 

 
Section (J) : Mutual Induction & Mutual inductance  
[k.M (J) : vU;ksU; çsj.k o vU;ksU; çsjdRo 

J-1. The average emf induced in the secondary coil is 0.1 V when the current in the primary coil changes 
from 1 to 2 A in 0.1 s. What is the mutual inductance of the coils.   

 f}rh;d dq.Myh esa çsfjr vkSlr fo0ok0cy 0.1 V gS tc çkFkfed dq.Myh esa /kkjk 0.1 s esa 1 ls 2 A rd ifjofrZr 

gksrh gSA dq.Mfy;ksa dk vU;ksU; çsjdRo fdruk gSA   
Ans.  0.01 H 
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Sol. EMF = M
t




   or M =  
EMF

t



. 

 fo-ok-cy = M
t




  ;k M = 

t



fo - ok - cy
 . 

 
J-2. The mutual inductance between two coils is 0.5 H. It the current in one coil is changed at the rate of  

5 A/s, what will be the emf induced in the other coil?  
 nks dq.Mfy;ksa ds chp vU;ksU; çsjdRo 0.5 H gSA ;fn ,d dq.Myh esa /kkjk 5 A/s dh nj ls ifjofrZr gksrh gS] rks 

nwljh dq.Myh esa fdruk fo0ok0cy çsfjr gksxk  ?  
Ans. 2.5 V  

Sol. EMF fo-ok-cy = M
t




.  

 
J-3. A small square loop of wire of side  is placed inside a large square loop of wire of side L(L >> ). The 

loops are co  planar and their centres coincide. Find the mutual inductance of the system. 
  Hkqtk okyk rkj dk NksVk oxkZdkj ywi, L(L >> ) Hkqtk okys rkj ds cM+s oxkZdkj ywi ds vUnj j[kk tkrk gSA nksuksa 

ywi leku ry esa gS rFkk nksuksa ds dsUnz ijLij lEikrh gSA fudk; dk vU;ksU; çsjdRo Kkr djsaA  

Ans. 
2

02 2

L





 

Sol. Magnetic field produced by a current i in a large square loop at its centre is  
 cM+s oxkZdkj ywi esa izokfgr /kkjk i ds dkj.k mlds dsUnz ij pqEcdh; {ks=k  

  0i2 2
B

L





 

 Therefore  = Mi = 0i2 2

L




× 2 

  M = 
2

02 2

L





 Ans.  

Section (K) : LC Oscillations  
[k.M (K) : LC  nksyu 

K-1. An LC circuit contains a 20 mH inductor and a 50F capacitor with an initial charge of 10 mC. The 
resistance of the circuit is negligible. Let the instant the circuit is closed be t = 0. 
 (a) What is the total energy stored initially? Is it conserved during LC oscillations? 
(b) What is the natural frequency of the circuit? 
(c) At what time is the energy stored 
(i) Completely electric (i.e., stored in the capacitor)? (ii) Completely magnetic (i.e., stored in the 
inductor)? 
(d) At what times is the total energy shared equally between the inductor and the capacitor? 

 fdlh LC ifjiFk esa 20 mH dk ,d izsjd rFkk 50F dk ,d la/kkfj=k gS ftl ij izkjfEHkd vkos'k 10 mC gSaA ifjiFk 

dk izfrjks/k ux.; gSA eku yhft, fd og {k.k ftl ij ifjiFk can fd;k tkrk gS t = 0 gSA 

(a) izkjEHk esa dqy fdruh ÅtkZ lafpr gS ? D;k ;g LC nksyuksa dh vof/k esa lajf{kr gS ? 

(b) ifjiFk dh dqy vko`fÙk D;k gS ? 

(c) fdl le; ij lafpr ÅtkZ 

(i) iwjh rjg ls oS|qr gS (vFkkZr~ og la/kkfj=k esa lafpr gS) ? (ii) iwjh rjg ls pqEcdh; gS (vFkkZr~ izsjd esa lafpr gS) ? 

(d) fdu le;ksa ij laiw.kZ ÅtkZ izsjd ,oa la/kkfj=k ds e/; leku :i ls foHkkftr gS? 
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Ans. (a) 1.0 J. Yes, sum of the energies stored in L and C is conserved if R = 0. 
(b)  = 103 rads–1,  = 159 Hz  
(c) q = q0 cos t 

(i) Energy stored is completely electrical at 
T 3T

t 0, ,T, ,.....
2 2

  

(ii) Energy stored is completely magnetic (i.e., electrical energy is zero) at 
T 3T 5T

t , , ......,
4 4 4

  where 

1
T 6.3ms 


 

(d) At 
T 3T 5T

t , , ,....,
8 8 8

  because q = q0 0q
cos t

2
   (when energy shared equally between the 

inductor and the capacitor). 
Ans. (a) 1.0J gk¡, L rFkk C esa lafpr ÅtkZ lajf{kr jgsxh ;fn R = 0. 

(b)  = 103 rads-1,  = 159 Hz  
(c) q = q0 cos t 

(i) 
T 3T

t 0, ,T, ,.....
2 2

 ij lafpr ÅtkZ fo|qr {ks=k esa gksxhA 

(ii) 
T 3T 5T

t , , ......,
4 4 4

 tgk¡ 
1

T 6.3ms 


, ij lafpr ÅtkZ pqEcdh; {ks=k ds :i esa gksxh vFkkZr~ fo|qr {ks=k esa 

'kwU; gksxh 

(d) 
T 3T 5T

t , , ,....,
8 8 8

 ij q = q0 0q
cos t

2
   (tc izsjdRo rFkk la/kkfj=k esa lafpr ÅtkZ cjkcj gSA) 

 
K-2. The circuit shown in figure is in the steady state with switch S1 closed. At t = 0, S1 is opened and switch 

S2 is closed.   
 fp=k esa fufnZ"V ifjiFk esa LFkkbZ voLFkk esa daqft S1 cUn gSA t = 0, ij S1 dks [kksyk tkrk gS o S2 dks cUn fd;k tkrk 

gSA    

 
 Find the first instant t, when energy in inductor becomes one third of that in capacitor 
 izFke le; t Kkr djks] tc dq.Myh esa ÅtkZ la/kkfj=k dh ÅtkZ dh ,d frgkbZ jg tk,A  

Ans. 
510

3


 sec. 

Sol.  In a LC circuit, total energy remains always conserved.  
 LC ifjiFk esa dqy ÅtkZ ges'kk lajf{kr jgrh gSA 

  Electrical energy stored in capacitor + Magnetic stored in inductor = 
2
0

2

1 Q

2 C
  

  la/kkfj=k eas laxzfgr oS|qr ÅtkZ + izsj.k dq.Myh esa laxzfgr pqEcdh; ÅtkZ = 
2
0

2

1 Q

2 C
 



Electromagnetic Induction 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEI - 27 

Toll Free :  1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

  UE + UB = 
2
0

2

Q

2C
 

 At the time le; t = t1 ij] UB = 
1

3
 UE  UE = 

2
0

2

3 1 Q

4 2 C

 
  
 

 

  
2 2

0

2 2

1 Q 3 1 Q

2 C 4 2 C

 
   

 
 

  Q = 
3

2
Q0     Q0 cost1 = 

3

2
 Q0 

  t1 = 
6


     t1 = 

6




 = 1.05 × 10–5 = 10.5 S   

 
K-3.# A radio can tune over the frequency range of a portion of MW broadcast band: (800 kHz to 1200 kHz). 

If its LC circuit has an effective inductance of 200 H, what must be the range of its variable capacitor?  
 ,d jsfM;ks dks MW izlkj.k cSaM+ ds ,d [kaM+ ds vko`fÙk ijkl ds ,d vksj ls nwljh vksj (800 kHz ls 1200 kHz) 

rd leLofjr fd;k tk ldrk gSA ;fn blds LC ifjiFk dk izHkkodkjh izsjdRo 200 H gks rks mlds ifjorhZ 

la/kkfj=k dh ijkl fdruh gksuh pkfg, ? 
Ans. 88 pF to 198 pF 

Sol.  = 
1 1

2 LC
, i.e. C = 

2 2

1

4 v L
 

For L = 200 µH ds fy,,  = 1200 kHz, C = 87.9 pF. 

For L = 200 µH ds fy,,  = 800 kHz, C = 197.8 pF. 
The variable capacitor should have a range of about 88 pF to 198 pF. 
la/kkfj=k ds fy, ifjorhZ /kkfjrk dh ijkl 88 pF ls 198 pF rd gSA 

 

PART - II : ONLY ONE OPTION CORRECT TYPE 
Hkkx - II : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 

Section (A) : Flux and Faraday’s laws of electromagnetic induction  
[k.M (A) : ¶yDl rFkk QSjkMs ds fo|qr pqEcdh; çsj.k ds fu;e 
A-1.# The radius of the circular conducting loop shown in figure is R. Magnetic field is decreasing at a 

constant rate . Resistance per unit length of the loop is . Then current in wire AB is (AB is one of the 
diameters)         

 fp=k esa R f=kT;k dh o`Ùkkdkj pkyd oy; çnf'kZr gSA pqEcdh; {ks=k fu;r nj  ls ?kV jgk gSA ywi dh ,dkad 

yEckbZ dk çfrjks/k  gS rks AB (AB oy;  dk O;kl gS) rkj esa /kkjk gksxh & 

A B

x

x

x

x

x

x

x

x

x

x

x

x

x x x x  

 (A) 
R

2




 from A to B (B) 
R

2




 from B to A (C) 
2R


 from A to B (D*) Zero 

 (A)  
R

2




 A ls B  (B) 
R

2




 B ls A  (C) 
2R


A ls B  (D*) 'kwU; 

Sol. The induced current in upper semicircular and lower semicircular will cancel each other in diameter (AB). 
 mijh v}Zo`Ùk o fupys v}Zo`Ùk esa O;kl (AB) ds vuqfn'k izsfjr /kkjk ,d nwljs dks fujLr djsxhA  

 
 



Electromagnetic Induction 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEI - 28 

Toll Free :  1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

A-2.# Consider the conducting square loop shown in fig. If the switch is closed and after some time it is 
opened again, the closed loop will show.  

 fp=k esa çnf'kZr pkyd oxkZdkj ywi ij fopkj dhft,A ;fn fLop can fd;k tkrk gS vkSj dqN le; i'pkr~ bldks 

iqu% [kksy fn;k tkrk gS] can ywi çnf'kZr djsxk & 

     
 (A) a clockwise current-pulse  ,d nf{k.kkorhZ /kkjk Lian              

 (B) an anticlockwise current-pulse ,d okekorhZ /kkjk Lian   
 (C) an anticlockwise current-pulse and then a clockwise current-pulse 
 ,d okekorhZ /kkjk Lian vkSj fQj ,d nf{k.kkorhZ /kkjk LianA 
 (D*) a clockwise current-pulse and then an anticlockwise current-pulse 
 ,d nf{k.kkorhZ /kkjk Lian vkSj fQj ,d okekorhZ /kkjk LianA 

Sol. The direction of current in the loop such that it opposes the the change in magnetic flux in it. 
gy- ywi esa çsfjr /kkjk bl çdkj gksrh gS fd ;g blds pqEcdh; ¶yDl esa ifjorZu dk fojks/k djrh gSaA 
 
A-3. Solve the previous question if the square loop is completely enclosed in the circuit containing the 

switch.      
 fiNys ç'u dks gy dhft,] ;fn oxkZdkj ywi iw.kZr;k fLop okys ifjiFk ds vUnj ifjc) gSA 

 (A) a clockwise current-pulse   ,d nf{k.kkorhZ /kkjk Lian    

 (B) an anticlockwise current-pulse  ,d okekorhZ /kkjk Lian 
 (C*) an anticlockwise current-pulse and then a clockwise current-pulse   
 ,d okekorhZ /kkjk Lian vkSj fQj ,d nf{k.kkorhZ /kkjk LianA   
 (D) a clockwise current-pulse and then an anticlockwise current-pulse   
 ,d nf{k.kkorhZ /kkjk Lian vkSj fQj ,d okekorhZ /kkjk LianA   
Sol. The direction of current in the loop such that it opposes the the change in magnetic flux in it. 
gy- ywi esa çsfjr /kkjk bl çdkj gksrh gS fd ;g blds pqEcdh; ¶yDl esa ifjorZu dk fojks/k djrh gSaA 

 
A-4. A small, circular loop of wire is placed inside a long solenoid carrying a current. The plane of the loop 

contains the axis of the solenoid. If the current in the solenoid is varied, the current induced in the loop 
is -  

 rkj dk ,d NksVk o`Ùkkdkj pkyd ywi] ,d yEch /kkjkokgh ifjukfydk esa j[kk gqvk gSA ywi ds ry esa ifjukfydk dh 

v{k fLFkr gSA ;fn ifjukfydk esa /kkjk ifjofrZr dh tk;s rks ywi esa çsfjr /kkjk gksxh & 

 (A) anticlockwise   (B) clockwise    (C*) zero 
 (D) clockwise or anticlockwise depending on whether the resistance in increased or decreased. 
 (A) okekorhZ   (B)  nf{k.kkorZ    (C*) 'kwU; 

 (D) nf{k.korhZ gksxh ;k okekorhZ gksxh ;g bl ij fuHkZj djsxk fd çfrjks/k c<+k;k tkrk gS ;k de fd;k tkrk gSA 

Sol. Since the magnetic flux in the loop is zero hence the current induced in it is zero. 
gy- pwafd ywi esa pqEcdh; ¶yDl] 'kwU; gS vr% çsfjr /kkjk Hkh 'kwU; gSaA  

 
A-5.# Some magnetic flux is changed in a coil of resistance 10 ohm. As a result an induced current is 

developed in it, which varies with time as shown in figure. The magnitude of change in flux through the 
coil in Webers is (Neglect self inductance of the coil)    

 10 ohm çfrjks/k dh ,d dq.Myh ls dqN pqEcdh; ¶yDl ifjofrZr gksrk gSA ftlds ifj.kke:o:i blesa fo|qr /kkjk 

çsfjr gksrh gS tks le; ds lkFk fp=kkuqlkj ifjofrZr gksrh gS rks dq.Myh ls ¶yDl esa ifjorZu dk ifjek.k oscj esa 

gksxk (dq.Myh ds LoizsjdRo dks ux.; ekusa) & 
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4

0.1
t(s)

i (amp)

 
 (A*) 2   (B) 4   (C) 6   (D) 8 

Sol. q = 
R


    = qR = area of it graph vkjs[k dk {ks=kQy × R 

 
Section (B) : Lenz’s Law   
[k.M (B) : ysUt dk fu;e 
B-1. A horizontal solenoid is connected to a battery and a switch (figure). A conducting ring is placed on a 

frictionless surface, the axis of the ring being along the axis of the solenoid. As the switch is closed, the 
ring will 

 ,d {kSfrt ifjufydk ,d cSVjh ,oa ,d fLop ds lkFk tqM+h gqbZ gS ¼fp=k esa½A ?k"kZ.k jfgr lrg ij ,d pkyd oy; 

bl çdkj j[kh gqbZ gS fd oy; dh v{k] ifjufydk dh v{k ds vuqfn'k gSA tSls gh fLop pkyw fd;k tkrk gS rks 

oy;      

      
 (A) move towards the solenoid  ifjufydk dh vksj xfr djsxhA 

 (B) remain stationary   fLFkj jgsxhA 

 (C*) move away from the solenoid ifjufydk ls nwj xfr djsxhA   
 (D) move towards the solenoid or away from it depending on  
 which terminal (positive or negative) of the battery is connected to the left end of the solenoid. 

ifjukfydk dh vksj ;k nwj xfr djsxh ;g bl ij fuHkZj djsxk fd ifjukfydk ds cka;s fljs ls cSVjh dk dkSulk 

VfeZuy (/kukRed ;k _.kkRed) tqM+k gqvk gSA   
Sol. By moving away from solenoid the ring will resist the changing flux in it. 
gy- ifjukfydk ls nwj tkrs gq, oy; blds ¶yDl esa ifjorZu dk fojks/k djsxhA 

 
B-2. Two circular coils A and B are facing each other as shown in figure. The current i through A can be 

altered 
 nks o`Ùkkdkj dq.Mfy;k¡ A o B fp=kkuqlkj vkeus lkeus gSA A esa /kkjk i cnyh tk;s rks & 

     

A B

~

i
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 (A*) there will be repulsion between A and B if i is increased  
 ;fn  i  c<+k;h tk;s rks A o B ds e/; çfrd"kZ.k gksxkA  
 (B) there will be attraction between A and B if i is increased 
 ;fn  i c<+k;h tk;s rks A o B ds e/; vkd"kZ.k gksxkA 
 (C) there will be neither attraction nor repulsion when i is changed 
 tc i cnyh tkrh gS rks u rks vkd"kZ.k gksxk u gh çfrd"kZ.kA 
 (D) attraction or repulsion between A and B depends on the direction of current. It does not depend 

whether the current is increased or decreased. 
 A o B ds e/; vkd"kZ.k ;k çfrd"kZ.k /kkjk dh fn'kk ij fuHkZj djrk gSA ;g /kkjk ds c<+us ;k ?kVus ij fuHkZj ugha 

djrkA 

Sol. The repulsion is to resist the increasing magnetic flux in coil B. 
 dq.Myh B esa c<+rs gq, pqEcdh; ¶yDl dk fojks/k djus ds fy, çfrd"kZ.k gksrk gSaA 
 

B-3. Two identical conductors P and Q are placed on two frictionless fixed conducting rails R and S in a 
uniform magnetic field directed into the plane. If P is moved in the direction shown in figure with a 
constant speed, then rod Q    

 nks ,d tSls pkyd  P o Q nks ?k"kZ.k jfgr fLFkj /kkfRod iVfj;ksa R o S ij ry ds vUnj dh  vksj funsZf'kr ,d 

leku pqEcdh; {ks=k esa j[ks gSA ;fn P fp=k esa n'kkZ;h fn'kk esa fu;r pky ls pyk;k tkrk gS rks NM+ Q  

× × ×

× × ×

× × ×

P Q

R

S

v

B

 
 (A*) will be attracted towards P   (B) will be repelled away from P 
 (C) will remain stationary   (D) may be repelled or attracted towards P  
 (A*) P dh vksj vkdf"kZr gksxhA   (B) P ls nwj dh vksj çfrdf"kZr gksxhA 

 (C) fLFkj jgsxhA     (D) P dh vksj vkdf"kZr ;k çfrdf"kZr gks ldrh gSA    
Sol. Q will move towards P to resist the increasing magnetic flux in the loop formed due to rails R,S and 

conductors P,Q. 
gy- iVfj;ksa R, S o pkyd P, Q ds dkj.k cus ywi esa c<+rs gq, ¶yDl dk çfrjks/k djus ds fy,  Q, P dh vksj xfr 

djsxkA  


B-4. Two identical coaxial circular loops carry a current i each circulating in the same direction. If the loops 
approach each other      

 nks ,d tSls lek{kh; o`Ùkkdkj ywiksa esa çR;sd esa i /kkjk ,d gh fn'kk esa çokfgr gSA ;fn ywi ,d nwljs dh vksj vkrs 

gS rks&      

 (A*) the current in each loop will decrease  çR;sd ywi esa /kkjk ?kVsxhA 

 (B) the current in each loop will increase   çR;sd ywi esa /kkjk c<+sxhA 

 (C) the current in each loop will remain the same  çR;sd ywi esa fu;r jgsxhA 
 (D) the current in one loop will increase and in the other loop will decrease 
 ,d ywi esa /kkjk c<+sxh vkSj nwljs ywi esa ?kVsxhA 

Sol. The decrease in current in to oppose increasing magnetic flux in the circular loops. 
gy- o`Ùkkdkj ywiksa esa c<+rs gq, pqEcdh; ¶yDl dk fojks/k djus ds fy, /kkjk ?kVsxhA  
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B-5. A square coil ACDE with its plane vertical is released from rest in a horizontal uniform magnetic field B


 
of length 2L. The acceleration of the coil is  

 ,d oxkZdkj dq.Myh ACDE ftldk ry Å/okZ/kj gS] 2L nwjh rd QSys ,d {kSfrt le:i pqEcdh; {ks=k B

 esa fojke 

ls NksM+h tkrh gSA dq.Myh dk Roj.k &  

     

× × ×

× × ×

× × ×

×

×

×

C D

A E

2L

L

B

 
 (A) less than g for all the time till the loop crosses the magnetic field completely 
 iwjs le; g ls de jgsxk tc rd fd ywi iw.kZ :i ls pqEcdh; {ks=k dks ikj u djsaA 
 (B) less than g when it enters the field and greater than g when it comes out of the field 
 g ls de tc ;g {ks=k esa ços'k djrh gS vkSj g ls vf/kd tc ;g {ks=k ls ckgj fudyrh gSA 

 (C) g all the time  iwjs le; g   
 (D*) less than g when it enters and comes out of the field but equal to g when it is within the field    
 g ls de tc ;g {ks=k esa ços'k djrh gS vkSj ckgj fudyrh gSA ijUrq g ds leku tc ;g {ks=k ds vUnj gSA   
Sol. When the coil is entering and coming out of the field the magnetic flux in it is changing but when it is 

within the field the magnetic flux in it is constant. 
gy- tc dq.Myh {ks=k esa ços'k dj jgh gS o {ks=k ls ckgj fudy jgh gS blesa pqEcdh; ¶yDl cny jgk gS ijUrq tc ;g 

{ks=k ds vUnj gS blesa pqEcdh; ¶yDl fu;r gSaA 

 
B-6. In the figure shown, the magnet is pushed towards the fixed ring along the axis of the ring and it passes 

through the ring.     
 fp=kkuqlkj ,d pqEcd dks tM+or~ oy; dh v{k ds vuqfn'k oy; dh rjQ /kDdk fn;k tkrk gS rFkk ;g oy; ls 

xqtjrh gS 

    

N

B & A are right & left 
faces respectively

SA B

    
 (A) when magnet goes towards the ring the face B becomes south pole and the face A becomes north 

pole 
 tc pqEcd oy; dh rjQ xfreku gksrh gS bldk B Qyd nf{k.k /kqzo dh rjg rFkk A Qyd mÙkj /kzqo dh rjg dk;Z 

djrk gSA 

 (B) when magnet goes away from the ring the face B becomes north pole and the face A becomes 
south pole 

 tc pqEcd oy; ls nwj tkrh gS rks B Qyd mRrj /kzqo rFkk A Qyd nf{k.k /kzqo dh rjg dk;Z djrk gSA 
 (C*) when magnet goes away from the ring the face A becomes north pole and the face B becomes 

south pole  
 tc pqEcd oy; ls nwj tkrh gS Qyd A mRrj /kqzo rFkk Qyd B nf{k.k /kzqo dh rjg dk;Z djrk gSA 

 (D) the face A will always be a north pole.  Qyd A ges'kk mÙkjh /kzqo dh rjg dk;Z djrk gSA  
Sol. When the magnetic goes away from the ring the flux in the ring decreases hence the induced current 

will be such that it opposes the decreasing flux in it hence ring will behave like a magnet having face A 
as north pole and face B as south pole. 

gy- tc pqEcd oy; ls nwj tkrh gS rks oy; esa ¶yDl ?kVrk gS vr% çsfjr /kkjk bl çdkj gksxh fd ;g ?kVrs gq, ¶yDl 

dk fojks/k djs vr% oy; ,d pqEcd dh rjg O;ogkj djsxh ftldk Qyd A mÙkjh /kqzo o Qyd B nf{k.kh /kqzo gSaA  
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B-7. A metallic ring with a small cut is held horizontally and a magnet is allowed to fall vertically through the 
ring then the acceleration of the magnet is :  

 {kSfrt /kjkry esa j[kh ,d /kkfRod oy; ,d txg ls FkksM+h lh dVh gqbZ gSA ,d pqEcd] oy; ls gksdj m/okZ/kj 

fxjrh gS rks pqEcd dk Roj.k &    
 (A*) always equal to g  
 ges'kk g ds leku gksxkA 
 (B) initially less than g but greater than g once it passes through the ring 
 izkjEHk esa g ls de ijUrq oy; ls xqtjus ds i'pkr~ g ls vf/kd 
 (C) initially greater than g but less than g once it passes through the ring 
 izkjEHk esa g ls T;knk ijUrq oy; ls xqtjus ds i'pkr~ g ls de 

 (D) always less than g ges'kk g ls de 
Sol. Since, the ring is not continuous (due to the cut) there will be no current flowing in it. Now, as there is 

no current hence no force acts on the magnet due to the ring, other than gravity.  
 Hence (A)  
 pwafd ;gk¡ oy; iwjh ugha ¼dVh gksus ds dkj.k½ gS] blfy, blesa /kkjk izokfgr ugha gksxhA vc] tSlk fd ;gk¡ dksbZ /kkjk 

ugha gS rks oy; ds dkj.k pqEcd ij dksbZ cy dk;Zjr ugha gksxkA pqEcd ij dsoy xq:Roh; cy gksxkA  

 vr% (A)  
 
B-8. A and B are two metallic rings placed at opposite sides of an infinitely long straight conducting wire as 

shown. If current in the wire is slowly decreased, the direction of induced current will be :  
 A rFkk B nks /kkfRod oy; gSa tks fd vuUr yEcs /kkjkokgh rkj ds nksuksa rjQ fp=kkuqlkj j[kh gSA vxj rkj esa fo|qr 

/kkjk dk eku /khjs&/khjs de fd;k tk, rks izsfjr /kkjk dh fn'kk gksxh &   

       
 (A) clockwise in A and anticlockwise in B (B*) anticlockwise in A and clockwise in B 
 (C) clockwise in both A and B   (D) anticlockwise in both A & B 
 (A) A esa nf{k.kkorZ B esa okekorZ   (B*) A esa okekorZ B esa nf{k.kkorZ 

 (C) A rFkk B nksuksa esa nf{k.kkorZ   (D) A rFkk B nksuksa esa okekorZ  
Sol. The field at A and B are out of the paper and inside the paper respectively.   
 {ks=k A vkSj B Øe'k% dkxt ds ckgj vkSj vUnj gSA 

   
 As the current in the straight wire decreases the field also decreases. 
 tSls gh js[kh; rkj esa /kkjk de gksrh gS]pqEcdh; +{ks=k Hkh de gksrk gS  

 For B :   B ds fy, 

   B


 

 The change in the magnetic field which causes induced current ( B)


 is along (+)z direction.  

 izsfjr /kkjk mRiUu djus okys pqEcdh; {ks=k esa ifjorZu ( B)


, (+)z fn'kk esa gksxk  

 Hence, induced emf and hence current should be such as to oppose this change B


.   

 vr% izsfjr /kkjk vkSj izsfjr fo-ok-c- bl izdkj gksaxs fd B


 esa ifjorZu dk fojks/k djuk pkfg,A  
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 Hence, induced emf should be along – z direction which results in a clockwise current in 'B'. Similarly, 
there will be anticlockwise current in 'A'. Hence (B).  

 vr%] izsfjr fo-ok-c- – z fn'kk esa gksuk pkfg,A tks fd B esa nf{k.kkorZ /kkjk mRiUu djrk gSA  

 blh izdkj 'A' esa okekorZ /kkjk mRiUu gksxh blfy, (B).  
 
Section (C) : induced EMF in a moving rod in uniform magnetic field  
[k.M (C) : ,d leku pqEcdh; {ks=k esa xfreku NM+ esa çsfjr fo0ok0cy 

C-1. A wire of length  is moved with a constant velocity 


 in a magnetic field. A potential difference appears 
across the two ends  

 yEckbZ dk ,d rkj pqEcdh; {ks=k esa fu;r osx 


 ls xfr'khy gSA blds fljksa ds e/; foHkokUrj mRiUu gksxkA  

 (A) if 



   (B) if 


B

  (C) if 


 B


  (D*) none of these 

 (A) ;fn


 

  gSA (B) ;fn


 B


 gSA (C) ;fn 


 B


 gSA (D*) buesa ls dksbZ ughaA   

Sol. If 



 or


 B


 or 


 B


 then 

d

dt


 is zero. Hence potential difference is zero. 

gy- ;fn

 


 ;k


 B


;k 


 B


 rks 

d

dt


 'kwU; gSA vr% foHkokUrj 'kwU; gSaA 

 
C-2.# In the given arrangement, the loop is moved with constant velocity v in a uniform magnetic field B in a 

restricted region of width a. The time for which the emf is induced in the circuit is:    
 nh xbZ O;oLFkk esa] fu;r pky v ls ,d ywi dks lhfer pkSM+kbZ 'a' okys ,d leku pqEcdh; {ks=k B ls xqtkjrs gSA og 

le;] ftleas ifjiFk esa fo0ok0 cy çsfjr gksxk og gS :    

      

 (A) 
2b


   (B*) 

2a


  (C) 

(a b)


   (D) 
2(a b)


 

Sol. When the loop enters the magnetic field the magnetic flux in it changes till it covers a distance 'a'. 
Hence the EMF induced in the surface after that flux in it remains constant till its back portion has not 
entered in magnetic field. No emf is induced during this time.when it is out of magnetic field the 
magnetic flux in it decreases. EMF is again induced in the circuit hence total time for which emf is 

induced is 
2a

v
. 

gy- tc ywi pqEcdh; {ks=k esa ços'k djrk gS rks blesa pqEcdh; ¶yDl rc rd ifjofrZr gksrk gS tc rd ;g 'a' nwjh r; 

ugha dj ysrkA vr% ywi esa fo-ok-cy çsfjr gksrk gS fQj blesa ¶yDl rc rd fu;r jgrk gS tc rd fd bldk 

fiNyk Hkkx pqEcdh; {ks=k esa ços'k ugha dj ysrkA bl nkSjku dksbZ fo-ok-cy çsfjr ugha gksrkA tc ;g ywi pqEcdh; 

{ks=k ls ckgj fudyrk gS blesa pqEcdh; ¶yDl de gksrk gS] vkSj ifjiFk esa iqu% fo-ok-cy çsfjr gksrk gS vr% fo-ok-cy 

ds çsfjr gksus okyk dqy le; 
2a

v
 gSaA 

 

C-3.  A uniform magnetic field exists in region given by ˆ ˆ ˆB 3i 4 j 5k  


. A rod of length 5 m is placed along  

y- axis is moved along x-axis with constant speed 1 m/sec. Then induced e.m.f. in the rod will be:  

 fdlh LFkku esa ,d leku pqEcdh; {ks=k dks] ˆ ˆ ˆB 3i 4 j 5k  


 }kjk iznf'kZr djrs gSaA y-v{k ds vuqfn'k j[kh 5 eh- 

yEch NM+ dks x-fn'kk esa 1 eh-@ls- dh fu;r pky ls xfreku djrs gSaA rks NM+ ij izsfjr fo-ok-c- dk eku gS&  

 (A) zero  'kwU;  (B*) 25 v  (C) 20 v   (D) 15 v 
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Sol.  = B.(V )
  

  

 = ˆ ˆ ˆ ˆ ˆ(3i 4 j 5k).[1i 5 j]    

  = 25 volt. 
 
C-4.# The resistanceless wire AB (in figure) is slid on the fixed rails with a constant velocity. If the wire AB is 

replaced by a resistanceless semicircular wire, the magnitude of the induced current will  
 fp=k esa izfrjks/kghu rkj AB fLFkj iVfj;ksa ij fu;r osx ls fQly jgk gSA ;fn rkj AB dks izfrjks/kghu v)Zo`Ùkkdkj 

rkj ls çfrLFkkfir dj fn;k tk;s rks çsfjr /kkjk dk ifjek.k &  

 
 (A) decrease      
 (B*) remain the same  
 (C) increase  
 (D) increase or decrease depending on whether the semicircle bulges towards the resistance or away 

from it. 
 (A) ?kVsxkA   

 (B*) ogh jgsxkA  

 (C) c<+sxkA   

 (D) de gksxk ;k c<+sxk ;g bl ij fuHkZj djsxk fd v)Zo`Ùk dk mHkkj çfrjks/k dh vksj gS ;k blls ijs gSA  

Sol. Since 
d

dt


 is same in both cases hence the induced emd thus induced current will also be same in both 

cases. 

 pwafd 
d

dt


 nksuksa fLFkfr;ksa esa leku gS vr% çsfjr fo- ok- cy o çsfjr /kkjk Hkh nksuksa fLFkfr;ksa esa leku gksxhA  

 
C-5.# A thin semicircular conducting ring of radius R is falling with its plane vertical in a horizontal magnetic 

inductionB


. At the position MNQ the speed of the ring is v then the potential difference developed 
across the ring is:     

 R f=kT;k dk ,d iryk v)Zo`Ùkkdkj pkyd NYyk] vius Å/oZ ry ds lkFk {kSfrt pqEcdh; çsj.k B


 esa fxj jgk gSA  

(fp=k) fLFkfr MNQ esa NYys dh pky v gS rc NYys ds chp mRiUu foHkokUrj gS :  

      

 (A)  zero     (B) 
2Bv R

2


 and M is at higher potential 

 (C)   RBV and Q is at higher potential  (D*) 2 RBV and Q is at higher potential. 

 (A)  'kwU;      (B) 
2Bv R

2


 rFkk M mPp foHko ij gSA 

 (C)   RBV rFkk Q mPp foHko ij gSA   (D*) 2 RBV rFkk Q mPp foHko ij gSA 
Sol. Induced motional emf in MNQ is equivalent to the motional emf in an imaginary wire MQ i.e., 
  eMNQ = eMQ = Bv = Bv (2R)  [ = MQ = 2 R] 
 Therefore, potential difference developed across the ring is 2RBv with Q at higher potential.   
Sol. MNQ esa izsfjr xfrfd; fo-ok-cy dkYifud MQ rkj esa izsfjr xfrfd; fo-ok-cy ds rqY; gksxk , 

  eMNQ = eMQ = Bv = Bv (2R)    [ = MQ = 2 R]   
 blfy,] oy; esa mRiUu foHkokUrj 2RBv gS o Q ij mPp foHko gSA   
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Section (D) : Circuit Problems with dynamics   
[k.M (D) : xfrdh okys ifjiFk ls lEcfU/kr ç'u 
D-1.#  A constant force F is being applied on a rod of length '' kept at rest on two parallel conducting rails 

connected at ends by resistance R in uniform magnetic field B as shown.  
 ,d fljksa ls çfrjks/k  R }kjk tqM+h lekUrj pkyd iVfj;ksa ij fLFkjkoLFkk esa j[kh  yEckbZ dh NM+ ij fu;r cy F 

fp=kkuqlkj vkjksfir fd;k tkrk gSA lEiw.kZ fudk; le:i pqEcdh; {ks=k B esa fLFkr gSA 

      
 (A) the power delivered by force will be constant with time  
 cy }kjk çnku dh xbZ 'kfDr le; ds lkFk fu;r gksxhA 
 (B) the power delivered by force will be increasing first and then it will decrease 
 cy }kjk çnku dh xbZ 'kfDr igys c<+sxh rRi'pkr~ ;g ?kVsxhA 
 (C) the rate of power delivered by the external force will be increasing continuously  
 ckº; cy }kjk çnku dh xbZ 'kfDr dh nj yxkrkj c<+sxhA 
 (D*) the rate of power delivered by external force will be decreasing continuously before becoming zero. 
 ckº; cy }kjk çnku dh xbZ 'kfDr dh nj 'kwU; gksus rd yxkrkj ?kVsxhA 

Sol. Force acting on the rod because of the induced current due to change in magnetic flux will try to oppose 

the motion of rod. Hence the acceleration of the rod will decrease with time 
dP dv

F
dt dt

  = F × a. Thus, 

rate of power delivered by external force will be decreasing continuously. 
gy- NM+ ij cy dk;Zjr gS D;ksafd pqEcdh; ¶yDl esa ifjorZu ds dkj.k çsfjr /kkjk NM+ dh xfr dk fojks/k djsxhA vr% 

NM+ dk Roj.k le; ds lkFk ?kVsxkA 
dP dv

F
dt dt

  = F × a bl çdkj cká cy }kjk çnÙk 'kfDr dh nj yxkrkj 

?kVsxhA  
 

D-2.# Figure shows a square loop of side 1 m and resistance 1 . The magnetic field on left side of line PQ 
has a magnitude B = 1.0T. The work done in pulling the  loop out of the field uniformly in 1 s is   

 fp=k esa  1 m Hkqtk o 1  çfrjks/k dk oxkZdkj ywi çnf'kZr gSA js[kk PQ ds cka;h vksj pqEcdh; {ks=k dk ifjek.k  

B = 1.0T gSA 1 s esa ywi dks {ks=k ls ,d leku pky ls ckgj fudkyus esa fd;k x;k dk;Z gS &  

 
 (A*) 1 J   (B) 10 J   (C) 0.1 J   (D) 100 J  

      
Sol. W = (L)F 
 = L × LB 

 = L × 
2 2L B V

R
 = 1 J 
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D-3.#  AB and CD are fixed conducting smooth rails placed in a vertical plane and joined by a constant current 
source at its upper end. PQ is a conducting rod which is free to slide on the rails. A horizontal uniform 
magnetic field exists in space as shown. If the rod PQ is released from rest then,  

 AB rFkk CD fLFkj fpduh pkyd iVfj;k¡ gS] tks fd Å/oZ ry esa j[kh gS rFkk buds Åijh fljksa dks fu;r /kkjk L=kksr 

ls tksM+k x;k gSA PQ ,d lqpkyd NM+ gS tks fd iVfj;ksa ij fQlyus ds fy, LorU=k gSA ,d {kSfrt fu;r pqEcdh; 

{ks=k fp=kkuqlkj vfLrRo esa gS ¼bl LFkku ij½A vxj NM+ PQ dks fojkekoLFkk ls NksM+k tk, rks &  

 
 (A) The rod PQ may move downward with constant acceleration 
 (B) The rod PQ may move upward with constant acceleration 
 (C) The rod will move downward with decreasing acceleration and finally acquire a constant velocity 
 (D*) either A or B.   
 (A) NM+ PQ fu;r Roj.k ls uhps xfr dj ldrh gSA 

 (B) NM+ PQ fu;r Roj.k ls Åij xfr dj ldrh gSA 

 (C) NM+ uhps dh vksj efUnr Roj.k ls xfr djsxh rFkk vUr esa ,d fu;r osx izkIr djrh gSA 

 (D*) ;k rks A ;k BA  
Sol. It the magnitude of IA is very large such that force due to magnetic field on PQ exceeds its weight then it 

will move upwards otherwise it will move downwards. 
gy- ;fn IA dk ifjek.k cgqr vf/kd gS rkfd PQ ij pqEcdh; {ks=k ds dkj.k cy blds Hkkj ls vf/kd gks rks ;g Åij dh 

vksj xfr djsxh vU;Fkk ;g uhps dh vksj xfr djsxhA  
 
D-4.# Fig. shows a conducting loop being pulled out of a magnetic field with a constant speed v. Which of the 

four plots shown in fig. may represent the power delivered by the pulling agent as a function of the 
constant speed v.  

 fp=kkuqlkj ,d pkyd ywi pqEcdh; {ks=k esa fu;r pky v ls ckgj vk jgk gSA tc [khapus okys cká dkjd }kjk nh 

xbZ 'kfDr fu;r pky v dk Qyu gks rks fn;s x;s pkjksa oØksa esa ls bl lEcU/k dks dkSu lk oØ çnf'kZr djsxkA  

       
 (A) A   (B*) B   (C) C   (D) D 

Sol. P = F.V = BiV = B
Bv

R
 
 
 


V, P  V2  
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Section (E) : EMF Induced in a rod or loop in nonuniform magnetic field 
[k.M (E) : vle:i pqEcdh; {ks=k esa ,d NM+ ;k ywi esa çsfjr fo0ok0cy 
E-1.# For the situation shown in the figure, flux through the square loop is : 
 fp=k esa nh xbZ fLFkfr ds fy, oxkZdkj ywi ¼?ksjs½ ls xqtjus okyk ¶yDl gksxkA 

    

a

b

b

Infinitely long wire
( )vuUr yEck rkj

i

 
          

 (A) 0ia a
n

2 2a b

   
       

  (B) 0ib a
n

2 2b a

   
       

  (C*) 0ib a
n

2 b a

   
       

  (D) 0ia 2a
n

2 b a

   
       

  

Sol. 


a
b   

(b–a) x
a  

 0d (bdx)
2 x

 
 

   

  = 
a

0

(b a)

b dx

2 x


 
   

  = 0 b a
n

2 b a

   
   

 . 

 
E-2.# A long conductor AB lies along the axis of a circular loop of radius R. If the current in the conductor AB 

varies at the rate of  ampere/second, then the induced emf in the loop is 
 ,d yEck pkyd rkj AB, R f=kT;k ds o`Ùkkdkj ywi dh v{k ds vuqfn'k j[kk gSA ;fn pkyd AB esa /kkjk  

,sfEi;j@lSd.M dh nj ls cnyrh gS rks ywi esa çsfjr fo-ck-cy gSA   

 

 (A) 0 R

2

 
   (B) 0 R

4

 
  (C) 0 R

2

 
  (D*) zero ¼'kwU;½ 

Sol. Since magnetic field lines around the wire AB are circular, therefore magnetic flux through the circular 
loop will be zero, hence induced emf in the loop will be zero. 

gy- pwafd rkj AB ds pkjksa vksj pqEcdh; {ks=k dh cy js[kk,sa o`Ùkkdkj gS] blfy, o`Ùkkdkj ywi ls ikfjr pqEcdh; ¶yDl 

'kwU; gksxk] vr% ywi esa çsfjr fo-ok-cy 'kwU; gksxkA  
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Section (F) : Induced emf in a rod, Ring, Disc rotating in a uniform magnetic field 
[k.M (F) : ,d le:i pqEcdh; {ks=k esa ?kwe jgh NM+] oy; o pdrh esa çsfjr fo0ok0cy 
F-1. A conducting rod of length  rotates with a uniform angular velocity  about its perpendicular bisector. A 

uniform magnetic field B exists parallel to the axis of rotation. The potential difference between the two 
ends of the rod is  

  yEckbZ dh ,d pkyd NM+ fu;r dks.kh; osx  ls blds yEclef}Hkktd ds ifjr% ?kw.kZu dj jgh gSA ?kw.kZu v{k ds 

lekUrj le:i pqEcdh; {ks=k B fo|eku gSA NM+ ds nksuksa fljksa ds chp foHkokUrj gksxkA  

 (A)  B  2  (B) 
1

2
 B  2  (C) B  2  (D*) zero 'kwU;  

Sol. Since there is no magnetic flux change due to rotation of rod hence the potential difference between 
two ends of the rod is zero. 

 pwafd NM+ ds ?kw.kZu ds dkj.k pqEcdh; ¶yDl esa dksbZ ifjorZu ugh gSa vr% NM+ ds nksuksa fljks ds e/; foHkokUrj 'kwU; gSA  

 

F-2.# A rod of length 10 cm made up of conducting and non-conducting material (shaded part is non-
conducting). The rod is rotated with constant angular velocity 10 rad/sec about point O, in constant and 
uniform magnetic field of 2 Tesla as shown in the figure. The induced emf between the point A and B of 
rod will be      

 10 cm yEch NM+] pkyd rFkk vpkyd inkFkksZ ls cukbZ tkrh gS (Nk;kafdr Hkkx vpkyd gS)A NM+  O fcUnq ds ifjr% 

fu;r dks.kh; osx 10 rad/sec ls ,dleku fu;r pqEcdh; {ks=k 2 Vslyk esa fp=kkuqlkj ?kw.kZu dj jgh gSA NM+ ds A o 

B fcUnqvksa ds chp izsfjr foHkokUrj gksxkA   
× × × × ×

× × × × ×

× × × ×

× 2cm × ×

× × × × ×

× × × × ×

×

3cm A

B

O



 
 (A) 0.029 v  (B) 0.1 v  (C*) 0.051 v  (D) 0.064 v 

Sol.  = 
10cm

7cm

B( x)dx  = 

10cm2

7cm

x
B

2

 
 
  

 

 = 
2 10

2


× (100 – 49) × 10–4 = 10–3 × 51 = 0.051 volt. 

 
F-3.#  A semicircular wire of radius R is rotated with constant angular velocity  about an axis passing through 

one end and perpendicular to the plane of the wire. There is a uniform magnetic field of strength B. The 
induced e.m.f. between the ends is:  

 R f=kT;k dk v)Zo`Ùkh; rkj blds ,d fljs ls ikfjr rFkk rkj ds ry ds yEcor~ v{k ds ifjr% fu;r dks.kh; osx  

ls fp=kkuqlkj ?kw.kZu dj jgk gSA ;gk¡ le:i pqEcdh; {ks=k B fo|eku gSA fljksa ds e/; izsfjr fo0ok0cy gSA 

         
 (A) B R2/2  (B*) 2 B R2  (C) is variable  (D) none of these 

 (A) B R2/2  (B*) 2 B R2  (C) ifjorhZ  (D) buesa ls dksbZ ugha 

Ans.  2BR2  
Sol. Here effective length is 2R  ;gk¡ izHkkoh yackbZ 2R gS  

  = 
1

2
B(2R)2 = 2BR2   
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F-4.# Figure shows a conducting disc rotating about its axis in a perpendicular uniform and constnat magnetic 
field B. A resistor of resistance R is connected between the centre and the rim.  The radius of the disc is 
5.0 cm, angular speed  = 40 rad/s, B = 0.10 T and R = 1 . The current through the resistor is   

 yEcor~ le:i rFkk fu;r pqEcdh; {ks=k B esa viuh v{k ds ifjr% ?kwf.kZr pkyd pdrh fp=k esa n'kkZ;h x;h gSA dsUnz 

,oa ifjf/k ds chp ,d çfrjks/k R tksM+k x;k gSA pdrh dh f=kT;k 5.0 cm, dks.kh; pky   = 40 rad/s, B = 0.10 T 

vkSj R = 1  gSA çfrjks/k esa çokfgr /kkjk gksxhA 


×

×

×

×××××

×

×

× R ×

 
 (A*) 5 mA  (B) 50 A   (C) 5 A   (D) 10 mA 

Sol.  = 

21
B L

2
R


= 

2 21
0.10 40 (5 10 )

2
1

   
.= 5 mA  

 
F-5.# Two identical conducting rings A & B of radius r are in pure rolling over a horizontal conducting plane 

with same speed (of center of mass) but in opposite direction. A constant magnetic field B is present 
pointing inside the plane of paper. Then the potential difference between the highest points of the two 
rings, is : 

 nks ,d leku lqpkyd oy; A rFkk B ftudh f=kT;k r gSa] ,d {kSfrt lqpkyd ry esa iw.kZr% yksVuh xfr dj jgh gSA 

muds nzO;eku dsUnzksa dh pky leku  gS rFkk foijhr fn'kk esa gSA ,d fu;r pqEcdh; {kS=k B dkxt ds ry ds vUnj 

dh rjQ fo|eku gSa rks nksuksa oy;ksa ds mPpre fcUnqvksa ds e/; foHkokUrj gS & 

      
 (A) zero 'kwU;  (B) 2 Bvr  (C*) 4Bvr (D) none of these buesa ls dksbZ ugh 

Sol. Alternate – Considering rotation of diameter about lowest point :   

   

 e = 
2B (2r)

2


 = 2Bvr at A with respect to plane (since pure rotation). 

 and e = – 2Bvr at B with respect to plane 
 So, potential difference between these two points = 4Bvr  
 Hence (C)   
 fodYi – O;kl  dk ?kw.kZu fupys fcUnq ds lkis{k ysus ij :- 

 A ij ry ds lkis{k e = 
2B (2r)

2


 = 2Bvr   ¼pwafd 'kq) ?kw.kZu gS½  

 vkSj B ij ry ds lkis{k e = – 2Bvr  

 blfy, bu nksuksa fcUnqvksa ds e/; foHkokUrj  = 4Bvr   

 blfy, (C)   
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Section (G) : Fixed loop in a time varying magnetic field & Induced electric field   
[k.M (G) : le; ds lkFk ifjorhZ pqEcdh; {ks=k esa fLFkj ywi o çsfjr fo|qr {ks=k esa fLFkj ywi 
G-1. A cylindrical space of radius R is filled with a uniform magnetic induction B parallel to the axis of the 

cylinder. If B changes at a constant rate, the graph showing the variation of induced electric field with 
distance r from the axis of cylinder is  

 R f=kT;k ds csyukdkj {ks=k esa bldh v{k ds lekUrj le:i pqEcdh; {ks=k B mifLFkr gSA ;fn ;g fu;r nj ls 

ifjofrZr gks rks csyu dh v{k ls r nwjh  ij çsfjr fo0{ks=k esa ifjorZu dk lgh xzkQ gksxkA  

      

× × ×

× × ×

× × ×

× × ×

×

×

×

×
R

 

 (A*) 

r

E

  (B) 

r

E

 (C) 

r

E

  (D) 

r

E

 

Sol. EMF = 
d

–
dt


 = 

2dB r
–

dt


 = –r2 dB

dt
 or E = 

EMF

r
 
 
 

 = 
dB

r
dt

 
 
 

 

 or  E  r for r  R. 
  E  1/r for r > R.  
 

G-2.# In a cylindrical region uniform magnetic field which is perpendicular to the plane of the figure is 
increasing with time and a conducting rod PQ is placed in the region. If C is the centre of the circle then

         
 (A) P will be at higher potential than Q.   
 (B*) Q will be at higher potential than P.    
 (C) Both P and Q will be equipotential.   
 (D) no emf will be developed across rod as it is not crossing / cutting any line of force. 
 fp=k esa ry ds yEcor~ csyukdkj {ks=k esa mifLFkr le:i pqEcdh; {ks=k dk eku le; ds lkFk c<+ jgk gSA bl {ks=k 

esa ,d pkyd NM+ PQ mifLFkr gS] ;fn C o`Ùk dk dsUnz gks rks & 

        
 (A) P, Q dh vis{kk mPp foHko ij gSA 

 (B*) Q, P dh vis{kk mPp foHko ij gSA  

 (C) P o Q nksuksa leku foHko ij gSA 

 (D) NM+ ij dksbZ Hkh fo0ok0cy mRiUu ugha gksxk D;ksafd ;g cy js[kkvksa dks ugha dkVrh gSA  
Sol. If the circuit Q C P containing rod PQ is completed then the direction of induced current will be from Q 

to C to P hence Q will be at higher potential than P. 
 ;fn NM+ PQ ds lkFk ifjiFk Q C P iw.kZ fd;k tk;s rks çsfjr /kkjk dh fn'kk Q ls C gksdj P dh vksj gksxhA vr% P 

dh vis{kk Q mPp foHko ij gSA  
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G-3.#A uniform magnetic field of induction B is confined to a cylindrical region of radius R. The magnetic field 

is increasing at a constant rate of
dB

dt
 (Tesla/second). An electron of charge q, placed at the point P on 

the periphery of the field experiences an acceleration :  

 B çsj.k dk le:i pqEcdh; {ks=k R f=kT;k ds csyukdkj {ks=k esa fLFkr gSA bl pqEcdh; {ks=k dh o`f) nj 
dB

dt
 

(Vslyk/lSd.M) fu;r gSA q vkos'k dk ,d bysDVªkWu] bldh ifj/kh ds P fcUnq ij fLFkr gSA bysDVªkWu ij vkjksfir 

Roj.k gSA   

 

 (A*) 
1 eR dB

2 m dt
 toward left   (B) 

1 eR dB

2 m dt
 toward right 

 (C) 
eR dB

m dt
 toward left    (D) 

1 eR dB

2 m dt
zero 

 (A*) 
1 eR dB

2 m dt
 cka;h rjQ    (B) 

1 eR dB

2 m dt
nka;h rjQ 

 (C)  
eR dB

m dt
 cka;h rjQ    (D) 'kwU;  

Sol. a = 
qE

m
=

1 eR dB

2 m dt
. (towards lefts) cka;h vksj 

 
G-4. A neutral metallic ring is placed in a circular symmetrical uniform magnetic field with its plane 

perpendicular to the field. If the magnitude of field starts increasing with time, then:  
 ,d mnklhu /kkfRod oy; dks ,d o`Ùkh; lefer le:i pqEcdh; {kS=k esa bl izdkj j[kk x;k gS fd bldk ry {kS=k 

ds yEcor~ gSA vxj {kS=k dk ifjek.k le; ds lkFk c<+k;k tk, rks &   
 (A) the ring starts translating   (B) the ring starts rotating about its axis 
 (C*) the ring slightly contracts    (D) the ring starts rotating about a diameter  
 (A) oy; LFkkukUrj.k djuk izkjEHk dj nsxh  (B) oy; blds v{k ds lkis{k ?kw.kZu djuk izkjEHk dj nsxhA 

 (C*) oy; vYi ek=kk esa fldqM tk;sxhA  (D)  oy; ,d O;kl ds lkis{k ?kw.kZu djuk izkjEHk djsxhA 
Sol. As soon as the field changes, there will be an induced current in the ring. 
 tSls&tSls {ks=k ifjofrZr gksxk] oy; esa /kkjk izsfjr gksxhA  

  contracts fldqM+rk gS   contracts fldqM+rk gS 

 

G-5. A bar magnet is released at one end from rest coaxially along the axis of a very long fixed, vertical 
copper tube. After some time the magnet   

 rkacs dh tM+or~ ,d cgqr yEch m/okZ/kj uyh dh v{k ds vuqfn'k ,d fljs ls  lek{kh; fLFkfr esa ,d NM+ pqEcd dks 

fojke ls fxjk;k tkrk gSA dqN le; i'pkr~ pqEcd& 
 (A) will move with an acceleration g  (B*) will move with almost constant speed 
 (C) will stop in the tube    (D) will oscillate 
 (A) g Roj.k ds lkFk xfr djsxkA    (B*) yxHkx fu;r pky ls xfr djsxkA  

 (C) uyh esa :d tk;sxkA    (D) nksyu djsxkA 

Sol. Since the tube is very long the force on magnet due to induced current will continue to oppose its 
motion till it acquires a constant speed. 

 pwafd ufydk cgqr yEch gS ,oa çsfjr /kkjk ds dkj.k pqEcdh; cy fujUrj bldh xfr ds foijhr yxrk gSA vr% ;g 

fu;r pky çkIr dj ysxhA 
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Section (H) : Self induction, self inductance self induced emF & Magnetic energy density 
[k.M (H) : Loçsj.k] LoçsjdRo] Loçsfjr fo0ok0cy rFkk pqEcdh; ÅtkZ ?kuRo 
H-1. A wire of fixed length is wound on a solenoid of length '' and radius 'r'. Its self inductance is found to be 

L. Now if another wire is wound on a solenoid of length 
2


 and radius 

r

2
, then the self inductance will 

be:    
 fuf'pr yEckbZ ds rkj dks yEckbZ rFkk 'r' f=kT;k dh ifjufydk ij yisVk tkrk gS rks bldk LoizsjdRo   L gksrk gS 

;fn ,d&nwljs rkj dks 
2


 yEckbZ rFkk 

r

2
 f=kT;k dh ifjufydk ij yisVk gS rks bldk LoizsjdRo gksxk 

 (A*) 2 L   (B) L   (C) 4 L   (D) 8 L   

Sol. L = 
2 2

0N r 


 

 length of wire  = N 2r = Constant (= C, suppose)   
 rkj dh yEckbZ   = N 2r = vpj (= C, ekuk)  

  L = 0 
2

C

2 r
 
  

2r


    L  
1


 

  Self inductance will become 2L.             
  blfy, LoizsjdRo 2L gksxk  
 
H-2. The number of turns, cross-sectional area and length for four solenoids are given in the following table. 
 pkj ifjukfydkvksa (solenoids) dh yEckbZ] vuqizLFk dkV {kS=kQy rFkk ?ksjks dh la[;k fuEu lkj.kh esa fn;s x;s gSA 

Solenoid Total Turns Area Length 
1 2N 2A 

2 2N A  
3 3N 3A 2 
4 2N 2A /2 

 

ifjukfydk 
dqy ?ksjksa dh 

la[;k 

vuqizLFk dkV 

dk {ks=kQy 
yEckbZ  

1 2N 2A 

2 2N A  
3 3N 3A 2 
4 2N 2A /2 

 The solenoid with maximum self inductance is : 
 og ifjukfydk ftldk vf/kdre LoizsjdRo gS & 
 (A) 1   (B) 2   (C) 3   (D*) 4 
Sol. L = 0n2r2 
 A = r2 

 n = 
N


   L = 

2

0
N

A


 

 By putting the given values, it can be seen that it is maximum for solenoid no.4.   
 fn;s x, eku j[kus ij] ;g ns[k ldrs gSa fd ;g ifjukfydk la[;k - 4 ds fy, vf/kdre gksxkA  
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Section () : Circuit containing inductance,  Resistance & battery, Growth and decay Of 
Current in a circuit containing inductor  

[k.M () : çsjdRo]çfrjks/k o cSVjh okys ifjiFk] çsjdRo okys ifjiFk esa /kkjk dh òf) o {k; 
-1.# Two inductors L1 and L2 are connected in parallel and a time varying current i flows as shown. The ratio 

of currents i1/i2 at any time t is      
 nks çsjdRo  L1 o L2 lekUrj Øe esa tqM+s gS rFkk le; ds lkFk ifjorhZ /kkjk i fp=kkuqlkj çokfgr gSA fdlh le; t ij 

/kkjkvksa i1/i2 dk vuqikr gSA       

L2

L1

ii

i1

i2
 

 (A) L1/L2  (B*) L2/L1  (C) 
2
1

2
1 2

L

(L L )
  (D) 

2
2

2
1 2

L

(L L )
  

Sol. L1 1di

dt
 = 2

2
di

L
dt

 

 or L1di1 = L2di2 or L1i1 = L2i2 

  1

2

i

i
 = 2

1

L

L
 

 
-2. In an LR circuit current at t = 0 is 20 A. After 2s it reduces to 18 A. The time constant of the circuit is  

(in second):      
 LR ifjiFk esa t = 0 ij /kkjk 20 A gSA 2s i'pkr~ ;g 18 A rd ?kV tkrh gSA ifjiFk dk le; fu;rkad (lSd.M esa) gS : 

 (A) ln 
10

9
 
 
 

  (B) 2   (C*) 
2

10
ln

9
 
 
 

  (D) 2 ln 
10

9
 
 
 

 

Sol. i = i0
t

e



 
 
 
 

  or t = 
2

10
ln

9
 
 
 

. 

 

-3.# In the given circuit find the ratio of i1 to i2. Where i1 is the initial (at t = 0) current, and i2 is steady state  
(at t = ) current through the battery : 

 fn;s x;s ifjiFk esa i1 dk  i2 ds lkFk vuqikr Kkr djksA ;gka i1 çkjfEHkd (t = 0 ij) /kkjk rFkk i2 csVjh ls izokfgr LFkk;h 

/kkjk (t = ij) gSA 

    

10 V

2mH6

4 4

 
 (A) 1.0    (B*) 0.8   (C) 1.2   (D) 1.5 
Sol. Initially the inductor offers infinite resistance hence i1 is 1A. Finally, at steady state inductor offers zero 

resistance and current i2 is 1.25 A in the battery. 
gy- çkjEHk esa çsjd vuUr çfrjks/k mRiUu djsxk vr%  /kkjk i1 , 1A gksxhA vUr esa LFkk;h voLFkk esa çsjd 'kwU; çfrjks/k nsxk 

,oa cSVjh ls /kkjk i2, 1.25 A gksxhA 
 



Electromagnetic Induction 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEI - 44 

Toll Free :  1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

-4. In a series L–R growth circuit, if maximum current and maximum induced emf in an inductor of 
inductance 3mH are 2A and 6V respectively, then the time constant of the circuit is : 

 Js.khØe L–R ifjiFk eas 3 feyh gSujh çsjdRo eas egÙke /kkjk ,oa egÙke çsfjr foHko Øe'k% 2A rFkk 6V gSa rks ifjiFk 

dk le; fu;rkad gS :     
 (A*) 1 ms.   (B) 1/3 ms.  (C) 1/6 ms   (D) 1/2 ms 
Sol. R = v/ 
  = L/R = 1 ms. 
 
-5.# A solenoid having an iron core has its terminals connected across an ideal DC source and it is in steady 

state. If the iron core is removed, the current flowing through the solenoid just after removal of rod 
 ykSg ØksM lfgr ,d ifjufydk ds fljksa dks vkn'kZ fn"V lzksr ls tksM+k tkrk gS ,oa ;g LFkk;h voLFkk esa gSA vxj 

yksg ØksM dks fudky fn;k tk, rks fudkyus ds rqjUr i'pkr~ ifjukfydk ls çokfgr /kkjk dk eku % 

       
 (A*) increases  (B) decreases  (C) remains unchanged (D) nothing can be said 
 (A*) c<+sxh  (B) ?kVsxh  (C) vifjofrZr jgsxh (D) dqN Hkh ugha dg ldrs 
Sol. Current will have to increase in order to oppose the cause (decrease in field).  
 dkj.k ¼{ks=k esa deh½ dk fojks/k djus ds fy, /kkjk c<+rh gSA  
 
-6.# Two inductor coils of self inductance 3H and 6H respectively are connected with a resistance 10 and 

a battery 10 V as shown in figure. The ratio of total energy stored at steady state in the inductors to that 
of heat developed in resistance in 10 seconds at the steady state is (neglect mutual inductance 
between L1 and L2) :  

 fp=k esa fn[kk;s vuqlkj Øe'k% 3 gsujh o 6 gsujh Lo&izsdRo dh nks izsjd  dq.Myh;k¡ 10 ds izfrjks/k ,oa 10V dh 

cSVjh ls tqM+h gSA LFkk;hvoLFkk ij 10 sec. esa izsjd dq.Mfy;ksa esa lafpr dqy ÅtkZ rFkk izfrjks/k esa mRiUu Å"ek dk 

vuqikr gksxk (L1 o L2 ds e/; vU;ksU; çsj.k dks ux.; ekurs gq,) 

 
 (A) 1/10   (B*) 1/100  (C) 1/1000  (D) 1 
Sol. Leff = 2H 

 Energy stored in inductor izsjd dq.Myh esa laxzfgr ÅtkZ =
1

2
 L2 

  = 1/2 × (2) × (1)2 = 1J. 
 Energy developed in resistance izfrjks/k es {kf;r ÅtkZ = 2RT = 12 × 10 × 10 = 100 J 

 Hence the required ratio is vr% vHkh"V vuqikr  
1

100
. 
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-7.# The battery shown in the figure is ideal. The values are  = 10 V, R = 5, L = 2H. Initially the current in 
the inductor is zero. The current through the battery at t = 2s is 

 n'kkZ;s x;s fp=k esa cSVjh vkn'kZ gSA  = 10 V, R = 5, L = 2H  gSA izkjEHk esa izsjdRo esa /kkjk 'kwU; gSA cSVjh ls 

t = 2s le; ij /kkjk gSA 

 
 

 (A*) 12 A  (B) 7 A   (C) 3 A  (D) none of these buesa ls dksbZ ugha 

Sol. I = I1 + I2 
 I1 = E/R 

 L 
d

dt


 = E.  I2 = 

Et

L
 

 I = E/R + 
Et

L
 

 I = 12A. 
 
-8. When induced emf in inductor coil is 50% of its maximum value then stored energy in inductor coil in 

the given circuit at that instant will be :  
 fn;s x;s ifjiFk esa vxj izsjdRo dq.Myh esa iszfjr fo-ok-cy dk eku vf/kdre eku dk 50% gSA rks ml {k.k ij iszjd 

dq.Myh esa lapf;r ÅtkZ dk eku gksxk &  

      
 (A*) 2.5 mJ  (B) 5mJ   (C) 15 mJ  (D) 20 mJ 

Sol. E =
1

2
 L2 E = 

1

2
L

2

2

V

R
 

 = 1/2 × 5 × 10–3 × (1)2 = 2.5 mJ. 
 
-9. An inductor coil stores energy U when a current i is passed through it and dissipates heat energy at the 

rate of P. The time constant of the circuit when this coil is connected across a battery of zero internal 
resistance is :       

 ,d çsjd dq.Myh esa  i  /kkjk çokfgr djus ij blesa U ÅtkZ laxzfgr gksrh gS rFkk P nj ls ÅtkZ ºkl gksrk gSA tc 

bl dq.Myh dks 'kwU; vkUrfjd çfrjks/k okyh cSVjh ls tksM+k tkrk gS rks ifjiFk dk le; fu;rkad Kkr djks \ 

 (A) 
4U

P
   (B) 

U

P
   (C*) 

2U

P
  (D) 

2P

U
 

Sol. U = 
1

2
LI2 

 P = I2R 

 or ;k 
2U L

P R
  = . 
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Section (J) : Mutual Induction & Mutual Inductance  

[k.M (J) : vU;ksU; çsj.k o vU;ksU; çsjdRo 
J-1. Two coils are at fixed locations. When coil 1 has no current and the current in coil 2 increases at the 

rate 15.0 A/s the e.m.f. in coil 1 in 25.0 mV, when coil 2 has no current and coil 1 has a current of 3.6 A, 
flux linkage in coil 2 is        

 nks dq.Mfy;ksa dh fLFkfr fuf'pr gSA tc dq.Myh 1 esa dksbZ /kkjk ugha gS rFkk dq.Myh 2 esa 15.0 A/s dh nj ls /kkjk 

c<++rh gS rks dq.Myh 1 esa fo0ok0cy 25.0 mV gSA tc dq.Myh 2 esa dksbZ /kkjk ugha gS rFkk dq.Myh 1 esa /kkjk 3.6 A 

gS rks dq.Myh 2 ls lEcfU/kr ¶yDl gksxk &     
 (A) 16 mWb  (B) 10 mWb  (C) 4.00 mWb  (D*) 6.00 mWb 

Sol. EMF fo ok c = 
d

M
dt


  25 × 10–3 = M × 15 

 or ;k  M = 5/3 × 10–3 H  

   = M = 5/3 × 10–3 × 3.6 = 6.00 mWb. 
 
J-2. A rectangular loop of sides ‘a’ and ‘ b ‘ is placed in xy plane. A very long wire is also placed in xy plane 

such that side of length ‘a’ of the loop is parallel to the wire. The distance between the wire and the 
nearest edge of the loop is ‘ d ‘. The mutual inductance of this system is proportional to:  

 vk;rkdkj ywi ftldh Hkqtk,a ‘a’ o ‘ b ‘ gS] xy ry esa fLFkr gSA xy ry esa ,d cgqr yEck rkj bl çdkj j[kk gS fd 

ywi dh Hkqtk ‘a’ rkj ds lekUrj gSA rkj ds lehi dh Hkqtk rFkk rkj ds e/; nwjh ‘ d ‘ gSA fudk; dk vU;ksU; çsjdRo 

lekuqikrh gSA       

 (A*) a   (B) b   (C) 1/d  (D) current in wire rkj esa /kkjk 

Sol.  = M ×   

 

d b

d

B.ds





 = M 

 M = 0a b d
n

2 d

 

  Hence vr% M  a. 

 
J-3. Two coils of self inductance 100 mH and 400 mH are placed very close to each other. Find the 

maximum mutual inductance between the two when 4 A current passes through them 
 LoizsjdRo 100 mH rFkk 400 mH dh nks dq.Mfy;ka ikl&ikl j[kh gSA bu nksuksa ds chp vf/kdre vU;ksU; çsj.k 

Kkr djks tc buesa çokfgr /kkjk 4 A gksA 

 (A*) 200 mH  (B) 300 mH  (C) 100 2 mH         (D) none of these buesa ls dksbZ ugha 

Sol. Mmax = 1 2L L  = 100 400 mH = 200 mH. 

 
J-4. A long straight wire is placed along the axis of a circular ring of radius R. The mutual inductance of this 

system is       
 ,d yEcs  lh/ks rkj dks R f=kT;k dh ,d o`Ùkkdkj oy; ds v{k ds vuqfn'k  j[kk tkrk gSA bl fudk; dk vU;ksU; 

izsjdRo gS&      

(A) 0R

2


  (B) 0 R

2

 
  (C) 0

2


   (D*) 0 

Sol. As the flux in the ring due to wire will be zero hence mutual inductance will  be zero. 
 D;ksafd rkj ds dkj.k oy; esa ¶yDl 'kwU; gksxk vr% vU;ksU; çsj.k 'kwU; gksxkA 
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Section (K) : LC Oscillations  

[k.M (K) : LC  nksyu 
K-1.# The frequency of oscillation of current in the inductor is:  
 çsjd dq.Myh esa /kkjk dh nksyu vko`fr gS &  

 

 (A) 
1

3 L C
   (B*) 

1

6 L C
  (C) 

1

L C
  (D) 

1

2 L C
 

Sol. f = 
eff eff

1 1

2 L c 
 = 

1

2 3L 3C 
 = 

1

6 LC
 . 

K-2.# In the given LC circuit if initially capacitor C has charge Q on it and 2C has charge 2Q .The polarities 
are as shown in the figure. Then after closing switch S at t = 0  

 fn;s x;s LC ifjiFk esa ;fn la/kkfj=k C ij çkjEHk esa vkos'k Q gS rFkk 2C ij 2Q  gSA /kzqork fp=k esa çnf'kZr gS rks  

t = 0 ij fLop S dks can djus ds i'pkr~     

     

t=0

2C

C

L

S

+ -

+ -

 
 (A) energy will get equally distributed in both the capacitor just after closing the switch. 
 fLop can djus ds rqjUr i'pkr~ ÅtkZ nksuksa la/kkkfj=kksa esa cjkcj caV tk,xhA 
 (B) initial rate of growth of current in inductor will be 2 Q/3 C L 
 çsjd dq.Myh esa çkjEHk esa /kkjk of̀) dh nj 2 Q/3 C L gksxhA 
 (C*) maximum energy in the inductor will be 3 Q2/2 C 
 çsjd dq.Myh esa vf/kdre ÅtkZ 3 Q2/2 C gksxhA 

 (D) none of these buesa ls dksbZ ugha  
Sol. Ceq = 3C 
 Qeq = 3Q 

 E = 
1

2

2
eq

eq

Q

C
 = 

23Q

2C
. 

 
K-3.# A circuit containing capacitors C1 and C2 as shown in the figure are in steady state with key K1 closed. 

At the instant t = 0, if K1 is opened and K2 is closed then the maximum current in the circuit will be : 
 ,d ifjiFk esa la/kkfj=k C1 rFkk C2 fp=kkuqlkj LFkk;h voLFkk esa gSSa rFkk daqth K1 can gSA t = 0 le; ij vxj K1 dks 

[kksy fn;k tkrk gS rFkk K2 dks can dj fn;k tkrk gS] rks ifjiFk esa vf/kdre /kkjk gksxhA 

      
 (A*) 1 A   (B) A    (C) 2 A  (D) None of these buesa ls dksbZ ugha  
Sol.  When switch K1 is opended and K2 is closed it becomes L–C circuit so applying energy conservation :  
 tc dqath K1 [kqyk gS vkSj K2 cUn gS] ;g L–C ifjiFk gksxk] blfy, ÅtkZ laj{k.k yxkus ij :  
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2
0Q

2C
 = 

1

2
 Li2 ; Q0 = CeqV = 1 2

1 2

C C

C C
· V = (20 ×10–6) 

 
–6 2

6

(20 10 )

2 2 10


 
 = 

1

2
 (0.2 × 10–3) i2   i = 1 A 

PART - III : MATCH THE COLUMN 
Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 

1.# The magnetic field in the cylindrical region shown in figure increases at a constant rate of 10.0 mT/s 
Each side of the square loop abcd and defa has a length of 2.00 cm and resistance of 2.00  .  
Correctly match the current in the wire 'ad' in four different situations as listed in column-I with the 
values given in column-II.     

 fp=kkuqlkj fn[kk;s x;s csyukdkj LFkku esa pqEcdh; {ks=k 10.0 mT/s dh fu;r nj ls c<+rk gSA izR;sd oxkZdkj ywi 

abcd rFkk defa dh izR;sd Hkqtk dh yEckbZ 2.00 cm gS rFkk izR;sd Hkqtk dk izfrjks/k 2.00  gSA LrEHk-I esa nh xbZ 

pkj fHkUu fLFkfr;ksa esa rkj 'ad' esa /kkjk dks LrEHk-II esa fn;s x;s ekuksa ls lqesfyr dhft,A 

      
  Column-I     Column-II 
 (A) The switch S1 is closed but S2 is open   (p) 5 × 10–7 A, d to a 
 (B) S1 is open but S2 is closed     (q) 5 × 10–7 A, a to d 
 (C) Both S1 and S2 are open     (r) 2.5 × 10–8 A, d to a 
 (D) Both S1 and S2 are closed.     (s) 2.5 × 10–8 A, a to d 
        (t) No current flows 
  LrEHk-I      LrEHk-II 

 (A) fLop S1 cUn ¼pkyw½ gS ysfdu S2 [kqyk gSA  (p) 5 × 10–7 A, d ls a 

 (B) S1 [kqyk gS ysfdu S2 cUn gSA    (q) 5 × 10–7 A, a ls d 

 (C) nksuksa S1 rFkk S2 [kqys gSA    (r) 2.5 × 10–8 A, d ls a 

 (D) nksuksa S1 rFkk S2 cUn gSA    (s) 2.5 × 10–8 A, a ls d 

        (t) dksbZ /kkjk izokfgr ugh gksrhA 
Ans. (A) q   (B) p   (C) t   (D) t 
Sol. When both S1 and S2 are either open or closed; current through ad is zero. With S1 closed, current 2 × 

10–7 A flows from a to d. With S2 closed, current 2 × 10–7 A flows from d to a. 
 tc nksuksa S1 rFkk S2 ;k rks [kqyh ;k cUn gS] ad ls tkus okyh /kkjk 'kwU; gksxhA tc S1 cUn gS] rks /kkjk 2 × 10–7 A, 

a ls d dh vksj izokfgr gksrh gSA tc S2 cUn gS] rks /kkjk 2 × 10–7 A, d dh a dh vksj izokfgr gksrh gSA 
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2.# A square loop of conducting wire is placed symmetrically near a long straight current carrying wire as 
shown. Match the statements in column-I with the corresponding results in column-II. 

 pkyd rkj dk ,d oxkZdkj ywi ,d yEcs lh/ks /kkjkokgh rkj ds utnhd lefer :i ls fp=kkuqlkj j[kk tkrk gSA 

LrEHk -I esa fn;s x;s dFkuksa dks LrEHk-II esa muds ifj.kkeksa ls lqesfyr dhft;s & 

 
   Column-I        Column-II 
 (A) If the magnitude of current I is increased (p) Current will induce in clockwise direction  
   in the loop 
 (B) If the magnitude of current I is decreased (q) Current will induce in anticlockwise direction  
   in the loop 
 (C) If the loop is moved away from the wire (r) wire will attract the loop 
 (D) If the loop is moved towards the wire (s) wire will repel the loop 
  (t) loop will rotate when current changes. 
   LrEHk-I         LrEHk-II 
 (A) ;fn /kkjk I dk ifjek.k c<+k;k tkrk gSA (p) ywi esa izsfjr /kkjk nf{k.kkorZ gksxh 

 (B) ;fn /kkjk I dk ifjek.k ?kVk;k tkrk gSA (q)  ywi esa izsfjr /kkjk okekorZ gksxh 

 (C) ;fn ywi dks rkj ls nwj gVk;k tkrk gSA (r) rkj] ywi dks vkdf"kZr djsxk 

 (D) ;fn ywi dks rkj dh vksj pyk;k tkrk gSA (s) rkj] ywi dks izfrdf"kZr djsxk 

  (t) /kkjk ds cnyus ij ywi ?kw.kZu djsxkA 
Ans (A) q,s   (B) p,r   (C) p,r  (D) q,s  
Sol.  (A) Due to current carrying wire, the magnetic field in loop will be inwards the paper. As current is 

increased, magnetic flux associated with loop increases. So a current will be induced so as to decrease 
magnetic flux inside the loop. Hence Induced current in the loop will be anticlockwise. The current in left 
side of loop shall be downwards and hence repelled by wire. The current in right side of loop is upwards 
and is hence attracted by wire. Since left side of loop is nearer to wire, repulsive force will dominate. 
Hence wire will repel the loop 

 (B) Options in (B) will be opposite of that in (A) 
 (C)  When the loop is moved away from wire, magnetic flux decreases in the loop. Hence the options 

for this case shall be same as in (B) 
 (D) When the loop is moved towards the wire, magnetic flux increases in the loop. Hence the options 

for this case shall be same as in (A)  
 No net torque will act on loop when current changes. 
 (A) /kkjkokgh rkj ds dkj.k ywi esa pqEcdh; {ks=k ist ds ry ds vUnj gksxkA vr% /kkjk c<+us ls lEcfU/kr ¶yDl Hkh 

c<+sxkA vr% /kkjk bl izdkj izsfjr gksxh fd ;g ywi ds ¶yDl dks ?kVk;s vr% ywi esa izsfjr /kkjk okekorZ gksxhA ywi ds 

ck;sa rjQ /kkjk Å/okZ/kj uhps dh rjQ gksxh vr% rkj }kjk izfrdf"kZr gksxk ywi ds nka;s rjQ /kkjk Åij dh rjQ 

gksxh vr% rkj }kjk vkdf"kZr gksxk pwafd ywi dk cka;k Hkkx rkj ds ikl gSA vr% izfrd"khZ cy T;knk izHkkoh gksxkA vr% 

rkj ywi dks izfrdf"kZr djsxkA  

 (B) (A) dk O;qRØe gksxkA 

 (C)  tc ywi rkj ls nwj tkrk gSA rks pqEcdh; ¶yDl ?kVrk gSA vr% bl fLFkfr esa fodYi (B) ds leku gksxkA 

 (D) tc ywi rkj dh rjQ xfr djsxk rks ¶yDl c<+sxk vr% bl fLFkfr esa fodYi (A) ds leku gksxkA  

 tc /kkjk ifjofrZr gksrh gS rks ywi ij dksbZ cy vk?kw.kZ dk;Z ugha djrk gSA  
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 Marked Questions can be used as Revision Questions. 
 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : ONLY ONE OPTION CORRECT TYPE  
Hkkx-I : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 

1. As shown in the fig. P and Q are two coaxial conducting loops separated by some distance. When the 
switch S is closed, a clockwise current IP flows in P (as seen by E) and an induced current IQ1 flows in 
Q. The switch remains closed for a long time. When S is opened, a current IQ2 flows in Q. Then the 
directions of IQ1 and IQ2 (as seen by E) are           [JEE 2002 (Screening) 3/90, –1] 

      
 (A) respectively clockwise and anti-clockwise (B) both clockwise     
 (C) both anti-clockwise    (D*) respectively anti-clockwise and clockwise.   
 tSlk fd fp=k eas fn[kk;k x;k gS] P ,oa Q nks lek{kh; pkyd ywi gS tks dqN nwjh ij fLFkr gSaA tc fLop S dks pkyw 

djrs gS] rks P esa nf{k.kkorhZ /kkjk P izokfgr gksrh gS (tSlk fd E ns[krk gS) ,oa Q esa izsfjr /kkjk Q1 izokfgr gskrh gSA 

fLop cgqr yEcs le; rd pkyw jgrk gSA tc fLop S dks [kksyrs gSa rks Q esa Q2
 /kkjk izokfgr gksrh gS] rks E }kjk 

izsf{kr Q1 o Q2 dh fn'kk;sa gSa]       [JEE 2002 (Screening) 3/90, –1] 

      
 (A) Øe'k% nf{k.kkorZ ,oa okekorZ   (B) nksuksa esa nf{k.kkorZ     

 (C) nkuksa esa okekor    (D*) Øe'k% okekorZ ,oa nf{k.kkorZ   
Sol. When switch S is closed magnetic field lines passing through Q increases in the direction from right to 

left. So, according to Lenz’s law induced current in Q i.e. Q1 will flow in such a direction so that the 
magnetic field lines due to Q2 passes from left to right through Q. This is possible when Q1 flows in 
anticlockwise direction as seen by E. Opposite is the case when switch S is opened i.e. Q2 will be 
clockwise as seen by E.   

 tc dqath S dks cUn fd;k tkrk gS] rks Q ls ikfjr pqEcdh; {ks=k nk;sa ls ck;ha vksj dh fn'kk esa c<+rk gSA vr% ysUt 

fu;ekuqlkj Q esa izsfjr /kkjk  Q1 ,slh fn'kk esa cgsxh] ftlls Q2 ds dkj.k pqEcdh; cy js[kk,sa Q ls ck;sa ls nk;ha 

vksj tk,A ;g rHkh laHko gS] tc Q1 E ds vuqlkj okekorZ fn'kk esa izokfgr gksA dqath [kksyus ij izØe myV gksrk gS  

vFkkZr~ Q2 E ds vuqlkj nf{k.kkorZ fn'kk esa cgrh gSA  
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2. A close loop is placed in a time-varying magnetic field. Electrical power is dissipated due to the current 
induced in the coil. If the number of turns were to be quadrupled and the wire radius halved keeping the 
radius of the loop unchanged, the electrical power dissipated would be:      

 (A)  halved   (B*)  the same  (C)  doubled  (D)  quadrupled 
 ,d cUn ywi dks ,d le;ifjorhZ pqEcdh; {ks=k esa j[kk x;k gSA dq.Myh esa iszfjr /kkjk mRiUu gksus ds dkj.k fo|qr 

'kfDr dk O;; gksrk gSA ;fn ywi dh f=kT;k vifjofrZr j[krs gq, ?ksjks dh la[;k pkj xquh dj nh tk;s ,oa rkj dh 

f=kT;k vk/kh dj nh tk;s rks fo|qr 'kfä dk O;; gks tk;sxkA      

 (A)  vk/k   (B*)  leku  (C)  nks xquk  (D)  pkj xquk 

Sol. Power 'kfDr P =
2e

R
  

 here ;gk¡ e = induced emf izsfjr fo-ok-cy  = – 
d

dt

 
 
 

 Where tgk¡  = NBA 

   e = – NA 
dB

dt
 
 
 

 

 also  R  
2

1

r
 

 where R = resistance, r = radius,  = length    
 tgk¡ R = izfrjks/k, r = f=kT;k ,  = yackbZ  

  P  
2 2N r


   1

2

P

P
 = 1 

 
3.# Loop A of radius r(r << R) moves towards loop B with a constant velocity V in such a way that their 

planes are always parallel. What is the distance between the two loops (x) when the induced emf in 
loop A is maximum   

 r(r << R) f=kT;k dk ywi A ywi B dh rjQ fu;r osx V ls bl çdkj xfr djrk gS fd muds ry ges'kk lekUrj 

jgrs gSA nksuksa ywiks ds e/; nwjh (x) dk eku D;k gksxk tc ywi A es çsfjr fo0ok0cy vf/kdre gks % 

     

R

B

r

A
V

x

 

 (A) R   (B) 
R

2
   (C*) 

R

2
   (D) 

1
R 1

2

 
 

 
 

Sol. A = 
2

20
2 2 3 / 2

i R
. r

2 (R x )

 


 
 

 EA = – 
d

dt


 = 0i

2

 
 R2 r2 (–3/2) (R2 + x2)–5/2 . 2x (v) 

 EA is maximum when AdE

dx
 = 0 

 EA vf/kdre gS tc AdE

dx
 = 0  

   
d

dx 2 2 5 / 2

x

(R x )
 = 0  or ;k (R2 + x2)5/2  – 

5x

2
 (R2 + x2)3/2 2x = 0 

 or ;k, R2 + x2 – 5 x2  = 0  or ;k, x = R/2   Ans. 
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4.# A magnetic field (B), uniform between two magnets can be determined measuring the induced voltage 
in the loop as it is pulled through the gap at uniform speed 20 m/sec. Size of magnet and coil is  
2 cm × 1 cm × 2 cm and 4 cm × 6 cm as shown in figure. The correct variation of induced emf with time 
is : (Assume at t = 0, the coil enters in the magnetic field) : 

 nks pqEcdks ds e/; fu;r pqEcdh; {kS=k (B) dh x.kuk ml dq.Myh esa izsfjr foHko dks ekidj dh tk ldrh gS ftls 

fd nksuksa pqEcdksa ds e/; fjDr LFkku esa 20 eh-@lS- dh fu;r pky ls [khapk tkrk gSA pqEcd rFkk dq.Myh dk vkdkj 

Øe'k% 2cm × 1cm × 2cm rFkk 4cm × 6cm gS ¼tSlk fp=k esa iznf'kZr gS½A le; ds lkFk izsfjr fo-ok-c- esa ifjorZu 

dk lgh izn'kZu gS &  (le; t = 0 ij] dq.Myh dks pqEcdh; {ks=k esa izosf'kr ekusa) :  

       

4cm

6cm

1cm

4cm

6cm

1cm

1cm

N

S

 

 (A*) 

 

3000   3500 

 (B) 
3000    3500 

 

 (C ) 
3000   3500 

(D) 
3000    35000 

 

Sol. E = 
d

dt


 = 

Bd(b )

dt


 

    = Bbv = B × 2 × 10–2 × 20  = 0.40 B 

 t = 
21 10

20


= 5 × 10–4 sec = 500  sec 

 t = 
26 10

20


= 3 × 10–3 sec = 3000  sec 

 Ans. (A) 
 
5.# Radius of a circular ring is changing with time and the coil is placed in uniform magnetic field 

perpendicular to its plane. The variation of ' r ' with time ' t ' is shown in the figure. Then induced e.m.f.  
with time will be best represented by :     

 ,d o`Ùkh; ywi ¼NYyk½ ftldh f=kT;k le; ds lkFk ifjofrZr gks jgh gS vkSj NYys dks ,d leku pqEcdh; {ks=k esa 

j[kk x;k gS] tks fd blds ry ds vfHkyEcor~ gSA 'r' esa le; 't ' ds lkFk ifjorZu fp=k esa n'kkZ;k gSA rc izsfjr fo-ok-

c-  le; ds lkFk vPNh rjg dksuls oØ }kjk iznf'kZr fd;k tk ldrk gS :  
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  (A)  (B*)  (C)  (D)  

Sol. e = 
BdA

dt
 

 = 2Bd
( r )

dt
 = 

dr
B2 r

dt
  

 
6.# A triangular loop as shown in the figure is started to being pulled out at t = 0 from a uniform magnetic 

field with a constant velocity v. Total resistance of the loop is constant and equals to R. Then the 
variation of power produced in the loop with time will be: 

 ,d f=kdks.kh; ywi dks t = 0 le; ij fu;r osx v ls ,d leku pqEcdh; {ks=k ls [khapuk izkjEHk djrs gSaA ywi dk 

dqy izfrjks/k fu;r gS rFkk R ds cjkcj gsA rks le; ds lkFk ywi esa mRiUu 'kfDr dk ifjorZu & 

       
 (A) linearly increasing with time till whole loop comes out 
 le; ds lkFk js[kh; :i ls c<+sxk tc rd lEiw.kZ ywi ckgj vkrk gSA 
 (B*) increases parabolically till whole loop comes out 
 ijoyf;d :i ls c<+sxk tc rd lEiw.kZ ywi ckgj vkrk gSA 

 (C) P  t3 till whole loop come out  
 P  t3 gksxk tc rd lEiw.kZ ywi ckgj vkrk gSA 

 (D) will be constant with time  le; ds lkFk fu;r jgsxkA 

Sol.  

A = 1/2 × 6 × 4 – 1/2× 2 vt tan 37º × vt  
  = B A 

  e = 
–d

dt


=+ Bv2 

3

4
 × 2t = iR'  

  i  t 
  pt2
  P t2 parabolic variation) ¼ijoy;dkj ifjorZu½    
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7. A metal rod of resistance 20  is fixed along a diameter of conducting ring of radius 0.1 m and lies in  

x-y plane. There is a magnetic field ˆB (50T) k


. The ring rotates with an angular velocity  = 20 rad/s 

about its axis. An external resistance of 10  is connected across the centre of the ring and rim. The 
current through external resistance is       

 20  çfrjks/k okyh /kkrq dh NM+ 0.1 m f=kT;k dh /kkrq dh oy; ds O;kl ij tqM+h gS rFkk x-y ry esa fLFkr gSA ;gka 

pqEcdh; {ks=k ˆB (50T) k


 gSA ;g oy;  = 20 rad/s ds dks.kh; osx ls bldh v{k ds lkis{k ?kw.kZu dj jgh gSA 

10  dk ckº; çfrjks/k oy; ds dsUnz rFkk ifj/kh ls tqM+k gS rks ckº; çfrjks/k ls çokfgr /kkjk gS & 

 (A) 
1

4
A   (B) 

1

2
A   (C*) 

1

3
A  (D) zero 'kwU; 

Sol. 
2B r

2


10 

i

2
 + 10 i  

 
2(50) (20) (0.1)

2
 = 

30 i

2
, i = 

1

3
 A 

 
8. Earth is a spherical conductor with a uniform surface charge density . It rotates about its axis with 

angular velocity . Suppose the magnetic field due to Sun at Earth at some instant is a uniform field B 
pointing along earth’s axis. Then the emf developed between the pole and equator of earth due to this 
field is. (Re = radius of earth) 

 i`Foh lrg dks ,d leku i`"Bh; vkos'k /kuRo  dk lqpkyd xksyk ekusaA ;g vius v{k ds ifjr%  dks.kh; osx ls 

?kwe jgh gSA fdlh {k.k lw;Z ds dkj.k i`Foh ij pqEcdh; {ks=k] i`Foh ds v{k ds vuqfn'k ,d leku B dfYir djsaA rks 

/kzqo ,oa Hkwe/; js[kk ds chp bl {ks=k ds dkj.k mRiUu fo-ok- cy gS  (Re = i`Foh dh f=kT;k)  –  

 (A*) 2
e

1
B R

2
   (B) 2

eB R   (C) 2
e

3
B R

2
    (D) 'kwU; 

Sol.  

 The equator can be seen as a conducting ring of radius Re revolving with angular velocity  in a 
perpendicular magnetic field B.  

  Potential difference across its center and periphery = 
2
eB R

2


 

 Potential at pole = potential of the axis of earth i.e. potential at point O  

  Veqvator – Vpole = 
2

eB R

2


.  

Sol.  

 
 Hkwe/; dks pqEcdh; {ks=k B ds yEcor~ Re f=kT;k o  dks.kh; pky ls ?kwerh gqbZ pkyd oy; ds :i esa ns[k ldrs gSaA  

  blds dsUnz o ifjf/k ds lkis{k foHkokUrj = 
2
eB R

2


 

 /kzqo ij foHko = i`Foh dh v{k ij foHko i.e. O fcUnq ij foHko     Veqvator – Vpole = 
2

eB R

2


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9.# A non conducting ring of radius R and mass m having charge q uniformly distributed over its 
circumference is placed on a rough horizontal surface. A vertical time varying uniform magnetic field  
B = 4t2 is switched on at time t = 0. The coefficient of friction between the ring and the table, if the ring 
starts rotating at t =2 sec, is :    

 ,d R f=kT;k rFkk m nzO;eku dh vpkyd oy; ftldh ifj/kh ij q vkos'k ,d leku :i ls forfjr gS dks [kqjnjh 

{kSfrt lrg ij j[kk tkrk gSA ,d m/okZ/kj le; ds lkFk ifjofrZr pqEcdh; {ks=k B = 4t2 , t = 0 ij yxk;k tkrk gSA 

lrg rFkk oy; ds chp ?k"kZ.k xq.kkad D;k gksxkA ;fn t = 2 lSd.M ij oy; ?kweuk çkjEHk dj nsa % 

      

 (A) 
4qmR

g
    (B) 

2qmR

g
  (C*) 

8qR

mg
  (D) 

qR

2mg
  

Sol. 
d

E.d –
dt


 �  

 E × 2R = R2 dB

dt
.  E = 

R
8t

2
  = R8 

 (qE)R = (µmg) R    = 
8qR

mg
 

 

10.# A uniform magnetic field, B = B0 t (where B0 is a positive constant), fills a cylindrical volume of radius R, 
then the potential difference in the conducting rod PQ due to electrostatic field is :  

 ,d R f=kT;k ds csyukdkj vk;ru esa ,d leku pqEcdh; {ks=k B = B0t fLFkr gS (B0 /kukRed fu;rkad gS) rks pkyd 

NM+ PQ esa fLFkj oS|qr {ks=k ds dkj.k mRiUu foHkokUrj gS : 

 

 (A) 2 2
0B R     (B) 

2
2

0B R
4




  (C*) 2 2
0B R    (D) 2 2

0B R R    

Sol. Ed    , E = 
r

2

dB

dt
, E cos = 

r cos

2


 B0 = 

h

2
 B0   

 VQ – VP = 0
h

B
2

 
 
 

2= B0  2 2R –   

11.# A conducting disc of radius R is placed in a uniform and constant magnetic field B parallel to the axis of 
the disc. With what angular speed should the disc be rotated about its axis such that no electric field 
develops in the disc.( the electronic charge and mass are e and m)  

 R f=kT;k dh ,d pkyd pdrh] ,d le:i fu;r pqEcdh; {ks=k B esa j[kh gqbZ gS] ftldh fn'kk pdrh dh v{k ds 

lekukUrj gSA pdrh dks vius v{k ds lkis{k fdl dks.kh; pky ls ?kqek,¡ rkfd pdrh esa fo-ok-cy mRiUu u gks 

(bysDVªkWu dk vkos'k vkSj nzO;eku Øe'k% e vkSj m gS)  

        

 (A) 
eB

2m
   (B*) 

eB

m
  (C) 

2 m

eB


   (D) 

m

eB


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Sol. Consider a free electron in the disc at point P distant x from centre of disc. 
 The magnetic force on free electron is = evB = exB (towards left)     
 Centrifugal force = m2x. (Towards right) 
 For net force on the electron at P to be zero 
 i.e., ex B = m2x or  = eB/m  

   
 There shall be no flow of free electrons radially outwards and hence no electric field shall develop within 

the disc 
 Ans. eB/m   

Sol. ekuk pdrh ds dsUnz ls x nwjh ij fcUnq P ij dksbZ eqDr bysDVªkWu gSA 

 eqDr bysDVªkWu ij yxus okyk pqEcdh; cy = evB = exB (ck;ha vksj)      

 bysDVªkWu ij yxus okyk vidsUnzh; cy = m2x. (nka;h vksj) 

 P ij dqy cy 'kwU; gksus ds fy, 

   
 i.e.,  ex B = m2x ;k  = eB/m 

 eqDr bysDVªkWuksa dk f=kT;h; çokg ugha gksxk] vr% dksbZ fo-ok-cy mRiUu ugha gksxkA  
 Ans. eB/m 
   
12. When the current in a certain inductor coil is 5.0 A and is increasing at the rate of 10.0 A/s, the of 

potential difference across the coil is 140 V. When the current is 5.0 A and decreasing at the rate of 
10.0 A/s, the potential difference is 60 V. The self inductance of the coil is :  

 (A) 2H   (B*) 4H   (C) 10H   (D) 12H 
 tc ,d izsjd dq.Myh esa /kkjk 5.0 ,Eih;j gS rFkk ;g 10.0 ,Eih;j@lS- dh nj ls c<+ jgh gS rks dq.Myh ds fljksa 

ij foHkokUrj dk ifjek.k 140 oksYV gSA tc dq.Myh esa /kkjk 5.0 ,Eih;j gS rFkk ;g 10.0 ,Eih;j@lS- dh nj ls ?kV 

jgh gS rks dq.Myh ds fljksa ij foHkokUrj 60 oksYV gSA dq.Myh dk LoizsdRo gSA  

 (A) 2 gsujh  (B*) 4 gsujh  (C) 10 gsujh  (D) 12 gsujh 

Sol.  

 Using ; VA – VB = RI + L
d

dt


   dks iz;ksx djus ij  

 140 = 5R + 10 L 
 60 = 5R – 10 L   L = 4H.   Ans.  
 
13. Rate of increment of energy in an inductor with time in series LR circuit getting charge with battery of 

e.m.f. E is best represented by: [inductor has initially zero current]  
 fo-ok- cy E dh cSVjh ls vkos'k izkIr djus okys LR Js.kh ifjiFk esa iszjdRo esa ÅtkZ o`f) dh nj dks le; ds lkFk 

loZJsB rjhds ls iznf'kZr djus okyk oØ gksxk % (izkjEHk esa izsj.k dq.Myh esa /kkjk 'kwU; gS)  

 (A*) (B)    (C)  (D)  
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Sol. Rate of increment of energy in inductor = 
dU

dt
 = 

d

dt
21

Li
2

 
 
 

 = Li  
di

dt
 

 Current in the inductor at time t is: 

  i = i0 
t

(1 e )

    and  

di

dt
 = 0i



t

e

  

  
dU

dt
 =  0Li



t

e



t

(1 e )

  

  
dU

dt
 = 0   at t = 0 and t =     

 Hence E is best represented by : 

      

Sol. çsjdRo esa ÅtkZ of̀) dh nj = 
dU

dt
  =  

d

dt
21

Li
2

 
 
 

= Li
di

dt
   

 çsjdRo esa le; t ij /kkjk : 

     

  i = i0
t

(1 e )

     rFkk  

di

dt
= 0i



t

e

   

  
dU

dt
 = 

2
0Li



t

e



t

(1 e )

   

  
dU

dt
 = 0    t = 0 vkSj t =   ij   

 blfy, E dks xzkQ ls vPNh rjg çnf'kZr fd;k tk ldrk gS :   
 
14.# When the current in the portion of the circuit shown in the figure is 2A and increasing at the rate of 1A/s, 

the measured potential difference Va – Vb = 8V. However when the current is 2A and decreasing at the 
rate of 1A/s, the measured potential difference Va – Vb = 4V. The values of R and L are :  

 fp=k esa fn[kk, x, ifjiFk ds ,d Hkkx esa 2A /kkjk çokfgr gks jgh gS rFkk ;g 1A/s dh nj ls c<+ jgh gS] rks 

foHkokUrj Va – Vb = 8V ekik tkrk gSA tc /kkjk 2A gks rFkk ;g 1A/s  dh nj ls ?kV jgh gks rks] foHkokUrj   

Va – Vb = 4V ekik tkrk gS rks R rFkk L ds eku gS :    

      

>

<
i

i

R

L

a

b  
 (A*) 3 ohm and 2 Henry respectively  (B) 2 ohm and 3 Henry respectively 
 (C) 10 ohm and 6 Henry respectively  (D) 6 ohm and 1 Henry respectively 
 (A*) Øe'k% 3 vkse rFkk 2 gsujh    (B) Øe'k% 2 vkse rFkk 3 gsujh  

 (C) Øe'k% 10 vkse rFkk 6 gsujh    (D) Øe'k% 6 vkse rFkk 1 gsujh 
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Sol. Vab = L 
d

R
dt


   

 8 = L × 1 + 2 × R 
 4 = – L × 1 + 2 × R 
 Solving the above equations lehdj.k gy djus ij izkIr gksxk 

 we get R = 3 
  L = 2H. 
 
15.# In the circuit shown switch S is connected to position 2 for a long time and then joined to position 1. The 

total heat produced in resistance R1 is :  
 ,d fo|qr ifjiFk esa fLop S dks ,d yEcs le; rd fLFkfr '2' esa tksM+us ds ckn] fLFkfr '1' esa tksM+k x;k gSA izfrjks/k 

R1 esa mRiUu dqy Å"ek gksxh : 

       

 (A*) 
2

2
2

L E

2R
  (B) 

2

2
1

L E

2R
   (C) 

2

1 2

L E

2R R
  (D) 

2 2
1 2

2 2
1 2

L E (R R )

2R R

  

Sol. When the key is at position (2) for a long time ; the energy stored in the inductor is :   
 tc fLop S ,d yEcs le; ls (2) ij gS] rc izsj.k esa lafpr ÅtkZ gksxh : 

     

 UB = 
1

2
 Li02 = 

1

2
.L. 

2

2

E

R

 
 
 

 = 
2

2
2

L.E.

2R
   

 This whole energy will be dissipated in the form of heat when the inductor is connected to R1 and no 
source is connected.   

 ;g lEiw.kZ ÅtkZ R1 izfrjks/k dks izsjd ls tksM+us ij Å"ek ÅtkZ ds :i esa {k; gks tk,xh] tc dksbZ lzksr ifjiFk esa 

ugha gSA   

 
 Hence (A).   
 
16. Two identical coils each of self-inductance L, are connected in series and are placed so close to each 

other that all the flux from one coil links with the other. The total self-inductance of the system is :  
[Olympiad (State-1) 2017] 

 nks ,d leku dq.Mfy;k¡ izR;sd dk LoizsjdRo L Js.kh Øe esa tqM+h gqbZ rFkk ,d&nwljs ds bruh ikl j[kh gS fd lkjk 

¶yDl ,d dq.Myh dk nwljh dq.Myh ls tqM+k gSA fudk; dk dqy LoizsjdRo gS 

 (A) L   (B) 2L   (C) 3L   (D*) 4L 
Ans. (D) 
Sol.  

 
 

L L 
 

M = 1 2k L L L  

 = LI + LI + 2mI = 4 LI = LeqI 
Leq = 4L 
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17. A neutral metal bar moves at a constant velocity v to the right through a region of uniform magnetic field 
directed out the page, as shown. Therefore, 

 

V

 
[Olympiad (State-1) 2017] 

 (A) positive charges accumulate to the left side and negative charges to the right side of the rod 
 (B) negative charges accumulate to the left side and positive charges to the right side of the rod. 
 (C) positive charges accumulate to the top end and negative charges to the bottom end of the rod 
 (D*) negative charges accumulate to the top end and positive charges to the bottom end of the rod   

,d mnklhu /kkrq NM+ ,d fu;r osx v ij dkxt ds ry ds ckgj dh vksj funsZf'kr ,d le:i pqEcdh; {ks=k esa 

ek/;e ls nka;h vksj xfr djrk gS] blfy, 
 

V 

 
 (A) /kukos'k cka;h vksj rFkk _.kkos'k nka;h vksj lafpr gksrk gS 

 (B) _.kkos'k cka;h vksj rFkk /kukos'k nka;h vksj lafpr gksrk gS 

 (C) /kukos'k Åijh fljs ij rFkk _.kkos'k ry esa lafpr gksrk gSA 

 (D) _.kkos'k Åijh fljs ij rFkk /kukos'k ry esa lafpr gksrk gSA  

Sol. 

 - - 

+ + 

Fm=evB 

v 

 
PART - II : NUMERICAL VALUE  

Hkkx - II : la[;kRed iz'u ¼NUMERICAL VALUE ½ 
1. A plane spiral with a great number N of turns wound tightly to one another is located in a uniform 

magnetic field perpendicular to the spiral’s plane. The outside radius of the spiral’s turns is equal to ‘a’ 
and inner radius is zero. The magnetic induction varies with time as B = B0 sin t, where B0 and  are 

constants.  The amplitude of emf induced in the spiral is im = 
1

x
a2 N B0. Find out value of x. 

 ,d lfiZykdkj ryh; dq.Myh esa vR;f/kd N ?ksjs gSA ;g ,d nwljs ls n`<+rk ls yisVs gq, gS rFkk lfiZykdkj ry ds 

yEcor~ fLFkr ,d leku pqEcdh; {ks=k esa fLFkr gSA lfiZykdkj ?ksjksa esa ckgjh ?ksjs dh f=kT;k 'a' gS rFkk vkUrfjd ?ksjs 

dh f=kT;k 'kwU; gSA pqEcdh; çsj.k le; ds lkFk lEcU/k B = B0 sin t }kjk ifjofrZr gks jgk gS tgka B0 rFkk  

fu;rkad gSA lfiZykdkj dq.Myh esa çsfjr fo0ok0cy dk vk;ke  im = 
1

x
a2  N B0 gks rks x dk eku Kkr djks \  

Ans.  3  

Sol.   d = – 2Ndr dB
r .

a dt
   

 here ;gk¡  
dB

dt
 = Bo   cos t  d  = – 

N

a
 r2  . Bo  cos t dr  



Electromagnetic Induction 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEI - 60 

Toll Free :  1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

  = d   = oB Ncos t

a

 
     = – oB Ncos t

a

 
 

a3

o

r

3

 
 
  

  

   = – 
2

oB Ncos t.a

3

 
    Amplitude  vk;ke  = 

1

3
   a2 N  Bo    x = 3 Ans.   

 
2.# In the figure, CDEF is a fixed conducting smooth frame in vertical plane. A conducting uniform rod GH 

of mass ‘m’ = 1 g can move vertically and smoothly without losing contact with the frame. GH always 
remains horizontal. It is given velocity ‘u = 1 m/s’ upwards and released. Taking the acceleration due to 
gravity as ‘g’ and assuming that no resistance is present other than ‘R’. Time taken by rod to reach the 

highest point is equal to 
n10

x


 second. Find out value of x.  

 fp=k esa CDEF ,d ?k"kZ.k jfgr tM+or~ pkyd Ýse gS tks m/oZ ry esa j[kk gSA ,d pkyd le:i NM+ GH ftldk 

nzO;eku ‘m’ = 1 g gS] m/okZ/kj py ldrh gSA ;g NM+ Ýse ls laidZ rksM+s fcuk ?k"kZ.kjfgr py ldrh gSA GH ges'kk 

{kSfrt jgrh gSA bl NM+ dks Åij dh vksj ‘u = 1 m/s’ osx nsdj NksM+k tkrk gSA vkSj ;gka xq:Ro Roj.k ‘g’ gS vkSj 

‘R’ ds vykok dksbZ izfrjks/k ifjiFk esa ugha gSA NM+ }kjk mPpre fcUnq ij igq¡pus esa fy;k x;k le; 
n10

x


sec gks 

rks x dk eku Kkr djks -    

        
Ans. 90 
Sol. Let v be the speed of rod at any line. Then the equivalent and free body diagram of rod are shown in 

figure (A) and figure (B) respectively.  
 fdlh le; NM+ dk osx v gS ¼ekuk½ rc rqY; ifjiFk vkSj Lora=k oLrq fp=k (F.B.D.) (A) vkSj (B) esa Øe'k% fn[kk;k 

x;k gS  

        
       Figure (A)       Figure (B) 
 Applying newton’s second law to rod  
 U;wVu dh xfr dk nwljk fu;e ykxw djus ij   

  
mdv

dt
 = – (mg + Bil)   .......(1) 

 where tgk¡ i = 
B v

R


    .......(2) 

 from equation (1) and (2)   lehdj.k (1) o (2) ls  

 
mdv

dt
 = – 

2 2B v
mg

k

 
  

 


 

 integrating between proper limits we get   
0

2 2
u

m dv

B v
mg

R


 
 = 

t

0

dt    

 mfpr lhekvksa esa lekdfyr djus ij 

0

2 2
u

m dv

B v
mg

R


 
 = 

t

0

dt    
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  t = 
2 2

m R

B 
 n 

2 2B u
mg

R
mg




  Ans. 

 Put values t = 
n10

90


  x = 90 

 
3.# Two parallel vertical metallic rails AB and CD are separated by 1 m. They are connected at the two 

ends by resistance R1 and R2 as shown in the figure. A horizontal metallic bar L of mass 0.2 kg slides 
without friction, vertically down the rails under the action of gravity. There is a uniform horizontal 
magnetic field of 0.6T perpendicular to the plane of the rails. It is observed that when the terminal 
velocity is attained, the power dissipated in R1 and R2 are 0.76 W and 1.2 W respectively. If the terminal 
velocity of bar L is x m/s and R1 is y  and R2 is Z then find the value of x + 76y + 10z. (g = 9.8 m/s2) 

 nks lekUrj m/okZ/kj /kkrqvksa dh iVfj;ka AB rFkk CD ,d nwljs ls 1 m dh nwjh ij gSA fp=kkuqlkj buds nksuksa fljs 

çfrjks/k R1 rFkk R2 ls tqM+s gSA 0.2 kg dh /kkfRod NM+ L, xq:Ro ds çHkko esa iVfj;ksa ij m/okZ/kj uhps dh vksj fcuk 

?k"kZ.k ds fQly jgh gSA ;gka 0.6T dk le:i {kSfrt pqEcdh; {ks=k iVfj;ksa ds ry ds yEcor~ fo|eku gSA tc ;g 

lhekUr osx çkIr djrh gS rks R1 rFkk R2 esa 'kfDr O;; Øe'k% 0.76 W rFkk 1.2 W gSA ;fn NM+ L dk lhekUr osx x 

m/s rFkk R1 dk eku y  o R2 dk eku Z gks rks x + 76y + 10z dk eku Kkr dhft,A (g = 9.8 m/s2) 

 
Ans. 40 
Sol. For terminal velocity,  lhekUr osx ds fy,, 

 Mg = LB 

 here ;gk¡  = 
eqR


 = 0

eq

BV L

R
  

 Mg = 
2 2

0

1 2 1 2

B L V

R R /R R
 

 V0 = Mg. 1 2

1 2

R R

R R
 

2 2

1

B L
    ............(i) 

 Given that  fn;k x;k gS  
 I12 R1 = 0.76  ......(ii) 
 & I22 R2

2 = 1.2  ......(iiii) 

 where  tgk¡  I1 = 
1R


 and 2

2R


    

 Solve (i), (ii) and (iii)     lehdj.k (i), (ii) rFkk (iii) dks gy djsa    
 method II (Better sol.) 
 power of gravitational force xq:Rokd"kZ.k cy dh 'kfDr = P1 + P2  
 mg VT = 0.76 + 1.20 
 So vr%, VT = 1 m/s 

  = BVT = 0.6 volt P1 = 
2

1R


   R1 = 

2

1P


 = 

2(0.6)

0.76
 

 R1 = 
36

76
   similarly blh izdkj R2 = 

0.36

1.20
 = 

3

10
    

 1

2

R 30

R 19
  
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4. Two parallel long smooth conducting rails separated by a distance = 10 cm are connected by a 
movable conducting connector of mass m = 4mg. Terminals of the rails are connected by the resistor  
R = 2 & the capacitor C = 1F as shown. A uniform magnetic field B = 20T perpendicular to the plane 
of the rails is switched on. The connector is dragged by a constant force F=10N. The speed of the 

connector as function of time if the force F is applied at t = 0 is equal to 
4x 10 tv 5(1 e )    m/s .Find the 

value of x.  
 nks lekUrj pkyd fpduh iVfj;ka ,d nwljs ls = 10 cm nwjh ij gS rFkk m = 4mg  nzO;eku ds pyk;eku pkyd 

la;kstd ls tqM+h gSA fp=kkuqlkj iVfj;ksa ds vfUre fljs çfrjks/k R = 2 rFkk la/kkfj=k C = 1F ls tqM+s gSA iVfj;ksa 

ds ry ds yEcor~ ,d le:i pqEcdh; {ks=k B = 20T pkyw fd;k tkrk gSA la;kstd ij fu;r cy F=10N dk;Z 

djrk gSA ;fn t = 0 ij F cy vkjksfir djus ij la;kstd dk le; ds Qyu esa osx 
4x 10 tv 5(1 e )     m/s gks rks 

x dk eku Kkr djks   

      

BR
F CB

 
Ans.  25 
Sol. F – B = ma 

 
Bv d

F c Bv B ma
R dt

     


     

 F – 
Bv

R


 × B = ma + C2 B2a 

 F – 
2 2B

v
R


 = (m + C2 B2) 

dv

dt
 

 
v

2 2
0

dv

B
F v

R


 
 = 

t

2 2
0

1
dt

(m C B ) 
. 

 v = 

2 2

2 2

B t

R(m B C)

2 2

FR
1 e

B

 
 

  

 
  
 
 






,  

 Put values v = 
425 10 tv 5(1 e )      

 
5.# A long straight wire carries a current 0. At distance a and b = 3a from it there are two other wires, 

parallel to the former one, which are interconnected by a resistance R (figure). A connector slides 
without friction along the wires with a constant velocity v. Assuming the resistances of the wires, the 
connector, the sliding contacts, and the self-inductance of the frame to be negligible ; 

 ,d yEcs lh/ks rkj esa 0 /kkjk izokfgr gks jgh gS] fp=kkuqlkj bl rkj ds lekUrj ,oa a rFkk b = 3a nwjh ij nks vU; 

rkj j[ks gSA tks fd fp=kkuqlkj çfrjks/k R }kjk vkil esa tqM+s gSA ,d la;kstd rkjksa ds vuqfn'k fu;r osx v ls fcuk 

?k"kZ.k ds fQly jgk gSA ;g ekuuk gS fd rkj] la;kstd] lEidZ fcUnq dk izfrjks/k rFkk Ýse dk LoçsjdRo ux.; gS &  

 
 The point of application (distance from the long wire) of magnetic force on sliding wire due to the long 

wire is 
2a

nx
 from long wire. Then findout value of x.   
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 yEcs rkj ds dkj.k fQlyus okys rkj ij yxus okys pqEcdh; cy dk fØ;k fcUnq (yEcs rkj ls nwjh) yEcs rkj ls    

2a

nx
 gks] rks x dk eku Kkr djks  

Ans.  3  

Sol. (Torque of elementary force)  = Torque of net force. 

  ( ) ewy cyk sa dk cyk?kw.kZ  = ifj.kkeh cy dk cyk?kw.kZ 

   0 0

2

 


 
xdx

x
  = F0 x  = 0 0

2

 


  n  
b

a
 
 
 

 x  

  x  = 
b a

n(b / a)




   x  = 
2a

n3
  x = 3 

    
6.# A square metallic loop of side  is placed near a fixed long wire carrying a current i (figure). The loop is 

moved towards right perpendicular to the wire with a speed v in the plane containing the wire and the 
loop. The emf induced in the loop when the rear end of the loop is at a distance a = 2 from the wire is 

0iv

x




. Find out value of x.  

  Hkqtk okyk ,d oxkZdkj /kkfRod ywi ,d yEcs ,oa lh/ks rkj ds lehi fp=kkuqlkj j[kk gqvk gS] rkj ls i /kkjk çokfgr 

gks jgh gSA ywi dks] ywi ,oa rkj ds ry esa rFkk rkj ds yEcor~ nka;h vksj v osx ls pyk;k tkrk gSA tc ywi dk 

fiNyk fljk rkj ls a = 2 nwjh ij gS] rc ywi esa çsfjr fo0ok0cy 0iv

x




 gks rks x dh x.kuk dhft,A  

 
Ans. 12 

Sol. EMF = 
d

–
dt


 = (B2 –B1)v 

 EMF = v 0 0µ i µ i
–

2 a 2 (a )

 
    

 = 
2i v

2 a(a )


 




.  

 Put values x = 12 
 
7.# A wire loop enclosing a semi-circle of radius a = 2cm is located on the boundary of a uniform magnetic 

field of induction B=1T (Figure). At the moment t = 0 the loop is set into rotation with a constant angular 
acceleration  = 2 rad/sec2 about an axis O coinciding with a line of vector B on the boundary. The emf 
induced in the loop as a function of time t is [x × 10–4 (–1)n  × t] volts, where n = 1, 2, .... is the number 
of the half-revolution that the loop performs at the given moment t.  Find the value of x. (The arrow in 
the figure shows the emf direction taken to be positive, at t = 0 loop was completely outside)     

 f=kT;k a = 2cm dk v)Zo`Ùkkdkj rkj ywi ,d leku pqEcdh; {ks=k B=1T dh lhek ij fLFkfr gS (fp=k)A  t = 0 {k.k ij 

ywi fu;r dks.kh; Roj.k  = 2 rad/sec2 ls lrg ij lfn'k js[kk B ds lEikrh v{k O ds ifjr% ?kweuk 'kq: djrk gSA 

ywi esa çsfjr fo0ok0cy le; t ds Qyu ds :i esa [x × 10–4 (–1)n  × t] V gS, tgk¡ n = 1, 2, ....  gS  tks fd t le;  

ij yqi ds v)Z ?kq.kZuks dh la[;k dks iznf'kZr djrk gS  rks x dk eku Kkr djksA ¼fp=k esa rhj dh fn'kk] fy;s x;s 

fo0ok0cy dh /kukRed fn'kk dks n'kkZrk gSA (t = 0 ywi lEiw.kZ ckgj Fkk))    
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Ans. 4 

i

0
t1 t2 t3 t4

t

t  < t  < t  < t4 3 2 1  

Sol. Flux ¶yDl  =  = 
2a

A B B
2

 
     

 

 
 

  = – 
2a

2
 

2t
B

2

 
  
 

  

 e = – 
d

dt


 = 

2a B t

2


 (–1)n 

 Put values x = 4 
 
8.# A square wire frame (initially current is zero) with side a and a straight conductor carrying a constant 

current  are located in the same plane (figure). The inductance and the resistance of the frame are 
equal to L and R respectively. The frame was turned through 180° about the axis OO' separated from 
the current-carrying conductor by a distance b = 2a. The total electric charge having flown through the 

frame if i = 0 at t = 0 in the loop is equal to 0a
nx

2 R

 


 . Find the value of x. 

 Hkqtk a dk oxkZdkj rkj Ýse ,oa   fu;r /kkjk çokgh lh/kk pkyd rkj ,d ry esa fLFkr gSA (fp=k)A ¼Ýse esa izkjfEHkd 

/kkjk 'kwU; gS½ Ýse dk çsjdRo ,oa çfrjks/k Øe'k% L rFkk R gSA /kkjk çokgh pkyd ls b = 2a nwjh ij fLFkr v{k OO' 

ds ifjr% Ýse dks 180° ls ?kqekrs gSA ;fn t = 0 ij i = 0 gks rks Ýse ls cgus okyk dqy vkos'k 0a
nx

2 R

 


  gks rks x dk 

eku Kkr djksA  

 
Ans. 3 
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Sol. q = dt  

 q = 
1 d

dt
R dt

  q = 
R


  

 q = 0a b a
n

2 R b a

  
 

  

 Put values x = 3 
 
9.# A -shaped conductor is located in a uniform magnetic field perpendicular to the plane of the conductor 

and varying with time at the rate 
dB

dt
 = 0.10 T/s. A conducting connector starts moving with a constant 

acceleration w = 10 cm/s2 along the parallel bars of the conductor. The length of the connector is equal 
to  = 20 cm. Find the emf induced (in mV) in the loop t = 2.0 s after the beginning of the motion, if at 
the moment t = 0 the loop area and the magnetic induction (B) are equal to zero. The self inductance of 
the loop is to be neglected.  

 ,d -dh vkd`fr dk pkyd] ,d le:i pqEcdh; {ks=k esa fLFkr gSA pqEcdh; {ks=k pkyd ds ry ds yEcor~ gS rFkk 

dB

dt
= 0.10 T/s dh nj ls le; ds lkFk ifjofrZr gks jgk gSA ,d pkyd la;kstd] lekUrj pkyd NM+ks ds vuqfn'k   

w = 10 cm/s2  ds fu;r Roj.k ls xfr djuk çkjEHk djrk gSA la;kstd dh yEckbZ  = 20 cm gSA ;fn t = 0 s ij 

ywi dk {ks=kQy rFkk pqEcdh; çsj.k (B) 'kwU; gks rks xfr çkjEHk gksus ds t = 2 i'pkr~ ywi ls çsfjr fo0ok0cy (mV esa) 

Kkr djks \ ywi ds LoçsjdRo dks ux.; ekuuk gSA 

     

)

)

X B

 
Ans. 12    
     
Sol.  

x

v

 

  = 
d

dt


 = A

dB

dt
 + B

dA

dt
    = (x)

dB

dt
+ B(V) 

 i = 3/2 
dB

dt
t2 = 12 mV. 

 
10.# In the circuit diagram shown in the figure the switches S1 and S2 are closed at time t = 0. After time  

t = (0.1) n 2 sec, switch S2 is opened. The current in the circuit at time, t = (0.2) l n 2 sec is equal to 
x

32
amp. Findout value of x. 

 fp=k esa fn[kk, ifjiFk esa le; t = 0 ij dqaft;k¡ S1 o S2 cUn gSA le; t = (0.1)  n 2 sec,  i'pkr~ dqath S2 dks 

[kksyrs gSA ifjiFk esa le; t = (0.2) l n 2 sec. ij /kkjk 
x

32
amp gks rks x dk eku Kkr djksA 
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Ans. 67 
Sol. i = i0 [1 – e–tR/] 
 when S1 and S2 are closed then at  t = 0.1 n 2 
 tc t = 0.1 n 2 ij S1 o S2 pkyw fd;s tkrs gS 

 i =  
100

10

10 0.1 n2
–

11– e
 

 
  



 

 i = 10 
1

1–
2

 
  

 = 5A. 

 when S2 is opened after that at t = 0.2n2 – 0.1n2 
 tc t = 0.2n2 – 0.1n2 ij S2 dks [kksyk tkrk gS  

 i = 
100

50

50 0.1
– n2

11– e
 

 
  


  + 

50 0.1 n 2

15e
  

 ;  i = 2 × 
1 5

1–
32 32

    
; i = 

31 5 67
2 A

32 32 32
    

  
11. A closed circuit consists of a source of constant emf E and a choke coil of inductance L connected in 

series. The active resistance of the whole circuit is equal to R. It is in steady state. At the moment  
t = 0 the choke coil inductance was decreased abruptly 4 times. The current in the circuit as a function 

of time t is 
E

R
 [1 + xe–4tR/L]. Findout value of x.  

 ,d cUn ifjiFk esa fu;r fo0ok0cy E dk L=kksr rFkk L çsjdRo dh pksd dq.Myh Js.khØe esa tqM+h gSA iwjs ifjiFk dk 

lfØ; çfrjks/k R ds cjkcj gSA ;g LFkk;h voLFkk esa gSA  t = 0 {k.k ij pksd dq.Myh dk çsjdRo rsth ls  xquk ?kV 

tkrk gSA ifjiFk esa /kkjk dks le; t ds Qyu ds :i esa 
E

R
 [1 + xe–4tR/L] }kjk iznf'kZr fd;k tk;s rks x dk eku 

Kkr djksA     
Ans. 3 
 

Sol. We write the equation of the circuit as, 
L di

Ri
dt

  


 

 for t  0. The current at t = 0 just after inductance is changed, is i
R


  , so that the flux through the 

inductance is unchanged. 
 We look for a solution of the above equation in the form 
  i = A + Be–t/C 

 substituting C = 
L

R
, B =  – 1, A = 

R


. 

 Thus, i = 
R


(1 + ( – 1) e–Rt/L). 

 Put values x = 3 
gy. t  0. ds fy, ifjiFk dh lehdj.k fuEu :i esa fy[kh tk,xh 

  
L di

Ri
dt

  


 

 t = 0 ij iszjdRo esa ifjorZu ds Bhd i'pkr  

 i
R


  , gS vr% izsjdRo ls ¶yDl ifjorZu vifjofrZr jgrk gSA mi;ZqDr lehdj.k dk gy  

  i = A + Be–t/C 

 :i esa izkIr djsxsA  C = 
L

R
, B =  – 1, A = 

R


 izfrLFkkfir djus ij  

 vr%  i = 
R


 (1 + ( – 1) e–Rt/L). 
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12.  A very small circular loop of radius ‘a’ is initially coplanar & concentric with a much larger circular loop 

of radius b (>> a).  A constant current I is passed in the large loop which is kept fixed in space & the 
small loop is rotated with constant angular velocity  about a diameter. The resistance of the small loop 
is R & its inductance is negligible. The induced emf in the large loop due to current induced in smaller 

loop as a function of time is equal to 

22
01 a cos2 t

x b R

    
  
 

I
. Findout value of x.  

 a f=kT;k dk ,d cgqr NksVk ywi izkjEHk esa b (>>a) f=kT;k ds vis{kkd̀r cM+s ywi ds lkFk ladsUnzh; :i ls leku ry 

esa j[kk gqvk gSA cM+s ywi] tksfd fLFkj j[kk tkrk gS] esa fu;r /kkjk I izokfgr dh tkrh gS rFkk NksVs ywi dks blds 

O;kl ds ifjr% fu;r dks.kh; osx ls ?kqek;k tkrk gSA NksVs ywi dk izfrjks/k R gS rFkk bldk izsjdRo ux.; gSA 

NksVs ywi esa izsfjr /kkjk ds dkj.k cMs+ ywi esa le; ds Qyu ds :i esa izsfjr fo-ok-cy 

22
01 a cos2 t

x b R

    
  
 

I
 gks 

rks x dk eku Kkr dhft;sA   
Ans.  4 

Sol. EMF fo0 ok0 cy = 
d

–
dt


 = 

22
0a Icos2 t

2b R

    
  
 

. 

 
13.# In the figure shown two loops ABCD & EFGH are in the same plane. The smaller loop carries time 

varying current  = bt, where b is a positive constant and t is time. The resistance of the smaller loop is r 
and that of the larger loop is R : (Neglect the self inductance of large loop) 

 fp=kkuqlkj nks ywi ABCD rFkk EFGH leku ry esa gSA NksVs ywi esa /kkjk le; ds lkFk]   = b t ds vuqlkj cnyrh 

gS,tgk¡ b /kukRed fu;rkad rFkk t le; gSA NksVs ywi dk çfrjks/k r o cM+s ywi dk R gSA ¼cM+s ywi dk Loizsj.k ux.; 

ekurs gq, ½    

      

 The magnetic force on the loop EFGH due to loop ABCD is 
2
0

2

ab

x R

 


 n 
4

3
.  Findout value of x. 

 ywi EFGH ij ywi ABCD ds dkj.k pqEcdh; cy 
2
0

2

ab

x R

 


 n
4

3
 gks rks x dk eku Kkr djks A 

Ans.  12 

Sol. i = 
EMF

R
 = 

d
–

Rdt


 = 

d Bds
–

Rdt
  = 0 ab

2 R




 n
4

3
   

 F = B d   = 
2
0

2

ab

12 R

 


n 
4

3
. 

 
14. A solenoid of length 1 m, area of cross-section 4.0 cm2 and having 4000 turns is placed inside another 

solenoid of 2000 turns having a cross-sectional area 6 cm 2 and length 2 m. The mutual inductance 
between the solenoids is x  × 10–5 H. Findout value of x.   

 1 m yEch 4.0 cm2 vuqçLFk dkV {ks=kQy vkSj 4000 Qsajks okyh ifjukfydk] ,d vU; ifjukfydk ds vUnj j[kh gqbZ 

gS ftldh yEckbZ 2m, vuqçLFk dkV {ks=kQy 6 cm2 vkSj Qsjksa dh la[;k 2000 gSA ifjukfydkvksa ds chp vU;ksU; 

çsjdRo x  × 10–5 H gks rks x dk eku Kkr dhft,A  
Ans. 64  
Sol. f2 = 0n1I1 × A2N2  
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 M = 2

1




 = 0 1 2 2

1

N N A


 = 
7 4

2

4 10 4000 2000 4 10

200 10

 


     


 = 6.4  × 10–4 H 

15.# Initially the 900 F capacitor is charged to 100 V and the 100 F capacitor is uncharged in the figure 
shown. Then the switch S2 is closed for a time t1, after which it is opened and at the same instant switch 
S1 is closed for a time t2 and then opened. It is now found that the 100 F capacitor is charged to  

300 V. If t1 and t2 minimum possible values of the time intervals, then findout 1

2

t

t
. 

 izkjaHk esa 900 F dk la/kkfj=k 100 V rd vkosf'kr gS vkSj 100 F dk la/kkfj=k fp=kkuqlkj fujkosf'kr gSA daqth S2 dks 

le; t1 ds fy, cUn fd;k x;k gS rRi'pkr bls vlaifdZr djrs gS o rRdky dqath S1 dks t2 le; ds fy, cUn djrs 

gS o fQj vlaifdZr djrs gS rc ;g ik;k x;k fd 100 F dk la/kkfj=k 300 V rd vkosf'kr gS rks t1 o t2 

le;kUrjkyks ds U;wure lEHko eku gks rks 1

2

t

t
 Kkr fdft,A 

 
Ans. 3 
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Sol. Initial energy stored in the 900F capacitor is  
 900F la/kkfj=k esa laxzfgr ÅtkZ  
  V1 = 1/2 × 900 × 10–6 × (100)2 = 4.5 J 
 Finally, energy stored in the 100F capacitor is  
 100F la/kkfj=k eas laxzfgr vafre ÅtkZ  
  V2 = 1/2 × 100 × 10–6 × (300)2 = 4.5 J 
 This shows that all the energy of the 900F capacitor has been transferred to 100F capacitor. This 

has been accomplished by first converting electrical energy of 900F capacitor into magnetic energy in 
the inductor and then converting this energy into electrical energy once again using S2 and S1 
appropriately. In a LC circuit the transfer of electrical energy into magnetic energy and vice versa takes 

place in a time T/4 where T = 2 LC  is the time period of the electrical oscillations. Thus 

 900F la/kkfj=k dh leLr ÅtkZ 100F la/kkfj=k dks LFkkarfjr gks xbZ gS ;g 900F la/kkfj[k easa laxzfgr oS|qr mtkZ 

igys izsjdRo esa pqEcdh; mtkZ ds :i esa laxzfgr gksrh gS o iqu% oS|qr mtkZ esa ifjorZu gksrk gSA S2 o S1 ds mi;qDr 

iz;ksx ls LC ifjiFk esa oS|qr ls pqEcdh; mtkZ o foijhr Øe eas :ikarj.k T/4 le; es gksrk gS tgka T = 2 LC  

oS|qr nksyu dk vkorZdky gS vr%  

  T1 = 2 –610 900 10   = 0.6s and vksj T2 = 2 –610 100 10   = 0.2s 

 Therefore, switch S2 is first closed for time 0.6/4 = 0.15s, during which time the 900 F capacitor gets 
fully discharged and the current in the inductor is fully established. Next, the switch S2 is opened and 
simultaneously switch S1 is closed for time 0.2/4 = 0.05 s during which time the current in the inductor 
disappears and the 100F capacitor gets fully charged. After this time, the switch S1 is also opened. 
The 100 F capacitor is now charged to 300 V. 

 vr% daqft S2 dks 0.6/4 = 0.15s ds fy, cUn fd;k tkrk gS bl nkSjku 900 F la/kkfj=k iw.kZ fujkosf'kr gks tkrk gS 

izsjdRo esa /kkjk iw.kZr% LFkkfir gks tkrk gS vc S2 [kksyh tkrh gS mlh le; daqth S1 cUn dj nh tkrh gS t = 0.2/4 

= 0.05 s ds fy, ftl nkSjku izsjdRo esa /kkjk ywIr gks tkrh gS o 100F la/kkfj=k iw.kZr% vkosf'kr gks tkrh gSA bl 

le; i'pkr daqft S1 Hkh [kksy nh tkrh gS 100 F dk la/kkfj=k vc 300 V ij vkosf'kr fd;k tkrk gSA  

 Thus vr%  t1 = 0.15s  and  vksj t2 = 0.05 s 
 
16.# In the circuit shown switches S1 and S3 have been closed for 1 sec and S2 remained open. Just after  

1 second is over switch S2 is closed and S1, S3 are opened.    
 fn[kk;s x;s ifjiFk esa dqaft;k¡ S1 rFkk S3, 1 lSd.M rd cUn j[krs gS rFkk S2 dks [kqyk j[krs gSA 1 lSd.M ds Bhd 

ckn dqaath S2 dks cUn djrs gS rFkk S1, S3 dks [kksyrs gSA  

 
 The charge on the upper plate of the capacitor as function of time taking the instant of  switching on of 

S2 and switching off all the switches to be t = 0 is q = x ×10–2 cos t
4

  
 

. Findout value of x. (Given 

1
1 2 0.89

e

   
 

) 

 S2 dks pkyw djus ds {k.k rFkk lHkh dqaft;ksa ds cUn djus ds {k.k dks t = 0 ekurs gq, la/kkfj=k dh Åijh IysV dk 

vkos'k le; ds Qyu ds :i esa q = x ×10–2 cos t
4

  
 

 gks rks x dk eku Kkr djksA (fn;k gS
1

1 2 0.89
e

   
 

) 

Ans. 89   
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Sol. C = L = 1 sec. 
 qC = (1 –e–t), iL = (1–e–t) 

  Ui = Uf    
1

2
 Li2 + 

1

2

2q

C
=

1

2
 Lim2  

  1 (1–e–1)2 + 1 (1–e–1)2 = im2  

  im = 2 1
1–

e
 
 
 

 A 

 
1

2

2
mq

c
  = 

1

2
 Lim2   qm = 2 1

1–
e

 
 
 

 Coul. 

 q = qm cos (t + )    (1–e–1) = 2  (1–e–1) cos    = 
4


 

 Hence q = 2   (1–e–1) cos t
4

  
 

 

 2  (1–e–1) cos t
4

  
 

 = 0.89 cos t
4

  
 

Ans. 

 
 

PART - III : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE 
Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj 

1.*# A resistance R is connected between the two ends of the parallel smooth conducting rails. A conducting 
rod lies on these fixed horizontal rails and a uniform constant magnetic field B exists perpendicular to 
the plane of the rails as shown in the figure. If the rod is given a velocity v and released as shown in 
figure, it will stop after some time, which option are correct: 

 ,d izfrjks/k R dks nks lekUrj fpduh pkyd iVfj;ksa ds chp tksM+k tkrk gSA ,dpkyd NM+ mu fLFkj tM+or~ 

(fixed) {kSfrt iVfj;ksa ij j[kh gS rFkk ,d leku fu;r pqEcdh; {ks=k B iVfj;ksa ds ry ds yEcor~ fp=kkuqlkj 

fo|eku gSA ;fn NM+ dks fp=kkuqlkj osx V nsdj NksM+ fn;k tkrk gS rks ;g dqN le; ckn :d tk;sxhA rks fuEu esa 

ls dkSuls fodYi lgh gSA  
 tM+or~ 

 
 (A) The total work done by magnetic field is negative.  
 pqEcdh; {ks=k }kjk fd;k x;k dqy dk;Z _.kkRed gSA  
 (B) The total work done by magnetic field is positive. 
 pqEcdh; {ks=k }kjk fd;k x;k dqy dk;Z /kukRed gSA  
 (C*) The total work done by magnetic field is zero.   
 pqEcdh; {ks=k }kjk fd;k x;k dqy dk;Z 'kwU; gSA  

 (D*) loss in kinetic energy of conducting rod is equal to heat generate between R. 
 pkyd NM+ dh xfrt ÅtkZ esas gkfu R ds fljksa ij mRiUu Å"ek ds rqY; gSA 
Sol:  Magnetic field cannot do work 
 pqEcdh; {ks=k dk;Z ugh dj ldrkA 
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2.*# A conducting rod of length  is moved at constant velocity ‘v0’ on two parallel, conducting, smooth, fixed 
rails, that are placed in a uniform constant magnetic field B perpendicular to the plane of the rails as 
shown in figure. A resistance R is connected between the two ends of the rail. Then which of the 
following is/are correct :   

 ,d pkyd NM+ ftldh yEckbZ  gS nks lekUrj pkyd ?k"kZ.k fofgu fLFkj iVfj;ks ij ‘v0’ vpj osx ls py jgh gSA 

rFkk ;g iVfj;k] iVfj;ks ds ry ds yEcor~ fu;r rFkk ,d leku pqEcdh; {ks=k B esa fp=kkuqlkj j[kh gSA iVfj;ksa ds 

fljks dks ,d izfrjks/k R ls tksM+k x;k gSA rc fuEu esa ls dkSu lgh gS@gSa :  

     

X B

x
R V0

X

   
 (A*) The thermal power dissipated in the resistor is equal to rate of work done by external person 

pulling the rod.  
 (B*) If applied external force is doubled than a part of external power increases the velocity of rod.  
 (C) Lenz’s Law is not satisfied if the rod is accelerated by external force  
 (D*) If resistance R is doubled then power required to maintain the constant velocity v0 becomes half. 
 (A*) izfrjks/k esa mRiUu Å"eh; 'kfDr cká O;fDr }kjk NM+ dks [khapus esa fd;s x;s dk;Z dh nj ds cjkcj gksxhA  

 (B*) vxj cká cy dks nqxuk fd;k tk, rc] cká 'kfDr dk dqN Hkkx NM+ dh pky dks c<+krk gSA  

 (C) vxj cká cy }kjk NM+ dks Rofjr fd;k tk, rc ySat fu;e oS| ugha gSA 

 (D*) vxj izfrjks/k R dks nqxuk fd;k tk, rks NM+ dks vpj osx v0 ij cuk;s j[kus ds fy, vko';d 'kfDr vk/kh gks 

tk;sxhA   
Sol. Rate of work done by external agent is :   
 cká dkjd }kjk dk;Z fd;s tkus dh nj gS %  

 
dw

dt
 = 

B L.dx

dt


 = BLv & thermal power dissipated in the resistor = e = (BvL) 

  
dw

dt
 = 

B L.dx

dt


 = BLv vkSj Å"eh; ÅtkZ tks izfrjks/k esa {k; gqbZ gS = e = (BvL) 

 clearly both are equal, hence (A) .  
 nksuksa cjkcj gS blfy, (A)    
 If applied external force is doubled, the rod will experience a net force and hence acceleration. As a 

result velocity increases, hence (B)  
 vxj yxk;k x;k cy nqxuk fd;k tk, rc NM+ ij ,d ifj.kkeh cy o Roj.k yxsxkA ifj.kke Lo:i osx c<+rk gS] 

blfy, (B)  

 Since ;  = 
e

R
   pw¡fd ;  =

e

R
     

 On doubling ‘R’, current and hence required power becomes half.  
 ‘R’, dks nqxuk djus ij] /kkjk vkSj vko';d 'kfDr vk/kh jgh tk,xhA   

 Since, P = BLv   Hence (D).   
 
3*. A conducting ring is placed in a uniform magnetic field with its plane perpendicular to the field. An emf 

is induced in the ring if   
 ,d pkyd oy; dks le:i pqEcdh; {ks=k esa bl çdkj j[kk x;k gS fd bldk ry {ks=k ds yEcor~ gSA oy; esa fo-

ok-cy çsfjr gksxk] ;fn &  

 (A) it is rotated about its axis   (B) it is translated 
 (C*) it is rotated about a diameter  (D*) it is deformed 
 (A) bldks bldh v{k ds ifjr% ?kwf.kZr fd;k tk;sA (B) bldks LFkkukarfjr fd;k tk;sA 

 (C*) bldks O;kl ds ifjr% ?kwf.kZr fd;k tk;sA  (D*) bldks fo:fir fd;k tk;sA 

Sol. EMF is induced in the ring if there is change in flux which occurs either due to rotation about a diameter 
or due to its deformation. 

gy- oy; esa fo-ok-cy çsfjr gksxk ;fn ¶yDl esa ifjorZu gks tks fd blds O;kl ds iwfjr% ?kw.kZu ls ;k fo:i.k ls gks 

ldrk gSaA blfy, , P = BLv    blfy, (D).  

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4.* A conducting loop rotates with constant angular velocity about its fixed diameter in a uniform magnetic 
field in a direction perpendicular to that fixed diameter. 

 ,d pkyd ywi blds tM+or~ O;kl ds lkis{k fu;r dks.kh; osx ls le:i pqEcdh; {ks=k esa ?kw.kZu dj jgk gSA 

pqEcdh; {ks=k dh fn'kk blds fLFkj O;kl ds yEcor~ gSA  

 (A*) The emf will be maximum at the moment when flux is zero.  
 tc ¶yDl 'kwU; gksxk rc fo0ok0cy vf/kdre gksxkA 

 (B*) The emf will be '0' at the moment when flux is maximum.    
 tc ¶yDl vf/kdre gksxk rc fo0ok0cy 'kwU; gksxkA 

 (C*) The emf will be maximum at the moment when plane of the loop is parallel to the magnetic field 
 tc ywi dk ry pqEcdh; {ks=k ds lekUrj gksxk rc fo0ok0cy vf/kdre gksxkA 

 (D*) The phase difference between the flux and the emf is /2  
 fo0ok0cy rFkk ¶yDl ds e/; dykUrj /2 gSA  

Sol. e =
d

dt


 ,   e = 

dBAsin t

dt


  = –BAw cost. 

 
5.*# A copper wire ab of length , resistance r and mass m starts sliding at t = 0 down a smooth, vertical, 

thick pair of connected condcuting rails as shown in figure. A uniform magnetic field B exists in the 
space in a direction perpendicular to the plane of the rails which opctions are correct. 

 yEckbZ, r izfrjks/k vkSj m nzO;eku okyk ,d rkEcs dk rkj ab, t = 0 ij fp=k esa iznf'kZr nks tqM+h gqbZ m/okZ/kj ,oa 

eksVh rFkk fpduh pkyd iVfj;ksa ij fQlyuk izkjEHk djrk gSA bl LFkku ij iVfj;ksa ds ry ds yEcor~ fn'kk esa 

le:i pqEcdh; {ks=k B fo|eku gSA rks dkSuls fodYi lR; gSA  

      

×

a b

× ×

× × ×

× × ×

× × ×

× × ×

× × ×  

 (A*) The magnitude and direction of the induced current in the wire when speed of the wire v is 
vB

r


, a 

to b    

tc rkj v pky ls xfrf'ky gS rc rkj esa izsfjr /kkjk dk ifjek.k 
vB

r


 , rFkk bl /kkjk dh fn'kk a ls b  

  

 (B*) The downward acceleration of the wire at this instant  g –
2 2B

mr


 v   .   

 bl {k.k rkj dk fups dh rjQ Roj.k g – 
2 2B

mr


v gS   .   

 (C*) The velocity of the wire as a function of time vm(1 – mgt / ve
),(where vm =

2 2

mgr

B 
)   

 le; ds Qyu ds :i esa rkj dk osx vm(1 – mgt / ve
) gS,(tgk¡ vm =

2 2

mgr

B 
)   

 (D*) The displacement of the wire as a function of time vmt – 
2

mv

g
 (1 – mgt / ve

),(where vm =
2 2

mgr

B 
)   

  

 le; ds Qyu ds :i esa rkj dk foLFkkiu vmt –
2

mv

g
 (1 – mgt / ve

)gS,(tgk¡ vm =
2 2

mgr

B 
)     
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Sol. (A) i = 
Bv

r


  (a to b)  (B) mg – 

2 2B v

r


 = m 

dv

dt
  accn = 

dv

dt
 = g – 

2 2B v

mr


 

 mg – Bi = mB (Bv )

r

 
, vm =

2 2

mgr

B 
  

 (C) 
v

2 2
0

dv

B v
g –

mr

 
 = 

t

0

dt     v = vm  m

–gt

v1– e
 
 
 
 

 

 (D) 
ds

dt
 = v  

s

0

ds  = 
t

m

0

v m

–gt

v1– e
 
 
 
 

 dt 

 s = vmt – 
2
mv

g
m

–gt

v1– e
 
 
 
 

  

 (g) Heat produced per sec izfr lsd.M mRiUu Å"ek = i2 r = 
2 2 2

m
2

B v

r

 
  
 


r  = mgvm 

 

6*. A super conducting loop having an inductance 'L' is kept in a magnetic field which is varying with 
respect to time. If  is the total flux,  = total induced emf, then:  

 'L' izsjdRo dk ,d vfrpkyd ywi ,d ,sls pqEcdh; {ks=k esa j[kk gqvk gS tks le; ds lkFk ifjofrZr gksrk gSA ;fn 

dqy ¶yDl rFkk  = dqy izsfjr fo0ok0cy gks rks   

 (A*)  = constant fu;r    (B) I = 0  (C*)  = 0  (D)  0 
Sol. Magnetic lines of force do noy pass inside a super conducting loop  
 vfrpkyd ik'k ls pq- cy js[kk, ikjxfer  

 hence ugh gksrh vr%  = 0 

  d/dt = 0 or ;k  = constant. fu;rkad  
 
7.* An LR series circuit with a battery is connected at t =0. Which of the following quantities are zero just 

after the connection ?  
 LR Js.kh Øe ifjiFk t = 0 ij cSVjh ls tksM+k tkrk gSA la;kstu ds rqjUr i'pkr~ dkSulh jkf'k;k¡ 'kwU; gS ? 

(A*) current in the circuit    (B*) magnetic field energy in the inductor 
 (C*) power delivered by the battery  (D) emf induced in the inductor 
 (A*) ifjiFk esa /kkjk    (B*) çsjdRo esa pqEcdh; ÅtkZ 

 (C*) cSVjh }kjk çnku 'kfDr   (D) çsjdRo esa çsfjr fo0ok0cy  

Sol. EMF induced = –L
di

dt
  0, rest quantities are zero. 

 çsfjr fo-ck-cy = –L
di

dt
 0, cph gqbZ jkf'k;k¡ 'kwU; gS 

 

8.* An LR series circuit has L = 1 H and R = 1 . It is connected across an emf of 2 V. The maximum rate 
at which energy is stored in the magnetic field is :    

 ,d LR  Js.kh Øe ifjiFk esa L = 1 H ,oa  R = 1  gSA ;g 2 V fo0ok0cy ds lkFk tksMk tkrk gS rks pqEcdh; {ks=k esa 

laxzfgr gksus okyh ÅtkZ dh vf/kdre nj gS &  
 (A*) The maximum rate at which energy is stored in the magnetic field is 1W 
 pqEcdh; {ks=k esa laxzfgr ÅtkZ dh vf/kdre nj 1W gSA  
 (B) The maximum rate at which energy is stored in the magnetic field is 2W 
 pqEcdh; {ks=k esa laxzfgr ÅtkZ dh vf/kdre nj 2W gSA  
  (C*) The current at that instant is 1 A 
 bl {k.k ij /kkjk 1A gSA  
 (D) The current at that instant is 2 A 
 bl {k.k ij /kkjk 2A  gSA  
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Sol. U = 
1

2
LI2 

 
dU

dt
 = L 

d

dt


= RI02 (1 – e–t/)e–t/   

 
dU

dt
 is maximum when vf/kdre gS tc  e-t/ =

1

2
 or ;k 

max

dU

dt
 
 
 

 = 
2E

4R
 = 1 W.  

 therefore the current at that instant is 
E

2R
 = 1A 

 
9*.# In figure a bar magnet is moved along the axis of a copper ring, an anticlockwise (as seen from the side 

of magnet) current is found to be induced in the ring. Which of the following may be true ?    
 fp=k esa ,d NM+ pqEcd dks] rkacs dh oy; dh v{k ds vuqfn'k xfr djokbZ tkrh gSA pqEcd dh vksj ls ns[kus ij] 

oy; esa çsfjr /kkjk dh fn'kk okekorhZ çsf{kr gksrh gSA fuEu esa ls dkSulk@dkSuls fodYi lR; gks ldrs gS  

 
 (A) The north pole faces the ring and the magnet moves away from it. 
 mÙkj /kzqo] oy; dh vksj gS rFkk pqEcd blls nwj tk jgk gSA 
 (B*) The north pole faces the ring and the magnet moves towards it 
 mÙkj /kzqo] oy; dh vksj gS rFkk pqEcd bldh vksj vk jgk gSA 
 (C*) The south pole faces the ring and the magnet moves away from it. 
 nf{k.k /kzqo] oy; dh vksj gS rFkk pqEcd blls nwj tk jgk gSA 
 (D) The south pole faces the ring and the magnet moves towards it 
 nf{k.k /kzqo] oy; dh vksj gS rFkk pqEcd bldh vksj vk jgk gSA 

Sol. Magnetic lines of force comeout of north pole and reach towards the south pole in a magnet. When the 
north pole faces the ring and the magnet moves towards it the flux in the ring increases and current is 
induced in the anticlockwise direction in the ring and similarly when south pole faces the ring and the 
magnet moves away from it. 

gy- pqEcdh; cy js[kk,a mÙkjh /kzqo ls ckgj fudyrh gSa o pqEcd ds nf{k.kh /kzqo ds vUnj tkrh gSaA tc mÙkjh /kqzo oy; 

ds lkeus gksrk gS rFkk pqEcdh bldh vksj xfr djrh gS rks oy; esa ¶yDl c<+rk gS ,oa oy; esa okekorZ fn'kk esa 

/kkjk çsfjr gksrh gSA blh çdkj tc nf{k.kh /kzqo oy; ds lkeus gksrk gS ,oa pqEcd blls nwj tkrh gSa rks oy; esa 

nf{k.kkorZ fn'kk esa /kkjk izsfjr gksrh gS  
 

10.* Two different coils have self-inductance L1 = 8 mH, L2 = 2 mH. The current in one coil is increased at a 
constant rate. The current in the second coil is also increased at the same rate. At a certain instant of 
time, the power given to the two coils is the same. At that time the current, the induced voltage and the 
energy stored in the first coil are i1, V1 and W1 respectively. Corresponding values for the second coil at 
the same instant are i2, V2 and W2 respectively. Then    

 nks fHkUu dq.Mfy;ksa ds Lo&çsjdRo L1 = 8 mH rFkk L2 = 2 mH  gSA ,d dq.Myh dh /kkjk esa fu;r nj ls o`f) gks jgh 

gSA nwljh dq.Myh esa Hkh /kkjk dh o`f) nj leku gSA le; ds fdlh {k.k ij] nksuksa dq.Mfy;ksa dks leku 'kfDr nh 

tkrh gSA bl le;] çFke dq.Myh esa /kkjk] çsfjr foHko o lafpr ÅtkZ Øe'k% i1, V1 o W1 gSA leku {k.k ij] nwljh 

dq.Myh ds fy;s laxr jkf'k;k¡ Øe'k% i2, V2 o W2 gS rc  

 (A*) 1

2

i 1

i 4
   (B) 1

2

i
4

i
   (C*) 2

1

W
4

W
   (D*) 2

1

V 1

V 4
          

Sol. Since P2 = P2 or i1v1 = i2v2    & 

1
1

1

2 2
2

di
L vdt

di vL
dt

  or 1

2

v

v
 = 4  &  1

2

i 1

i 4


2
2

1
1

1
Lw 2 4

1w L
2

 

2
2

2
1

I

I
. 
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PART - IV : COMPREHENSION 
Hkkx - IV : vuqPNsn (COMPREHENSION) 

COMPREHENSION # 1.  

 Figure shows a conducting rod of negligible resistance that can slide on smooth U-shaped rail made of 
wire of resistance 1/m. Position of the conducting rod at t = 0 is shown. A time t dependent magnetic 
field B = 2t Tesla is switched on at t = 0. 

 fp=k esa ux.; izfrjks/k dh ,d pkyd NM+ n'kkZ;h xbZ gS tks 1/m izfrjks/k ds rkj ls cuh U-vkdkj dh fpduh 

iVfj;ksa ij fQly ldrh gSA t = 0 ij pkyd NM+ dh fLFkfr fn[kkbZ xbZ gSA le; t = 0 ij B = 2t Vslyk dk le; 

ij fuHkZj pqEcdh; {ks=k pkyw djrs gSa &    

               

Conducting 
     Rod 

=
 2

0c
m

=40cm  

pkyd NM+

 
=

 2
0c

m

=40cm  
1. The current in the loop at t = 0 due to induced emf is 
 t = 0 ij ywi esa izsfjr fo- ok- cy ds dkj.k /kkjk gS & 
 (A*) 0.16 A, clockwise    (B) 0.08 A, clockwise 
 (C) 0.08 A, anticlockwise   (D) zero 
 (A*) 0.16 A, nf{k.kkorZ (B) 0.08 A, nf{k.kkorhZ (C) 0.08 A, okekorhZ (D) 'kwU; 

Sol. 
dB

dt
 = 2T/s 

 E = – 
AdB

dt
 = – 800 × 10–4 m2 × 2 = – 0.16 V 

 i = 
0.16

1 
 = 0.16 A, clockwise  (nf{k.kkorZ)  

 

2. At t = 0, when the magnetic field is switched on, the conducting rod is moved to the left at constant 
speed 5 cm/s by some external means. The rod moves remaining perpendicular to the rails. At t = 2s, 
induced emf has magnitude.  

 le; t = 0 ij] tc pqEcdh; {ks=k pkyw djrs gSa] rks pkyd NM+ ck;ha rjQ fu;r pky 5 lseh-@ls- ls ckº; dkjd 

}kjk xfreku gksrh gSA NM+] iVfj;ksa ds yEcor~ xfreku gSA le; t = 2 ls- ij] izsfjr fo- ok- cy dk ifjek.k gS & 

 (A) 0.12 V  (B*) 0.08 V  (C) 0.04 V  (D) 0.02 V 

Sol. At t = 2s B = 4T;  
dB

dt
 = 2T/s 

 t = 2 s ij & B = 4T;   
dB

dt
 = 2T/s 

   A = 20 × 30 cm2 

   = 600 × 10–4 m2; 
dA

dt
 = –(5 × 20) cm2/s 

   = – 100 × 10–4 m2/s 

 E = – 
d

dt


 = – 

d(BA)

dt
 
  

 = – 
BdA AdB

dt dt
   

 

  = – [4×(–100 × 10–4) + 600 × 10–4 × 2] = – [–0.04 + 0.120] = – 0.08 v 
 Alternative : (fodYi %)  

   = BA = 2t x 0.2 (0.4 – vt) = 0.16t – 0.4 vt2 

  E = – 
d

dt


 = 0.8 vt – 0.16 

 at t = 2s, t = 2s ij 
  E = – 0.08 V 
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3. Following situation of the previous question, the magnitude of the force required at the same instant  
t = 2s to move the conducting rod at constant speed 5 cm/s, is equal to :  

 mijksä iz'u dh fLFkfr esa]leku {k.k t = 2s ls- ij pkyd NM+ dks fu;r pky 5 lseh-@ls- ls xfreku j[kus ds fy, 

vko';d cy dk ifjek.k gS &    

 (A) 0.16 N   (B) 0.12 N  (C*) 0.08 N   (D) 0.06 N 
Sol. At t = 2s, length of the wire = (2 × 30 cm) + 20 cm = 0.8 m 
 Resistance of the wire = 0.8  

 Current through the rod = 
0.08

0.8
 = 

1

10
A 

 Force on the wire = il B = 1/10 × (0.2) × 4 = 0.08 N 

 Same force is applied on the rod in opposite direction to make net force zero. 
gy% t = 2s ij rkj dh yEckbZ  = (2 × 30 cm) + 20 cm = 0.8 m 

 rkj dk izfrjks/k  = 0.8  

 NM+ ls izokfgr /kkjk = 
0.08

0.8
 = 

1

10
A 

 rkj ij cy  = il B = 1/10 × (0.2) × 4 = 0.08 N 

 NM+ ij leku cy foijhr fn'kk esa ifj.kkeh cy 'kwU; djus ds fy, yxkrs gSaA   
 
COMPREHENSION # 2 
 An inductor having self inductance L with its coil resistance R is connected across a battery of emf . 

When the circuit is in steady state at t = 0 an iron rod is inserted into the inductor due to which its 
inductance becomes nL (n > 1).                     

     

A B

L, R

 
     
 Loizsj.k L dh ,d izsjdRo dq.Myh ftldk izfrjks/k R gS] dks fo- ok- cy okyh cSVjh ls tksM+k x;k gSA t = 0 ij tc 

ifjiFk LFkk;h voLFkk esa gS] ,d yksgs dh NM+ dks izsjd dq.Myh ds vUnj izos'k djkrs gSa ftlls izsjdRo nL gks tkrk 

gS (n > 1)A                      

     

A B

L, R

 
 
4. After insertion of rod which of the following quantities will change with time ? 
 (1) Potential difference across terminals A and B.   
 (2) Inductance.      
 (3) Rate of heat produced in coil    
 (A) only (1)  (B) (1) & (3)  (C*) Only (3)  (D) (1), (2) & (3) 
 NM+ ds izos'k djkus ds i'pkr~ fuEu esa dkSu lh jkf'k;k¡ le; ds lkFk ifjofrZr gksaxh & 

 (1) fljs A rFkk B ds chp foHkokUrj  

 (2) izsjdRo 

 (3) dq.Myh esa mRiUu Å"ek dh nj 

 (A) dsoy (1)  (B) (1) rFkk (3)  (C*) dsoy (3)  (D) (1), (2) rFkk (3) 
Sol. Inductance and potential difference across terminals will not change with time. 
 fljks ds e/; izsjdRo o foHkokUrj le; ds lkFk ifjofrZr ugh gksxsa  
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5. After insertion of the rod, current in the circuit :   
 (A*) Increases with time    (B) Decreases with time 
 (C) Remains constant with time   (D) First decreases with time then becomes constant 
 NM+ dks izos'k djkus ds i'pkr~] ifjiFk esa /kkjk &   

 (A*) le; ds lkFk c<+sxhA    (B) le; ds lkFk ?kVsxhA 

 (C) le; ds lkFk fu;r jgsxhA   (D) le; ds lkFk igys ?kVsxh rFkk ckn esa fu;r gks tk;sxhA 

Sol. Even after insertion of the rod the current in circuit will increase with time till steady state is reached.  
 NM izosf'kr djkus ds i'pkr Hkh ifjiFk esa /kkjk le; ds lkFk c<sxh tc rd fd LFkk;h voLFkk izkIr u gks tk,A  
 

6. When again circuit is in steady state, the current in it is :   
 tc ifjiFk iqu% LFkk;h voLFkk esa vkrk gS] rks blesa /kkjk gS &  

 (A)  < /R  (B)  > /R  (C*)  = /R      (D) None of these blesa ls dksbZ ugha 

Sol. At steady state inductor will offer zero resistance and hence  = /R. 
 LFkk;h voLFkk esa izsjdRo 'kwU; izfrjks/k nsrk gS vr%  = /R. 
 

 
 Marked Questions may have for Revision Questions. 
 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 
* Marked Questions may have more than one correct option. 
* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS -   

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 
Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 

 

Paragraph for Question No. 1 to 2 
 Electrical resistance of certain materials, known as superconductors, changes abruptly from a nonzero 

value to zero as their temperature is lowered below a critical temperature TC(0). An interesting property 
of superconductors is that their critical temperature becomes smaller than TC (0) if they are placed in a  
magnetic field, i.e., the critical temperature TC (B) is a function of the magnetic field strength B. The 
dependence of TC (B) on B is shown in the figure.     

T (B)C 

T (0)C 

O B
 

           

1. In the graphs below, the resistance R of a superconductor is shown as a function of its temperature T 
for two different magnetic fields B1 (solid line) and B2 (dashed line). If B2 is larger than B1, which of the 
following graphs shows the correct variation of R with T in these fields? [JEE - 2010' 3/163, –1] 

 (A*) 

R

O T

B1B2
   (B) 

R

O T

B1

B2
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 (C) 

R

O T

B1 B2    (D) 

R

O T

B1

B2  

Sol. As the magnetic field is greater, the critical temperature is lower and as B2 is larger than B1. Graph ‘A’ is 
correct. 

   

2. A superconductor has TC (0) = 100 K. When a magnetic field of 7.5 Tesla is applied, its TC decreases to 
75 K. For this material one can definitely say that when :             [JEE - 2010' 3/163, –1] 

 (A) B = 5 Tesla, TC (B) = 80 K   (B*) B = 5 Tesla, 75 K < TC (B) < 100 K 
 (C) B = 10 Tesla, 75 K < TC (B) < 100 K  (D) B = 10 Tesla, TC (B) = 70 K 
Ans.  (B) 
Sol. For B = 0  TC = 100 k 
  B = 7.5 T TC = 75 k 

iz'u 1 vkSj 2 ds fy, vuqPNsn 

 vfrpkyd ds uke ls izpfyr inkFkks± dk rkieku ;fn ,d Økafrd rkieku TC(0) ls de fd;k tk; rks mudk fo|qr 

izfrjksèk 'kwU;srj (Non Zero) eku ls ,dk,d 'kwU; gks tkrk gSA bu vfrpkydksa dk ,d jkspd xq.k ;g gS fd bUgsa 

pqEcdh; {ks=k B esa j[kus ij buds ØkfUrd rki dk eku TC (0) dh vis{kk ?kV tkrk gSA ;kfu fd Økafrd rki TC (B) 
dk eku pqEcdh; {ks=k dh rhozrk B ij fuHkZj  

 djrk gSA TC (B) dh B ij fuHkZjrk fp=k esa n'kkZ;h xbZ gSA  

      

T (B)C 

T (0)C 

O B
    

        

1. fuEu xzkQ esa vfrpkyd ds izfrjks/k R dh rkieku ij fuHkZjrk nks vyx&vyx pqEcdh; {ks=kksa B1 (Bksl js[kk) rFkk B2 

(fcUnqor js[kk) esa fn[kkbZ xbZ gSaA ;fn B2 dk eku B1 ls cM+k gS] rks fuEu esa ls dkSu lk xzkQ R dk T ds lkFk bu 

pqEcdh; {ks=kksa esa lgh ifjorZu fn[kykrk gS \        [JEE - 2010' 3/163, –1] 

 (A*)

R

O T

B1B2
   (B) 

R

O T

B1

B2

  

 (C) 

R

O T

B1 B2    (D) 

R

O T

B1

B2  

 Ans. (A) 
  

Sol. tSlk fd pqEcdh; {ks=k vf/kd gS] Økafrd rki de gS rFkk B1 ls B2 cMk gS] vkjs[k ‘A’  lgh gSA  
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2. ,d vfrpkyd dk TC (0) = 100 K gSA 7.5 Tesla ds pqEcdh; {ks=k esa bldk TC 75 K gks tkrk gSA blls ;g 

fuf'pr :i ls dgk tk ldrk gS fd bl inkFkZ ds fy, %   [JEE - 2010' 3/163, –1] 
 (A) B = 5 Tesla, TC (B) = 80 K   (B*) B = 5 Tesla, 75 K < TC (B) < 100 K 
 (C) B = 10 Tesla, 75 K < TC (B) < 100 K  (D) B = 10 Tesla, TC (B) = 70 K 
Sol. B = 0 ds fy,  TC = 100 k 
 B = 7.5 T  TC = 75 k 
 B = 5T ds fy,  75 < TC < 100 
 For B = 5T  75 < TC < 100 
 
3.# A long circular tube of length 10 m and radius 0.3 m carries a current  along its curved surface as 

shown. A wire-loop of resistance 0.005 ohm and of radius 0.1 m is placed inside the tube with its axis 
coinciding with the axis of the tube. The current varies as  = 0 cos (300 t) where 0is constant. If the 
magnetic moment of the loop is N 0 0 sin (300 t), then ‘N’ is 

 10 m yEch or̀h; uyh ftldh f=kT;k 0.3 m gS] ds oØh;&i`"B esa  /kkjk çokfgr gS ¼fp=k nsf[k;s½A ,d rkjywi] 

ftldk çfrjksèk 0.005 ohm rFkk f=kT;k 0.1 m gS] uyh ds vUnj j[kk gSA nksuksa ds v{k ,d nwljs ds lkFk lEikarh 

gSaA /kkjk  = 0 cos (300 t) ds vuqlkj ifjofrZr gksrh gSA tgk¡ 0fLFkjkad gSA ;fn ywi dk pqEcdh; vk?kw.kZ  

N00sin (300 t), gks] rc ‘N’ dk eku gksxk      [JEE - 2011' 4/160] 

       
Ans. 6 

Sol. Flux through circular ring o`Ùkkdkj oy; }kjk ¶yDl  

   = (0 ni) r2  

   = 20 r
L


  0 cos 300 t 

  i = 
d

Rdt


 

  i = 
2

0 0r

RL

  
 . sin 300 t × 300  

 =  0 0 sin 300 t 
2r .300

RL

 
 
  

 

 M  =  . r2      

 = 0 0 sin 300 t
2 4r .300

RL

 
 
  

   (Take 2 = 10 ysa)  

 = 
410 10 300

100 10

 


 

 N = 6   Ans.     
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4. Which of the field patterns given below is valid for electric field as well as for magnetic field? 
 uhps fn;s x;s {ks=k&fp=kkeksa (field patterns) esa ls dkSu lk fp=kke oS|qr&{ks=k ,oa pqEcdh;&{ks=k nksuks ds fy, ekU; 

gSa\         [JEE - 2011' 3/160, –1] 

 (A)     (B)  

 (C*)     (D)  

Ans. (C)  
Sol. True for induced electric field and magnetic field. 
 izsfjr fo|qr {ks=k vkSj pqEcdh; {ks=k ds fy;s lgh gS  

 

5.# A circular wire loop of radius R is placed in the x-y plane centered at the origin O. A square loop of side 

a (a << R) having two turns is placed with its center at z = 3 R along the axis of the circular wire loop, 
as shown in figure. The plane of the square loop makes an angle of 45° with respect to the z-axis. If the 

mutual inductance between the loops is given by 
2

0
p / 2

a

2 R


, then the value of p is   

[IIT-JEE-2012, Paper-1; 4/70]  

 fp=k esa n'kkZ;s vuqlkj R f=kT;k dk ,d o`Ùkkdkj rkj ywi ¼ik'k½ x–y ry esa j[kk gS vkSj bldk dsUæ O ij gSA bl 

o`Ùkkdkj ywi ds v{k ij Hkqtk a (a << R)  dh nks Qsjksa okyh oxkZdkj&dqaMyh j[kh gS ftldk dsUæ z = 3R  ij gS 

¼fp=k nsf[k;s½A dq.Myh dk ry z- v{k ls 45° dks.k ij gSA ;fn ywi vkSj dqaMyh dk vU;ksU; izsjdRo 
2

0
p / 2

a

2 R


 gS] rc 

p dk eku D;k gS \       [IIT-JEE-2012, Paper-1; 4/70] 

      
Ans. 7 



Electromagnetic Induction 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEI - 81 

Toll Free :  1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. B = 
2

0
2 2 3 /2

iR

2(R X )




 

 B = 
2

0
2 2 3 / 2

iR

2(R 3R )




 = 
2

0
2 3 / 2

iR

2(4R )


 = 

2
0 0

3

iR i

16R2.2 .R

 
   

  = NBA cos45° 

 = 20i 1
2 a

16R 2


 

  
2

0ia

8 2R


   

 M = 
i


 

 
2

0
7 /2

a
M

2 R


  = 

2
0

P/ 2

a

2 R


    

  P = 7 
 

6. A current carrying infinitely long wire is kept along the diameter of a circular wire loop, without touching 
it. The correct statement (s) is (are) :     [IIT-JEE-2012, Paper-2; 4/66] 

 (A*) the emf induced in the loop is zero if the current is constant. 
 (B) The emf induced in the loop is finite if the current is constant. 
 (C*) The emf induced in the loop is zero if the current decreases at a steady rate. 
 (D) The emf induced in the loop is finite if the current decreases at a steady rate. 
 ,d vlhfer yEckbZ ds rkj esa /kkjk izokfgr gSA ;g rkj ,d o`Ùkh; rkj ywi ds O;kl ij fcuk mlls laidZ fd;s j[kk 

gSA rc lgh izdFku gS@gSa       [IIT-JEE-2012, Paper-2; 4/66] 

 (A) ;fn /kkjk vifjofrZr gS rks ywi esa izsfjr foHkokUrj (emf) 'kwU; gSA 

 (B) ;fn /kkjk vifjofrZr gS rks ywi esa izsfjr foHkokUrj (emf) ifjfer gSA 

 (C) ;fn /kkjk ,dleku nj ls ?kV jgh gSA rks izsfjr foHkokUrj (emf) 'kwU; gSA 

 (D) ;fn /kkjk ,dleku nj ls ?kV jgh gSA rks izsfjr foHkokUrj (emf) ifjfer gSA 
Ans. (A,C) 

Sol.  

 ()loop = 0 for all cases  
 so induced emf  = 0 
 ()loop = 0 lHkh fLFkfr;ksa ds fy, 

 vr% izsfjr fo|qr okgd cy = 0 
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Paragraph for Questions 7 and 8 
iz'u 7 vkSj 8 ds fy, vuqPNsn 

 A point charge Q is moving in a circular orbit of radius R in the x-y plane with an angular velocity . 

This can be considered as equivalent to a loop carrying a steady current 
Q

2




. A uniform magnetic field 

along the positive z-axis is now switched on, which increases at a constant rate from 0 to B in one 
second. Assume that the radius of the orbit remains constant. The application of the magnetic field 
induces an emf in the orbit. The induced emf is defined as the work done by an induced electric field in 
moving a unit positive charge around a closed loop. It is known that, for an orbiting charge, the 
magnetic dipole moment is proportional to the angular momentum with a proportionally constant . 

 x-y ry esa R f=kT;k dh o`Ùkh; d{kk esa ,d Q fcUnq vkos'k dks.kh; xfr ls ifjØek dj jgk gSA bls ywi esa cgrh 

Q

2




vifjorhZ /kkjk ds rqY; ekuk tk ldrk gSA vc ,dleku pqacdh; {ks=k dks /kukRed z-fn'kk esa pkyw djrs gSa 

ftldk eku 0 ls B rd ,d lSd.M esa ,dleku nj ls c<+rk gSA ;g ekfus;s fd bl nkSjku d{k dh f=kT;k fLFkj 

jgrh gSA pqacdh; {ks=k ds yxkus ls d{k esa ,d emf izsfjr gksrk gSA ,d izsfjr fo|qr {ks=k }kjk bdkbZ /ku vkos'k dks 

lao`Ùk ywi ds pkjksa vksj ?kqekus esa fd;s x;s dk;Z dh ek=kk dks izsfjr fo|qrokgd cy (emf) dgk tkrk gSA ;g Kkr gS 

fd tc ,d vkos'k ,d d{k esa ifjHkze.k djrk gS rc mldk pqacdh; f}/kzqo vk?kw.kZ mlds dks.kh; laosx ds vkuqikfrd 

gksrk gS ftldk vuqikfrd fLFkjkad gSA 
         [JEE ADVANCED_2013, 3×2/60]  

7. The magnitude of the induced electric field in the orbit at any instant of time during the time interval of 
the magnetic field change is : 

 pqacdh; {ks=k ds ifjorZu ds nkSjku d{k esa fdlh fo'ks"k {k.k ij izsfjr fo|qr {ks=k dk ifjek.k gSA 

 (A) 
BR

4
   (B) 

BR

2
   (C) BR   (D) 2BR 

Ans. (B) 

Sol. E.dl�  = – A 
dB

dt
 

 E. 2R= –R2B 

 E = 
BR

2


 

 Alternat 

 E2R = 
d

dt

 
 = – R2 dB

dt
 

 E = 
R dB BR

2 dt 2

 
  

 
8. The change in the magnetic dipole moment associated with the orbit, at the end of the time interval of 

the magnetic field change, is : 
 
 ftl le; vUrjky esa pqacdh; {ks=k esa ifjorZu gksrk gS] ml vUrjky ds vUr esa] vkos'k ds d{k ls pqacdh; f}/kzqo 

vk?kw.kZ esa ifjorZu gSA 

 (A) –BQR2  (B) 
2BQR

2
    (C) 

2BQR

2
   (D) BQR2 

Ans. (B) 
Sol. Megnetic dipole moment    
 M = J  
 M= J--------(i) 

 
J dB R

Q . R.
t dt 2


 


 

 2QB
J R

2
         
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 so
2QBR

M
2


    

 Alternet   

 

B
x

Y

Q
E(ind)

   

 
M Q

L 2m
  

 M = 2Q
R

2





 =

2Q R

2


 *  

 Induced electric field is oppsite to the  so the charge is retarded.  
  = – t 

  =  – 
QB

t
2m

     

 (at  = QE/m),  = 
QE

mR
 = 

Q BR
x

R 2m
= 

QB

2m
) 

 Mf = 
2Q 'R

2


 =  Q 

2QB R

2m 2
  
 

     

 m =  Mf    – Mi  =  
2 2 2 2Q R Q BR Q R

2 4m 2

 
  =   

2BQR

2
  

Hindi. pqEcdh; f}/kzqo vk?kw.kZ  M  =  J  

 M= J …..(i) 

 
J dB R

Q . R.
t dt 2


 


 

 2QB
J R

2
    

 vr% 
2QBR

M
2


    

Alternet   

 

B
x

Y

Q
E(ind)

   
M Q

L 2m
  

 M = 2Q
R

2





 = 

2Q R

2


*  

 izsfjr fo|qr {ks=k ds foijhr gSA vr% vkos'k eafnr gksxkA  

  = – t 

  =  – 
QB

t
2m

     

(at = QE/m),  = 
QE

mR
 = 

Q BR
x

R 2m
= 

QB

2m
) 
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 Mf   = 
2Q 'R

2


= Q

2QB R

2m 2
  
 

      

 m = Mf    – Mi = 
2 2 2 2Q R Q BR Q R

2 4m 2

 
   = 

2BQR

2
  

 
9. A conducting loop in the shape of a right angled isosceles triangle of height 10cm is kept such that the 

90° vertex is very closed to an infinitely long conducting wire (see the figure). The wire is electrically 
insulated from the loop. The hypotenuse of the triangle is parallel to the wire. The current in the 
triangular loop is in counterclockwise direction and increased at a constant rate of 10 A s–1. Which of 
the following statement (s) is (are) true ?   

[JEE (Advanced) 2016 ; P-1, 4/62, –2] 
,d ledks.kh; f=kdks.k pkydh; Qans dh Å¡pkbZ 10cm gS ,oa bldh nks Hkqtk,a leku gSA bl Qans dk ledks.kh; 90° 

fcUnq ,d vuar yEckbZ ds pkydh; rkj ds cgqr utnhd bl rjg ls j[kk x;k gS dh f=kdks.k dk d.kZ pkydh; rkj 

ds lekukUrj gS ¼tSlk fd fp=k esa n'kkZ;k x;k gS½A rkj rFkk Qank ,d nwljs ls fo|qrjks/kh gSA f=kdksf.k; Qans esa /kkjk 

okekorZ fn'kk eas ,d leku nj 10 A s–1  ls c<+rh gSA fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa ? 

            

   

 

90° 
10cm

 
 

 (A*) The magnitude of induced emf in the wire is 







0  volt    

(B) If the loop is rotated at a constant angular speed about the wire, an additional emf of 







0  volt is 

induced in the wire.   
(C) The induced current in the wire is in opposite direction to the current along the hypotenuse.  
(D*) There is a repulsive force between the wire and the loop.  

 (A*) rkj esa mRiUUk  emf  dk ifjek.k 







0  volt gS    

(B) ;fn Qans dks ,d leku dksf.k; xfr ds rkj ds v{k ij ?kqek;k tkrk gS rc rkj esa 







0  volt ifjek.k dk 

vfrfjDr  emf  izsfjr gksrk gSA  

(C) rkj esa izsfjr /kkjk d.kZ esa /kkjk ds foijhr fn'kk esa gS  

(D*) Qans ,oa rkj ds e/; izfrd'khZ cy gS   
Ans. (AD) 

Sol. Coeffcient of mutual inductance (M) = 


 00  

 emf = 







 000 10

dt

dI
M


volts 

 The loop should move away according to lenz law. SO there must be repulsive force.  

 vU;ksU; izsj.k dk xq.kkad (M) = 


 00  

 emf = 







 000 10

dt

dI
M


volts 

 ySal ds fu;ekuqlkj ywi nwj dh rjQ foLFkkfir gksxk vr% izfrd'khZ cy gksuk pkfg;sA 
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10. Two inductors L1 (inductance 1 mH, internal resistance 3 ) and L2 (inductance 2 mH, internal 
resistance 4 ), and a resistor R (resistance 12 ) are all connected in parallel across a 5V battery. 
The circuit is switched on at time t = 0. The ratio of the maximum to the minimum current (max / min) 
drawn from the battery is :    

 [JEE (Advanced) 2016 ; P-1, 3/62] 
nks izsjdksa (Inductors) L1 rFkk L2  dk izsjdRo Øe'k% 1 mH ,oa 2mH gS] ,oa vkarfjd izfrjks/k 3,oa 4  gSA bu 
nksuksa izsjdksa rFkk ,d izfrjks/kd R  ftldk izfrjks/k 12  gS] lHkh dks ,d 5V dh cSVªh ls lekUrj esa tksM fn;k x;k 

gSA ifjiFk dks le; t = 0  ij pkyw fd;k tkrk gSA cSVªh ls fudyh vf/kdre ,oa U;wure /kkjkvksa dk vuqikr  

(max / min) D;k gksxkA  
Ans. (8) 
Sol.  

 

 5v

12 

4 2 

1 3 

 

12

5
imin   at t = 0+ ij   

12

85
imax


  at t = ij   

8
512

1285

i

i

min

max 



  

 
11. A rigid wire loop of square shape having side of length L and resistance R is moving along the x-axis 

with a constant velocity v0 in the plane of the paper. At t = 0, the right edge of the loop enters a region 
of length 3L where there is a uniform magnetic field B0 into the plane of the paper; as shown in the 
figure. For sufficiently large v0, the loop eventually crosses the region. Let x be the location of the right 
edge of the loop. Let v(x), (x) and F(x) represent the velocity of the loop, current in the loop, and force 
on the loop, respectively, as a function of x. Counter-clockwise current is taken as positive.   

 [JEE Advanced 2016 ; P-2, 4/62, –2] 
 ,d oxhZ; vkdf̀r okyk rkj dk nz<+ Qank] ftlds Hkqtk dh yackbZ L ,oa izfrjks/k R gS] x-v{k dh fn'kk esa ,d fLFkj 

xfr v0 ls bl dkxt ds Iysu ij (plane of the paper) xfreku gSA le; t = 0 ij Qans dk nkfguk fdukjk 3L 

yackbZ ds fLFkj pqacdh; {ks=k B0 esa izos'k djrk gSA pqacdh; js[kkvksa dh fn'kk dkxt ds Iysu ds yacor~ vanj dh vksj 

gS ¼tSlk fp=k esa n'kkZ;k x;k gS½A v0 dk eku i;kZIr gksus ij varrksxRok Qank pqacdh; {ks=k dks ikj djrk gSA eku 

fyft, dh Qans dh nkfguh Hkqtk LFkku x ij gSA Qans dh xfr] Qans esa /kkjk ,oa Qans ij cy dh x ij fuHkZjrk dks 

Øe'k% v(x), (x) ,oa F(x) ls fu:fir fd;k x;k gSA okeorZ /kkjk dks iksftfVo ysaA 
 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 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 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 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 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 x x x x x x x x x x x x x x x x 
 

L
v0

0 L 2L 3L
x

4L

R

 
 Which of the following schematic plot(s) is(are correct? (Ignore gravity) 
 fuEufyf[kr esa ls dkSulk@dkSuls O;oLFkk fp=k lgh gS@ gSa \ ¼xq:Rokd"kZ.k ux.; ekus½ 
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 (A) 

 

0
x

L 2L 3L 4L

F(x)

   (B) 

 

0
x

L 2L 3L 4L

(x)

   

 

(C*) 

 

0
x

L 2L

3L 4L

(x)

    (D*) 

 

0 
x

L 2L 3L 4L

v(x)

 

Ans. (CD) 
Sol. while entering izos'k djrs le; i.e.  x < L 

 

 

i =
r

vB  vB

i 

 

 

i

f

 

 F = iB = 
mR

vB 22
 

 a2
m

f
 = 

mR

vB 22
 = Kv = 

dx

vdv
  

 
x

0

v

v
dxKdv

0

   v = v0 – kx 

 f = x)kxV(
R

B
0

22




 

 i =
R

B
)kxv( 0


 = i0 – x 

 for 3 L > x > L ds fy;s f = 0 i = 0 v = constant. fu;r 
 4L > × > 3 L 

 

 

i =
r

vB

vB R

 

 

f

   

 f = iB = 
R

vB 22
 

 a = v
mR

B 22
 = kv = 

dx

vdv
  
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 v = kx'v 0   

 f = x'.'   

 i =  x'i'0   

 

 f 

o
L 3L 4L

 

 I

L 3 L 4 L 

 

 v

3L 4L L

 
 

12*. A circular insulated copper wire loop is twisted to form two loops of are A and 2A as shown in the figure. 
At the point of crossing the wires remain electrically insulated from each other. The entire loop lies in 

the plane (of the paper). A uniform magnetic field B


 points into the plane of the paper. At t = 0, the loop 
starts rotation about the common diameter as axis with a constant angular velocity  in the magnetic 
field. Which of the following options is/are correct ?  

 ,d xksykdkj fo|qr&jks/kh rkez rkj (insulated copper wire) dks A ,oa 2A okys nks {ks=kQyksa ds oy;ksa esa O;kofrZr 

fd;k x;k gSaA rkjksa ds vfrØe.k fcUnq fo|qrjks/kh jgrs gS (tSlk fp=k esa n'kkZ;k x;k gS)A laiw.kZ oy; dkxt+ ds ry esa 

fLFkr gSA dkxt ds ry ds vfHkyEcor fLFkj rFkk ,dleku pqEcdh; {ks=k B


 loZ=k mifLFkr gSA oy; vius 

lkeqnkf;d O;klksa ls cus v{k ds ifjr% le; t = 0 ls  dks.kh; osx (angular velocity) ls ?kweuk 'kq: djrk gSA 

fuEu esa ls dkSu lk (ls) dFku lgh gS@gSa \              [JEE (Advanced) 2017 ; P-1, 4/61, –2] 

     

 × × × × 

× × × × 

× × × × 

× × × × 

× × × × 

× × × × 

area 2A 

area A 

B 



 
 (A) The net emf induced due to both the loops is proportional to cos t    

(B*) The rate of change of the flux is maximum when the plane of the loops is perpendicular to plane of 
the paper    
(C*) The amplitude of the maximum net emf induced due to both the loops is equal to the amplitude of 
maximum emf induced in the smaller loop alone    
(D) The emf induced in the loop is proportional to the sum of the area of the two loops 

 (A) nksuksa oy;ksa ls mRiUu dqy izsf"kr fo|qr okgd cy cos t ls lekuqikrh gS    

(B*) tc oy;ksa dk ry dkxt+ ds ry ls vfHkyac fn'kk esa gksrk gS rc vfHkokg ds ifjorZu dh nj vf/kdre gksrh gS 

(C*) nksuksa oy;ksa ls mRiUu vf/kdre dqy izsf"kr fo|qr okgd cy dk vk;ke] NksVs oy; esa mRiUu vf/kdre izsf"kr 

fo|qr okgd cy ds vk;ke ds cjkcj gksxk   

(D) izsf"kr fo|qr okgd cy oy;ksa ds {ks=kQyksa ds ;ksx ds lekuqikfrd gSA 
Ans. (BC)  
Sol.   = BS cos  = BS cos t  

 
d

e BS sin t
dt


     

 1tsin.max
dt

d



    

2
t


  

 Net emf, (ifj.kkeh fo|qr okgd cy) e = 2BA sin t – BA  sin t 
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13*. A source of constant voltage V is connected to a resistance R and two ideal inductor L1 and L2 through 
a switch S as shown. There is no mutual inductance between the two inductors. The switch S is initially 
open. At t = 0, the switch is closed and current begins to flow. Which of the following options is/are 
correct ?                [JEE (Advanced)-2017 ; P-2, 4/61, –2] 

 nks vkn'kZ izsjd (ideal inductor) L1 ,oa L2  vkSj ,d izfrjks/k (resistance) R dks ,d vpy oksYVrk V ds L=kksr ls 

,d fLop S }kjk tksMk tkrk gS ¼tSlk fp=k esa fn[kk;k x;k gS½ L1 ,oa L2 ds chp vU;ksU; izsjdRo (mutual 

inductance) ugha gSA izkjaHk esa fLop S  [kqyk gSA le; t = 0  ij fLop can fd;k tkrk gS vkSj /kkjk cguh 'kq: gksrh 

gSA fuEu esa dkSulk ¼ls½ izdFku lgh gS@gSa?    
 

V + 
– 

L1 L2 

R 

S 

 

 (A) After a long time, the current through L2 will be 1

1 2

LV

R L L
    

(B) At t = 0, the current through the resistance R is 
V

R
    

(C) After a long time, the current through L1 will be 2

1 2

LV

R L L
    

(D) The ratio of the currents through L1 and L2 is fixed at all times (t > 0) 
 

 (A) nh?kZdky ds ckn L2 esa izokfgr /kkjk 
1

1 2

LV

R L L
 gksxh    

(B) t = 0 ij izokfgr R esa izokfgr /kkjk 
V

R
 gS   

(C) nh?kZdky ds ckn L1 esa izokfgr /kkjk 2

1 2

LV

R L L
 gksxh 

(D) L1 ,oa L2 esa izokfgr /kkjk dk vuqikr gj le; (t > 0) fu;r jgrk gS  
Ans. (ACD) 

Sol. (A) & (C) After long time current through R = I = 
V

R
 

cgqr vf/kd le; i'pkRk~ R ls xqtjus okyh /kkjk = I = 
V

R
 

 and RkFkk LI1 = L2I2 

 
1I

I
2

2 1

L

L
   

 
I

I 2
1

1 2

L

L L



 

I
I 1 1

2
1 2 1 2

L L V

L L L L R

 
     

 

 (B) t = 0  I = 0 
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14*. In the figure below, the switches S1 and S2 are closed simultaneously at t = 0 and a current starts to 
flow in the circuit. Both the batteries have the same magnitude of the electromotive force (emf) and the 
polarities are as indicated in the figure. Ignore mutual inductance between the inductors. The current   
in the middle wire reaches its maximum magnitude max at time t = . Which of the following statements 
is (are) true?                   [JEE(Advanced) 2018 ; P-1, 4/60, –2] 
uhps n'kkZ;s x;s fp=k esa S1 vkSj S2 dqaft;ksa (switches) dks le; t = 0 ij ,d lkFk cUn fd;k tkrk gS vkSj ifjiFk 

(circuit) esa /kkjk cgus yxrh gSA nksuksa cSVfj;ksa (batteries) ds fo|qrokgd&cy (electromotive force ; emf) dk 

ifjek.k leku gS vkSj mudk /kqzo.k (polarity) fp=k esa n'kkZ;k x;k gSA nksuksa çsjdksa (inductors) ds chp vU;ksU; çsjdRo 

(mutual inductance) dh mis{kk dhft,A ;fn e/; esa fLFkr rkj esa /kkjk  vius ifjek.k max ij le; t =  ij 
igq¡prh gS rks fuEufyf[kr dFkuksa esa ls dkSulk (ls) lgh gS  (gSa) ? 

 

  (A) max
V

2R
    (B) max

V

4R
    (C) 

L
n2

R
     (D) 

2L
n2

R
    

Ans. (B,D) 
Sol.  

 
 

R L R 2L 

V V 
i1 i2 

  
i (current in middle wire) = i1 – i2  
i (chp okys rkj esa /kkjk) = i1 – i2  

= 
Rt Rt

L 2L
V V

1 e 1 e
R R

    
     

   
 

= 
Rt Rt

2L L
V

e e
R

  
 

 
 

For imax : 
d

( i) 0
dt

   

imax ds fy, : 
d

( i) 0
dt

   

 
Rt Rt

L 2L
V R R

e e 0
R L 2L

  
   
 

 
Rt Rt

L 2L1
e e

2

 
  

 

Rt

2L 1
e

2


  & t = 

2L
n2

R
   

  and rFkk imax = 
V

4R
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15. A conducting wire of parabolic shape, y = x2, is moving with velocity îVV 0


 in a non-uniform magnetic 

field k̂
L

y
1BB 0 























, as shown in figure. If V0, B0, L and  are positive constants and  is the 

potential difference developed between the ends of the wire, then the correct statements(s) is/are : 

fp=kkuqlkj ,d vleku pqEcdh; {ks=k k̂
L

y
1BB 0 






















 esa ,d ijoy;kdkj (parabolic shape), vkjEHk esa y = x2 

okyk] fon~;qr pkyd rkj osx îvv 0


 ls py jgk gSA ;fn V0, B0, L o  /kukRed fu;rkad gS ,oa rkj ds fljksa ds 

e/; mRiUu foHkokUrj gS] rc fuEufyf[kr dFkuksa esa ls dkSulk@dkSuls lgh gS¼gSa½ ?  
[JEE (Advanced) 2019 ; P-1, 4/62, –1] 

 
y

L

O L  

îvv 0


 

B


 

x  

(1) LVB
3

4
|| 00 for  = 2    

(2) || remains same if the parabolic wire is replaced by a straight wire, y = x, initially, of length 2   

(3) LVB
2

1
|| 00  for  = 0 

(4) || is proportional to the length of wire projected on y-axis   

(1) LVB
3

4
|| 00 ,  = 2 ds fy,  

(2) ||, vifjofrZr jgsxk ;fn ijoy;kdkj rkj dks 2  yEckbZ ds lh/ks rkj y = x ds }kjk izfrLFkkfir fd;k tkrk 

gSA 

(3) LVB
2

1
|| 00 ,  = 0 ds fy,    

(4) ||, y-v{k ij rkj dh yEckbZ ds iz{ksi ds lekuqikrh gksxh  
Ans. (1, 2, 4)  
Sol.   

y 

O

B

y = x2 

x

L 

V0 

dy 

V0 

B 

 
For calculating the motional emf across the length of the wire, let us project wire such that 


,v,B  

becomes mutually orthogonal. Thus 

Rkkj dh dh yEckbZ ds fljks ij xfrd emf Kkr djus ds fy, ekuk xfrd rkj bl izdkj gS fd 


,v,B  ,d nwljs ds 

yEco~r gSA 
 

 d = Bv0 dyV
L

y
1B 00






















 

 emf in loop = = 
L

0

de  
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  = dyV
L

y
1B 0

L

0

0 






















 

  = 

L

0

1
00

L

0

00 1

y

L

VB
dyVB


















  

 = B0V0 L + 


















0

1

L

L

VB 1
00  

 = B0V0L + 










1

1
1LVB 00  

 emf in loop is proportional to L for given value of . 
 for 
 NM esa mRié emf dk eku fn;s x, ds fy, L ds fuEu izdkj lekuqikrh gSA 

  = 0  ;  = 2B0V0L 

  = 2 ;  = B0V0L 




 
3

1
1  = 

3

4
 B0V0L 

 Therefore, answer is 1, 2, 4 yEckbZ ds rkj dh  ds vuqfn'k iz{ksi yEckbZ  gSA blfy, mÙkj vifjofrZr jgsxkA 

 vr% mÙkj 1, 2, 4 
 Correct option – 1, 2, 4 
 
16. A 10 cm long perfectly conducting wire PQ is moving with a velocity 1 cm/s on a pair of horizontal rails 

of zero resistance. One side of the rails is connected to an inductor L = 1 mH and a resistance  
R = 1 as shown in figure. The horizontal rails, L and R lie in the same plane with a uniform magnetic 
field B = 1T perpendicular to the plane. If the key S is closed at certain instant, the current in the circuit 
after 1 millisecond is x × 10–3A, where the value of x is _____________.  

 [Assume the velocity of wire PQ remains constant (1 cm/s) after key S is closed. Given : e–1 = 0.37, 
where e is base of the natural logarithm] 

 nks {kSfrt lekarj jsyksa ftudk izfrjks/k 'kwU; gS ij ,d 10 cm yack lqpkyd  (perfectly conducting) rkj PQ 1 cm/s 

ds osx ls py jgk gSA jsyksa ds ,d fljs ij L = 1 mH izsjd (inductor) rFkk R = 1izfrjks/kd fp=kkuqlkj tqM+k gSA 

nksuksa {kSfrt jsysa] L rFkk R  ,d gh ry esa gSa vkSj ry ds yEcor~ ,d leku pqacdh; {ks=k B = 1T yxk gqvk gSA ;fn S  

dqath dks fdlh {k.k can djsa rc ifjiFk esa 1 millisecond ds i'pkr~ /kkjk x × 10–3A gS] tgk¡ x dk eku 

_____________ gksxkA [dqath S can djus ds i'pkr~ rkj PQ dk osx fu;r (1 cm/s) ekusaA fn;k gS: e–1 = 0.37, 

tgk¡ e izkd̀frd y?kqx.kd [natural logarithm] dk vk/kkj gSA  [JEE (Advanced) 2019 ; P-2, 3/62,] 
 

1 cm/s 
L 

R

B

S Q

P

 
Ans. 0.63 

Sol.  =   12 10110Bv.Bv 


 


1  × 10–2 × 10–3 = Bvl. 

  = 10–3 volt 

 i = 














 
L

Rt

e1
R

 = )e1(
1

10 1
3




  

 i = 10–3 (1– 0.37) 
 I = 0.63 mA 
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PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 
Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 

1.# A rectangular loop has a sliding connector PQ of length  and resistance R  and it is moving with a 
speed v as shown. The set-up is placed in a uniform magnetic field going into the plane of the paper. 
The three currents 1, 2 and  are :     [AIEEE 2010, 8/144, –2] 

 ,d vk;krkdkj ywi yEckbZ  vkSj izfrjks/k R  dk ,d lihZ la;kstd PQ j[krk gS vkSj ;g pky v ls xfr'khy gS 

tSlk fd fp=k esa n'kkZ;k x;k gSA dkxt ds ry esa vUnj dh vksj tkrs gq, ,dleku pqEcdh; {ks=k esa bl O;oLFkk dks 

j[kk tkrk gSA rhu /kkjk,¡ 1, 2 ,oa  gSa  

 

 (1) 1 = – 2 = 
B v

R


,  =  

2B v

R


   (2*) 1 = 2 = 

B v

3R


,  = 

2B v

3R


 

  (3) 1 = 2 =  
B v

R


    (4) 1 = 2 = 

B v

6R


,  = 

B v

3R


  

Ans. (2) 

Sol.  

Current /kkjk   = 
vB

R / 2 R


 = 
2vB

3R


    

 1 = I2 = 
vB

3R


 

 
2. A fully charged capacitor C with initial charge q0 is connected to a coil of self inductance L at t = 0. The 

time at which the energy is stored equally between the electric and the magnetic fields is : 
         [AIEEE - 2011, 1 May, 4/120, –1] 
 izkjfEHkd vkos'k q0 okys ,d lEiw.kZ vkosf'kr la/kkfj=k C dks t = 0 ij ,d Lo&izsj.k L okyh dq.Myh ls tksM+k tkrk 

gSA og le; D;k gksxk] ftl ij fo|qr ,oa pqEcdh; {ks=kksa esa laxzfgr ÅtkZ ,dleku gSa :  

(1) LC   (2*) LC
4


   (3) 2 LC   (4) LC  

Ans. (2) 
Sol. In LC oscillation energy is transfered C toL 

 or L to C maximum energy in L is = 
1

2
L2max 

 Maximum energy in C is = 
2
maxq

2C
  

 Equal energy will be when 

  
1

2
L2 =  

1

2

1

2
L2max 

   =
1

2
max 
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   = max sint = 
1

2
max 

  t =
4


   

 or 
2

T


t =

4


  or  t = 

T

8
 

  t = 
1

2 LC
8

 = LC
4


 Ans. 

 LC nksyu esa ÅtkZ C ls L rFkk L ls C esa Øekxr :i ls LFkkukUrfjr gksrh jgrh gS 

 L esa vf/kdre ÅtkZ = 
1

2
L2max 

 C esa vf/kdre ÅtkZ = 
2
maxq

2C
 gS 

 leku ÅtkZ gksxh tc 

  
1

2
L2 = 

1

2

1

2
 L2max  =

1

2
max  = max sint = 

1

2
max 

  t = 
4


  

 ;k 
2

T


t =

4


  ;k   t = 

T

8
 

  t = 
1

2 LC
8

  = LC
4


  Ans. 

 
3. A boat is moving due east in a region where the earth's magnetic field is 5.0 × 10–5 NA–1m–1 due north 

and horizontal. The boat carries a vertical aerial 2m long. If the speed of the boat is 1.50 ms–1, the 
magnitude of the induced  emf in the wire of aerial is :  [AIEEE - 2011, 1 May, 4/120, –1] 

 {kS=k] tgk¡ i`Foh dk pqEcdh; {ks=k 5.0 × 10–5 NA–1m–1 mÙkj dh vksj ,oa {kSfrt gS] esa ,d uko iwoZ dh vksj xfr'khy 

gSA uko esa 2m yEck ,oa Å/okZ/kj LrEHk gSA ;fn uko dh pky 1.50 ms–1 gS] rc LrEHk ds rkj esa izsfjr fo|qr okgd 

cy dk ifjek.k gS :      [AIEEE - 2011, 1 May, 4/120, –1] 
 (1) 1 mV  (2) 0.75 mV  (3) 0.50 mV  (4*) 0.15 mV 
Ans. (4) 

Sol. Eind = B × v ×   
 = 5.0 × 10–5 × 1.50 × 2 
 = 10.0 × 10–5 × 1.5  
 = 15 × 10–5 vot. 
 = 0.15 mv 
 
4. A horizontal straight wire 20 m long extending from to east to west falling with a speed of 5.0 m\s, at 

right angles to the horizontal component of the earth’s magnetic field 0.30 ×10-4 Wb \ m2. The 
instantaneous Value of the e.m. f. induced in the wire will be : [AIEEE 2011, 11 May; 4/120, –1] 

 i`Foh ds pqEcdh; {ks=k (0.30 ×10-4 Wb \ m2) ds {kSfrt ?kVd ls ledks.k ij iwoZ ls if'pe rd QSyk 20 m yEck 

,d {kSfrt lh/kk rkj  5.0 m/s dh pky ls fxj jgk gSA rkj esa çsfjr fo|qr okgd cy dk rkR{kf.kd eku gksxk : 
         [AIEEE 2011, 11 May; 4/120, –1] 
 (1*)  3 mV  (2) 4.5 mV  (3) 1.5 mV  (4) 6.0mV 
 
Ans. (1) 

Sol.  

 ind = Bv 
     = 0.3 × 10–4 × 5 × 20 = 3 × 10–3 v = 3 mv.   
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5. A coil is suspended in a uniform magnetic field, with the plane of the coil parallel to the magnetic lines 
of force. When a current is passed through the coil it starts oscillating; it is very difficult to stop. But if an 
aluminium plate is placed near to the coil, it stops. This is due to : [AIEEE 2012 ; 4/120, –1] 

 (1) developement of air current when the plate is placed. 
 (2) induction of electrical charge on the plate 
 (3) shielding of magnetic lines of force as aluminium is a paramagnetic material. 
 (4) Electromagnetic induction in the aluminium plate giving rise to electromagnetic damping. 
 ,d ,dleku pqEcdh; {ks=k esa ,d dq.Myh dks yVdk;k x;k gSA dq.Myh dk ry pqEcdh; cy js[kkvksa ds lekUrj 

gSA tc dq.Myh esa ,d /kkjk izokfgr djrs gSa] rc ;g nksyu djus yxrh gS vkSj bldks jksduk eqf'dy gks tkrk gSA 

ijUrq tc ,d ,Y;qfeuh;e IysV dks dq.Myh ds ikl yk;k tkrk gS] rc ;g :d tkrh gSA bldk dkj.k gS : 

 (1) tc IysV j[kh tkrh gS] rc ok;q /kkjk fodflr gksrh gS   [AIEEE 2012 ; 4/120, –1] 

 (2) IysV ij fo|qr vkos'k dk izsj.k 

 (3) pqEcdh; cy js[kkvksa dk ifjj{k.k D;ksafd ,Y;qfefu;e ,d vuqpqEcdh; inkFkZ gS  

 (4) ,Y;qfefu;e IysV esa fo|qr pqEcdh; izsj.k fo|qr pqEcdh; voeanu dks mRiUu djrk gS  

 
Ans. (4) 

Sol.      

 

6.# A metallic rod of length ‘l’ is tied to a string of length 2l and made to rotate with angular speed  on a 
horizontal table with one end of the string fixed. If there is a vertical magnetic field ‘B’ in the region, the 
e.m.f. induced across the ends of the rod is:            [JEE (Main) 2013, 4/120] 

 

 (1) 
22B l

2


  (2) 

23B l

2


  (3) 

24B l

2


  (4*) 

25B l

2


 

yEckbZ ‘l’ dh ,d /kkrq dh NM+ yEckbZ 2l dh ,d Mksjh ls c¡/kh gS vkSj Mksjh ds ,d fljs dks fLFkj j[k dj bls dks.kh; 

pky ls {kSfrt est ij ?kwf.kZr fd;k tkrk gSA ;fn {ks=k esa ,d Å/okZ/kj pqEcdh; {ks=k ‘B’ gS] rc NM+ ds fljksa ij 

iszfjr fo|qr okgd cy gS :  

 

 (1) 
22B l

2


  (2) 

23B l

2


   (3) 

24B l

2


  (4*) 

25B l

2


 

Sol. e = 
3

2

( x)Bdx




 = B 
2 2[(3 ) (2 ) ]

2

 
     

   = 
25B

2


  

 Ans. (4)    
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7. A circular loop of radius 0.3 cm lies parallel to a much bigger circular loop of radius 20 cm. The centre 
of the small loop is on the axis of the bigger loop. The distance between their centres is 15 cm. If a 
current of 2.0 A flows through the smaller loop, then the flux linked with bigger loop is : 

 (1*) 9.1 × 10–11 weber    (2) 6 × 10–11 weber 
 (3) 3.3 × 10–11 weber    (4) 6.6 × 10–9 weber 
 f=kT;k 0.3 cm dk ,d o`Ùkh; ywi ,d dkQh cMs+ f=kT;k 20 cm ds o`Ùkh; ywi ds lekUrj j[kk gSA NksVs ywi dk dsUnz 

cMs ywi ds v{k ij gSA muds dsUnzks ds chp nwjh 15 cm gSA ;fn NksVs ywi ls 2.0 A dh /kkjk izokfgr gksrh gS] rc cMs 

ywi ls lEcf}r ¶yDl gS :       [JEE(Main) 2013, 4/120] 

 (1*) 9.1 × 10–11 oscj     (2) 6 × 10–11 oscj  

 (3) 3.3 × 10–11 oscj     (4) 6.6 × 10–9 oscj  

Sol. 
2 2

0
3 / 22 2

(2)(20 10 )

2 (0.2) (0.15)

 

  

 ×  (0.3×10–2) 2 

 on solving gy djus ij  
 =  9.216 × 10–11  9.2 × 10–11 weber 
 Ans (1) 
 
8.# In an LCR circuit as shown below both switches are open initially. Now switch S1 is closed, S2 kept 

open. (q is charge on the capacitor and  = RC is Capacitive time constant). Which of the following 
statement is correct ?       [JEE (Main) 2013, 4/120] 

 uhps n'kkZ;s x;s ,d LCR ifjiFk esa izkjEHk esa nksuksa fLop [kqys gSaA vc fLop S1 dks cUn fd;k tkrk gS] S2 dks [kqyk 

j[kk tkrk gSA (la/kkfj=k ij vkos'k q gSa vkSj  = RC /kkfjrh;  le; fLFkjkad gSA) fuEufyf[kr esa ls dkSulk dFku 

lgh gSa ? 

      
 (1) Work done by the battery is half of the energy dissipated in the resistor   
 cSVjh }kjk fd;k x;k dk;Z izfrjks/kd esa gqbZ ÅtkZ {k; dk vk/kk gSA    

 (2) At t = , q = CV/2   
 t = ij q = CV/2    

 (3) At t = 2, q = CV (1 – e–2) 
 t = 2ij  q = CV (1 – e–2) 

 (4) At t = 
2


, q = CV (1 – e–1) 

  t = 
2


 ij  q = CV (1 – e–1) 

Sol. q = CV  (1– et/) 
 at  ij  t = 2  
 q = CV (1– e–2)   
 Ans (3) 
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9.# In the circuit shown here, the point 'C' is kept connected to point 'A' till the current flowing through the 
circuit becomes constant. Afterward, suddenly point 'C' is disconnected from point 'A' and connected to 
point 'B' at time t = 0. Ratio of the voltage across resistance and the inductor at t = L/R will be equal to : 

 ;gk¡ n'kkZ;s x;s ifjiFk esa] fcUnq 'C'  dks fcUnq 'A' ls rc rd tksMs j[kk tkrk gS tc rd fd ifjiFk esa izokfgr /kkjk 

fLFkj ugha gks tk,A rRi'pkr~ vpkud fcUnq 'C' dks fcUnq 'A' ls gVkdj fcUnq 'B' ls t = 0 le; ij tksM fn;k tkrk 

gSA t = L/R izfrjks/k ,oa dq.Myh ds fljks ij oksYVrk dk vuqikr gksxkA  [JEE (Main) 2014, 4/120, –1]  

      

 (1) 
e

1– e
  (2) 1   (3) –1   (4) 

1– e

e
 

Ans. (3) 
Sol. After changing the switch, the circuit will act like an L–R discharging circuit. 
 dqath dks foLFkkfir djus ij ;g L–R {k; ifjiFk dh rjg dk;Z djsxk  

 
 Applying Kirchoff loop eqation. fdjpkWQ dk fu;e ykxw djus ij  

 R LV V 0   R LV V     So vr%  R

L

V
1

V
   

 
10.# An inductor (L = 0.03H) and a resistor (R = 0.15 k) are connected in series to a battery of 15V EMF in 

a circuit shown below. The key K1 has been kept closed for a long time. Then at t = 0, K1 is opened and 
key K2 is closed simultaneously. At t = 1ms, the current in the circuit will be : (e5 150)  

       [JEE(Main) 2015; 4/120, –1] 
 n'kkZ;s x;s ifjiFk esa] ,d izsjd (L = 0.03H) rFkk ,d izfrjks/kd (R = 0.15 k) fdlh 15V fo|qr okgd cy (bZ-,e-

,Q-) dh cSVjh ls tqMs+ gSaA daqth K1 dks cgqr le; rd cUn j[kk x;k gSA blds i'pkr~ le; t = 0 ij, K1 dks [kksy 

dj lkFk gh lkFk, K2 dks cUn fd;k tkrk gSA le; t = 1ms ij, ifjiFk esa fo|qr /kkjk gksxh % (e5 150) 

 
 (1) 100 mA  (2) 67 mA   (3) 6.7 mA  (4*) 0.67 mA 
Ans. (4) 

Sol. Current at t = 0 0 = E0/R  

  t = 0 ij /kkjk 0 = E0/R 

 For decay circuit I = I0 

tR

Le
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 ifjiFk esa /kkjk gzkl ds fy;s  I  = I0 

tR

Le
 

 I = 
tR

0 L
E

e
R

    = 0.67 mA 

11.# An LCR circuit is equivalent to a damped pendulum. In an LCR circuit the capacitor is charged to Q0 
and then connected to the L and R as shown below :   [JEE(Main)-2015; 4/120, –1] 

 
 If a student plots graphs of the square of maximum charge (Q2

Max) on the capacitor with time (t) for two 
different values L1 and L2(L1> L2) of L then which of the following represents this graph correctly ? (plots 
are schematic and not drawn to scale) 

 (1*)  (2)  (3)  (4)  

 LCR ¼,y-lh-vkj½ ifjiFk fdlh voeafnr yksyd ds rqY; gksrk gS A fdlh LCR ifjiFk esa la/kkfj=k dks Q0 rd 

vkosf'kr fd;k x;k gS] vkSj fQj bls vkjs[k esa n'kkZ;s x;s vuqlkj L o R ls tksM+k x;k gSA  

 
 ;fn ,d fo|kFkhZ L ds] nks fofHkUu ekuksa L1 rFkk L2 (L1> L2) ds fy;s ] le; t rFkk la/kkfj=k ij vf/kdre  vkos'k ds 

oxZ (Q2
Max) ds chp nks xzkQ cukrk gS rks fuEukfdar esa ls dkSu lk xzkQ lgh gS \ ¼xzkWQ dsoy O;oLFkk xzkWQ gS rFkk 

Ldsy ds vuqlkj ugha gSa½  

 (1*)  (2)  (3)  (4)  

Sol.  

 at any time 't' apply KVL 
 fdlh le; 't' ij KVL ds }kjk  

 
q di

– iR – L 0
C dt

  

 
dq

i –
dt

       
2

2

q dq Ld q
R 0

C dt dt
    

 
2

2

d q R dq q
0

L dt LCdt
    

 from damped harmonic oscillator, the amplitude is given by  
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 voeafnr vkoZrh nksyu ds fy, vk;ke fuEu izdkj fn;k tkrk gSA  

 
dt

–
2m

0A A e , for general equation of double differential equation 
2

2

d x b dx k
x 0

m dt mdt
    

 
dt

–
2m

0A A e , f}vodfyr O;kid lehdj.k ds fy, 
2

2

d x b dx k
x 0

m dt mdt
    

  
Rt

–
(t) 2L
max 0Q Q e      

Rt
–

2 2 L
max 0Q Q e   

 lesser the self inductance, faster will be damping hence  
 de LoizsjdRo ds fy, voeanu rsth ls gksxsaA    
 
12. In a coil resistance 100, a current is induced by changing the magnetic flux through it as shown in the 

figure. The magnitude of change in flux through the coil is :     [JEE (Main) 2017, 4/120, –1] 
 pqEcdh; ¶yDl ds cnyus ls 100 izfrjks/k dh dq.Myh esa izsfjr /kkjk dks fp=k esa n'kkZ;k x;k gSA dq.Myh ls xqtjus 

okys ¶yDl esa cnyko dk ifjek.k gksxkA 
 

10 

Current 
(amp.) 

Time 0.5 sec  

 

10 

/kkjk 

(,sfEi;j)

le; 0.5 lSd.M   
 (1) 275 Wb  (2) 200 Wb  (3) 225 Wb  (4*) 250 Wb 
Ans. (4) 

Sol. Q Area under i t graph
r


      i–t xzkQ dk {kS=kQy 

 = 5.10
2

1

100



  = 2.5 × 100 = 250 

13. A very long solenoid of radius R is carrying current I(t) = kte–t (k > 0), as a function of time (t ). 
Counter clockwise current is taken to be positive. A circular conducting coil of radius 2R is placed in the 
equatorial plane of the solenoid and concentric with the solenoid. The current induced in the outer coil 
is correctly, as a function of time by : 

 R f=kT;k dh vR;kf/kd yEch ifjukfydk esa izokfgr /kkjk I(t) = kte–t (k > 0) le; ds Qyu (t ) ds :Ik esa gSA 

okekorZ fn'kk esa /kkjk dks /kukRed fy;k x;k gSA 2R f=kT;k okyh ,d o`Ùkkdkj dq.Myh dks ifjukfydk ds ledsUnzh; 

rFkk blds e/;orhZ lery esa j[krs gSaA ckã dq.Myh esa izsfjr /kkjk dks le; ds Qyu esa lgh :Ik ls n'kkZus okyk 

xzkQ gS %        [JEE (Main) 2019 April, 4/120, –1] 

 (1) 

 

t =0 

I 

t 

   (2*) 

 

t =0 

I 

t 

 

(3) 

 

t =0 

I 

t 

  (4) 

 

t =0 

I t 

 
 



Electromagnetic Induction 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVEI - 99 

Toll Free :  1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol.  

 

 

i 

iind 

 

 iind  
di d

dt dt
    ( t e–t) 

 = –( e–t + t e–t(–)) 
 = –e–t(1 – t) 
 Check value at t = 0 
 
14. The figure shows a square loop L of side 5 cm which is connected to a network of resistance. The 

whole setup is moving towards right with a constant speed of 1 cm s–1. At some instant, a part of L is in 
a uniform magnetic field of 1 T, perpendicular to the plane of the loop. If the resistance of L is 1.7, the 
current in the loop at that instant will be close to :        [JEE (Main) 2019 April, 4/120, –1] 

 ;gk¡ vkjs[k esa 5 cm Hkqtk dk ,d oxkZdkj ik'k L n'kkZ;k x;k gS] tks izfrjks/kksa ds ,d ifjiFk ls tqM+k gSA ;g la;kstu 

1 cm s–1 dh ,d leku pky ls] nka;h vksj xfr dj jgk gSA fdlh {k.k L dk ,d Hkkx 1 T rhozrk ds ,d leku 

pqEcdh; {ks=k esa gSA ;g {ks=k ik'k L ds lery ds yEcor~ gSA ;fn] bl ik'k dk izfrjks/k 1.7gS rks, bl {k.k blesa 

/kkjk dk fudV eku gksxk  
 • v =1 cm/sec

2

2

1

1

3

B

D

A C

•

•

•

•

•

•

• 

•

•

• 

•

•

• 

• 
5 cm

L 

B 

 
 (1*) 170 µA  (2) 150µA   (3) 115µA  (4) 60µA 

Sol. E = BV = 1 × 10–2 × 5 × 10–2 = 5 × 10–4 Volt    

 Req = 
3

4
 + 1.7 = 1.33 + 1.7 = 3.03     

 I = 
03.3

105 4
 166 A 

 
15. A long solenoid of radius R carries a time(t)- dependent current I(t) = I0t(1 – t). A ring of radius 2R is 

placed coaxially near its middle. During the time interval 0  t  1, the induced current (IR) and the 
induced EMF(VR) in the ring change as :           [JEE-Main-2020, 07 January; 4/100, –1] 

 (1) Direction of IR remains unchanged and VR is zero at t = 0.25 
 (2*) At t = 0.5 direction of IR reverses and VR is zero 
 (3) At t = 0.25 direction of IR reverses and VR is maximum 
 (4) Direction of IR remains unchanged and VR is maximum at t = 0.5 
 f=kT;k R dh ,d yEch ifjukfydk (solenoid) esa I(t) = I0t(1 – t) eku dh le; (t) ds lkFk cnyrh gqbZ fo|qr /kkjk 

cg jgh gSA blds chp ds fgLls ds ikl 2R f=kT;k dh ,d lek{k fjax (ring) j[kh gqbZ gSA le; vUrjky 0  t  1 esa 

fjax esa iszfjr fo|qr /kkjk (IR) o izsfjr fo|qr&okgd cy (VR) fdl izdkj ls cnyrs gSa :   

 (1) IR dh fn'kk ,d leku jgrh gS vkSj t = 0.25 ij VR 'kwU; gSA  

 (2*) t = 0.5 ij IR dh fn'kk myV tkrh gS vkSj VR 'kwU; gSA  

 (3) t = 0.25 ij IR dh fn'kk myV tkrh gS vkSj VR vf/kdre gSA 

 (4) IR dh fn'kk ,d leku jgrh gS vkSj t = 0.5 ij VR vf/kdre gSA  
Ans. (2) 
Sol. I = I0t – I0t2  
  = BA 
  = 0nIA 
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 VR = 
dt

d
–


 = –0nAI0 (1 – 2t)  

 VR = 0 at   t = 
2

1
  

and rFkk R = 
loopofcetansisRe

VR  
sèk dk izfrjkyqi

RV
 

 

 

e 

1/2 t 

 
 
16. A loop ABCDEFA of straight edges has six corner points A(0, 0, 0), B(5, 0, 0), C(5, 5, 0), D(0, 5, 0), E(0, 

5, 5) and F(0, 0, 5). The magnetic field in this region is  ˆ ˆB 3i 4k T 


. The quantity of flux through the 

loop ABCDEFA (in Wb) is ……. . 
 ABCDEFA ywi dh lHkh Hkqtk,¡ lh/kh gS vkSj blds N% dksus bl izdkj gSa% A(0, 0, 0), B(5, 0, 0), C(5, 5, 0), D(0, 

5, 0), E(0, 5, 5) vkSj F(0, 0, 5) A ;fn bl {ks=k esa pqEcdh; {ks=k  ˆ ˆB 3i 4k T 


gks rks ywi ABCDEFA ls gksdj 

tkus okys ¶yDl dk eku (Wb esa) gksxk ……. .    [JEE-Main-2020, 07 January; 4/100] 
Ans. 175 
 
17. A planar loop of wire rotates in a uniform magnetic field. Initially at t = 0, the plane of the loop is 

perpendicular to the magnetic field. If it rotates with a period of 10 s about an axis in its plane then the 
magnitude of induced emf will be maximum and minimum, respectively at : 

 ,d rkj dk cuk gqvk leryh; ywi ,d ,dlkeu pqEcdh; {ks=k esa ?kwe jgk gSA le; t = 0 ij ywi dk ry pqEcdh; 

{ks=k ds yEcor~ gSA ;fn ywi 10 lsd.M ds vkorZ dky ls vius ry ls gksdj tkus okys ,d v{k ds pkjksa vksj ?kwe 

jgk gS rks blesa izsfjr fo|qr&okgd cy dk eku fuEu esa ls fdu le;ksa ij Øe'k% vf/kdre vkSj U;wure gksxk\ 
[JEE-Main-2020, 07 January; 4/100, –1] 

 (1) 5.0 s and 7.5 s    (2) 5.0 s and 10.0 s 
(3) 2.5 s and 7.5 s     (4) 2.5 s and 5.0 s  

Ans. (4) 

Sol.   = 
T

2
 = 

5


 

  When t = 
2


 

   will be minimum. 
  e will be maximum 

  t = sec5.2

5

2 




 

 When t = 
   will have maximum.  

  e will be minimum. 

  t = 
5/


= 5 sec. 
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Sol.   = 
T

2
 = 

5


 

  tc t = 
2


 

   U;wure gksxk  
  e vf/kdre gksxk 

  t = sec5.2

5

2 




 

 tc t = 

   vf/kdre gksxk  

  e U;wure gksxk  

  t = 
5/


= 5 sec. 

 
18. An emf of 20 V is applied at time t = 0 to a circuit containing in series 10 mH inductor and 5  resistor. 

The ratio of the currents at time t =  and at t = 40 s is close to : (Take e2 = 7.389) 
 ,d fo|qr ifjiFk esa 10 mH  dk ,d izsjd vkSj 5   dk ,d izfrjks/kd Js.kh esa yxs gq, gSA bl ij 20 V dk ,d 

fo|qr&okgd cy t = 0 le; ij yxk;k tkrk gSA bl fLFkfr esa t =  vkSj t = 40 s ij bl ifjiFk esa cgus okyh 

fo|qr /kkjkvksa ds eku esa vuqikr fuEu esa ls fdlds fudV gksxk\ (e2 dk eku 7.389 yssa) 
[JEE-Main-2020, 07 January; 4/100, –1] 

 (1) 1.46   (2) 1.06   (3) 0.84   (4) 1.15 
Ans. (2) 

Sol. i = i0 
t

L/R1 e
 

 
 
 

 

  

 = 
t

0.01/520
1 e

5

 
 
 
 

 

 = 4(1 – e–500t) 
 i = 4 
 i40 = 4(1 – e–500 × 40) 

 = 

 100002

1
4 1

e

 
  
 
 

 = 
10000

1
4 1

7.29

  
 

 

 
40

i
1

i
     slightly greater than one.  

 
40

i
1

i
   ls FkksM+k T;knk 
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19.  

 

 
RL 

 S

 

As shown in the figure, a battery of emf  is connected to an inductor L and resistance R in series. The 
switch is closed at t = 0. The total charge that flows from the battery, between t = 0 and t = tc ( tc is the 
time constant of the circuit) is : 
fp=kkuqlkj fo|+qr&okgd cy  dh ,d cSVjh dks Øec) Js.kh esa tksM+dj yxs gq, izsjd L rFkk izfrjks/k R ls tksM+k 

x;k gSA ;fn fLop dks le; t = 0 ij cUn dj fn;k tk; rks t = 0 vkSj t = tc (tc ifjiFk dk le; fLFkjkad gS½ ds 

chp cSVjh ls cgus okyh vkos'k dk eku gS % 

       [JEE-Main-2020, 08 January; 4/100, –1] 

 (1) 
2

L 1
1

eR

    
   (2) 

2

R

eL


  (3) 

2R

L
   (4) 

2

L

eR


 

Ans. (4) 

Sol. q = 
CT

0

idt  

 = 

C

C

T

0C

T/t

T

1
e

t
R






















 

; =  C
1

CC TeTT
R


   = 

R

L

e

1

R



; = 

eR

L
2


  

 

 
SUBJECTIVE QUESTIONS  

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

1.# In the figure, a long thin wire carrying a varying current i = i0 sin t lies at a distance y above one edge 
of a rectangular wire loop of length L and width W lying in the x-z plane. What emf is induced in the 
loop. 

 fp=k esa /kkjk i = i0  sin t  dk ,d yEck iryk /kkjkokgh rkj] x – z ry esa fLFkr L yEckbZ o W pkSMk+bZ ds ,d 

vk;rkdkj ywi dh ,d dksj ds Åij y nwjh ij j[kk gqvk gS rks ywi esa çsfjr fo0ok0cy Kkr djks \ 

z

W

 

Ans.  
2

0 0
2

W cos t L
n 1

4 Y

   
    


i
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Sol.      
di

dt
 = lo  cos t  B = o

2 2 1/ 2

i

2 [y z ]


 

 

 d = B (dA) cos  = B (W dz) cos  = 3
2

o

2 2

i

2 [y z ]



 
 (W dz) cos   

  = oi W

2




L

2 2
0

Z
. dz

y z  = oi W

4




2 2 L
0[ln(y z )]   = oi W

4




   ln 
2 2

2

y L

y

 
 
  

 

  = 
d

dt


  = o W

4




 ln 
2 2

2

y L

y

 
 
  

di

dt
 

2.#  In the figure shown a conducting rod of length , resistance R and mass m is moved with a constant 
velocity v . The magnetic field B varies with time t as B = 5 t, where t is time in second. At t = 0 the area 
of the loop containing capacitor and the rod is zero and the capacitor is uncharged. The rod started 
moving at t = 0 on the fixed smooth conducting rails which have negligible resistance. Find the current 
in the circuit as a function of time t. 

 fp=kkuqlkj ,d  yEckbZ] R çfrjks/k o m nzzO;eku dh pkyd NM+ fu;r osx v ls xfr dj jgh gSA pqEcdh; {ks=k B 

le; ds lkFk B = 5 t ds vuq:i cnyrk gSA ;gk¡ t le; lSd.M esa gS t = 0 ij la/kkfj=k rFkk NM+ ds e/; dk {ks=kQy 

'kwU; gS rFkk la/kkfj=k vukosf'kr gSA NM+ t = 0 ij fLFkj ux.; çfrjks/k okyh ?k"kZ.k jfgr pkyd iVjh ij pyuk 

çkjEHk djrh gSA ifjiFk esa /kkjk] le; t ds Qyu esa Kkr dhft,A 

 
Ans. i  =  10  v c (1  e t/Rc)        
Sol.  = flux at time t 
  = t le; ij ¶yDl  

  = BA = (5t) (vt) = 5 vt2  

   = 
d

dt


 = 10  vt  

 
q

c
 =  – i R  

q

c
= 10  vt  – iR 

 Differentiating both sides w.r.t t 
 nksuksa vksj t  ds lkis{k vodyu djus ij  

 10 v – 
di

dt
 R = 

i

c
 

  i = 10  Vc (1 – e–t / cR)    
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3. In the figure shown a conducting rod of length , resistance R & mass m can move vertically downward 
due to gravity. Other parts are kept fixed. B = constant = B0. MN and PQ are vertical, smooth, 
conducting rails. The capacitance of the capacitor is C. The rod is released from rest. Find the 
maximum current in the circuit. 

 fp=kkuqlkj , yEckbZ dh pkyd NM+ ftldk izfrjks/k R gS vkSj nzO;eku m gS] xq:Ro cy }kjk m/okZ/kj uhps fxj jgh 

gSA nwljs Hkkx dks fLFkj fd;k x;k gSa B = vpj = B0 ; MN vkSj PQ m/okZ/kj gS] ?k"kZ.kfoghu gS vkSj pkyd iVfj;k¡ gSA 

la/kkfj=k dh /kkfjrk C gSA NM+ fojke voLFkk esa NksM+h tkrh gSA ifjiFk esa vf/kdre /kkjk dk eku gksxkA  

 

Ans. imax = 2 2

mg B c

m B c



 

Sol. By newton's law : U;wVu ds fu;e ls mg  i  B = m 
dv

dt
  (1) 

          

 By KVL   ds }kjk  B v = i R + 
q

c
       (2)    

 differentiate (2) w.r.t. time B 
dv

dt
 = R

di

d t
 + 

i

c
    (3)   

 (2) dk t le; ds lkis{k vodyu djus ij  B 
dv

dt
= R

di

d t
 + 

i

c
  (3)   

 Eliminate 
dv

dt
 by (1) & (3)     mg  i B = 

m

B

di i
R

dt c

 
 

 
 

 
dv

dt
 dk foyksiu (1) vkSj (3) ls djus ij mg  i B = 

m

B

di i
R

dt c

 
 

 
 

   m g B  i B2
 2 = m R

di

d t
 + 

mi

c
  (4)  

 i will be maximum when 
di

d t
 = 0. Use this in (4)  

 i vf/kdre gksxh tc 
di

d t
 = 0 bldks lehdj.k (4) esa mi;ksx djus ij  

   m g B c = i (B2 2 c + m)     imax = 
2 2

mg B c

m B c



   Ans. 
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4.#  In the figure, a conducting rod of length  = 1 meter and mass m = 1 kg moves with initial velocity  
u = 5 m/s. on a fixed horizontal frame containing inductor L = 2 H and resistance R = 1 . PQ and MN 
are smooth, conducting wires. There is a uniform magnetic field of strength B = 1T. Initially there is no 
current in the inductor. Find the total charge in coulomb, flown through the inductor by the time velocity 
of rod becomes vf = 1 m/s and the rod has travelled a distance x= 3 meter.  

 fp=kkuqlkj   = 1 meter yEch] m = 1 kg nzO;eku dh ,d pkyd NM+ çkjfEHkd osx u = 5 m/s ls ,d {kSfrt fLFkj 

Ýse ij xfr dj jgh gSA bl Ýse ds lkFk R = 1 dk ,d çfrjks/k vkSj L = 2 H dk ,d çsjdRo Hkh fp=kkuqlkj 

tqM+k gqvk gSA PQ vkSj MN fpdus pkyd rkj gSA iwjs Hkkx esa ,d leku pqEcdh; {ks=k B = 1T QSyk gqvk gSA çkjEHk esa 

çsjd dq.Myh ls dksbZ  /kkjk ugha cg jgh FkhA tc NM+ x = 3 meter nwjh pyh gks vkSj mldk osx vf = 1 m/s gks x;k 

gks] rc rd çsjd dq.Myh ls fdruk vkos'k ¼dwykWe esa½ xqtj x;k gksxk ?   

       

Ans. Q = 

2 2

f
B x m (v u)R

B

  


 = 1C. 

Sol. Let i1 and i2 be the current through L and R at any time t  

  i = i1 + i2  
B v

R


 = i2 and B  v = L 1di

d t
 

 Force on conducting rod =  m
dv

dt
  =  i  B =   1

B v
i

R
  
 

  B 

    
     m d v =  B i1 dt  v d t    m d v =  B i1 d t   v d t      m (vf  u) =  B Q – x  
  (vf = velocity, when it has moved a distance ' x ' ) 

     Q = 

2 2

f
B x m (v u)R

B

  


 = 1C.  

Sol. ekuk fdlh le; t ij L vkSj R ls xqtjus okyh /kkjk i1 vkSj  i2 gSA  

  i = i1 + i2  
B v

R


 = i2     rFkk B   v = L 1di

d t
  

 pkyd NM+ ij cy =  m 
dv

dt
 =  i   B =   1

B v
i

R
  
 

  B   

     m d v =   B i1 dt  
2 2B

R


v d t    m   d v =   B   i1 d t  

2 2B

R


  v d t 

    m (vf  u) =   B Q –
2 2B

R


 x  

  (vf = NM+ dk osx, tc ;g ' x ' nwjh r; pqdh gksxhA ) 

     Q =  

2 2

f
B x m (v u)R

B

  


= 1C.  
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5. A conducting frame ABCD is kept fixed in a vertical plane. A conducting rod EF of mass m can slide 
smoothly on it remaining horizontal always. The resistance of the loop is negligible and inductance is 
constant having value L. The rod is left from rest and allowed to fall under gravity and inductor has no initial 
current. A uniform magnetic field of magnitude B is present throughout the loop pointing inwards. Determine.  

 ,d lqpkyd Ýse ABCD Å/okZ/kj ry esa tM+or~ j[kk gSA ,d m nzO;eku dh lqpkyd NM+ EF ges'kk {kSfrt jgrs 

gq, bl ij fcuk ?k"kZ.k ds fQly ldrh gSA ywi dk çfrjks/k ux.; gS rFkk çsjdRo fu;r ifjek.k L ds cjkcj gSA 

NM+ dks fLFkjkoLFkk ls eqDr djrs gS rFkk ;g xq:Ro ds vUrxZr fxjrh gS rFkk çsjdRo esa dksbZ çkjfEHkd /kkjk ugha gSA 

fu;r ifjek.k B dk ,d leku pqEcdh; {ks=k ywi esa lc txg vUnj dh vksj fo|eku gSA Kkr djks & 

       
 (a)  Position of the rod as a function of time assuming initial position of the rod to be  

 x = 0 and vertically downward as the positive X-axis.  
NM+ dh çkjfEHkd fLFkfr x = 0 ij rFkk X-v{k dks Å/okZ/kj uhps dh vksj ekurs gq, NM+ dh le; ds Qyu 

ds :i esa fLFkfrA 

 (b)  Maximum current in the circuit   ifjiFk esa egÙke /kkjkA 

 (c)  Maximum velocity of the rod.  NM+ dk egÙke osxA 

Ans. (a) x = 
2

g
[1 cos t] 


, (b) max = 

2mg

B
,  (c) Vmax = 

g


   

Sol.   

 
Ldi

Bv
dt

   ....(i) 

 mg – Bi = m 
dv

dt
 

differentiating vodyu djus ij, – B 
di

dt
 = m 

2

2

d v

dt
 ...(ii) 

 From (i) &  (ii) ls 
2

2

d v

dt
= 

2 2B

mL


 v = – 2 v 

 Where tgk¡  = 
B

mL


   v = A sin t 

 
dv

dt
 = A cos t, t = 0  

dv

dt
 = g 

  g = A      A = g/ 
  vmax = A = g/ 

  v = 
g


 sin t   

dx

dt
 = v = 

g


 sin t  

  x = 
2

g


 (1– cos t) Ans. 

 From (ii) ls Bi = mg – m 
dv

dt
 = mg – m Acost 

 imax = 
mg mA

B

 


 = 
mg mg

B




 = 2mg/ (B) Ans.  
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6. L is s smooth conducting loop of radius  = 1.0 m & fixed in a horizontal plane. A conducting rod of mass   
m = 1.0 kg and length slightly greater than   hinged at the centre of the loop can rotate in the horizontal 
plane such that the free end slides on the rim of the loop. There is a uniform magnetic field of strength  
B = 1.0 T directed vertically downward. The rod is rotated with angular velocity 0 = 1.0 rad/s and left. The 
fixed end of the rod and the rim of the loop are connected through a battery of e.m.f.  E, a resistor of 
resistance R = 1.0 , and initially uncharged capacitor of capacitance C = 1.0 F in series. Find : 

 L ,d pkyd ywi gS ftldh f=kT;k  = 1.0 eh- rFkk ;g {kSfrt esa fLFkr gSA ,d m = 1.0 kg nzO;eku rFkk  ls dqN 

cM+h pkyd NM+ tks ywi ds dsUnz ls fdydhr gS] {kSfrt ry esa bl rjg ls ?kwerh gS fd bldk eqDr fljk ges'kk ywi 

dh fje dks Li'kZ djrk gSA ;gk¡ ij ,d leku pqEcdh; {ks=k ftldh rhozrk B = 1.0 T gS] m/okZ/kj uhps dh rjQ 

dk;Zjr gSA NM+ 0 = 1.0 rad/s ds dks.kh; osx ls ?kwek;h tkrh gS rFkk fQj NksMh tkrh gS NM+ ds fLFkj fcUnq rFkk 

ywi dh fje dks E, fo-ok-o okyh cSVjh rFkk R = 1.0 , ds çfrjks/k ls tksM+rs gS rFkk çkjEHk es vukosf'kr la/kkfj=k 

ftldh /kkfjrk C = 1.0 F gS dks Js.khØe es tksM+rs gSA crkb;s : 

      

B

0 L
I0

E

C

R  
 (i) the time dependence of  e.m.f.  E such that the current 0 = 1.0 A in the circuit is constant. 
  fo-ok-cy dh le; ij fuHkZjrk tcfd ifjiFk esa /kkjk 0 = 1.0 A fu;r jgsA 
 (ii) energy supplied by the battery by the time rod stops . 
  NM+ ds :dus rd ds le; esa cSVjh }kjk nh x;h ÅtkZA 

Ans. (i) 
1 7t

2 4
  (ii) 

13

18
 J  Ans. 

Sol. (i) The magnetic equivalent of the loop-rod system. ywi&NM+ fudk; dk pqEcdh; rqY;   

     

  =
1

2
 2 

 where,  = angular velocity of rod at any time ‘t’ then ,  = 0 – t  
 tgk¡,  = fdlh le; t dk dks.kh; osx gS] rc,  = 0 – t   

   =   (0 B ) 
2

  = 
2m

3


    = 03 B

2


 = 

3

2
 rad/s2 

 applying loop law,    ywi fu;e yxkus ij]  

  + E – 0R – 
q

0
C
  

 
1

2
B 2 (0 – t) + E – 0 R – 0t

C


 = 0  E = 0 

t
R

C
  
 

 – 
1

2
B 2 (0 – t) = 

1 7t

2 4
  

 (ii) = 0 = 0 – 0
3

t
2

 so blfy,, t0 = 02 2

3 3


 sec 

 Also energy supplied by battery  cSVjh }kjk iznÙk ÅtkZ =
ot

0

0

E dt =

2

3

0

0

1 7t
dt

2 4
   
   = 

2
2 3

0

t 7t

2 8
  = 

13

18
J  

Ans.  
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7.# In the figure shown ‘PQRS’ is a fixed resistanceless conducting frame in a uniform and constant 
magnetic field of strength B. A rod ‘EF’ of mass ‘m’, length ‘’ and resistance R can smoothly move on 
this frame. A capacitor charged to a potential difference ‘V0’ initially is connected as shown in the figure. 
Find the velocity of the rod as function of time ‘t’ if it is released at t = 0 from rest.  

 fp=k esa ‘PQRS’ ,d fLFkj tMor~ rFkk izfrjks/kghu pkyd Ýse ,d leku rFkk fu;r pqEcdh; {ks=k B esa j[kk gSA ,d 

m nzO;eku] ‘’ yEckbZ rFkk R izfrjks/k dh ,d NM+ ‘EF’ bl ij fcuk ?k"kZ.k ds xfr dj ldrh gSA ,d la/kkfj=k 

ftldks ‘V0’ foHkokUrj rd vkosf'kr fd;k x;k gS] fp=kkuqlkj tksM+k tkrk gSA ;fn t = 0 ij NM+ dks fojkekoLFkk ls 

NksM+k tkrk gS rks NM+ dk osx le; ds Qyu esa Kkr djksA     

 

Ans. v =  0
2 2

B C V

m B C




2 2B 1
t

mR RC
1 e

 
   
 

 
 

 
 
 



  

Sol. Due to charged capacitor current will flow in the rod in downward direction. Hence the rod will 
experience magnetic force towards right. Then an emf (motional) will be induced in the rod. 

 Let the charge on capacitor and speed of rod at any time t be q and v respectively.  
 vkosf'kr la/kkfj=k ds dkj.k NM+ esa /kkjk uhps dh vksj izokfgr gksxhA vr% NM+ nk;ha vksj ,d cy vuqHko djrh gSA 

rc ¼xfrdh;½ fo-ok-cy NM+ esa izsfjr gksxkA  

 ekuk fd la/kkfj=k esa vkos'k o NM+ dh pky fdlh le; t ij Øe'k% q o v gSA  

    
 Applying loop law we get  ywi fu;e yxkus ij ge izkIr djrs gSa    

 
q

C
 – iR – Bv = 0       ….(1) 

 The force on rod is     NM+ ij cy -  

   F = m
dv

dt
= Bi      .....(2) 

 differentiating equation (1) w.r.t. time t we get      lehdj.k (1) dks t  ds lkis{k vodyu djus ij     

   –
i

C
 – R

di

dt
 – B

dv

dt
 = 0    ....(3) 

 from equation (2) and (3) we get    lehdj.k (2) o (3) ls ge izkIr djrs gSaA        

  
di

dt
 = 

2 2B 1

mR RC

 
 

  

  –  i  
di

i
 =  – Kdt   ....(4) 

 where  tgk¡   K = 
2 2B C m

mRC


 

 at  t = 0 sec ij , q  = CV0 and vksj v = 0 

   from equation (1) the current at t = 0 is i0 = 0V

R
  

  t = 0 ij /kkjk lehdj.k (1) ls i0 = 0V

R
   

 integrating equation  lehdj.k (4) dk lekdyu        

  

0

i

V R

di

i  = – K
t

0

dt  

 we get   ge izkIr djrs gSa   
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  i = 0V

R

K te
   

 from equation (2)    lehdj.k (2) ls      

  dv = 
B

m


i dt or  ;k      dv = 0B V

mR


 e– Kt dt 

 integrating the equation   lehdj.k ds lekdyu ls   

  
v

0

dv  = 
t

0


B

m

 0V

R
  e–Kt dt  v = 0B V

mR

 1

K
  
 

  [e–Kt – e0] = 0B V

mRK


 [1 – e–Kt] 

 By substituting ‘K’ we get     K dk eku j[kus ij ge izkIr djrs gSaA  

  v = 0
2 2

B C V

m B C




2 2B 1
t

mR RC
1 e

 
   
 

 
  
 
 



     

8.# In the figure shown a long conductor carries constant current I. A rod PQ of length   is in the plane of 
the rod. The rod is rotated about point P with constant angular velocity  as shown in the figure. Find 
the e.m.f. induced in the rod in the position shown. Indicate which point is at high potential. 

 fp=kkuqlkj ,d yEcs pkyd esa /kkjk I izokfgr gks jgh gSA ,d   yEckbZ dh NM+ PQ blds ry esa j[kh gSa NM+ dks P 

fcUnq ds lkis{k fu;r dks.kh; osx  ls fp=kkuqlkj ?kqekrs gSa bl fLFkfr esa NM+ esa izfjr fo-ok-cy dk eku Kkr djksA 

crkvks fdl fcUnq ij foHko vf/kd gSA    

     

Q

a
  

Ans. 0i

2 cos

 
 

a a cos
n

cos a

        


    

Sol. Magnetic field B at point of differential element is   
 vodyuh; vo;o ds fcUnq ij pqEcdh; {ks=k B gS        

 

 B = 
 

0 i

2 a x cos


  

    emf induced in this element is d = B V dx   

 B =  
 

0 i

2 a x cos


  

  bl vo;o ij izsfjr fo-ok-cy d = B V dx   

  d = 0i x dx
.

2 (a x cos )

 
  



  = 0

0

i
d

2 cos


 

 
  0

x
dx

a
x

cos

 
 
 
       




= 0i

2 cos

 
 

a a cos
n

cos a

        


  ...... Ans. 
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9. An infinitesimally small bar magnet of dipole moment M is moving with the speed v in the X-direction. A 
small closed circular conducting loop of radius 'a' and negligible self-inductance lies is the Y-Z plane 
with its centre at x = 0, and its axis coinciding with the X-axis. Find the force opposing the motion of the 
magnet, if the resistance of the loop is R. Assume that the distance x of the magnet from the centre of 
the loop is much greater than a.        

 f}/kzqo vk?kw.kZ M dk ,d vR;Ur lw{e NM+ pqEcd, X–v{k dh fn'kk esa v pky ls xfreku gSA 'a' f=kT;k o ux.; 

Lo&çsjdRo dk ,d cUn pkyd o`Ùkkdkj ywi Y-Z ry esa fLFkr gS rFkk bldk dsUnz x = 0 ij gS rFkk bldh v{k,  

X-v{k ls lEikrh gSA ;fn ywi dk çfrjks/k R gS rks pqEcd dh xfr dk fojks/k dj jgk cy Kkr djksA eku yks fd 

ywi ds dsUnz ls pqEcd dh nwjh x, a ds lkis{k cgqr vf/kd gSA       

Ans.  
0
2 2 4

8

9 M a v

4 Rx


  

Sol. Given that x >> a   fn;k gqvk gS   

a
x

y
z

V

x

i

j

k

 
 magnetic field at the centre of the coil due to the bar magnet is ,  
 NM+ pqEcd ds dkj.k dq.Myh ds dsUnz ij pqEcdh; {ks=k  

    B = 0

4


 3

2M

x
 = 0

2


 3

M

x
 

 Due to this, magnetic flux linked with the coil will be -  
 blds dkj.k] dq.Myh ls lacaf/kr pqEcdh; ¶yDl  

   = BS = 0

2


 3

M

x
  (a2) = 

2
0

3

Ma

2x


 

   Induced emf in the coil, due to motion of the magnet is ,   
   pqEcd dh xfr ds dkj.k] dq.Myh esa izsfjr fo-ok-cy  

  e = 
d

dt

 
 = – 

2
0Ma

2

 
  
 

d

dt 3

1

x

 
 
 

= 
2

0Ma

2


4

3

x

 
 
 

dx

dt
  = 

3

2

2
0

4

Ma

Rx


V 

dx
V

dt
  
 

   

 Therefore, induced current in the coil is ,  blfy, dq.Myh esa izsfjr /kkjk   

  i = 
e

R
 = 

3

2

2
0

4

Ma

Rx


 V  

 Magnetic moment of the coil due to this induced current will be ,  
 bl izsfjr /kkjk ds dkj.k dq.Myh dk pqEcdh; vk?kw.kZ  

  M’ = iS = 
3

2

2
0

4

Ma

Rx


 V (a2) 

  M’ =
3

2

4
0

4

Ma V

Rx

 
   

 Potential energy of M'


 in B


 will be,  M'


 o B


 ds fLFkfrt ÅtkZ,  
  U = – M’ B cos1800  
  U = M’B 

  =  
3

2

4
0

4

Ma V

Rx

  0
3

M
.

2 x

 
  
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a

V

S N

M
(of coil)

B
(due to magnet)

i

N

 

  U = 
3

4

2 2 4
0M a V

R


7

1

x
 

  F = – 
dU

dx
 = 

21

4

2 2 4
0

8

M a V

Rx


 

 Positive sign of F implies that there will be a repulsion between the magnet and the coil. 
 Note that here we cannot apply   
 F dk /kukRed fpUg n'kkZrk gS fd ;gk¡ pqEcd o dq.Myh ds e/; izfrd"kZ.k cy gSA  

 ;g ge mi;ksx esa ugha dj ldrs gSaA  

  F = 0

4


 4

6 MM'

x
    (directly lh/ks gh)......(i) 

 because here M’ is a function of x however equation (1) can be applied where M and M’ both are 
constants. 

 D;ksafd] M’ , x dk Qyu gSA lehdj.k (1) yxk ldrs gSa] tc M o M’ nksuksa fu;r gksA  
 
10. A square loop of side a = 12 cm with its sides parallel to x, and y-axis is moved with velocity,  

V = 8 cm/s in the positive x direction in a magnetic field along the positive z-direction. The field is 
neither uniform in space nor constant in time. It has a gradient  B/x = –10–3 T/cm along the x-
direction, and it is changing in time at the rate  B/t = 7T/sec in the loop if its resistance is R = 4.5 . 
Find the current.   

 Hkqtk a = 12 cm ds oxkZdkj ywi dh Hkqtk,sa x–v{k rFkk y-v{k ds lekUrj gSA bls V = 8 cm/s ds osx ls /kukRed x 

fn'kk esa] z-fn'kk esa fLFkr pqEcdh; {ks=k esa pykrs gSA pqEcdh; {ks=k u rks {ks=k esa ,dleku gS vkSj u gh le; ds lkFk 

fu;r gSA  x–fn'kk esa bldh ço.krk  B/x = –10–3 T/cm rFkk le; ds lkFk bldh ywi esa ifjorZu dh nj  

 B/t = 7T/sec gSA ;fn çfrjks/k R = 4.5  gks rks /kkjk Kkr djksA   
Ans.  22.4 mA  

Sol. I = EMF

R
 = 

2 2a B a B
– v – 22.4mA

R X R t

 


 
 

 Method II: 
 Take  B = –10–3x + 7t + B0  ysus ij  

 where B0 is constant  tgk¡ B0 fu;rkad gS 

   = 
x a

y x

adyB



 ,  = 

d

dt


 ,  i = 

R


. 

11.# In the circuit shown, the switch S is shifted to position 2 from position 1 at t = 0, having been in position 
1 for a long time. Find the current in the circuit as a function of time. 

 n'kkZ, ifjiFk esa daqth S dks fLFkfr 1 ls 2 fLFkfr esa t = 0 ij ifjofrZr fd;k x;k gSA ;g fLFkfr 1 esa dkQh vf/kd 

le; ls Fkh  ifjiFk esa /kkjk le; ds Qyu :i esa Kkr dhft,A  

 

Ans.  
–Rt
3L2

1– e
R 3

 
   

 
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Sol. Let 0 be the initial current in the steady state condition before shifting the switch.  
 ekuk fLFkfr ifjorZu ds iwoZ LFkkbZ voLFkk esa izkjafEHkd /kkjk 0  gSA 

  0 R


   

 Let I'0 be the current in the circuit at time t = 0+. 
 t = 0+ le; ij ekuk ifjiFk esa  /kkjk I'0 gSA 
 Since the flux associated with inductors will be same just before and after the shifting of switch, 

(otherwise the induced emf would be infinite) 
 pawfd izsjdRo ls lacf/kr ¶yDl dqaft ifjorZu ds Bhd igys o Bhd i'pkr~ leku gS  (vU;Fkk izsfjr fo0 ok0 c 

vuUr gks tk,xk) 

   = 0L = '0 (L + 2L) or ;k '0 = 0

3 3R

 
  

 If  is the instantaneous current in the circuit at time t, then 
 ;fn le; t ij ifjiFk esa rkR{kf.kd /kkjk gS rks  

 
d

– 3L – R 0
dt


      

d
3L – R

dt


     or ;k 

0

t

' 0

d 1
dt

– R 3L








     

  
0

– R –Rt
In

– ' R 3L

  
   

 or ;k 
Rt

–
3L– R

e
– R

3R

 



 

 or ;k  – R = 
Rt

–
3L2

e
3


   or ;k 

–Rt
3L2

1– e
R 3

 
   

 
 

12.# A square loop ABCD of side  is moving in xy plane with velocity ˆv t j 


. There exists a non-uniform 

magnetic field B


 =  –B0(1 + y2) k̂  (y > 0), where B0 and  are positive constants. 
 Initially, the upper wire of the loop is at y = 0. Find the induced voltage across the resistance R as a 

function of time. Neglect the magnetic force due to induced current. 

 ,d oxkZdkj ik'k ABCD Hkqt yackbZ , xy ry esa osx ˆv t j 


 ls xfr dj jgk gSA {ks=k esa vleku pqEcdh; {ks=k   

B


 =  –B0(1 + y2) k̂  (y > 0) fLFkr gS tgka B0 o  /kukRed fu;rkad gSA  

 izkjaHk esa ik'k dk mijh rkj y = 0 ij fLFkr gSA izfrjks/k R ij izsfjr fo0ok0cy0 le; Qyu :i esa Kkr dhft,A 

izsfjr /kkjk dk pqEcdh; cy ux.; ekfu,A  

 

Ans. 
2 5

0
t

B t
4

  
      

 
 

Sol. Flux inside the strip iV~Vh esa ¶yDl = B. I. dr = B0 (1 + r2). Idr 
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 Total flux in the loop ik'k esa dqy ¶yDl   = 
y

2
0

0

B (1 r ) Idr   
3

0
y

B I. y
3

 
    

 
   

 Induced emf  izsfjr fo0 ok0 cy 
2

0
–d 3 y dy

–B I 1
dt 3 dt

  
     

 
= –  2

0
dy

B I 1 y
dt

   

 Given fn;k gS   = t 

  
dy

t
dt

     
y t

0 0

dy tdt     y = 
2t

2


 

  
2 4

0

t
– B I 1 t

4

  
    

 
    

2 4

0
t

– B I t
4

  
     

 
 

13. A thin wire ring of radius a and resistance r is located inside a long solenoid so that their axes coincide. 
The length of the solenoid is equal to , its cross-sectional radius, to b. At a certain moment the 
solenoid was connected to a source of a constant voltage V. The total resistance of the circuit is equal 
to R. Assuming the inductance of the ring to be negligible, find the maximum value of the radial force 
acting per unit length of the ring. 

 a f=kT;k rFkk r izfrjks/k ,d iryk rkj ,d yEch ifjufydk ds vanj bl izdkj fLFkr gS fd budh v{k ,d nwljs ij 

lEikrh gS ifjufydk dh yEckbZ , bldh vuqizLFk dkV f=kT;k   b gSA fdlh le; ifjufydk dks fu;r foHko V ds 

L=kksr ls tksM+k tkrk gS lEiw.kZ ifjiFk dk dqy izfrjks/k R gSA ekuk oy; dk izsjdRo ux.; gS rks oy; dh bdkbZ 

yEckbZ  ij vkjksfir f=kT; cy dk vf/kdre eku Kkr djksA  

Ans.  
2 2

0
2

a V

4rRIb


 

Sol.  

  

L = 0 Nnb2 = 0 (n) nb2 = 0n2 b2 
 I = ..........(i)       
 Determine the induced current in the ring 
 oy; esa izsfjr /kkjk Kkr djus ds fy,  

 The flux associated with ring  is oy; ls lEcf/kr ¶yDl  = Ba2 = 0nIa2 

 Here ;gk¡ B = Magnetic field due to solenoid ifjufydk ds }kjk mRiUu pqEcdh; {ks=k 

 = 0nI 

   Induced emf in the ring is oy; esa izsfjr fo|qr okgd cy   = rd

dt


 0na2 dI

dt
  

   The current inthe ring is oy; esa /kkjk I = 
2

0' n a

r r

  


dI

dt
   

  From equ. (i), we get lehdj.k (i) ls 

  I =  –Rt /LV
1– e

R
 

  
dI V

dt L
 e–Rt/L 

  I = 
2

0n a

r

  V

L
e–Rt/L 
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 Determine magnetic force on an element of length dL of the ring 
 oy; dh dL yEckbZ ds vYik'k ij pqEcdh; cy Kkr djus ds fy,   

 The magnetic force on the considered element is dF = IdLB 
 mijksDr vYik'k ij pqEcdh; cy dF = IdLB 

   Force per unit length is bdkbZ yEckbZ ij cy  F0 = 
dF

dL
 = IB  

   On putting the value we get, eku j[kus ij ge izkIr djrs gS F0 = 
2

0n a V

Lr

 
e–Rt/L (0nI) 

  = 
2 2 2
0n a V

Lr

 
e–Rt/L(1–e–Rt/L) 

 For maximum value of F0 ds vf/kdre eku ds fy,, =0 

 After solving, we gy djus ij    F0max = 
max

dF

dL
 
 
 

 = 
2 2 2
0

2

a V

4rRIb


 

 
14.  A long cylinder of radius a carrying a uniform surface charge rotates about its axis with an angular 

velocity . Find the magnetic field energy per unit length of the cylinder if the linear charge density 
equals  and r = 1. 

 a f=kT;k rFkk le:i i`"B vkos'k dk ,d yEck csyu viuh v{k ds ifjr dksf.k; osx ls ?kw.kZu dj jgk gS ;fn 

csyu dk js[kh; vkos'k ?kuRo  rFkk r = 1 gks rks csyu dh izfr yEckbZ pqEcdh; {ks=k ÅtkZ Kkr djksA 

Ans. 
2 2 2

0a

8

  


 

Sol. In this case, convection current due to mechanic transfer of charge is along the surface of cylinder 
perpendicular to the length of the cylinder. 

 bl fLFkrh esa ?kw.kZu foHko ds dkj.k oy;  dh lrg ds vuqfn'k yEckbZ ds yEcor vkos'k dh xfr ds dkj.k /kkjk 

mRiUu gksrh gS  

 We consider a ring element of thickness dx of the cylinder 
 ge csyu ij dx eksVkbZ ds oy;kdkj vYik'k dh dYiuk djrs gS  

 The charge on the considered element is 
 bl oy; ij vkos'k  

  dq = dx 
   The convection current is due to motion of considered element is 
 mijksDr xfr ds dkj.k mRiUu /kkjk  

  dI = 
dq dq

2T





= 
dq dx

2 2

 


 
 

 The magnetic field at point p dueto considered ring element is 
 oy;kdkj vYik'k ds dkj.k fcUnw p ij pqEcdh; {ks=k  

   

 B = 

 
2

0
3 / 22 2

dIa

2 a x




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 or ;k B =

 
2

0
3 / 22 2

a

2 a x



 2




  dx = 

 
2

0
3 / 22 2

a

4 a x

 

 
dx 

  d = 
2 2

0a a

4

 


· 

 3 / 22 2

dx

a x
    = 

4
0a

4

 

 3 / 2– 2 2

dx

a x

 

 
   

 Putting x = tan j[kus ij  

   sin  = 
2 2

x

a x
 

  dx = a sec2 d 

   = 
4

0a

4

 

 
2

3 / 2– 2 2 2

asec d

a a tan

 



 

 
  

   = 
4

0
2

a

4a

  x

x –
sin

  

 
    = 

2
0a

4

 
2 2

–

x

a x

 



 
 
  

 = 
2

0a

4

 
 [1 + 1] = 

2
0a

2

 
 

   = LI  LI2 =  I 

  Magnetic energy is pqEcdh; ÅtkZ U =
1

2
 LI2 =

1

2
 (LI) I = 

1

2
  I = 

2
0I a

2 4

  
 I 

   Magnetic energy per unit length is izfr yEckbZ pqEcdh; ÅtkZ 
2

0U a I

4

 


 
 

 But ijUrq 
I dI dx

dx 2 dx 2

 
  

 
  (from eqn. (i) lehdj.k  (i) ls ) 

  
2 2 2 2

0 0U a a

4 2 8

     
 

 
  

  
15.  A long solenoid of length  = 2.0m, radius r = 0.1m and total number of turns N = 1000 is carrying a 

current i0 = 20.0A. The axis of the solenoid coincides with the z-axis. 
 (a) State the expression for the magnetic field of the solenoid and calculate its value?    
 Magnetic field 
 (b) Obtain the expression for the self-inductance (L) of the solenoid. Calculate its value.   
 Value of L 
 (c) Calculate the energy stored (E) when the solenoid carries this current?    
 (d) Let the resistance of the solenoid be R. It is connected to a battery of emf e. Obtain the expression 

for the current (i) in the solenoid.         
 (e) Let the solenoid with resistance R described in part (d) be stretched at a constant speed  ( is 

increased but N and  are constant). State Kirchhoff’s second law for this case. (Note: Do not solve for 
the current.)             

 (f) Consider a time varying current i = i0 cos(t) (where i0 = 20.0A) flowing in the solenoid. Obtain an 
expression for the electric field due to the current in the solenoid. (Note: Part (e) is not operative, i.e. the 
solenoid is not being stretched.)          
(g) Consider t = /2 and  = 200/ rad–s–1 in the previous part. Plot the magnitude of the electric field 
as a function of the radial distance from the solenoid. Also, sketch the electric lines of force. 
 = 2.0m yEckbZ, r = 0.1m f=kT;k rFkk N = 1000 Qsjksa okyh yEch ifjufydk esa i0 = 20.0A /kkjk izokfgr gS 

ifjukfydk dk v{k z-v{k ds lkFk lEikrh gSA   

 (a) ifjufydk ds pqEcdh; {ks=k ds fy, O;atd Kkr dhft, rFkk bldk eku Hkh Kkr dhft,A    

 (b) ifjufydk ds Loizsj.k (L) ds fy, O;atd Kkr dhft, rFkk bldk eku Hkh Kkr dhft,A  

 (c) ifjufydk esa izokfgr /kkjk ds fy, blesa lafpr ÅtkZ (E) Kkr dhft,A 

 (d) ekuk ifjufydk dk izfrjks/k R gSA bldks e fo|qr okgd cy dh cSVjh ls tksM+rs gSA ifjufydk esa /kkjk (i) ds 

fy, O;atd Kkr dhft,A  
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 (e) iz'u (d) esa iznf'kZr ifjufydk ds izfrjks/k R dks fu;r pky ls [khapk tkrk gSA ( c<+rh gS ijUrq N rFkk  fu;r 
gS) mijksDr fLFkfr ds fy, fdjpkWQ dk f}rh; fu;e fyf[k, (uksV : /kkjk ds fy, gy er dhft,A)    

 (f) i = i0 cos(t) (tgk¡ i0 = 20.0A) le; ifjofrZ /kkjk ifjufydk esa izokfgr gS] ifjufydk esa izokfgr /kkjk ds dkj.k 

fo|qr {ks=k ds fy, O;atd Kkr dhft,A (uksV : iz'u (e) dks blls lEcfU/kr ugha ekus)    

(g) iwoZ iz'u esa t = /2rFkk  = 200/ rad–s–1 ij fopkj djrs gSA ifjufydk ls f=kT; nwjh ds Qyu ds :i esa 

fo|qr {ks=k ds ifjek.k dk vkjs[k cukb;s rFkk fo|qr cy js[kkvksa dks Hkh iznf'kZr dhft,A  
Sol.  

 

0.1 

= 2m

z

 
 N = 1000. i0 = 20 A 

 (a)  0 o
N

B i 



ˆ( k)   

  | B |


 = 4 × 10–3  Testa 

 (b)   = Li0 

  BNA = Li0 

  L = 
2 2

2 30

0

N rBNA
2 10 H.

i
 

   


 

 (c)  
2

2
0

1 4
E Li

2 10


  Joules = 3.95 J 

 (d)  i = i0 ( 1 – e–t/)  where tgk¡ 
L

R
   , 0i R


  

 (e)  – iR – 
d

dt
 (Li) = 0 

   – iR –
di dL

L i
dt dt

  

   = iR +
di dL

L i
dt dt

  

 After time t ds ckn ;  

 L = 
2 2

0N r

(l vt)

 


  
dL

dt
= – 

2 2
0

2

N r v

(L vt)

 


 

   = iR +
Ldi

dt
– 

2 2
0

2

i N r v

(L vt)

 


. 

 (f)  Einduced = E.dl
 

 = –
d

dt


.    

  
d

E.dl
dt


 

 
 

  (d  Radial distance from axis of solenoid ; r   Radius of solenoid) 
  (d  ifjufydk dh v{k ls f=kT; nwjh ; r   ifjufydk dh f=kT;k) 

  For (d < r) ds fy,  

  E. 2d =  – d2 
dB

dt
 

   = –d2 0
N di

dt



  

  E. 2d =   d2 0
N




 i0 sin(t) 

  E =  0 0Ni d sin( t)

2

  

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  For d > r ds fy, 

  E. 2d =  – r2 
dB

dt
  

  E =  
2

0 0Ni r
sin( t)

2d

 



 

 (g)  

      

  t
2w


  

  0 0Ni d
E

2

 



 d < r 

  
2

0 0Ni r
E

2d

 



 d > r 

 Lines of force  cy js[kk,sa 

   
 
16.# The wire loop shown in the figure lies in uniform magnetic induction B = B0cos t perpendicular to its 

plane. (Given r1 = 10 cm and r2 = 20 cm, B0 = 20 mT and  = 100 ). Find the amplitude of the current 
induced in the loop if its resistance is 0.1 /m.  

 rkj dk ,d ywi fp=kkuqlkj vius ry ds yEco~r le:i pqEcdh; {ks=k B = B0cos t esa fLFkr gSA (fn;k gS r1 = 10 

cm rFkk r2 = 20 cm, B0 = 20 mT rFkk  = 100 ). ;fn ywi dk izfr:i 0.1 /m gks rks ywi esa izsfjr /kkjk dk 

ifjek.k Kkr djksA 

      
Ans.  ampere. 
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Sol.  

  
 B = B0cost 
 Net flux dqy ¶yDl 
  = BA2 – BA1 
 So, induced emf blfy, izsfjr fo|qr okgd cy 

  e = (A2 – A1) 
dB

dt
  

 So, vr% i = 2 1(A A ) dB
.

R dt


 = 

2 2
2 1

0
.(r r )

 . B sin t
R

 
   

 So, vr% i = 
4

3
1 2

.(400 100) 10
20 10 100

2 10 30 10




 
  

   
   

 =  ampere. Ans. 

 
17.# Two capacitors of capacitances 2C and C are connected in series with an inductor of inductance L. 

Initially capacitors have charge such that VB  VA = 4V0 and VcVD = V0. Initial current in the circuit is 
zero. Find:          

 2 C o C /kkfjrkvksa ds nks la/kkfj=k L izsjdRo dh ,d iszjd dq.Myh ds lkFk Js.kh Øe es tqM+s gSA izkjEHk esa la/kkfj=kksa 

dk vkos'k bl izdkj gS fd VB  VA = 4V0 o VcVD = V0. A ifjiFk  esa izkjfEHkd /kkjk 'kwU; gSA Kkr fdft;s A  

       
 (a) Maximum current that will flow in the circuit. 
 (b) Potential difference across each capacitor at that instant. 
 (c) equation of current flowing towards left in the inductor. 
 (a) ifjiFk esa izokfgr gksus okyh vf/kdre /kkjk   

 (b) ml {k.k izR;sd la/kkfj=k ij foHkokUrj  

 (c) izsjd dq.Myh esa cka;h vksj izokfgr gksus okyh /kkjk dh lehdj.k   

Ans:  (a) max =
6C

L

 
  
 

 v0   ; (b) 3 v0, 3 vo  ; (c) i = max sin t ;   = 
3

2LC

 
  
 

 

Sol.  (a)         

         Figure a.  Charges at t = 0 sec.  Figure b.  Charges at any time t 
 The charges on both capacitors are shown at t = 0 sec. and any time t later in figure a and b. 
 Applying KVL to the loop at any time when current i flows through it. 

  
di

L
dt

 + 09CV Q

2C


 – 

Q

2C
 = 0 

 for current to be maximum 
di

dt
 = 0    or 

Q

2C


 + 09CV Q

C


 = 0 or Q = 6 CV0 

 Total energy in the system at t = 0 is Ui = L (0)2 + (2C) (4V0)2 + CV0
2 = CV0

2 
 Total energy when current i is maximum 
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Sol. (a)          

            fp=k a.  t = 0 sec. ij vkos'k   fp=k b.  fdlh le; t ij vkos'k  
 t = 0 sec. ij nksuksa la/kkfj=k ij vkos'k vkSj t le; ckn la/kkfj=k ij vkos'k fp=k a o b esa iznf'kZr gSA  

 ywi esa fdlh le; t ij tc i /kkjk izokfgr gks jgh gS rks KVL yxkus ij  

  
di

L
dt

 + 09CV Q

2C


 – 

Q

2C
 = 0 

 vf/kdre /kkjk ds fy, 
di

dt
 = 0    ;k 

Q

2C


 + 09CV Q

C


 = 0 or ;k Q = 6 CV0 
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