Electromagnetic Induction / m—

Bl Exercise-1

. Marked Questions can be used as Revision Questions.

= faffed uea Sievm a7 ueE R

PART -1 : SUBJECTIVE QUESTIONS

AT - | : fAYATHS Y99 (SUBJECTIVE QUESTIONS)

Section (A) : FLUX AND Faraday’s laws of electromagnetic induction

Gus (A) : FOaE T BIIS @ fAga o R 3 A

A1,

Sol.

A-2.#

Ans:

Sol.

A-3. 3

Ans:
Sol.

If flux in a coil changes by A¢, and the resistance of the coil is R, prove that the charge flown in the coil
during the flux change is A¢/R. (Note : It is independent of the time taken for the change in flux)

i qusell H Garad URdcT Ag T HUsell ®1 IRRIE R 81 a1 Rig &1 & doqas aRacs & SRM g8
Tl MY AYR B | (A1 : I8 v H gRacH A fog M a7y R R =78 ovar B )
_e _ A1 Aq _ Ap 1

R At R At At R

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?

e A gei Grsell ol I8 @ IR Th gHEd & S gd Bl Auald o © (B H) | aRemRawy
Y AHTS & FHI ARl § HUsell A TIRG Feidd 0.4 d9% 9§ 0.9 96R T uRafkld 8Ia1 © | $9 <RI
d uRd ofied fdogloge S &1 | w1 URT &RT Sfeonad a1 gMmEcd) erl Ife &9 Hrsdl d gD DI
TWh ¥ W |

1.0 V, anticlockwise.  amTac
.= b1—¢p _ 04-09 _ 050
t 1/2 1/2
e=—1volt le] = 1 volt. (Anticlockwise)  (aTHTa)

The flux of magnetic field through a closed conducting loop of resistance 0.4 O changes with time
according to the equation ® = 0.20t? + 0.40t + 0.60 where t is time in seconds. Find (i) the induced emf
at t = 2s. (ii) the average induced emf int = 0 to t = 5 s. (iii) charge passed through the loopint=0to
t = 5s (iv) average current in time interval t =0tot=5s (v) heat produced int=0tot = 5s.

RIY 0.4 Q & 95 AP U 9 JoR B JRON Faad T b A1 FHHRI O = 0.20t2 + 0.40t +
0.60 & ITAR Il © | 98l t HHvs § 7T B | A BRI | (i) t = 25 TR IRT fAodloga | (i)t=0A t=5
s 3 IRT fodlodd | (iii)t=0% t=5sH U A ToR I KA A | (iv) TRRRIA t=0F t=5s
H 3 ORT (v)t= 0¥ t=55H I~ S|

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

€= _d¢ =—-(04t+0.4)
dt
(i) =2 = —1.2 volt
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Electromagnetic Induction /

[0.2(5) +0.4(5) +0.6] - [0.6]
5-0

(i) <e> = = 1.4 volt

Ao
At
(i) Aq = %‘1’ =175C.

(iv) <i> = AA—? = 3.5 Anticlockwise arTad

2

S 2
& 4t = J‘[0.4t+0.4] dt =@
: R

3

(v)H=J'E 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~ m? 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) fodll H R g &7 FEGgAR gRafia 861 & | &3 & dwaq 39 8¢ 10°° m? &3%d arel s
U # U W IS 10 el ddvs R @ fog URT Sid fdodiosd @I o HIQ | (b) foed
IR & oy fodtoga ad 781 8 ? 10 fAehl oS IR & BRI & FHIY FGER B T0F AF
Sl
B(T)
0.03 T
0.01 +
10 20 30 40 tms)
Ans: (a)-1mV,-2mV, 2mV, 1mV
(b) 10 ms to 20 ms and 20 ms to 30 ms.
Ans: (a)-1mV,-2mV, 2mV, 1mV
(b) 10 ms & 20 ms @ 20 ms & 30 ms
Sol. 0to10ms
(a)<8>= _A_¢ =_ A_B
At At
=103 x —(0'01‘03) =—1mV
10x10~
10 to 20 ms :
<e> = 1073 x w = omv
10x10~
20to 30 ms:
<> =— 108 x 00N-(003) _,
10x10°°
30to40 ms :
<g>=-103 xw= 1 mV
10x10°°
(b) slop of B—t curve is not constant in the intervals (10, 20) and (20, 30)
B—t % &1 @Tal 31=<RTa (10, 20) T (20, 30) & #eF fAgq &l 2
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
el v a1 # & > ford 91 UH A1Ad U WA B ad H HB DN 9T | gRfa B @1 2| 39 &=
H v gHeY qu1 R gRer & e 2| U 9 IR arT 91 I |
Ans. zero I
®
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Electromagnetic Induction / m—

Ans.

Sol.

A-7. 3

Ans:

Sol.

A-8.

Ans.
Sol.

A-9.#

Since A¢ = 0 hence induced current is zero.

TfFH A¢ = 0 o1 IRT arT I B

A metallic ring of area 25 cm? 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 cm? &F%hd dTell Uh gifcdd aed 0.2 T gRa 83 & o=adq & T 8| 3991 0.2s ¥ &3 & aiex
T foram ST 8 | 59 99T=ORTT § 9o § IRT eigd fdodtogd Sid BT
2.5mV

Ad A OB

<g>=-—— =—A— =-25x10"% {w} volt=2.5mV

At At 0.2
A solenoid has a cross sectional area of 6.0x10™ m?, 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 Q 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.

IPIRY PIE &Fhd 6.0x104 m? B TP GRATIABT # 400 BR HfT #ex & 9 399 0.40 A 31 gRT Ja1f=d © |
gRRerferet @1 aRfY & aRT IR 10 B} &1 FuSll FIDPY U] Wil & | Hosell & (MR 1.5Q F afcRig |
IS B | EFd FHofl Wil & Wi ¥ @ 0.050 s FHT # uReIfeIdT H ORT Y B G B 3T IHI B

SR qUSell H AT URT S DRI |

1.6x10°A

o= <8>_ BA _ () AN _ 47x107" x400x0.40x6x10~* x10
R Rt Rt 1.5x0.050

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.

P fAa—gsdd Al I § IRR & <= 50 8% 9 1 mm 501 @1 U gosell 9 TRR & 9% 1000 =%
g 2 cm A1 @ P Adbiwd U9 GHENT HUScll © | Al 912F HUsel H, 1A B gR1 10 e davs F
A B I B a1 M<IRe fusen § ARG ia fAodioda @t IOMT oY |

493 uVv
B ="oolo 4 — gy x , EMF =— A%
2R, At
2
EMF = _ MoHo x iy AT _ 493pV.
2R, At

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.

> C © O

(a) (b) (c) (d)
& gl ARl 9 I GAAA MGRT B S BTG B dd b oad Ued drel ¥ ¥ DI IR AAWY
R &F 9 RIT B | HOR IRV FH B IR BT 2 | 39 Ui ¥ WRT g1 @ e A ARy |

(@) (b) () (d)
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Electromagnetic Induction / m—

Sol.

Sol.

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

(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.

SACACIOR

(b) (c) (d)
(a)qﬁwwﬁwaﬁﬁwaﬁmﬁ%‘,ﬂuﬁwwﬁaﬁéwﬁ%(b)mmﬁaﬁmﬂm
(c) TFI JTMBR ATADI § fRAVA, FATOID H DI IRT el 2 | (d) 3MMS 3fH oIl M@y & I IR o
H cferomad |

A-10.=#A uniform magnetic field B exists in a cylindrical region of radius 1 cm as shown in figure. A uniform

Ans.
Sol.

wire of length 16 cm and resistance 4.0 Q 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.

RATgER 1 Ao 3501 & JaTeHR &3 § 996 g9ag &9 B fJedE g1 16 ¥Hlo JF1s d1 4.0 Q
AfcRIg arel IR B AR BH H AST ST & 9T SHD! Th oIl J-IPR &5 & A™ & (g 8 | I
FrDE &3 H 1 T/s &l 790 &% & gfg 21 1 %9 3 IRT gRT = BRI ?

a d

X X
X X | X X
X X | X X
X | X
b ©
n/8 x 1074 A
= & - EIde LENANdE
R R dt R dt
__m? dB_m x 10~ A
2R dt 8

A-11.2# 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 Yo 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.

T fUSell ACD # oRT @1 dwgr N aon f3rsar R 8, 399 [ UPaR oRT yarfEd 81 <& & de I8 va afds
A9 R I 2| r o @ 980 BT A arae 9dd K, BUsell ACD & s 9 Yo U W FEER HWR
B IR RIT | 919 9o K gad w9 & ARl & a1 3991 wnfid fAodiosd &1 &wid @ -1 ? fJodrogd
HT FAAH ARG T v qA HdAS Y B TRl H T B ?
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Electromagnetic Induction / ﬂ—

Ans.

Sol.

A-12.

Ans.

Sol.

A-13.#

Ans:

Sol.

3 pnR*r?NIyv
5/2
2 (R2+ yz)

_ Bl R N
gz_d_d):_A@:_nrz@ ....... (1)
dt dt dt
2
here agi 92 = _ BoIRMN '3 L x2yx Y
dt 2 2 [R? + y?P2 dt

_ 3p,IRN yv

- 2 [R2 +y2]/2

put this value in eq (i) and get Ans.

TE A FHIHROT (i) H g HR SR UT B |

A closed circular loop of 200 turns of mean diameter 50 cm & having a total resistance of 10 Q is
placed with its plane at right angle to a magnetic field of strength 102 Tesla. Calculate the quantity of
electric charge passed through it when the coil is turned through 180° about an axis in its plane.

T 200 BRI, 50 cm AT AR 3R 10 Q o FRY B Th 9<% OISR U, 39 ad dI 102 Tesla &

RO &7 § APV g9 gY W@ W] © | SHd adf H R TP 3J& & |l 519 Hoseil 180° ¥ gATs
St 2 A SEY varRd faEa smder @ o B |

25nx 102 C = 0.078 C

_ A 2x200x7 (25x1072)2x 1072

"R 10

Aq

Figure shows a square loop of resistance 1 Q 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)

o # 1m gor aren 1 Q IRRIY &1 TP ddR ¥ 1 m/s & 7197 97 3 S 3R Tfd #R @ 21 t=0
W 3AD! A DI Goll 3m s gD & (B=1T ) Jd% Sl 2 | A1 g4 § 99 & A1 URT &R7
BT UTH I18Y (SRT DI ITHE Q2T BT EHTHS AIfoTg)

X X X X
1mI

—>

X
X
X
X
X

X X X X
X X X X
WX X X X
X X X X
X X X X X

l
1

1A

of 1 2 i3 4 5 f(sec)

1A —

For 0<t<1s,® forgi=Bv//R =1 A (anticlockwise arTac)
For 1s<t<3s,® fog ¢ = constant (Fad) so 3@ i = 0,
For 3s<t<d4s, & fawi=Bv//R =1 A (clockwise Tferomad),
For t>4s, & fawi=0
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Electromagnetic Induction / m—

A-14.

Ans.
Sol.

Find the total heat produced in the loop of the previous problem during the interval 0to 5 s
SRIFT T2 § FTHRITRIA 09 58 H U H IU~ ol S ST PRI 7

2J

H=iPR1+0+i2R1

=1+0+1=2J

Section (B) : Lenz’s Law

gus (B) : o= &I f9H

B-1.

Ans.
Sol.
Bal.

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.

AN Y gF FAR AAD Th G B IRG TOAM & | S 9 TS § Ed o1 98 8 81 W
et W IRT g1 & fawm @ B8Rl ARG ar1 @ e w1 BN 99 9 U g 9 ) I 81 7
Opposite direction, Same direction. fawdia foen, |9 =

This is in accordance with Lenz's law.

IE oIl B IR € |

Section (C) : induced EMF in a moving rod in uniform magnetic field

gus (C) : & WA gHEHI &7 3 | s § IR fdodoga

C-1#

Ans:
Sol.

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 I8 $1 Uh difcad dR PQ AU T Ud Th FAH gadig &7 0.2 T & o=aq 2 m/s & a7 4
RAER IEE 81 R & BRI & = ARG fdodlodd S &1 | dIF—dA1 RRT €9 MART e | (B 3
TS g4 B A B)

Q
®p

Vv

4mV, Q
e =BVL = 0.2 x 2 x 102 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

Ans:

Sol.

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.
o # 9l o ER giftad IR &1 91 & §HaIvT 39S abc T §919 I v § g9 dd § TIHA 2 |
Y & T & oFgaq Qe # ve wEH gEe™ e B A 8 | 9RT fdodlodd S @Y | (a) U abe #,

(b) ST be # T, () YT ac § T2 (d) T ab H |
C

B®

Ve—

C) €ac = BVLbc

(a) zero (b) vB (bc), positive atb ((k:)) vB(bc), posa;tive ata (d) zero
(a) I (b) vB (bc), b ®R g-icA®  (c) vB(bc), a TR g-TcHS (d) [
(a) gabc = [+ effective length is zero ] [~ 9T T8 T 2]
(b) &nc = BVLbc
(c)

d)
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Electromagnetic Induction / m—

C-3.

Ans.
Sol.

Ans:
Sol.

C-5.

Ans.

Sol.

A metallic metre stick translates in a direction making an angle of 60° 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.

TP HIeR ANS B Uh OTkad B AUl IS | 60° BT I qARN g3 fawn F wfew 21 &7 # femm
01T & U FHAM I &3 A & Ta & a9dd ¢ | B8 & R W IRT Foatogd g &1 Ifx
TIFRIT 7T & a1l 0.2 m/s B |

J3 %1072V

¢ = BV(L sin@)
=0.1x0.2 x 1sin 60°

J3 %1072V

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 x 10~* T, and the angle of dip is 30°.

Yed U B Qi YeRAT Th g ¥ 1m ¥ 2 AT dleeHIeR gRT eI 2 | dleeHey Bl ursdid w1 &I |
Ife ¢ 5m/s & I | YRl R IRRNA 2| 59 I W gedl &1 g 34 x 104 T faeme g, 9
qfaeror 30° B |

1mV

¢ =BwWL

=[Bsin0] VL=4x 10~ x sin30° x 5 x 1.

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 31 arell U6 gareR Ared gerd $HG do W A 99 v Y RFEART 81 %8 8| 99T & I & o
FARY RO 83 B AT & | 909 ) 29a: fhgE fagei & I g™l ® faar 15w | (a) fagai
3 fod g™ & ford fdodioge siffmad &8I ? (b) el & 5w g™ & oy fdodiogd =aw ?PTFI il
g9 faarged &1 99 fdan m ?

(a) at the ends of the diameter perpendicular to the velocity, 2rvB (b) at the ends of the diameter
paraIIeI to the velocity, zero.

wmzﬁﬁﬁwaﬂiﬁw 2rvB (b) &9 & RIRI W) 9 & FARKR |, YA |

Qﬁv

€max = EAC = BV(2r)

emin =¢eep =0

C-6.=# A wire bent as a parabola y = kx? 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.

TP AR Bl WA y = kx? & ATHR H AST 71 & | I§ 990U g9 & B H Red zafder Badxy &
TEAA 2| t=0 &9 R FINP B8 WHRIRG ®Y F IWRaod Y A F9d @R0T a § A1 go w_al
2 ()| 39 voR 99 U # fga g R &1 fQodlodd y & ward # 910 B ?

y
B
\ aA® /

0 X
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Electromagnetic Induction /

Ans. By+/8a/k
Sol. V?2=u?+2ay=0+2ay
V = /2ay

& = BV(2x) = By/2ay xz\/% — &=2By /27a - By /873_

Section (D) : Circuit Problems and Mechanics

v (D) : IRu 7 FiFaT & a4

D-1.# A square frame of wire abcd of side 1 m has a total resistance of 4 Q. 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 ¢ and d.

qUPHR IR & HH abcd B Yol 1 m T HA IR 4 Q 8| $9P] F=bI &3 B=1TH 1 N (=)
I THR WAl Sl € | I8 gl il & fb %9 Fod @ | 9imE 2 | Sh S| (@) 99 @ a3,
(b) U # AR fdodroqe, (c) g3l adenm b & dra fawaraR der (d) fd5eli cden d & 9= fawarr |

b (o}
X X X X
——> F
X X| X X
a d
X X X X
Ans. (a)4m/s (b)4 V(c)3V (d)1V.
22
Sol. (a)F=ILB= % (LB) = ELY ,1=V/4, V=4m/s
2 -2y2
39 x10_5=(0.02) (8x210 ) xV
(b)e=BVL=1x%x4x1=4Volt
(c) Vab=e¢—1IRap =4 — (4/4) (1) = 3V
(d) Ved = IRca = (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 Q resistor when the switch S
is thrown to (a) the middle rail (b) bottom rail. (Neglect resistance of rails)
o 4 <wift Rafd & wean &1 | T9vF 9foRig & IR CD &1 9 9efRAl W & 9AM ard 50 cm/s &
FAd 21 10 Q IRRIY H gRT S1d )1 59 Foil s I (a) 7T eI ¥ Srsd = (b) Faell 7ed 4 Ssd T |
(veRal &1 uftRly T90T )
x o x x x 10Q x  x
2 cmx x x x /\/Y\Nx;‘ x
X X X X S bd X
2 om BT
x D x x x x x X
Ans. (a)0.1mA (b) 0.2 mA
Sol.  Equivalent ckt. goa aRuer
(a) i %
; R=10Q
-2 -2
- BVZ _ (0.1)(50x107)(2x10™%) _ 01mA
R R 10
(b) [ i'=2i.
R=10Q
2¢
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Electromagnetic Induction / m—

D-3.»#Figure shows a smooth pair of thick metallic rails connected across a battery of emf ¢ having a

Ans.

Sol.

D-4.#

Ans.
Sol.

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 v 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.
o # Ty RS Ry e fodlogad & 1 e @1 fFe=n, A, giiias eRal & RRT R REgaR
SIS 1 B | NS (9T IRRIG r &1 S aR ab e qeRal R fhad wawar g wepl e afts
Td W 2 AT IB VP FHH FeAieR JHO &7 B H @ & | fFAW &0 t R IR P A RE ofed 9T v
A 2| (a) 39 &0 $HH URT AT BRI | (b) $9 &0 IR R M dTel 9 91d a1 | (c) T2l {6 o a9
91 TR ab FIa@ 97 | fhaerar 8 den I8 99 §1d & |

—

x xBx x Xp X

X X X X X X

Tx x x x x| x

X X X X X g X

(a) 1 (e —vBY), from b to a (b) 42 (e — vB/) towards right (c) é
r r

(a) ; (e—vBl),bda (b) ? (e — vB/) ST 3R (c) Bif'

|
>
>

I+

— BVL

(a)i= £=BVE o ockwise zRomad
r

(b)F=i£B=(

s—rBVEJ /B

(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 TR &R & 31 V 9&dl =7 91 §B THd YA Uiy H 9RT I &1 Sl o o9 F=0d1 V

tfereaH (a1 f==ga) 8 |
So 3e: e=BV/ , V=2

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 :

o 4 <ol 1 2 5 (0 R Rd Q1 =R Teaq a1ed A1) TeRAl @ $W TE aR foa ghRiy
R t frda <1 8| 7Rl & aa & awaq faen 3§ g &3 B fegwe 81 ar faa 9w v 9 wfoeha
2 IR # yaTfed oRT ST BT |

Kfixed

QB | ——>v

zero 3
i=0
- (circuit is not complete aRuer goi =&t 7))

/\
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Electromagnetic Induction /

/\

D-5.=#A long U-shaped wire of width ¢ placed in a perpendicular uniform and constant magnetic field B

Ans.

Sol.

D-6.=

Ans.

Sol.

(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.

o & <win & 6 ¢ AeTs gt U-sTafd &1 ol IR oFaaq 99y a i geer &3 B § v
B3 2 | U-3THR dTel IR WR T / 18 aTell aR SR 3R a9 v 8 fefliar © | 997 aRi & &aid
TS BT AR rg | t=0 R, ReAPp g1 AR, USSR dTed Wfsaq dR @ 91 fhR & w969 21 aRa
fJodTogd 1 9 & WU A M Y T t WR TP Jod URY 15 | URYY H gRT PHI IO BT |

TX X X X X X X

L
lx X X X X X X

<«—x—>

Net resistance @ ufoRIg R=(20+2x)r

BV, _  BW
(20+2x)r  2r({+ Vi)

£
R

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 Fo, find the time at which the
force needed will be Fo/2.

o weq # aftfa R R R @S| (a) Rewds arel aR &1 ffga 97 v 9 wifoefia e & o
JANMATIH g DI T BIfoTg | (b) IS t = 0 AHUS & YA MAID 91 Fo & | A1 98 FHI F1d diforg o
TR AMEAIH §d Fo/2 B SR |

B2/?v
(a)m (b) IIv.
_ B2/%y
C2r(0+ i)

Bv/
2r(¢ + vt)
B2/%y

(a)F=i/B=

(b)att=0 W, Fo=

1( B
2 2

t=£
\Y

B B2/%y
2r(¢ + vt)

/\
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Electromagnetic Induction / m—

D-7.=#A wire of mass m and length ¢ can slide freely on a pair of fixed, smooth, vertical rails (figure).

Ans.

Sol.

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)

1, Seafer Seaq UeRAl & ™ W S m T dHTg / H1 IR Jaad w4 4 Bad daar g () |
eIl & T & d=dq T gEa &F B aRd@ # © | qeRal Wi w giRar C arel qgiRa (R=1 4
IAERE) ¥ ! 7 | fag@ ukRig &1 F7vd 79 gU BreT & U fdl F9I t R TR BT 99 S0 I |
(AR BT YRS I7T T B)

x x Cx x
\ |
X X ’ I X X
X X X X
X X X X
X/ X X \X
X X X X
mgt
m+CB2¢?
|
1B
mg
Acceleration &xvra = M9=18  ~ (i)
m
Here I8f = a2 (ce) = CE
dt dt dt
i=c 4 @v)=cs/Iv
dt dt
i=CBfa .. (ii)
from eq. (i) and (ii)
JHERT (1) 9 (i) &
ma =mg-(CBra)/B
[m+CB?/2]a=mg
- mg - - mgt
a=—>—— v=0+at= ————
m+ CB?/? m+ CB?/?

Section (E) : EMF Induced in a rod or loop in non uniform magnetic field

Gug (E) : IHGY O &3 § T B U1 o H AR Rodioqar

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 = io cos (2nt/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.

o 4 yelfd 8 f& r ofiRlg ara arR gr1 AT 1@ Sieaq aieR »¥, (6 o« U9 919 aR @& A
FAGEAT @ g | AR ¥ i gRT ¥aifRd B @ B, S i = o cos (2nt/T) §RI A HI W B | AW
PINTY | (a) TMHR HH A oA Tl FEDHIT &3 &1 Faad | (b) BA § URI fdodroger Torn (c) THITRTA
0J10T & ford wH # I S|
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Electromagnetic Induction / m—

a
—>
i A
[6&—>
b
Ans. (a)¢= M2 a+b . (b) g = Ho? yy a+b)in( 2nt
27 b T
2 2 2 2
(c) heat ™1 = Sy o a /n a+b
Tr b
Sol. (a)o= j B.ds
e i ia a+b
= Hol  agr = Ho@ En(LJ.
! 2nr 2n b
(b)e=— d0= Hodo oy 2t fa+h
dt 2n T b

10T 5 2.2 2 2
€ _ | Sugiga a+b
= | = dt=|—="—||/ :
(c) Q j - ( o J{ n( A

E-2. The magnetic field in a region is given by B = B—Loxlz , 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
V=V, i, find the emf induced between the ends of the rod.

ﬁﬂﬂwmq'\fiﬁrm@l—aré=B—L°xl2mwaaﬁmw%,aﬁLwﬁaam@%lergaﬁw

qTeid TS Hol fawg wd g (L, 0, 0) & g X-3e7 & ey v g8 2| IRk B v=v, j, IT A
el 8, 1 B8 & RRI & fig IR fAars. sia Sifvw |

Bovol

2

Ans.
y.

Sol. VT

T T X
X dx

L
az."% vo dx = —BOVOL

0
E-3.2#A straight wire with a resistance of r per unit length is bent to form an angle 2a. A rod of the same wire
perpendicular to the angle bisector (of 2a) 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.
TH Y TR B Uhidh ob18 B YRR r ¥ T 39 20 BT J AT T 2| SH IR B B8 Sl BT (2a)
® AEgD b A ©, 98 PIYSTPR U a1 W& 8| I8 U 96y g &5 B H @ 8| 54 TS B

o = VA e S 8 A1 oW 9 ORT | BRI ?
o)
A

20
A/ ®B\B

\"
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Electromagnetic Induction / m—

Ans.

Sol.

(BV sin ) / r(1 + sin o)

e=BV/

£ BV where (378f)  coto= ——
R r |:g + 2x :| 112

Cos a

Section (F) : Induced emf in a rod, Ring, Disc rotating in a uniform magnetic field

s (F) : T& 990U TN &7 3§ ¥ 6! B, Jag 9 gt 9 JRa fodroqer

F-1.

Ans.
Sol.

A metal rod of length 15 x 102 m rotates about an axis passing through one end with a uniform angular
velocity of 60 rad s=!. 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 x 102 m <918 &I U 91 S| BS g0b Tb KRR A UIRA & & WY& T WA SO 977 60rad s~
d g9 38 21 0.1 Tesla &1 V& GHF g &3 U el &l fozn 4 f[deME 2| 8s & RRI & #7eg uRkd
fJoaroqe &1 MO H |

67.5 mV

€ . Bwl?
2

= % 0.1 % 60 x (15 x 1072)2 .

F-2.»# In the figure there are two identical conducting rods each of length ‘a’ rotating with angular speed o in

Ans.

Sol.

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.

o & 31 Up 9N A0 Bs, TS DI dHTs ‘@’ DIV A o ¥ SR T3 M H gH & B | AP TS
F1 o -1 IId qe DI a1 2 | JRHHII &3 B Iolli & a1 & oeaq [AeME B | BS, Iad ao 3iR
HAOH dR IRRIgEN B | ufoig R# aR1 &1 uREmT 9 fQen S &) |

b D
& W—0

2

Bwa? Bwa

fromCtoD cuaD
J T
.-
+T_W_J
C R D

(Where STgl & =% Bwa?)

2¢ _ Bwa?®

R R
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Electromagnetic Induction / m—

F-3.

Ans.
Sol.

Ans.

Sol.

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 x 107 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.

T Asfhd 39 wWre W qd—ulRem fen § WSl g8 & 3R sud fwar ufean 50 @@ /fme &
Bof o1l ¥ gH @1 2| IR qAD Wie » =T 30.0 cm B 3R gl & gEO &F F A °geh
4x 105 T, 8 1 318 U9 Wie & Il "R & 99 aRa fa. a1 9 9@ g | Wie & Jad saiag= |
T AT ANBHT g oG AN ARTT |

3nx 108V

e£=1/2Bol? =4 x 107%x [rx(30 x 1072)?] x 50/60.

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 6, 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.

MUY TIHE BT TP Ydddl dR 9 b Bicl MATBR §id, Addy J9d =18 ¢ &1 Th GXd dlddd a9 2 |
qE AP 3G HEAER DIV O W Uh G JHb &7 B & oFdq ool 9 Jocd J9@ H Sla HRal 2 |
s & fPIRI & 7eF AfAHIH AHIR SI7d B |

.0
B/ /gl sin —
g 2

gmax = 1/2 B(x)maxf2
Here 181 mg/(1 — cos 0) = 1/2 mV/2
V2 =2g/¢(1 - cos 0)

o % f29(1 cose) /29x2sm 0/2 23|n9/2

€max = 5 sz x 2sin 9/2\/% ; emax = B/ /gl sin6/2 Ans.

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

Ans.

Sol.

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

2rsar R #1 T arae =l a9 ‘v ' ¥ A Jag R 91 el Jded I8 2| 9 B &1 U
FHEY FHDI &5 Ihell D ddl b AMeread ARG © | 39 &1 7 & 727 IRT fdodiosd smd a1 |

(@)P &TQ (b) P &T C. (c)Q&dacC
(C is centre, P&Q are opposite points on vertical diameter of the disc)

(CH= B, P3 Qaadl & J@ier o W wda g 21)

BRv 3 BRv
(c)
2 2

(a) 2BRv (b)

(a) epa = %B(;)(ZR)2

=1 B[ Y] 2Rz = 2BvR
2 R

1 1 v BVvR BVvR 3
b = —_BoR?= —B| - |R*=—. (c =2BvR- —— = = VvBR
(b) eprc > ® > (Rj 5 (c) eac 5

N
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Electromagnetic Induction / m—

F-6.

Ans.

Sol.

A closed coil having 50 turns is rotated in a uniform magnetic field B = 2 x10™* 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 Q. 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 BRI @1 TH 9% FHoscll A & =dq P G gag &9 B=2x10 4 TH =9 & gRka: garft o
& 2| gl @1 diofig 991 300 Tax ufd e © | ggusal &1 &3%d 100cm? T UfRiE 4 Q2 | 91
IR | (a) 3 oI F iraa ARG fAodrogar Safes Hoeel TR § a8 & dwaq 2, (b) I add
H 3fd fdodtodd, (c) W (a) # HaTed Gl AT TAT (d) THI & Hold & w9 § URA fdodrogar afe 77
t=0W Y & IR grHd M F 98 & 2| (e) AMfddwan IRA fAodloda | (f) o7 F7F =vTad § URa
fqodroqat & @i &1 3 |

(@)2.0x 103V (b) zero (c) 50 uC

2
(d) nx 1023sin (102t) () tmV. () %X‘IO_BV

~

N

For half cycle, 31§ @sh & forg,

(a) <g>= Zﬁ
T

<e> = NBA® _ 2x50x2x10™ x100 %10 x 21x 300
T 60xm

<g¢>=2x 1073 volt.
(b) For complete cycle, qof @1% & forg,

N
_

<e>=0
_ Ap _ 2NBA _ 2x50x2x107*x100x10™*
R R 4
(d) ¢ = NBAw sinwt.
(€)  emax=NBAw=nx 102V
2252 2 2
(f) <e2> = NB°A%0” _

I
2 2

(c) Aq

x107° V.

Section (G) : Fixed loop in a time varying magnetic field & Induced electric field

Grs (G) : G99 @ 9 IRadl g &7 g uRka faga &3 4 Rer T

G-1.

Ans.

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 3591 &1 AR ou uRad! g &5 B = 6t @1 8| W t 9w Advs | B |

(a) AT HUS P T FHHI &3 & oTaq © Al Hosall H IR fdodlogel A A7 |

(b) Find the electric field in the tangential direction, induced due to the changing magnetic field.

(b) wet Y& oz # gy &7 31 &1 A aRadt g 83 & SR AR B |

(c) Find the current in the loop if its resistance is1Q/m.

(c) U # uRT T T IR gHHT TR 1Q/m B |

(a) 6n Volt (b) 3N/C (c)3A
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Electromagnetic Induction / m—

Sol.

Ans.
Sol.

G-3.»

(a)s=A% =n(1)?6=6nV

(b)E><2nr=A$ =6n

R 1x 2nr r 1

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.

TE ITeel ol gRATfeid | gRT 0.01 A/s @1 % dATE &3 ¥ 9¢ Y&l © | URAIferd § 2000 ®R/Hlo g wd
$9d! 3591 6.0 cm & | (a) GRAIfASET & <= 1.0 cm 3 & 99 &R faaR $ifog et srer aRefora
@) e A G 2| 9 g W YO dTe] ToAdd H 2.0 HvS H B dren gRad S BT | (b) g @
aRfy w Rem fodlt fag w® IRT fag@ &= sa@ @15 (c) aReifae & arex Ta sHa 3iel | 8.0 cm
T R Rod fig = aRaT fega &3 s s |

(@) 16m? x 107'° = 1.6 x 108 Weber (b) 4n x 108 V/m (c) 18x x 10® =5.6 x 1077 V/m

(a) B = ponl

gzd_¢ :A@: 7-5(1 x10—2)2x“0x 2000 xﬂ
dt dt 1 dt
= muo x 1074 x 2000 x 0.01

A¢=2X2—T =4n x 107 x po
=16m% x 1079 Weber.
e _ 27t><10_3><},t0

b E=_
(b) 2nr  2nx1x1072

=0.1 po = 4r x 108 V/m.

© Ex2w=n%8
dt
E’xznxsx10—2=nx(6x10—2)2%
=3¢
8
3?E=§x4nx10_8 — E=181x 108 V/m.

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

dB , Where p is the resistivity and &

perpendicular to the loop prove that the induced current i =
4npd dt

the density of copper.
IRUT B &1 U §9H gD &3 F9d X dB/dt § URHATOT H g &1 © | JMMUB m SIHE BT AT &

S & | R ¢ S &1 R 99 S § Ud 99 R a1 &1 g9ieR U 99 @ 2 | qeigy 6
U H IRT gRT AR AT U & IMPHR W R &1 F=cll | I8 A gY 6 B U & orwaq = | g diforg

f5 dRq oy = —m_ 9B 2| T8 p AT B URRIISHAT T § TS BT & ¢ |
4nps dt

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow 5 imerce=7500 758 5555 | CIN: UB0302RJ2007PLC024029




Electromagnetic Induction / m—

So. m=na?Ls ... 0)
Here &t L =27R
__, dB _ (LYdB _12dB
e=mR*. — =n| —| — = ——
dt 2n ) dt 4n dt
- € € _ e2nR
Resistance UfRIg  prr?
After solving, &A ®=T W, j=_m_ d8
4rpd  dt

Section (H) : Self induction, Self inductance self induced emf & Magnetic energy density
Gug (H) : TR, WHRG, WHART fQodlogd T g SHoll o

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.
o 2 H &1 & Rea yeRid 8 R or1 waifed & S 5A/sec @) &% ¥ d¢ <& 7| favamw

Vx— Vy STd &1 |
i, increasing with the rate 5A/sec
@i, 5A/sec DT Y I 9e S| %)
—>— N ——e—
X L=2H y
Ans: 10V
— 500000
Sol. L=2H Y
From KVL KVL¥

Vx—Vy=L% =2x5=10volt.

H-2.# Figure shows a part of a circuit. Find the rate of change of the current, as shown.

o o uRuer &1 e 9rT yefRia ® | <ol 18 9RT @ uRads &1 &% I BRI |
5V 3V

Ans: 2.2 Als, decreasing ®c & ® |

oV 20 + —
Sol. VeIt IO00 > — 20V
A 10H 2A B

10-5-2(2)-10 ﬂ -3=20
dt
10 ﬂ =-22
dt
= dl/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.

TUR T uRuY # S FRA (@) WA A Al T3 ¥, (b) weRgd gRT @d @ W wfad S e # uRafia
Pres.=12R=(1)2x3=3W3tt.

B 8 &R (c) IRbd dl &) T8 9Ifa |
1A
5VJT_ oA %39
P =5-3=2 watt.
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Electromagnetic Induction / m—

H-4.

Ans.

Sol.

Ans.

Sol.

H-6.#

Ans.
Sol.

Find the energy stored in the magnetic field inside a volume of 1.00 mm?3 at a distance of 10.0 cm from
a long wire carrying a current of 4 A.
THh oW TR 9 4A gRT FaIed B I8 21 IR ¥ 10.0 om §0 W gREHg &3 7 Rerd 1.00 mm? mraT |

o Sl Fa PR |
2.55 x 10714 J

_ kol _ 4nx107" x4
2nr 2nx10x1072

2
Energy %ol = 1 2B« volume smrem
2
2

x [1 x 1073,

Ho

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)

TSRO URAT] & JH $H& 3§ URHHAI IR @ Selan @ d= R gEDI Holl g (AFd Fadiel e
r& w9 H) fea g | (& a1 53 )

Ho e
1287°s,mR®
g=lol _Bofe (i)
2r 2r
2 2
1 &= fomw=v
47T80 r r
2
So  f=|-% (LJ ............... (i)
4nggmr \ 27r
82
Energy density Suif &9 = o (iii)
Ho

Solve (i), (ii) & (i) and get (i), (ii) & (iii) & H<T W Ans.

Suppose the EMF of the battery, the circuit shown varies with time t so the current is given by
i(t)=3+5t, where i isin amperes & tis in seconds. Take R=4 Q, L = 6 H & find an expression for the
battery EMF as a function of time.

AT 928 &1 fJodtoder yeRia aRuy § 999 t & WY 39 UHR uRafdd 8 g difd gRTi(t) =3 + 5, 9
& Sl B el i, URIER H 9 tddvs § 28 1R=4Q, L =6 H IR 3R 9281 & fJodiode &1 i a9
% HAd B w9 H Fd BN |

R I

42 + 20 t volt
g= Ri+Lﬂ

dt
=R(3+5t)+6x%x5
=12+ 20t + 30
g =20t + 42 volt.
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Electromagnetic Induction / m—

H-7.2#The network shown in Fig. is a part of a complete circuit. What is the potential difference Vs — Va, when
the current I is 5A and is decreasing at a rate of 10° (A/s)?
o M o A goi aRuy &1 g 9r 9eRia & | fAWariR Ve — Va @1 81T, S19 ORT 1 = 5A 81 deI S9!
TN X 10° AFRRAAFTS) ® ?
A 10 15V

5mH B
I

Ans. 15V

. |
sol. Y -qpars e——amWW— I—’EWSGW—OB
~. Induced emf across inductance WR&@ & uRa: URT faarad | |e| = L%
le|] = (5% 1073) (10%) V=5V
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

f% gRT " @ T, 59 Qa9d & gaar 59 ISR RN {6 f9emE gr1 @1 981 9 | uRuy IR 9

JHR ST Fhd & |
I
o—>—mww—||—f66625660’\—05
A 1Q 15y 5mH
Now , 379, VA—-5+15+5=Vs
Va—-Ve=-15V
or Il Ve—-Va=15Vs

Section (1) : Circuit containing inductance, Resistance & battery, Growth and decay Of
Current in a circuit containing inductor

Gus (1) : IRGAIRRIY T 98 drel TRyl 3RS dTel URUY # aRT @ g 9 &9

I-1. A coil having resistance 20 Q2 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 Q 9fRIg Td 2.0 H R&@ drell Gosel d1 4.0 V fAodiogal o 9 | §AIR fFar T 2| 9
BT | (a) FASH R & 0.20 s ULAN GRT AR (b) TH &0 |R HUSeh § DI &7 B Sl |
1 2y 1 2,2
Ans. (a) z(1-e%)= 017A (b) =(1-e ) 003J
Sol. (a) I=1Io(1—e)
4
20

=%; == =2 -1 gdaik t=02sec

where &l Io=
R 20 10

1
b E=_LI
(b) .

I-2. A solenoid of resistance 50 Q2 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.

50Q ¥RRIg ql 80 B! IRE@ 1 uRAIferdT 200V @ 9T W G B ORT ERT AfFAH WH B
50 % % Tga # o T @Ry 9 dR1 7 STead |Wuid ol Wl §d @RI ?
Ans. (L/R)In2=1.109s, 640J
Sol. I=i (1-et)
12=1-eRL
Time ¥ t=L/R /n 2 = 8/5 (0.6931) = 1.109 Ans

1

Stored energy ufed Suif U =

2
L|02 = % X 80 X[ZOOJ

50
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Electromagnetic Induction / m—

1-3.

Ans.
Sol.

I-4.x=

Ans.
Sol.

Ans.
Sol.

1-6.

A solenoid has an inductance of 10 Henry and a resistance of 2Q. It is connected to a 10 volt battery.
How long will it take for the magnetic energy to reach 1/4™ of its maximum value?

e gRATIdT BT IRded 10 31 9 IRRIg 2Q 8| $91 10 dlec @1 TP 9 & 10 sl oIl & |
FEDI Holl P $qD MHTH A S 1/4N TH ugam A fha 9 e ?

t=(L/R)/n2=347s

U=1Li2i.e.Uoc i2
2

U will reach %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=io(1—e")
Here io = Maximum value of current
7 = Time constant = L/R
9 gRT SHD AHTH A b AE AF W ggadl &, a9 U, 1/4 8Ff | L-R aRuer 4, aR1 i @1 aiiexor
39 TSR fog
i=io(1-e")
JET io = AABTH GRT BT A
=999 Fai® = LR
= 10 henry _ 51
2 ohm
Therefore, SHfely i=i0/2=i0(1—e!/%)
ordar 12=1-e% orar e'=1/2
ordr  —t/5=1In
or a1 t/5=1In(2)=0.693
t=(5) (0.693)s
or A1 t=3.465s Ans.

A coil of resistance 4 Q 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™' ~ 0.37]

4 Q 9fRY arell Ub HUseil 0.4 V &I 9l § el Tl § | 98l s & 1 Hhvs TR Hoscll H GRT

63 MA 2 | TSl BT RHE F1d Hiog | [e7' = 0.37]
40H

I=1o(1-e)

e "=1-1/lo =0.37 = ¢’

tR/L = 1

L=tR

L = 4H.

A coil of negligible resistance and inductance 5H, is connected in series with a 100 Q resistor and a
tc;ﬁtteer}/oEt>1‘_e6nff3 72).0 V. Find the potential difference across the resistor 20 ms after the circuit is switched
5H(tr\fa»—cc1 Td T gRRIY arell T gosel d1 100 Q & gkRig de 2.0 V fodloga @1 de&t & |
srofied | SireT 1 2 | Raw 9 %91 & 20 fiell ddvs ueanq uRuy § iRy & AR w) fawarR sma
AT | (6704 = 0.67)

2[1-e?4=0.66V

v=vo[1-e¥]=2[1-e4=0.66V.

An LR circuit has L =1.0 H and R = 20 Q. It is connected across an emf of 2.0 V at t = 0. Find di/dt and
Ldi/dt at t = 50 ms.
TH LRIRUY § L=10HTA R=20Q 2| sHBI t = 0 R 2.0V fJogiosal & RRI W Srer a1 2|

t=50 ms W di/dt Td Ldi/dt ST BT |

/\
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Electromagnetic Induction / m—

Ans.

Sol.

I-7.

Ans.

Sol.

g Als, 2le V

e

i= E (1 _e—Rt/L) and ﬂ =Ee __Rt
R dt L L

An inductor-coil of inductance 20 mH having resistance 10 Q 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 IR&@ Td 10 Q FRRIg dTell T IR0 oSl Bl 5.0 V fdodiogar @1 aneel 9 & st W1 B
1 9w W IRT fAodtoga & uR\T # uRadd &1 <% sd #IRNTT | (@)t =0, (b) t = 10 ms (fcht JHve)
(@) —2.5x 103 V/s (b)-2.5x 103 x e V/s

% R e
dt

I-8.=»# Consider the circuit shown in figure. (a) Find the current through the battery a long time after the switch

Ans.

Sol.

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.

fra # vefia uRuy R faarR #IRvTT | (a) Rea S &1 45 & & o FHY U¥ar ded) 9 Uaifed oRT Sd
FINTY | (b) F9 NRIT & t = 0 R Raw e R o B | fawss @) aRudr &1 sHa—faaie feaen
BT ? (c) U IHI—ais & UvaEn WRdbad A YAIfRd oRT Sd diforg |

R,
MV
R, L
YYD
|
el s
8(R1 + R2) L &€
a b c) —
@) RR, ( )R1+R2 ( )R1e
(a) After switch S is closed for a long time inductor will offer zero resistance hence current through
the battery is I = BRI’
RiRy
R
Rt Ri1+R,
c I=Ietr= —
(c) 0 Re
(a) Raa S &1 o= ¥9F T ATl B3 & 918 IRG 9 I IR1E el o 928 4 yarfed arT @
I= 8(R1 + RZ)
R1R2
() ==t
Ret  Ri+R;

c I=Ietl = =
© 0 R.e

/\
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Electromagnetic Induction /

/\

[-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 180°. Find the current in the loop after rotation.

TR & & Afdards U & WIR$GE L | (& 996U 9 F9d g9 a9 B U & dd & o aq
IRIMT & | IR H 39 U 9 ORT YA & | U 39 AN & R 180° ¥ FAIT ST B | g9 & 918 U

H gRT S BRI |
2
Ans. —2BnR
L
Sol. &= 91 _iR
dt

as R = 0 for super conducting loop

fF srframe®d gu @& fRIR=0

so s9fer™d ¢r = constant @

BrR?+0=-BrR2- LI =1

_ 2BnR?

I-10.#.=In figure, E=100V, R1=10Q,R2=200,Rs=30Q and L=2H. Find i1 & iz.
I #£=100V, Ri=10Q,R2=20Q,R3=30Q @1 L=2H® | i1dqA i2 & AF AT H<J |

T Q

o
= - = =

~ ~ —~ ~

Ans. (a) i1=i2 =% =3.33A

(b) i1= 22 =455A: ip= S0
11 11
(c) i1=0, |2=—%=—1.82A
(d) in=i2=0
I1 R1 Rs [3

_T 100V %Rz

e _ 100

immediately after switch Sw is closed
a long time after
immediately after Sw is opened again
a long time later.

R,+R, 10+20

R, R,

Sol. (a)
I3=0
Ii=l=
+
(b) e

AN AN
\AAAAS YYVVYY
*Iz

%rez

a8

I =

eq

Foll Sw® g8 B D gId 918 |
980 T T 9IS |

Sw® JF: @iel & gR 9% |
T A T |

AN Resonance”®

Educating for better tomorrow

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
Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029




Electromagnetic Induction /

RoRs

where 5181 Req= +R
“TR,1R,
12_ R3 11
R, +Rj
- R
= 11
R, +Rj
(c) Aljlb =R, D1,
I1=0
R €
=-I3=~ 2 x
R, +R R,R
2 3 A-I—R-I
R, +Rj

I-11.# In the circuit shown S1 & Sz are switches. Sz remains closed for a long time and S1 open. Now S is

also closed. Just after S+ is closed. The potential difference (V) across R and d—; (with sign) in L.
fe@m Mg gRuer 3§ S1 3R S Ra@ 28| S Ud o F79 & foly 93 I8 2 3R St Gl gonl & | 3d S &l
WM 9 oY QA IA1 21 S1 B 9% FRA D b U¥Aq URIg R & RRT W) fAwarex (V) 9o L & sl

%%@?ﬁwamwl
2R

T I

£ 28
3’7 3L
Sol. When Sz is closed current in inductor
9 S2 99 8 o IRG H GRT &M

SXx R 2R

Ans.

0 0
. &
remains, i = ——
2R
BV BV € v, 28
R 2R 2R 3
. o __2¢€ _¢
.. Potential difference faga fawr=r (V) = 6= = EAns
and 3ﬁ? Lﬂ :E ﬂ = E
dt 3 t L
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Electromagnetic Induction / m—

I-12.

Sol.

I-13.

Ans.

Sol.

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.

Seigy & afe 99 Rdba L B Q1 IRS Hosell AAR HA § Siiel o A FATOH BT Jod IR L/2
2| IRD Huseh AfH T R T

L: 1 +i =1+1=g or g7 Leq=£
L L 2

Two inductances L1 & L2 are connected in series & are separated by a large distance.

Q1 IRFE L1d Lo oofispe § I8 7 9% s ¢t wR 7|

(a) Show that their equivalent inductance is L1 + Lo.
TSy 5 SHT T IRDbA Ly + Lo B |
(b) Why must their separation be large?

I8 A g 3fd i B AMRY ?
(b) Separation is large to neglect mutual inductance

0 e BN TR I IRV Y ©

Equivalent self inductance :

|

di
Ldt
L:M (1)
di/dt

Series combination

Va—Li — —-L2 — =Vs e(2)

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

|
QWEWA +6iﬁ_ B

di
Lt
L= VA_‘VB (1)
di/dt
ol Ao
N
+ - + -
AT L B
Va — L1 d_ L2 d =Vs wn(2)
dt dt

(MaE
L = L1+ L2 (S a1fd% 8F W AT IR0 999 )

Section (J) : Mutual Induction & Mutual inductance

QUg (J) : AT IROT 9 AT DRbed

J-1.

Ans.

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

feda® guee 9 URT 3fa fdodlogd 0.1 V & 59 mafid gHosell § o1 0.1s % 19 2 Ada gRafia
B B | FUSior! &1 = IRaed fha B |
0.01H

/\
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Electromagnetic Induction / m—

Sol. EMF = ‘M_—AI o M= EMF
At —Al
At
ﬁl.aT.E[F{=‘M_—AI DIl M= B
At —Al
At
J-2.2  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?
&l gusferdl & e I IR 0.5 H 81 Ife vep pusell § aR1 5 A/s &1 &X 9 uRafdad g g,
Tad gt # fhar foaroqe aRa g 2
Ans. 25V
—Al
Sol. EMF faargd = ‘M— :
At
J-3. A small square loop of wire of side 7 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.
(ST qTeAl AR BT BIET GNSR o, L(L >> /) Yol a1l IR & I IR ¥ & Fax @ o1l 8 | I
U T TA H B qA QA B B WER FHRN B | BT BT S IRET 1T N |
2
Ans. 22
nL
Sol. Magnetic field produced by a current i in a large square loop at its centre is
IS IHR U H Ualed 9RT i & RO SHD b= IR gHDI &
B _ Hoi2y2
nL
Therefore ¢ = Mi = Hi2V2 2
nL
2
M = 2\/5—“0€ Ans.
nL
Section (K) : LC Oscillations
gvs (K) : LC SiaH
K-1.  An LC circuit contains a 20 mH inductor and a 50uF 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)? (i) Completely magnetic (i.e., stored in the
inductor)?

(d) At what times is the total energy shared equally between the inductor and the capacitor?
foely LC uRur % 20 mH &1 T& UR& a1 50uF &1 Uah FemRT & i ®R UR™S amaer 10 mC 2 | Ry
BT YRR 707 8 | #19 eiforg f a8 &1 o/ wR uRuy 95 fhar Srar 8 t=0% |

(a) UR™ H G fha= Sofl | 8 2 |1 I8 LC SIami & 3afdy § wvfea 8 ?

(b) aRur & Gt Mgy @ & 2

(c) frr w7 W <faa ot

(i) T TRE A I 2 (37UTq g8 FaRA | |fad B) ? (i) T 9RE A RO B (IR RS H W6fd 7) ?
(d) fr It R 9l ot RS wd WuTRa & 759 99F ©U 9 fawifoa g2

/\
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Electromagnetic Induction / m—

Ans.

Ans.

K-2.=2

Ans.
Sol.

(a) 1.0 J. Yes, sum of the energies stored in L and C is conserved if R = 0.
(b) ®=10%rads™, v = 159 Hz
(c) g = qo cos ot

(i) Energy stored is completely electrical at t = O,E,T,ﬂ

(ii) Energy stored is completely magnetic (i.e., electrical energy is zero) at t = }37% ...... , Where
T= 1 =6.3ms

A%
(d)At t= %%% because q = qo coswt = % (when energy shared equally between the

inductor and the capacitor).

a) 1.0J 8, L den C # dfud ot wxféa =+ afs R=0.
b) ® =103 rads™, v = 159 Hz

C) 9 = go cOs ot

(
(
(
( aT

i)t=0,%,T,2, ..... wR dfad St faga a3 7 Bl
(n)tz},?’?% ...... (W& T="—6.3ms, ® | wul gEER &5 @ w9 F B sefq few A ¥
A%
TR B
(d)t=1££ q'\'q=qocomt=q—°(mmamﬁarﬁaﬁﬁﬁﬁmwﬁl)
58 g y

The circuit shown in figure is in the steady state with switch S1 closed. Att = 0, S+ is opened and switch
Sz is closed.

o # ffde aRuer 3 s s/aven 3§ BT S19< ©1 t=0, TR St B @il Sl & 9 Sz B < g1 SIe
g |
L=2x10"H

/s,

20V
Find the first instant t, when energy in inductor becomes one third of that in capacitor

TUH FHY t A BRI, T oSl H SHoll AUIRT B Holl B V& 88 8 Y|
nx107°

3
In a LC circuit, total energy remains always conserved.

LC uRuel ¥ gt SHoll gHenm Wi &l 7 |

SecC.

Q3
2

2
ﬁuﬁaﬁﬁuﬁaﬁwwﬁ+ﬁwgﬁﬁﬁuﬁaqmﬁnﬁ=; 80
2

Electrical energy stored in capacitor + Magnetic stored in inductor =

/\
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Electromagnetic Induction / m—

K-3.#

Ans.

Sol.

2

Q
Ue+Us= 2
= E B 2C,

2
At the time &5 t = t; W, Us = % Ue =  Ue= i[l&J

1Q> 3 [1Q§J
:> —_— = — _—

2C, 4 (2¢,
= Q= ng = Qo coswtr = g Qo
T T _
= ot = — = ty= — =1.05x105=10.5 uS
6 6w

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 uH, what must be the range of its variable capacitor?

TEH ST DI MW TARY 68 & Tdh E$ @ AMGRT R @ Tdb 3R F g™l AR (800 kHz & 1200 kHz)
qe IAaRd fHa1 o1 9&ar g1 I 39 LC gRUY &1 UHEHRI IRdb@ 200 pH 81 @ S9a gRad
HTRS &1 W fha-t g =1fey ?
88 pF to 198 pF
1 . 1

" 2a\ie e T dma
For L =200 pyH & forg, p = 1200 kHz, C = 87.9 pF.
For L =200 yH &% forg, p = 800 kHz, C = 197.8 pF.
The variable capacitor should have a range of about 88 pF to 198 pF.

JemRa & forg gRaddt enRar @t W 88 pF & 198 pF T 2 |

PART -1l : ONLY ONE OPTION CORRECT TYPE

T - Il : Bdcl b Ha! fdhcd YBR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Flux and Faraday’s laws of electromagnetic induction

Gus (A) : Folad 9T BRI @ fAgd THH IR0 &

A-1.#

Sol.

The radius of the circular conducting loop shown in figure is R. Magnetic field is decreasing at a

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

frm # R = @ gaeR aed® a0 UeRid 8| geag &89 9 &% o 9 ¥ @1 & | U B UHid
TS BT URRY p® @ AB (AB 9l &1 T ®) IR # RT B8Rt —
X

X X X
X X X
A B
X X X
X X X X
® 3% fromAtoB  (B) N2 fromBtoA  (C) X% fromAtoB (D) Zero
2p 2p p
@) R awp ®) R Baa © Zeavws (0")
2p 2p p

The induced current in upper semicircular and lower semicircular will cancel each other in diameter (AB).

ST JMgg< d et g W AN (AB) & srgfae URT gRT T gER Bl R\ x|

/\
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Electromagnetic Induction / ﬂ—

A-2. = #Consider the conducting square loop shown in fig. If the switch is closed and after some time it is

Sol.

A-3.

Sol.
Bal.

opened again, the closed loop will show.

fora & yeRid aree® TmeRr U R AR $INY | Ife Raa 98 fear o 2 iR ¢ 999 9vdn s9@!
U @ faan S B, 9% U ueRRid am —

I
|l

S
(A) a clockwise current-pulse TH SfEmadt aRT e
(B) an anticlockwise current-pulse & qmHTEd] R WG

(C) an anticlockwise current-pulse and then a clockwise current-pulse

TEH qrTEdl gRT WE 3R R U@ <fEomadl aRT W |

(D*) a clockwise current-pulse and then an anticlockwise current-pulse

TEH SROTEdl IR WE IR R UH arErad) a1 WE |

The direction of current in the loop such that it opposes the the change in magnetic flux in it.

U # IRT gRT 39 UPR BN & & I8 39 gESI voAad ¥ gRacts &1 faig Fhl © |

Solve the previous question if the square loop is completely enclosed in the circuit containing the
switch.

s T #1 ' BIVY, IR qiER U iaa Rag g oRuy & o= uRag 2|

(A) a clockwise current-pulse T& gfeomacdt gRT g

(B) an anticlockwise current-pulse T JmTEc! SRT Wg

(C*) an anticlockwise current-pulse and then a clockwise current-pulse

e JEEd gRT W] AR R Ta fyomadi a1 s |

(D) a clockwise current-pulse and then an anticlockwise current-pulse

T SferoTad] gRT We 3R bR Te arrad| gRT e |

The direction of current in the loop such that it opposes the the change in magnetic flux in it.

U # IRT gRT 59 IBR BNl & b I8 39 gEON Foaad H gRadd &1 kg SRl § |

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 -

IR ®T TP BICT ISR dAeid ofd, TP el RTATe] RATCIPT § X1 g3 & | U & a1 9 Rt 3
et Rerd g1 afe aRerforer 3 a1 aRafda & S @1 U & IR a1 8 —

(A) anticlockwise (B) clockwise (C*) zero
(D) clockwise or anticlockwise depending on whether the resistance in increased or decreased.
(A) rHTaH (B) <fayomadt (CH =

(D) Eferoractt Bt a1 arrac! Rt 98 39 W AR v 5 afiRig 9grn S ® a1 &9 feer ST g

Since the magnetic flux in the loop is zero hence the current induced in it is zero.

fF U # gEHT T, T & A IRT a1 ot I E

A-5.=n# 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 URRIY & Th FHrSN A HTT FHHI Torad gRafla grar 2 | s aRvmmsasy 399 g ar
IR B & S WY @ W RErgaR gRkafid g & a1 gusel § dorad H URddd BT gk daR §
BT (@ISl & WD DI AT9F AH) —
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Electromagnetic Induction / m—

Sol.

i (amp)
4
o1 '
(A*) 2 (B) 4 (C)6 (D)8
q=A—¢ A¢ = gR = area of it graph 3@ &I &F%ha x R

R

Section (B) : Lenz’s Law

oS (B) : vl &1 99

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

T &fcre gRAferd! Te 9l Td Teh Raa & 1 9! g ¢ (FF #H) | g9v1 fed 68 R Ueh arddd gl
3 YBR W g8 & & gom o e, uRAfrd @ s & Irgfew 2| o & Raw drel fhar wmar @ @

qeTy

|_/ N
A) move towards the solenoid IRAfABT BT MR 7T BRI |
B) remain stationary Rer &7 |

C*) move away from the solenoid gR=ferdmr | R I B |

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.
Rt @ IR A1 g3 I HxAl I8 39 W R X & aReiferar & ) R 9 98 &1 3
<fHTe (ST AT FOTHD) JST B 2 |

By moving away from solenoid the ring will resist the changing flux in it.

RAIferdT | §R WA §Y de1d SH Folad § URads &1 favig & |

(
(
(
(

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

3 gAHR FHusferd! Ad B RETGER MH AMH 21 AW oRT i 98l oI” A1 —
A B

Y

A

()
7
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Electromagnetic Induction / m—

Sol.

B-3.=

Sol.

B-4.

Sol.

(A*) there will be repulsion between A and B if i is increased
af | gerft S @ A9 B & Wew ufawmyr 8 |

(B) there will be attraction between A and B if i is increased

afe i gerll S A1 AT B & AeT THYT BT |

(C) there will be neither attraction nor repulsion when i is changed

9 i ISl S § O 7 A6 MHYT B A & WfHyor |

(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.

AdB & AT IMHYT I1 UfTHyor o=T  fen R AR aRar B 98 9RT @ 9 A7 " R R =
p |

The repulsion is to resist the increasing magnetic flux in coil B.

FUSel B H 9gd gU gEBH TR Bl R IR B forg ufireyor gar 2 |

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

T Th O draie P 9 Q &1 T80y ¥fRd Rer uifcas ueRAi R S R dd @ o<y & iR R ta
AH gEHE &3 3 3@ 2| Ik P # ot Ren § fd @ 9§ gemn o @ @ v Q

P Q 7
X X X
R
V<—
X X X
S
X X X
(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 &) 3R 3mefa 21 | (B)P ¥ ¥ ! 3R ufawfia g |
(C) RerR 3= | (D) P @ 3R eraf¥a a1 ufidita & daba 2 |

Q will move towards P to resist the increasing magnetic flux in the loop formed due to rails R,S and
conductors P,Q.

7RI R, ST deid P, Q & SRY 99 U H 9ed U Foldd &I IfRIg &1 & folg Q, P &1 3R I
B |

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

31 TH O G gAeR bl H UAE H | URT UH & feen #§ yarfed 71 IR U US g SR I
g d-

(A*) the current in each loop will decrease TS U H gRT TS|
(B) the current in each loop will increase TADH U H ORI ¢ |
(C) the current in each loop will remain the same 7% U | fFaa =W

(D) the current in one loop will increase and in the other loop will decrease
TH ¥ § ORI g7 R &R @ ¥ = |
The decrease in current in to oppose increasing magnetic flux in the circular loops.

JADHR Ul H 9¢d Y RO FAdd BT fRg 74 & forg gry = |
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Electromagnetic Induction / ﬂ—

B-5.= A square coil ACDE with its plane vertical is released from rest in a horizontal uniform magnetic field B

Sol.

B-6.

Sol.

of length 2L. The acceleration of the coil is
Th JNHR HUsell ACDE Ridd! da Seafer 8, 2L ¢t 0o Bl U Afds G796y gy &5 B # fvm
H BISI Sl & | HUSl B @RI —
C D
L
A E I

X
X
X
X
|

X X X X
(A) less than g for all the time till the loop crosses the magnetic field completely
R AT gH HH @I 99 05 (& U IO U 9 FEHI &85 P UR T N |
(B) less than g when it enters the field and greater than g when it comes out of the field
g¥ HF 99 I8 &9 H UIY Il ® AR g A o9 I &7 A 9eR Nperh 2 |
(C) g all the time X I g
(D*) less than g when it enters and comes out of the field but equal to g when it is within the field
gd BH 99 I8 &3 § Fd¥ IRl § 3R IR Fderd! 2| WRe] g > FAF oid I8 83 b AN © |
When the cail 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.
9 HUSA &F H JA PR V&l © 9 & 9 9 dhd B © SHH gEOd Folad 9adl Y81 § W o I8
&3 B IR & 3N gEDII Gl I 3 |

In the figure shown, the magnet is pushed towards the fixed ring along the axis of the ring and it passes
through the ring.
RETTEIR T e $I STodaq dod ®I & & Al dad B k% H&bl [&d1 Sl & T I8 god A

ToRe B

)
B & A are right & left ; B &A@ qun e T
faces respectively Y

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

T GRS g B aRB I Bl & SHDT B Heid Qfev] gd Bl ave a1 A Bad SR gd B IRE B
FRAT B |

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

WY gD qe W R S 8 dl B held Sk gd q1 A Beld Al gd B A€ BRI BT © |

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

S9 P god 9 §X OIR 8 Head A SR gd 91 Haad B SR ga B T8 BRI BRAT & |

(D) the face A will always be a north pole. HeAdh A T ST g Bl IRE B BRal R |

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.

Sq P gd 9 R SN © A A H FIad "edl § o IR URT 39 UhR e P I8 "cd gy wrad
F1 faRI R 37 T TP gD DI AR8 AIER IR TGP B A ST gd I Bord B Sl ga © |

\ \
\ \
\ \
1
/

Ve
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Electromagnetic Induction / m—

B-7.

Sol.

Sol.

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 :

A wRIad # T U@ gifcdd IO TH SR8 | AT W FEl g8 © | U gD, I 4§ BIAR SR
R 8 1 g=F &1 @RI —

(A*) always equal to g

AN g FHIE &1 |

(B) initially less than g but greater than g once it passes through the ring

TR H gd HH W] I A o+ & UTAq g ¥ 310H

(C) initially greater than g but less than g once it passes through the ring

UR™ g ¥ SART W Jod 9 R+ & R g H HH

(D) always lessthan g &3 g &H

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)

9% el ae g eI (B BN B BRYI) B, TAY SHH URT Yalfed el eFl | 3fd, S1 b T8l PIs urT
T8 T O 9o P BRY gD W Pl 91 HRIRA 81 BN | b W $Hacl [wcdld gl a1 |

3ra: (A)

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 :

AT B QI gifcad ae & Sl fb < o URMEEI IR & Hl 0% AR &6 8 | 3R dR 4 fgd
gRT $1 949 GR—4R 4 fhar Sme a1 ARG gr1 @1 fawn Rl —

MO,

(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 ¥ <féomad B # amHmad (B*) A# arrad B gféromad

(C) Ader B &4 # féromad (D) AQn B SH1 # arHad

The field at A and B are out of the paper and inside the paper respectively.

& AR B HHI: Il B 8% 3R IF=<X 2 |
y

Q| ® |
® ¢

As the current in the straight wire decreases the field also decreases.

S € W AR H gRT B9 Bl B, gD &3 W BH Bl ©

ForB: B forw
B = ‘ AB
By B

The change in the magnetic field which causes induced current (AB) is along (+)z direction.
IRT URT ST~ I aTel GBI &5 § aRads (AB), (+)z f3em # &

Hence, induced emf and hence current should be such as to oppose this change AB .

ara: URA g1 &R URT Rars. 39 uaR 8 5 AB # uRad+ & ARy &1 =Ry |
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Electromagnetic Induction / m—

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).

o, IR faars. — z feen # g1 =Ry & f B # <féonad oR1 S a=ar 2|
s UBR 'A' H qrEad gRT ST~ 8RN g99feTg (B).

Section (C) : induced EMF in a moving rod in uniform magnetic field

QuE (C) : T WA g &= # faw B | ARA fodioqa

C-1.

Sol.

gdl.

A wire of length ¢ is moved with a constant velocity © in a magnetic field. A potential difference appears
across the two ends

TS (B Uh IR g &3 § [9d 97 U § afefia 21 59 R & wey favar=R S B |

(A) if O] /| (B) if || B ©)if /|| B (D*) none of these

A)yarRo || #) (B)afRT || B 2| ©)afz [ || B ¥ (D*) 5 & B T |
dé

If Ol ‘ ord || B or ‘ [| B then ot is zero. Hence potential difference is zero.

Ak || £ o || Bar /|| B aﬁj—dt’qm%maﬁﬂm-—cr\quﬁl

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

Sol.

C-3.

restricted region of width a. The time for which the emf is induced in the circuit is:
& g FIRen W, T A v ¥ Uh U B WiAd disTs 'a’ dlel U §EN gEGg &4 B ¥ [ORd B | 98
Fa3, forad aRue 3 fdodio g1 ART B 98 © :

a
—
b X X X
b — X X X
X X X
>V
X X X
b>a X X X
X X X
X X X
2b o 23 a+b 2(a-b
a) 2 8% 2 (c) @+P) (D) 2@8=P)
A% Vv Vv Vv

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 2_a.

Vv
T U FEDI & H JdY PRAT § A 59 JHORI T dd 9P URakid el § od 96 I8 'a' T a9
TE B O] A U ¥ Aarigd IRa Bar & R g9H Toed 99 9% d I8ar § o9 a@ B g\
o 91 ge®F &7 § Jae T8 IR oIdl| 39 SRM PIs [Aanad IR & el 56 I8 U gRa
&3 9 IR Modd & 599 gEdd T B9 Bl 8, 3R gRuY § g fAanad aRa gar @ o fRaiaa

zﬁﬁﬁagﬁwgawia%l
\"

A uniform magnetic field exists in region given by B = 3iA+4]+5I2. 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:

frefl U # T G FEHT 8F B, B =3i+4j+5k g1 USRid axa ¥ | y-ot B argfew &l 5
T e Bl x-RI H 1 H/A. B T ara F AT B & | A s W® IR Rang. b1 92—

(A) zero I (B*) 25 v (C)20v (D)15v
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Electromagnetic Induction / m—

Sol.

C-4.#

Sol.

€= é(\7 x ()
= (30 +4]+5K).[1i x5]]
g =25 volt.

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

o & gfeRieEs aR AB Rer weRal R faa a1 9 fhwal @1 21 Ift IR AB &I URRIEEN SigqdiaR
AR | uforenfid o & A a1 IRT aRT &1 gREreT —

X X X X 4 X X X
X X X X X X X
%V
X X X X X X X
B
X X X X X X X
(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) T2 |
(B*) a8 =M |
(C) wem |
(D) ¥ ERM AT ¢ I8 39 W IR T 6 Ega &1 SHR IRRIY &l iR § a1 399 W T |
do

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

cases.

%Lﬁs2—?aﬁﬁuﬁuﬁﬁw%aﬁ:ﬁﬁaﬁ.maﬂaﬁrﬁaw*ﬁaﬁiﬁw%ﬁﬁwﬁiﬁl

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

Sol.

Sol.

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

R 341 &1 (& Udell JEIIbR s Boell, 04 H&d dl & WY A g=ag Ro1 B # iR <& 2|
(for=r) Rerfd MNQ # Beel @1 aTd v & T4 Bodd @ dId Scd~ (99T © :

X XX X X X X X
X X XD>DX X X X X
X X xBxNx X X X
X X X2 xx X X
x x fx ¥ x\x %
XxMx X x QX X
X XX X X X X X
2
(A) zero 8) BY™R% and Mis at higher potential
(C) = RBV and Q is at higher potential (D*) 2 RBV and Q is at higher potential.
2
(A) I (B) BV;R Jor M S=a v W 2|
(C) nRBV @1 Q3=d fa%a | B | (D*) 2 RBV @21 Q =9 fawa W g |
Induced motional emf in MNQ is equivalent to the motional emf in an imaginary wire MQ i.e.,
emna = ema = Bv/ = Bv (2R) [£=MQ=2R]

Therefore, potential difference developed across the ring is 2RBv with Q at higher potential.
MNQ ¥ 9Rq wfafea faarae sreafie MQ arR 4 uRa wfafea fAaiad & g 8rm

emna = ema = Bv/ = Bv (2R) [/ =MQ=2R]
gafey, 9o § ST~ fAva<R 2RBv® 9 Q R 3= favg 2 |
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Electromagnetic Induction / m—

Section (D) : Circuit Problems with dynamics

@us (D) : e a1l IRy | | wed

D-1.#

Sol.

D-2.#

Sol.

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.

e RRT @ 9fRIg R §RT 1 GHRR ATdd TeRAl R Rerm@wen § & ( a=E 3 8 W 90 9 F
fragaR mRIfbT fFar S 2 | w9yl Mer wwey gea 89 B 3 Rerd 7|

®B

R ! —

F

(A) the power delivered by force will be constant with time

I ERT Y& @l T wfdd 999 & a1 fa gnl |

(B) the power delivered by force will be increasing first and then it will decrease

I §RT UG @l T8 Wfd U8l 90 deaearg I8 aci |

(C) the rate of power delivered by the external force will be increasing continuously

IEd 91 §RT UG I g Afdd HI &R AR e |

(D*) the rate of power delivered by external force will be decreasing continuously before becoming zero.

IEd 9 §RI IS I 5 Afdd $I &R Y B 9P AR T |

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

the motion of rod. Hence the acceleration of the rod will decrease with time — = FE = F x a. Thus,

rate of power delivered by external force will be decreasing continuously.

TS R I PRRG © il JEDII Foiad H GRIIT & HROT URT gRT B $I T &1 Ry Hft | 31

wmww@waaﬁmﬁ:Fd—V=angﬁwwwmmﬁmﬁﬁaﬁaw

dt dt
renll

Figure shows a square loop of side 1 m and resistance 1 Q. 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

o #§ 1mygs 9 1Q yRRIY BT FNHR U Y&Rid & | &1 PQ & Il iR gRa &3 b1 aRemr
B=1.0T2| 1s% U &I &5 A & G794 a1 o 9ex Fbree # fbar o orf & —

P
B=0
X X X X
X x X Xt—

Q
(A*)1J (B) 10 J (C)0.1J (D) 100 J
W = (L)F
=L xILB
2n2
Lk UBYV
R
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Electromagnetic Induction / m—

D-3.#

Sol.

D-4.#

Sol.

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 @211 CD Rer i arerds yefRaf 8, o f6 Sed aat # &) & 9o 39 S RRT &1 faa or1 s
¥ ST T T | PQUE GAES B 2 o & 7eRAl R e & fog wa= 21 e afds faa gean
&3 RETgaR aRa@ # 8 (59 WM W) | 3R Bs PQ &1 famHEwen ¥ 81 @Y a1 —

AP

) The rod PQ may move downward with constant acceleration

) The rod PQ may move upward with constant acceleration

) The rod will move downward with decreasing acceleration and finally acquire a constant velocity
*) either A or B.

) B PQ g @xor 9 S i aR Fahd B

B) s PQ fd @Rl ¥ SW Ty $R Fhl B |

C) Bs M ¥ 3R Afed @R & I o Ton o § e 1 97 9 el 2 |
(D*)ar dr AT B |

It the magnitude of |a 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.

IS |4 BT GRATT 987 If0F & dIfe PQ IR RO &3 & HRY 91 $9b 9R ¥ D 81 d1 I8 W Bl
IR TR PRI AT g8 M1 DI R Ty BN |

(A
(B
(C
(D
(A
(
(

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.

AR U6 aee U <o &3 4 9d ard v 8 96% 371 R81 2| 99 Wi dld die BR$ §RT a

e wIfdd FRId a1 v BT B B a1 fRY TR TRI 9l H W 59 R Bl BT A1 g Iafid HR |
P

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

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

P=FV=BiN= B(%jzv, P o \2
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Electromagnetic Induction / m—

Section (E) : EMF Induced in a_rod or loop in no_nuniform magnetic field
Gug (E) : IHGY O &3 § T B U1 o H AR Rodioqar

E-1.%2# For the situation shown in the figure, flux through the square loop is :

Sol.

E-2.#

Sol.

o § @ 18 Rafd & forg aieR Ju (ER) 9§ TR el Taad 8 |

Infinitely long wire
(STt dR)

[
|
> 5 ::_"_
poia a Hoib o Hoib a Lpia 2a
w(5)e ) o5 F5) (5 EE) o)
t, eal f ]
T bI — a
T l I

fao= J'%(bdx)

_ uolb T dx
p= 2 [ =

2n X
(b-a)

27t b-a)
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 I ampere/second, then the induced emf in the loop is
Th o1 Gld® aR AB, R 1 & qaeR U @ e @ Afew @l B | AR Areed AB HOgRT I

VARR /AHUS @ R I ISl © af U | IRT Raigd 2|

HolR MR Ho7IR .
(A) =% (B) =% (©) =% (D*) zero (34)

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.

4% TR AB & TRI IR JRHI &F B 9 YW@ JOGR &, ST AR U 4 UIRG JEDHI Taasd
TR BN, oA U # URT fRaigd g B
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Electromagnetic Induction / m—

Section (F) : Induced emf in a rod, Ring, Disc rotating in a uniform magnetic field

Gus (F) : U6 T96U THO a7 § g0 @ B, 99 9 Idhdl § AR fRodrogd

F-1.

Sol.

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

( TS B IS ATAD B G DI AT o § $HG EAAfgHae @ URa: goiF IR T B | goiF e &
AR qHGY gD &5 B Iemm 21 s & S RRI & da RvarR 8rm |

(A) 2Bo!? (B) % B (2 (C)Bw £? (D*) zero T

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

P TS & P S PRY FRDI Fodd H DIy URTT Tol & < BS & aHl RRI & Hedl fAuar=R I 8|

F-2.2#A rod of length 10 cm made up of conducting and non-conducting material (shaded part is non-

Sol.

F-3.#

Ans.
Sol.

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 T B, TS AT FATAD g1 § I8 9 & (BHifda 9 F@ed &) | B O fag & uRka:
o of 99 10 rad/sec ¥ THHHE 90 gESHT &3 2 SHA # RAER goH &= B 21 B B AT
B fagait & dra IRT fawarr 8|

(A) 0.029 v (B)0.1v (C*) 0.051 v (D) 0.064 v
10cm 2 10cm
g = j B(ox)dx = Bo{x—}
2
7cm 7cm
= 2210 x (100 — 49) x 10 = 1073 x 51 = 0.051 volt.

A semicircular wire of radius R is rotated with constant angular velocity o 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 a1 &1 €< IR 39@ e R ¥ UIRA 91 R & dd & ogaq 31 & gRka: fFa dioig 971 o
9 foEgaR o @R @1 2 | I8 ey e &7 B w8 1 ARl & #75 9Ra fogiodsd 71

0

(A) B ©R?/2 (B*) 2 B oR? (C) is variable (D) none of these
(A) B 0oR?/2 (B*) 2 B ©R? (C) uRRaxt (D) $H & PIs &l
2BoR?

Here effective length is 2R I8f g9t <i@Ts 2R ®
£= %Bm(ZR)Z = 2BwR?
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Electromagnetic Induction / m—

F-4.»# Figure shows a conducting disc rotating about its axis in a perpendicular uniform and constnat magnetic

Sol.

F-5.#

Sol.

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 o = 40 rad/s, B=0.10 T and R = 1 Q. The current through the resistor is
TG GERY qAT T gReE &3 B ¥ ol ot & uRa: gftfa arere awdt for A quith wi j | =

vd gRfY & o te ufeRiy R ST AT 8 | Thdr @ 353 5.0 cm, B9 ATl o =40 rad/s, B=0.10 T
INR=1Q2| ufey & yared g1 219 |

X R X X
(O]
x X
X X
X X X X X
(A*) 5 mA (B) 50 A (C)5A (D) 10 mA
TBol2 1 x010x40x(5x102)
=2 = =2 7 =5mA

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)v 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 :

31 TP M gardd g A 921 B el 59w r 8, U afis garee a9 6 guid: dlies i 3R @ ©
S SIAM $i Dl dld GHM v e U1 AW Qe H 2 | Uh i e &3 B B & a9 $

P WG fGEME 8 9 SHI 98] & Swaad a5l & A7eg fAva=ik & —

é A ) ( B }
(A) zero A (B) 2 Bvr (C*) 4Bvr (D) none of these 7% & &I &
Alternate — Considering rotation of diameter about lowest point :

2
e= % = 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)

e~ &1 PF fad {5 @ 9vg o1 R -

Awa?raﬁﬂﬁﬂe=%2r)2 =2Bvr (IfF g g )

IR BWR da & AN e = — 2Bvr
saferg 39 ST fa=geil & wey fwar=iR = 4Bvr
gafert (C)
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Electromagnetic Induction / m—

Section (G) : Fixed loop in a time varying magnetic field & Induced ele_ctric field
guE (G) : 99 & A1 uRadt g & 4 Rer o 9 IRa faga a3 3§ Rer »

G-1.= A cylindrical space of radius R is filled with a uniform magnetic induction B parallel to the axis of the

Sol.

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 & JaMoR &3 # 39! 38 & FAMR 99wd gNad &5 B IuRed 2| afk a8 fad ) 9
gRafiia 81 a1 9= @ 31 A rg R URT fdosim # uRads &1 W& UH B |

(A%) (D)

2
EMF = _@ = _dBnr =_7-cr2@ orE = % = @ r
dt dt dt r dt

or E < rforr<R.
E o 1/r forr > R.

G-2.»#In a cylindrical region uniform magnetic field which is perpendicular to the plane of the figure is

Sol.

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.

4 a9 & e TR &3 H SR TS RO &3 B A1 99 & 612l §9¢ 81 3| 59 &7

H U 9e% B PQ SURYd B, Ik CId &1 &= 8l al —

(A) P, Q %Y 3ren S fawg W 2|

(B*) Q, P & 3rten S=a fawg wR 2|

(C)P T QHI 9o+ fawg R 2|

(D) B W BIs W fdodlodgdl IU~ &1 BN Fifdh Ig 9 @3N P! ] Predl 2 |

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.
afs ¢ PQ @ A1 uRuy Q C P gui fhar S 1 ARG aRT @f fRem Q 9 C 819 P &1 3R 817 | ora: P

P 3e Q ST fayg W 2 |
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Electromagnetic Induction / m—

G-3.2#A uniform magnetic field of induction B is confined to a cylindrical region of radius R. The magnetic field

Sol.

Sol.

Sol.

is increasing at a constant rate of% (Tesla/second). An electron of charge q, placed at the point P on

the periphery of the field experiences an acceleration :

Bﬁwzﬁrwg@aﬁﬂa}raR%T%émmﬁﬁwélwmﬁaaﬁqﬁga@

dt
(RETRIBTS) I ¥ | q AT BT TH gede, 3@ aReN B P g W Rerd | g W AR

N1 B |

P
(A*) li@ toward left (B) 1§@ toward rlght
2 m dt 2 m dt
(C) R dgi toward left (D) lﬁ@zero
m dt 2 m dt
(A*) 1 eRjdE I RB (B) 1§@aﬁﬂ WD
2 m dt 2 m dt
(C) ﬁ% IR B (D) =
a=9E_16RdB (towards lefts) a2 3R
m 2 m dt

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:

TP IS s g Dl T g A 99%d gEad 87 § 39 ISR @ T § [ $9h a9 &85
@ TEAq & | SRR &F B URHT §9T & AT @[T Y a1 —

(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) TTTT RATFTRYT HRAT YR B S0 (B) a1 39 3M&T & ATUE UM HRAT UR™ HR QT |
(C*) gera 3ied a1 9 fags S | (D) a1 U N & ATUE HOIF BT TR I |

As soon as the field changes, there will be an induced current in the ring.
Y9-8 gRafia 8, g § g1 9Ra 81|

I
Induced Iinduced

dF dF

8@ 4 contracts Rrdgsar 2 B® 4\ contracts Rigedr &

dF dr
dF dF

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

qid P Seaq UP 98 oWl IEER Tell Bl e & s ve R 4 el Rafa § v s gws @
foRm & fRMT 9711 2 | /e 999 uvEr gea—

(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 ©RUT & ST 7Y PR | (B*) v ford =l & Ty e |

(C) Tt % v SR | (D) Sre™ HRM |

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.

Tfd Aferd g o= 2 vd IRT URT & RO gRHN I FRIR 9! T & QAWIT @ 2 | o I8
frra =ra o R el
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Electromagnetic Induction / m—

Section (H) : Self induction, self inductance self induced emF & Magnetic energy density

Gug (H) : TR, THRGE, TRA fFodloqel o =g SHell g

H-1.

Sol.

H-2.

Sol.

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 g and radius % then the self inductance will

be:
faf¥eg a=s & dR &Y ¢ RS dur 'r fBsar @ gRAforeT R el oidT 8 d1 SHRl Wb L BT ©

Ifg TH—g IR Bl g RiSIERSE % o1 &1 aRAferdT R el @ d 96T WG Bl

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

L

length of wire = N 2nr = Constant (= C, suppose)
IR @ F=18 = N 27r = 3R (= C, AF)

2 2
C mTr 1
L= — Loc—
Ho (ZRJ 4 * l
Self inductance will become 2L.

3Ty WURB@ 2L BIM

The number of turns, cross-sectional area and length for four solenoids are given in the following table.

IR gRATRAGRIT (solencids) &) TS, IR BIc &=hel T BRI B\ = areft # Ry T 2|

Solenoid Total Turns Area Length
1 2N 2A V4
2 2N A 14
3 3N 3A 2/(
4 2N 2A 02

R FHol BRI D | IR FIC ;
<A D1 GABA

1 2N 2A !
2 2N A

3 3N 3A 20
4 2N 2A 12

The solenoid with maximum self inductance is :

T8 IR RTaeT AfTHdH TIRbE 8 —

(A)1 (B)2 (C)3 (D) 4
L = pon®mr2s
A=nqr?
N N2
n= — = L= —A
, Ho I

By putting the given values, it can be seen that it is maximum for solenoid no.4.

o U A9 H R, I8 <@ 9ad § b I8 uRAIfeIeT I - 4 B v ifSdad BN |
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Electromagnetic Induction / m—

Section (1) : Circuit containing inductance, Resistance & battery, Growth and decay Of

Current in a circuit containing inductor

Gus (1) : SRS IRRIY T 98 1l gRYel, IR arel uRuy # gRT $1 g T &7

I14#

Sol.

Sol.

I-3.=#

Sol.

Two inductors L1 and L2 are connected in parallel and a time varying current i flows as shown. The ratio
of currents i1/iz at any time tis

QRS L1 g L =R HH H G © a1 I B A1 uRadl gRT i FoEAgER yared B | fE 9w t R
RIST i1/i2 BT U 2 |

L,
i 00000
| |
i, OOLOZOO
L2 L2
(A) Li/L2 (B*) L2/L+ (C) T (D) 2 __
Ly +Ly) (Ly+Ly)
Jdi_y di
dt dt
or L1di1 = Ladi2 or L1i1 = Lai2
h_ L
i2 1

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):
LRURUY # t=0WR gRT 20 AB | 2s UZa I8 18 Add T ikl & | uRuy & 9xy Faais (Jave #) ¥ -
(A) In (%J (B) 2 " —2 (D) 21n (gj

| 3
i=i{er} or t=@.

In the given circuit find the ratio of i1 to i2. Where i1 is the initial (at t = 0) current, and iz is steady state
(at t = o0) current through the battery :
o aRuer # iy &1 i & | U S B | I&T i1 IRMAS (t = 0 W) &RT TAT iz 91 4§ yarfea wmh
gRT (=0 W) & |

6Q 2mH

(A)1.0 (B*) 0.8 (C)1.2 (D)1.5
Initially the inductor offers infinite resistance hence i1 is 1A. Finally, at steady state inductor offers zero
resistance and current iz is 1.25 A in the battery.

UR™ § IRE T HRRIY SO B A GRT iv, TA BN | 3T § IRl 3faRen # IR T IkRIg I
Tq S8 A R iz, 1.25 A B |
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Electromagnetic Induction / m—

1-4,

Sol.

I-5.#

Sol.

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 :
2ofigpA L-R gRu2r # 3 fiell 8% IR®aa # wed™ R U9 Aeaq IRA fawa wwer 2A qan 6V € o1 uRuy
BT G Fraie B

(A*) 1 ms. (B) 1/3 ms. (C) 1/6 ms (D) 1/2 ms

R =v/l

t=L/R=1ms.

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

die wre wfed ta uRaferadt & Rl &1 oneel fie 41 | SieT 91 © U9 I8 Rl /@ § g | 3FR
dIE e 31 o faar S @1 Adre & grea uzdr aR+Ifad § Jarfed aRT &1 7 :

CC
ST

(A*) increases (B) decreases (C) remains unchanged (D) nothing can be said
(A*) g0 (B) T (C) sruRaftia v=f (D) BB W T F' A
Current will have to increase in order to oppose the cause (decrease in field).

PR @F H BHY) BT ORI A b AT 9T gl 2 |

I-6.=2# Two inductor coils of self inductance 3H and 6H respectively are connected with a resistance 10Q and

Sol.

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) :

o # fRER JFIR H: 3 2 9 6 e W-—Udh@ @l I Wb Hosadt 10Q & uferke wd 10V @t
IS W eI B | WRIeERen R 10 sec. H WRS GUSierdl H AT el SHoll Al TRRIG 3§ U~ HHT BT
U BRM (L1 9 Lo H&T =419 IRVT Pl T0Y A V)

L, = 3H
{00000}

L, = 6H

10 V
}: AAZEL

(A) 1/10 (B*) 1/100 (C) 1/1000 (D)1

Lert = 2H

Energy stored in inductor IR& Husell § HURd SHoll =
=1/2 % (2) x (12 = 1.

Energy developed in resistance uftRIgr # &1fd it = I2RT = 12x 10 x 10 =100 J

A

100 -

e
2

Hence the required ratio is 3fa: 3 SrguTd
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Electromagnetic Induction / m—

I-7#

Sol.

I-8.=

Sol.

I-9.%=

Sol.

The battery shown in the figure is ideal. The values are ¢ = 10 V, R = 5Q, L = 2H. Initially the current in
the inductor is zero. The current through the battery att = 2s is

TR W Ry H e e R1e=10V,R=5Q,L=2H 2| UR™ ¥ IR&GT ¥ gRT I 2| e 94
t=2s AT W YR 2 |

(A*) 12 A (B)7 A (C)3A (D) none of these S9H & ®I 7T&l
I=I1+1>
I+ = E/R
L ﬂ =E. Io= E
dt L
1=ER+ E
L

I=12A.

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 :

f&I M 9Rue H R IRG@ GHosell ¥ URT fAarga &1 79 IffieHad a9 &1 50% B | @1 SH &1 R RS
FUS! H WA Holl DI A BN —

5mH
{00000}
108

1 20

NN\

sz

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

1, 1, V2
E=— LI | &
2 2 R2

=1/2 x 5% 102 x (1)2= 2.5 mJ.

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 :

TP IRP FUSC H | ORI Falfed dR1 R 59 U ol §afRd Bl & 991 P R ¥ SHoll e ™ 8l g | o4
9 Sl Pl Y F<IRD FRIY dTell e | SrsT S © 1 aRueT &1 G99 e ad H_0 2

4u u 2u 2P
A) = B) — cr = D) ==
A) 2 ®) 5 (©) 5 ®
U= Tue
2
P =R
P R
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Electromagnetic Induction / m—

Section (J) : Mutual Induction & Mutual Inductance

Tus (J) : G WY1 T IR SRS

J-1.

Sol.

Sol.

J-3.=

Sol.

Sol.

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

31 gusferdl @ Refd MRFd g1 919 Gusedl 13 oI aRT 1 © T2 Frsell 27 15.0 A/s B R A gRT
gedl 8 A HUsell 14 fAodlogd 25.0 mV B | T4 FHoSell 2§ PIs ORI T8 & I Frsall 1H gRT 3.6 A
2 @ puee 29 Wi Forad g —

(A) 16 mWb (B) 10 mWhb (C) 4.00 mWb (D*) 6.00 mWb

dl

EMFT%IEHEI=‘—ME 25x103=Mx 15

orar M=5/3x10°H
¢=MI=5/3x103x 3.6 =6.00mWh.

A rectangular loop of sides ‘@’ and ‘b ‘ is placed in xy plane. A very long wire is also placed in xy plane
such that side of length ‘@’ 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:

ISR o[d FTF®! goii ‘@’ @ ‘b‘ 2, xy I § Rerd g1 xy I § Yo 980 &1 AR 39 YR @1 © &
U P! Yol ‘@’ IR & AR 8| R & 49 H1 oI 91 IR & 7 g3 ‘d‘ & | (e &1 3= Rad

AT B |
(A*) a (B)b (C)1/d (D) current in wire AR # €RT
o=MxI

d+b

J B.ds

d =M

1
M= “Laéanrd Hence 31d: M « a.
2n d

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

TWIRPE 100 mH T2 400 mH $1 &1 HUSoR—T TR—URT W1 8| 39 M1 & §i9 HaH =T R0
S FR T4 9 vaTfed gRT 4 AE |

(A*) 200 mH (B) 300 mH (C) 1002 mH (D) none of these 39# ¥ P &
Mumax = JLLL, = +/100x400 mH = 200 mH.

A long straight wire is placed along the axis of a circular ring of radius R. The mutual inductance of this
system is
Th a HY IR $ R B30 @ U@ qOOR 99 $ & & IR I W1 7 | 39 e & e
Uhed B—

R nR
A) Ho™ B) Ho™™ c) Mo D*) 0
(A) =5 (B) =5 (©) 5 (D%)
As the flux in the ring due to wire will be zero hence mutual inductance will be zero.

Fifh TR & BRI I § Tolad I BT 37c: AT UROT T[T B |
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Electromagnetic Induction / m—
Section (K) : LC Oscillations
gvs (K) : LC e

K-1.# The frequency of oscillation of current in the inductor is:
RS HUSA! H TR BT ale g & —

L 2L
— 8000800080050
11C
11
112C
11
A — B — ©) ()
3,LC 6rn.LC JLC 2n.LC

_ 1 1 _ 1 1
21 Loy xCep  2m/3Lx3C  6m/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 Satt=0

fed T LC uRuy & If ¥R C &R R™1 # 3maw Q & @1 2C W 2Q | gaan forx & wefRfa & @
t=0W G S P 48 B & YA

| |
Il

Sol. f

(A) energy will get equally distributed in both the capacitor just after closing the switch.
@ 98 R & R UREIq Sl aHl GEMRAT § aRER § Sl |

(B) initial rate of growth of current in inductor will be 2Q/3 CL

RS Fredll H RS H gRT gfg 3 & 2Q/3CL B |

(C*) maximum energy in the inductor will be 3 Q%2 C

UR% FUSel H 3fSbad Hoil 3Q%/2C B |
(D) none of these STH W BI3 &

Sol. Ceq=3C
Qeq = 3Q

g= 1 Qe 307

2 C 2C

K-3.»# A circuit containing capacitors C1 and Cz as shown in the figure are in steady state with key K1 closed.
At the instant t = 0, if K1 is opened and K: is closed then the maximum current in the circuit will be :

T gRue § FEIRE Cq el C AR wIrl) afaRen H & d91 §oil K198 21 t =0 999 TR TR Ky @
@rel e Sar @ a1 Ko @l 9] &< a7 Sran g, a aRug | 1w aRT 81 |

20V R
Ki

C,=2uF C,=2uF

+—i}
Lk
_(?SUUU?N_[
L=0.2mH _
(A" 1A (B) A (C)2A (D) None of these 38 | P &
Sol.  When switch K1 is opended and Kz is closed it becomes L—C circuit so applying energy conservation :

S Foll K Gl & 3R Ko 95 8, I8 L-C uRuel 81, ey ol HReEv T R
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Electromagnetic Induction / m—

% _1 C,C,

Li? ; Qo = CeqV = -V =(20 x10°8
2C 2 M TN ( )

62
M=1(0_2x10—3)i2:>i=1A
2x2x10° 2

PART - Il : MATCH THE COLUMN

HIT - Il : i D FAferd BT (MATCH THE COLUMN )

1.#

Ans.
Sol.

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 Q .
Correctly match the current in the wire 'ad' in four different situations as listed in column-I with the
values given in column-II.

RETER fRER R JaTeR = 4 996 &3 10.0 mT/s $1 790 & 4 9ga1 8| TS TR U
abcd T2IT defa @ IS Yol $I =18 2.00 cm T T YAS 4o &I URRIg 2.00 Q 8| T=-1 7 & 7

TR =1 Raftl § IR 'ad' § gR1 &1 wW™-114 A T 791 | gofera g |

Column-I Column-II

The switch S1 is closed but Sz is open
S1is open but Sz is closed
Both S1 and Sz are open

(A
(B
(C
(D) Both S1 and Sz are closed.

-1
(A) Raa S1 9= (A1) & Ifd Sz Fell B |
(B) S1 TGl B wfdhd S 9 & |
(C) Tl Sy T S gl B |
(D) Tl S S d=< B |

(A)a (B)p (C)t (D)t

(p)5%x107A,dto a
(9)5x107 A, atod
(r)2.5x1028A,dto a
(s)2.5x108A, atod
(t) No current flows
-1l
(P)5x107 A, d¥ a
(@)5x107 A, a¥d
(N25x108A d¥a
(s)25x10°A, au d
(t) ®1$ gRT Yarfea & B |

When both S1 and Sz are either open or closed; current through ad is zero. With S closed, current 2 x
107" A flows from a to d. With Sz closed, current 2 x 10~ A flows from d to a.
Sq qE ST S2 AT A Gell AT g ©, ad W AN dTell GRT YR B | 99 Sq g 7, A gRT 2 x 107 A,

adddP AR yafed 8l 81 99 Sy d< ®©, d gRT 2 x 107 A, d ) a & IR gaifad sl 2 |
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Electromagnetic Induction / ﬂ—

2.4

Ans
Sol.

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-IL

IAD TR B TP TNHR U Uh o WY gRMER IR & Aolald GaHd w0 F FRFEHAR @ &l ¢ |
T -1 4 3 T HoFl B W11 396 IRl | gHfed siford —

1<

Column-I Column-I1

(A) If the magnitude of current L 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.
-1 -1

A) IfS gRT 16T GRATT SRT ST © | p) U # URT g1 Sferomed g
B) afe a1 [ %1 URHTT TR ST 2 | q) U # URT gRT arrEd Bl
)
)

( (
( (
(C)Ifs U @I R ¥ X e/l 9l © | (r) TR, ¥ BT BT IR
(D) IfE U B AR DI AR FART ST & | (s) TR, U &1 UfdTHia Hem

(t) ORT & S UR U FOF B |
(A)a,s (B)pr (C)p.r (D)as
(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) IRTATE AR & HRU U H GEDI &5 USl & dd & <X BIN | 3 ORT 971 4 THd Foad I
TS| 37 IRT 39 ISR URT 811 & I8 U & TGeiad H1 € 3(d: od § URT &RT aH&ad 81 | U &
I TWH gR] HEER A $H RP B0 3fd: R gRI UIHNT BT U & IF RS &RT SR B RSB
Bt oTc: AR §RT MBI BT gfh U BT 9137 9T IR & U © | 37 YAyl 9t SIreT Jordl 81T | 37et:
AR U BT UGN R |

(B) (A) &1 IHH BT |

(C) 919 U AR ¥ ¥ 1 B | A1 DI Tolad "edl © | o 39 RANY F fawed (B) & |AM 20m |

(D) 51§ U IR &I T T SR AT Folad ¢ 37 39 Reafd § fawew (A) & @99 811 |

T9 g1 gRafiid Bt ¥ a1 U W B I et wrf TE war 2
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Electromagnetic Induction / m—

Bl Exercise-2

. Marked Questions can be used as Revision Questions.

= faffed uea Sievm a7 ueE R

PART -1: ONLY ONE OPTION CORRECT TYPE

-l : Bacl UP el [dhcd ISR (ONLY ONE OPTION CORRECT TYPE)

Sol.

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 la1 flows in
Q. The switch remains closed for a long time. When S is opened, a current laz flows in Q. Then the

directions of la1 and la2 (as seen by E) are [JEE 2002 (Screening) 3/90, —1]
P
Q
am=
é U E
S
BatteryT//
(=)

(A) respectively clockwise and anti-clockwise  (B) both clockwise
(C) both anti-clockwise (D*) respectively anti-clockwise and clockwise.

St f& fam # R T 8, P Ud Q &) 9eld dred o B W B o W Red €| o9 Raa S &1 @
HRA B, I P H SRt Ry e yarfed Bl & (ST 5 E 2@dr 8) vd Q # 9RT ORT lor FaTRd BT B
e 980 o Y T drel Y8l B | o Rag S B wWied & O Q H laz URT YaifRd B 2, @ E gRI

U Iar T Iaz @ R &, [JEE 2002 (Screening) 3/90, —1]

P

Q
/\ AN
N
S
Battery//
()

(A) HHT: Sf&oTad Td g (B) Q4 # TfEromac
(C) &I # amTad (D*) ST gTad Qd gferomad

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. Ia1 Will flow in such a direction so that the
magnetic field lines due to Ja2 passes from left to right through Q. This is possible when Ia1 flows in
anticlockwise direction as seen by E. Opposite is the case when switch S is opened i.e. Ia2 will be
clockwise as seen by E.

S9 @Ol S BT g fHar o 8, @ Q¥ wRT g &7 I ¥ 91 &R 31 e F qear 2| o dw
frmgaR Q # URT gRT Tor T oz 4 92, R 1o & SR geaR 96 Y@ Q ¥ 9 9 SRl
IR MY | I8 I §Wd ©, 919 la1 E & JJAR ardrad faen # gaifed 81| §oil @ied R Yhd Sac el 8

FIf Iz E & 1R Sfeomact fem # st 21

/\
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Electromagnetic Induction / m—

2,

Sol.

.=t

Sol.

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

TP I U DI Vb THIUREC] g &3 § @ T 2| Freal 4 URT OR1 ITH B b BRI AT
MR &1 9 Bl 2 | AR U @1 o uRafiia a7 ORIl @ WA IR A GRS - Ud aR B
roar ol % 1 IR @1 fag@a wfte &1 =™ B SR

(A) 3y (B*) |99 (C) a1 Rl (D) TR I
2
Power Z1fad P =%
here Jg! e = induced emf URT fAarger = — (%} Where S8t ¢ = NBA
=—NA @
dt
1
also R —

r2

where R = resistance, r = radius, ¢ = length
SEf R = ufiRiy, r = 3= | ¢ = dar8

2.2
Poc—Ngr i='|

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) 3531 &1 0 A U B & TR% 90 a1V A 39 IR T $al © b I8 T gAM FH=R
IEd B | I ol & T G (x) BT A 91 BN o9 qU A H IR fodroda ifdwmad 2

B
r ) R

(1, [‘ f.

Nl .

AW = >

R R 1
A)R B) - cH > (D) R [1--}
(A) (B) 72 (C") > 72
)
_ HoinR 2
= 9 ar
P RTI
En=— 90 - BT o2 39y (R2 4+ x2)52 . 2 (v)
dt 2
Ea is maximum when @ =0
dx
dE,
Ea 1f®as 8 59 —A =0
dx
i X =0 or IT (RZ + X2)5/2 _ 5_X (RZ + X2)3/2 2x=0
dx (R? +x2)%/? 2

ordl, R2+x2-5x2=0 ordn, x=R/2 Ans.
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Electromagnetic Induction / m—

4. x#

Sol.

5.#

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 caoil is
2cm x 1cm x 2cm and 4 cm x 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) :

N gED $ 7 I gEo &5 (B) 1 T 9 FHusel § URT fava 1 Amger o Gadl 7
& SFl gal @ 7o Rad a9 20 M/, & 7797 o1 @ i 11 & | g=d Jo Fosall B ATBR
HAI: 2cm x 1cm x 2cm AT 4cm x 6cm & (S fa ® Ul 2) | 9wg & @y IR faars. # uRads
P el UG § — (I t=0 W, FrSell B g &F § FARME A1) :

E
(01010 = 0.40B
() . ® o 5w / N\ -
3000 3500 " ¢ S0
-0.40B [~
-0.40B
E Ep
0,80 TSI -
H H 0.80B +— -
500 i i
C : i t(n sec)(D 500 /\
(C) 3000 3500 (n )( ) 0 300035000 t(u sec)
-0.808B 0.808
£ 9o _ Bd(b)
dt dt
=Bbv=Bx2x102x20 =040B
—2
At = 118 =5x 10 sec = 500 p sec
-2
t= 8107 _ 5 103 sec = 3000 u sec
Ans. (A)

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 :

e g U (Been) e o @wa & |y uRafia 81 @ 8 R Bod @1 S 99 gEaHa 87 A
@ TR, W 5 3He a9 & Afferwaq 21 r'H 9t @& i uRadd o | guiiar 2 99 aRa faan.
9. & G9I & 1Y AW! A8 AN 9% gR1 UeRia frar 5 d&har 2 ¢

44
"

I

»

t>"

/\
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Electromagnetic Induction / m—

Sol.

6.#

Sol.

44
e
1; : * /g I
®) ; ®) ¢ / ©)
I : t— " I = =
= %(nr2)= B2nr 9"
dt dt

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:

e FHoig U @I t= 099 R 90 971 v H U6 99 gEa 83 ¥ Eiadl UR™ B © | ¥ B
FA UfRY F9d & 91 R$ RER 2| @ 999 & 1 U H Icd= Wfad b1 gRac —
1

® ®

(A) linearly increasing with time till whole loop comes out
AT B A1Y & BU W GG T qh YT g dTER ST B |
(B*) increases parabolically till whole loop comes out
WRAANS ®Y F GG 5 TP Tl U dTe% 37T 2 |

(C) P« t3till whole loop come out

P o t3 81 S19 d% Aol o[ 9rER AT R |

(D) will be constant with time |¥ & w12t I X2 |

A=1/2x6x%x4-1/2x2vttan 37° x vt

= ¢=BA
= e="%_,ge23 =R
dt 4
iat
pat?
= P o t? (parabolic variation) (RIATHR gRac)
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Electromagnetic Induction / m—
7. A metal rod of resistance 20 Q is fixed along a diameter of conducting ring of radius 0.1 m and lies in

x-y plane. There is a magnetic field B = (50T) k. The ring rotates with an angular velocity o = 20 rad/s

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

20 Q URRIY arell a1g @1 B8 0.1 m FFsar &) u1g &1 90 & A W GS! 8 A1 x-y I § Rerd & | F@i

FEHE &5 B=(50T) k 2| I8 9ei¥ o = 20 rad/s & BT I7 | 30! e & AMvel goid o W& B |
10 Q &1 9129 URRIY 9o & b a1 IR F T ¥ O 91 ufRiy & yarfed orT & —

(A) lA (B) lA (C* 1A (D) zero T
4 2 3
2 .
sol. 297 _q01 4q0i
2 2
(50) (20) (0.1)2 _30i - 1 A
2 2 3
8. Earth is a spherical conductor with a uniform surface charge density o. 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)
gl ¥dE Bl P GAM TN MG 89 ¢ Bl Gardd el A1 | I8 M0 & & URT: o BT a7 |
g9 & 2| 5 &0 §F & RO gl R gES &7, Yl & & & AR Yb WA B Ffoud X | A
¢gd Td YA Y@ & 99 59 &89 B HRY S0 [9dL I 8 (Re = g 1 3oam) —
(A°) - BoR? (B) BoR? (©) 2BoR? (D) I
Sol.
The equator can be seen as a conducting ring of radius Re revolving with angular velocity © in a
perpendicular magnetic field B.
2
Potential difference across its center and periphery = @
Potential at pole = potential of the axis of earth i.e. potential at point O
2
Veqvator — Vpole= BO)ZRe .
Sol.

A

I B FEDH 859 BB F=aq Re 901 9 o 0 ara 9 ! g8 9 90 & w9 H o 9ad ¢ |
W@Wam$ﬂﬁﬂﬁﬂw=¥

2
gd W g = gefl A Iig W fAwg ie. O Rg R fawa - Vequator — Vpole = S0R
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Electromagnetic Induction / m—

CR%

Sol.

10.=#

Sol.

1. =#

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 = 4t? 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 :

Teh R a1 don m S9qM $) sraed aod foraa) uRel W q od U 9HE WU ¥ fAaRd 8 B gRed
&S wa' W W A6 2 | US SWieR 99 & 91t uRafdd gRed & B =412, t= 0 R ST O © |
{E AT g1 B dra {907 N a1 B | AR t= 2 AHUS W I HAT YR IR T ¢

4gmR 2gmR «~ S8R R
(A) 29M2 (B) S92 (cn 22 D) =
g mg 2mg
[JjE.dz=——
Ex2nR=nR2@. = E=E><8t=R8
dt 2
8gR
(GE)R = (umg) R = p=20
mg

A uniform magnetic field, B = Bot (where Bo 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 :
U6 R 90 & JATOR AT H U6 F9H gREa &3 B = Bot Red § (Bo gqd Fadis @) a1 e

B PQ Y ReR 9d &3 & SR U AWK ©

B
2
A) By VR?+172 (B) By! 1/R2-€I (C*) Byt VR? - (2 (D) BR VR? -2

JEd€=8. E= r di , E cosb = (B Bo = i Bo
2 dt 2 2

Va-Vp= (g Jz =Bo ¢ VR? — /2

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 a1 @1 & ad® Fadl, T 99ed Id gee 8439 B ¥ @ g8 B, foraal fen aad @ e &
FAMRR & | IH DI A0 &7 & | f5a i ora 9 gad arfe gl § fQansd So= T 8
(SAFETT BT IMAT R THHH FHHAI: e AR m §)

B

®
®
®

eB . eB 2mm m
® om ®) © ~s ®) ~es
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Electromagnetic Induction / m—

Sol.

Sol.

12,

Sol.

13.

Consider a free electron in the disc at point P distant x from centre of disc.
The magnetic force on free electron is = evB = ewxB (towards left)
Centrifugal force = mw?x. (Towards right)

For net force on the electron at P to be zero

i.e., eox B = meo?x or o = 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

AT Tl B dw G X T R g PR $IE o solagi= 2 |
A FeIag IR o Tl gD 9 = evB = eoxB (IR 37R)
AT TR T Tl BT ol = meX. (SR 3MR)

PWR § 9 I B & foig

ie, eoxB=mw’x T o = eB/m
& gorgeil $1 B 418 el 8, (< IS [d.919d I~ T8l I |

Ans. eB/m

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

9 Uh URSD pUsell § ORI 5.0 TR 8 o I8 10.0 THRR/A. &I &% A 98 @l & o gusal B (R
R fIar=iR &1 aRAT 140 dice & | 519 HUsell d gRT 5.0 TR & d21 I8 10.0 TRRR/H. &1 &% 9 °¢
2 @ e 3 RRI W fAvar=R 60 diee ¥ | Ul BT WldhE 2 |

(A) 2 29 (B*) 4 &4 (C) 10 &4 (D) 12 &4

Using ; VA—VB—R""L% P YA BT R

140=5R+10L
60=5R-10L = L = 4H. Ans.

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]

far 9 E 9 98 9 maw Ut @ aral LR goft aRuyr & IRew # Soff 3fg @ R & 999 & 91
FIT T A USRI B aTal 9 81N : (AR™ H IR0 Fusall H ORT YA 8)

du

dt du
A § dt (C) (D) dt

= | t—
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Electromagnetic Induction /

Sol. Rateofincrementofenergyininductor=ﬂ=i 1 Li? | = Li di
dt dt \ 2 dt
Current in the inductor at time t is:
t t
D - di _ig o7 7
i=io(1-e *) and —=20e°F"
0 ( ) dt T
P _t
U Loe g
dt T
ﬂ=0 att=0andt=
dt
Hence E is best represented by :
A
du
dt
t—> >
Sol. ﬁmﬁmﬁq@zﬁra-ﬂ =41 playd
dt dt \ 2 dt
IR H F9I t TR GRT
du
dt
| t—>A'
t di i _t
- i
i=io(1-e ©) @21 ey
of ) pm
2 = i
dU _ Lig ¢ “(1-e )
dt
%=0 t=03Rt=0 W
AT E &1 IT% 9 I8! @ ueRia f&an s | 2 -
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 Rand L are :

form § RRwmw W aRuy & e W |

2A 9T YaIfed & W& § dA1 I8 1A/s B IR |H §¢ <&l 7, d

faqaraRk Va— Vb = 8V HIUT ST 8| 919 ORI 2A 8 d21 I8 1A/s &I <% | ®c & 8 d, v
Va—Vp=4V AU ST & ATRTAMLD A9 B

(A*) 3 ohm and 2 Henry respectively
(C) 10 ohm and 6 Henry respectively
(A*) SHHeI: 3 3N a1 2 BRI

(C) s¥er: 10 3H AT 6 B

a —>—

EL
. %R

b———<——
2 ohm and 3 Henry respectively
6 ohm and 1 Henry respectively
AT 2 3H T2 3 B

(D) 5T 6 3MH Tl 1 &Y

(B)
(D)
(B)

Resonance®

Educating for better tomorrow
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Electromagnetic Induction / m—

Sol.

15.4

Sol.

16.

Ans.
Sol.

Vab=Lﬂ+IR
dt
8=Lx1+2xR
4=-Lx1+2xR
Solving the above equations THIHRTT &1 B W WIS BT

we get R=3Q
L =2H.

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 R is :

T faga uRuy 4 Raa S &1 e o a9g aa Rfa 2' 4 Srew @ a1, Reafd 1" | Sirer a1 2| iRy
R1# ST gl S 81N ¢

R,
5 1
’UUUUUU\E/
w2
E R,
L E? L E? L E? L E’(R,+R,)?
(A =E (B) -5 ©) (D) = ERir RS
2R2 2R1 2R1R2 2R1 R2

When the key is at position (2) for a long time ; the energy stored in the inductor is :

9 Raa S UH v F9T | (2) R &, T9 IRV H Hfad ot grf
L

50000 2
E:. A‘NWTQZ
1 1 EY LE2
Us=— Li?=—.L. |—| == '2
2 2 R, 2R,

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

T8 Rl ol Ry R B RS A SIS W S SHoll & ©U § & 8 g, o9 I dd gRuey #
T 2 |

1

A 1

L
“pu000"

Hence (A).

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]

3 TP GBSl TS BT WURBE L Ao 1 A JST g8 91 Th—g@r B sail U™ I B B AR
TAd T GUSel B g FHrsall ¥ gl 2 | e &1 g WReE @

(AL (B) 2L (C)3L (D*) 4L
(D)
— V0TI ——TO0000
L L
M= kyLL, =L
¢=LI+LI+2ml=4LI=Leql
Leq =4L
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Electromagnetic Induction / m—

17.

Sol.

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,

O) O)

@ @ [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

TP IR 91 B U 0 97 v R BRIl & dd & 8% dI IR FERT 7 a9y geor &89 3
w4 TR SR A PRa B, safog

O] O]

O, O,
(A) g1 9T IR AT O ST IR Afad B ®

)
(B) Foma®l qifl IR Tl &R ST iR Afud Biar 2

(C) g\aY S RR TR A1 M9 at # Afed 2iar 2 |
D) Umd¥ S0 RR TR U1 99199 It ¥ fad 8ar 8 |

PART - Il : NUMERICAL VALUE

AT - 1l : TS S (NUMERICAL VALUE)

Ans.

Sol.

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 ‘@’
and inner radius is zero. The magnetic induction varies with time as B = Bo sin wt, where Bo and » are

constants. The amplitude of emf induced in the spiral is gm = 1na2 N o Bo. Find out value of x.

X
T AUAPR Telld Husell H Adfie N8R 8 I8 U gk ¥ godl 9 ouc gU & dol |ifelldR dd &
g Red v w9 g &3 A Red 2| AffdeRr BRI H 98 R # on e’ v a0 aTwiRe TR
@ 51 g T gEeR IRV §HI @ W1 99 B = Bo sin ot §RT uRaffa 81 @1 8 W'l Bo 9l

e © | affemer @rsen # URa fodloga &1 mam™ em= ~na? NwBo 8 d1 x &1 7 S &1 ?
X
3

de=- Ex nrz.@
wdr a dt

hereﬂ%ﬁ%=80m cos wt d8=—ﬂnr2.Bo(a)COS(s)tdr
a
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Electromagnetic Induction / m—

2. x#

Ans.
Sol.

3 a
.= st _ ByonNcos ot c=— B,onNcos ot {r_}
a a 3
[0}
2
s=—w Amplitude W&):% na’N o Bo x = 3 Ans.

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 second. Find out value of x.

X
fa= § CDEF ta a¥v1 3f2d STedq alaid %A & Wl S&d ol 9 381 8| Uh ardd 99%d B8 GH o
TIHH ‘m’ = 1 g 8, SWiEtR gal Adhal 2| I8 B WA A GUS dle 91 TYURRT T Ahal 8 | GH gHem
afos w&f 21 39 B B W B 3R ‘U= 1m/s IT IFR BIF I 2 | AR Fgl oI TROT ‘g 8 3R

R @ oramal BIE gRRI Rue § T 2| T gR1 Seaw g W uge ¥ forn m “‘Qosecgw
al X &1 AT S PRI -

_(=10cm_
u
G ®B=3T H
R=1Q
DWW\~

90

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.

foeft w7 B @1 97 v & (AF) d9 g gRuY AR w@ad 9% 7= (F.B.D.) (A) 3R (B) # wwen: few@mn
T B

e=B(v
L |y \'%
I I
m
'WBNV mg+Bi(
Figure (A) Figure (B)

Applying newton’s second law to rod

e B A BT GERT FTH A HRA W

mdv :
—— =—(mg+8Bil) .. 1
pm (mg + Bil) (1)
where @l = BRﬂ ....... 2)
from equation (1) and (2) JHHRT (1) 9 (2) A
mdv _ B2¢%y
—— =—|mg+
dt k
; . . m dv  _
integrating between proper limits we get J 522, j dt
umg+
R
S m dv ¢
Sfa il § Fdfod v W) J‘ﬁ=j_ dt
umg+ B é V3
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Electromagnetic Induction /

.=t

Ans.
Sol.

mg+82 2 u
= mziz? /n R Ans
B</ mg
Put values t = (o x =90

Two parallel vertical metallic rails AB and CD are separated by 1 m. They are connected at the two
ends by resistance R1 and Rz 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 Rz are 0.76 W and 1.2 W respectively. If the terminal
velocity of bar L is x m/s and R1is y Q and Rzis ZQ then find the value of x + 76y + 10z. (g = 9.8 m/s?)

3 AR SEER gigeii @ eIl AB TN CD TP @R ¥ 1m & & W & | REgaR s I R
ARy R T R2 ¥ IS 1 0.2 kg 1 &1fcad ©s L, Tocd & g9G § USRIl R I@ER 1 &1 R =
Ty & fhed I8 B | T8l 0.6T &1 §H%y afds g=dg &3 Al & dd @& ordaq [Jeme 2| 59 I8
AT 99 U BReht 8 ol R dA1 Re # wfod &g wHen 0.76 W dn 1.2 W | Ik 8s L &1 AW 97 x

m/s TAT R1®T A9 y Q@ R ®T A ZQ &1 A1 X + 76y + 10z &7 A S1d HINY | (g = 9.8 m/s?)

Art+wwwr— C
q
L
[ |
R,
B __NVVWV\__ D

40
For terminal velocity, S\ 97 & forg,
Mg = ILB
here T&f [= —2 = ENL
eq Req
22
Mg = BV
RR, /R +R,
RR 1
Vo=Mg. —2
°=Me R, +R, B27?
Given that f&ar a1 8
12R1=0.76 ... (ii)
& 12R2=1.2 ...

where &l |y = Ri and I, =

i
Solve (i), (i) and (iii)
method Il (Better sol.)

€

R,

JHBROT (i), (i) qAT (iii) BT TS BN

power of gravitational force &w@THYT 9 &1 W = Py + P2

mg VT =0.76 + 1.20
So 3, Vr=1m/s

2 2 2
e=BVr/=06volt  Pi= LRi= £ =06
1 P1 0.76
36 _— 0.36 3
Ri==— Q similarl PR R2= — = —Q
" 76 v 7120 10
R _30
R, 19
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Electromagnetic Induction / m—

4.%

Ans.

Sol.

5.#

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 =20 & the capacitor C = 1uF 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 att= 0 is equal to v = 5(1—e‘XX1°4Xt)m/s .Find the
value of x.

T FAR ATeAd - TeRal U6 R 9 £ =10cm 0 R § 91 m = 4mg STAM & IARIAA AT
FASTS A G 2 | FAgERr qeRal & ofaw R afiRg R = 2Q Jon waiRa C = 1uF 9 93 & | TeRal
P T B o9aq P AU gEOR &3 B = 20T =re fbar oan & | waoie R FId 99 F=10N SR

FRAT ¥ ARt = 0 W F 967 IR TR W A0S BT T B Herd § a7 v =5(1—e 10 m/s &1 ar
X &AM T B

R L%E—Q’BJ—
% | T

25
F -1/B=ma
Bv/ d

F—-|—+c—Bv/| /B=ma
R dt

F_ Bv/

x /B =ma+ C/?B2a

_ B?P

F v=m+cepy)
dt
t

f dv 1
J B22 (m+Cr?B?) I ot
0 ~ v 0

F_2 "
R
{ -B% }
2,2
V=BF2?2 1_elRm+EZO] |

Put valuesv = v =5(1- e—25><104><t)

A long straight wire carries a current Io. 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 ;

TP TR Y TR H lo gRT Yaifed &1 R&! 8, REgaR 39 R & A=K Ud a 9o b = 3a g W J1 3
IR XY & | S fb RETgaR gfekig R §RT 09 4 9IS € | Vb Wasid aRi & 3gfas Frad 9 v 3=
T4 & fhAd TE1 2 | I8 A9 & P dR, SaIee, IS A5 B uRRig qo1 hH &1 WIRGE 0 § —

R L,y

A

a

<
<

I,
The point of application (distance from the long wire) of magnetic force on sliding wire due to the long

wire is ;_a from long wire. Then findout value of x.
nx
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Electromagnetic Induction / m—

Ans.
Sol.

6.#

Ans.
Sol.

7.=#

T IR @ SR fBed dTd IR R oM dld g9 9 &1 fhal g (¢ IR 4 ) a4 arR 4
23 2 G x @1 A T

/nx
3

J(Torque of elementary force) = Torque of net force.
J'(a\?vra?ﬁzmawvf) = gRoTHl 9 &1 Fareet

Holo IJ.XdX =F, X = Balo |4y (Ej X

2n X 2n a
= X = b-a = X = 2_3 = X=3
(n(b/a) n3

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

HolV . Find out value of x.

XT
(ST a7l Y GIBR gifcdd ¥ Ub o Td 8 IR & §HIY AR 20 g3 &, IR 9 | gRT yared
B 2| U BI, U Td IR & dal H TU7 AR & oI9dq SR AR v I | AT STl B | OF U B

ﬁwﬁvaﬂﬁa=2ewwz‘,aﬂqgﬁﬁﬁﬁﬁowow‘tﬂ & Tl x BT T BT |
T

i A

¢|—>v
[6————> é
a
12
EMF = _Eugs (B2 —B1)¢v
dt
0 . a2
EMF = ¢y [l Hol | _ WV
2ra  2n(a+/{) 2na(a+ ¢)
Put values X =12

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 B = 2 rad/sec? 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 tis [x x 107 (=1)" x 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)

a1 a = 2cm @1 AEIAHR AR U T A FEGI &5 B=1T &1 ¥ W Reafd 8 ()| t=0&80 w®
U = Sofig @ROT B = 2 rad/sec? § |dE W A @ B & G e O & URaA: A1 Y AT ¢ |
U # IRT fAodlodd I td B & I H [x x 1074 (-1)" xt]VE, F&f n=1,2,... & Wl fo t 979
W JU P g gUiHl I G I USRI a1 8 A x BT AW d d7 | (@7 6 AR @ fewn, o ™
fdodroge @I g fem &1 =T & | (t= 0 U |ARE! q=R o))
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Electromagnetic Induction / m—

Ans.

Sol.

8.#

Ans.

Put values x =4

A square wire frame (initially current is zero) with side a and a straight conductor carrying a constant
current I 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 ifi =0 att =0 in the loop is equal to ;O—T_\fﬁnx . Find the value of x.
T

ol @ H ISR IR B¥ U6 [ 90 91 Jamel el ards aR 9 ad § Red 3 | () | @+ 3 urf™a
gRT Y &) BH Bl Rebed U HRIY HAY: L T R & | IRT YaE dreid A b = 2a g R Rerd 31&1 00"

% URT: B P 180°H A & | AR t=0TWRi=08 1 %A A 981 dTall KA AL ;Oe;znx B Al X BT
I
A AT B |

A a
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Electromagnetic Induction / m—

Sol.

9. = #

Ans.

Sol.

10.=#

q=JIdt

1d¢ _A_d)
a° J.R dt R
q= poal (nb+a

2n R b-a

Put values x =3

A T1-shaped conductor is located in a uniform magnetic field perpendicular to the plane of the conductor
and varying with time at the rate % = 0.10 T/s. A conducting connector starts moving with a constant

acceleration w = 10 cm/s? 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.

T [1-31 MG B dATeid, TH FGH6U guo &3 § Rad g | gao &3 ad® & da & o=dq & aol

dB

=010 T/s & &R ¥ GHY & W URAfI 81 81 2 | U aleied FAISIh, AR oD Bl & AT

w=10cm/s? & f9a @RUT | T HRAT URS™ FHRaAl 2 | HASTH DI g (=20cm B | AR t=0s ™
U F1 aFABA qUT FHHI IROT (B) I B Al WA RS BN & t =2 TR U 9 IR fdodioga (mV #)
A BRI ? U B W@URGBE DI A0Y HAFAT B |

X®B

12

«—x—>

\'
:%:A@ +B%

dt dt dt

& =32l (31? =12 mV.

_ . dB
= (1x) g+ B(VY)

In the circuit diagram shown in the figure the switches S+ and Sz are closed at time t = 0. After time
t = (0.1) /n 2 sec, switch Sz is opened. The current in the circuit at time, t = (0.2) /n 2 sec is equal to

%amp. Findout value of x.
fora & fazamg aRuy § R t=0 R R S1a S 9w 81 9T t=(0.1) /n 2 sec, TR Hoil Sz P
Hred 21 aRuy § W99 t=(0.2) /n 2 sec. R UK %amp B q1 x BT A A0 R |

S : 1
'4003 S
9 2

=100V 3100

g
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Electromagnetic Induction / m—

Ans.
Sol.

1.2

Ans.

Sol.

67
i=io[1-e™]
when S+ and Sz are closed then at t=0.1/n 2

S9 t=0.1/N2WR S17 Sy a7 fHd 9 B

10x0.1/n2
i= 100 1-e !
10

i=10 {1—1} = 5A.
2

when Sz is opened after that att = 0.2¢/n2 — 0.1/n2
9 t=0.2/n2 - 0.1/n2 T Sz BT WAl T 2

100 5001z —eeLm2 17 5 31 5 67
= n
i = [1—e 1 ] +5e . i’=2><{1——}+—'i’=2 + A

50 32 |732° “32 732 32

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 tis g [1 + xe™*RY]. Findout value of x.

e g% uRuY # fId fQodiodal E &1 SId @M L R&@ &1 dAlb posell S0HA § ! & | I aRu &1
AT AfcR1g R & aR1eR & | I8 AR o/l § 2| t= 0 &0 R dlh Hosel bl URbed doil § 4 T G

m%ﬂtﬁmﬁmaﬁmta‘»wzﬁwﬁ§[1+xe*“R/L]§mua’f§iﬁﬁo‘aTaTéraﬁxzmﬂﬁ

Eisicadl
3
. : A . Ldi
We write the equation of the circuit as, Ri+ pors =&
n

g

for t > 0. The current at t = 0 just after inductance is changed, is i= nE, so that the flux through the

inductance is unchanged.
We look for a solution of the above equation in the form
i=A+BeC

substituting C = L B=n-1A= 5
nR R

Thus, i = = (1+ (n=1) g RULY
Put values x =3
t>0. & forw aRuy & Ffever 7 v & o Sreeh
. L di
R|+HE—E_’
t=0 W Wb § gRadT & Srp Tzard

i=né,% 3 WP W Fodd gRac URafid Y& 8 | STa FHIbR0T Bl 8

i=A+Be'C
L

9 F YT PR | C=—R,B=n—1,A=éuﬁwﬁﬁ?ﬂﬁrw
n

S é (1+(m—1) R,
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Electromagnetic Induction / m—

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 w 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

2

loop as a function of time is equal to 1(7132“00)J Icos 20t
X b R

a =1 &1 t& 987 BITT U UR™ ¥ b (>>a) B & uaga 95 U @ 1Y G ©U 9 99 dd

H @1 g3 & | 93 M, Sife ReR 3@ oian 8, § f9d oR1 1 yaifsd &1 SiRfl 8 de1 8IS o B 39D

IR B aRa: Frad dofg 97 o @ gA™T ST 81 BIC oW $1 GR1g R 8 e 39S WRebed TG 2 |

. Findout value of x.

2
B ou ¥ IRT U1 & HRU I o § GHY b Hod @ wU § IR At %(“32“0(”} [cos20t o

b R
Tl x BT A S DI |
Ans. 4

2 2
Sol. EMF fo ato aat = 3¢ _ [ ™o | Icos2at
dt 2 R

13.# In the figure shown two loops ABCD & EFGH are in the same plane. The smaller loop carries time

varying current I = 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)
fRrTgAR &1 g ABCD @21 EFGH S99 1 3 &1 BIC U H &1 999 & 91, [=bt® FTAR qaaiil

2,578 b gFTHS FIdTE 1t FHI 2| BIC U BT URRIY r 9 98 U T R | (@S U FT WU T0g

A 8T )
E _F
Al
|
>>a
D C
a a a
H G
2
The magnetic force on the loop EFGH due to loop ABCD is % /n % Findout value of x.
X T
2
U EFGH W U ABCD & ®RUl =@ 9a % En% B A X HT 99 M B |
X7
Ans. 12
d|Bds
son poEVF__cb _ 9B a4
R Rdt Rdt 27 R 3
2
F= [Bior = 10120 &
12 1° R 3
14. A solenoid of length 1 m, area of cross-section 4.0 cm? 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 = x 10~ H. Findout value of x.

1 m & 4.0 cm? STIRY BT &Fhd AR 4000 BRI dTell IRATADI, U 3= URATfTdT & of<r @l 88
2 e =g 2m, IR HIC &F%d 6 cm? iR B @ | 2000 B | uRAIferdsi & da oy
IREE x 1 x 10 HE Tl x FT A9 S BIFT |

Ans. 64

Sol.  f2=ponilt X A2N2
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Electromagnetic Induction / m—

M= 92 = BoNMNaAy _ 411077 x 4000 x 2000 x 4 x 10~
I 04 200x 1072

15.2# Initially the 900 uF capacitor is charged to 100 V and the 100 uF capacitor is uncharged in the figure
shown. Then the switch S: 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 uF capacitor is charged to

=6.47x 10 H

300 V. If t1 and t2 minimum possible values of the time intervals, then findout tt_1 .

2
RY H 900 pF &1 |RA 100 V T MR & iRk 100 uF &1 GaiRa REgaR FRERE © | @i S2 &1
I 1% g 95 fban 1 B JOwEnd $9 Ul BRd § 9 dbil doll S Pl b I b Y 9 aRd
2 9 R oufdd w_d & 99 I8 uyrm A1 f 100 pF @1 FenR=E 300 V d@ mafdd @ 1 t1 9t

ARl & AGH F¥d A9 &1 Y g el

t2
N N
S, S,
—  100uF 10H — — 900pF

Ans. 3
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Electromagnetic Induction / m—

Sol.

16.=#

Ans.

Initial energy stored in the 900uF capacitor is
900uF |uTR= # wufed ot

V1 =1/2 %900 x 10 x (100> =4.5J
Finally, energy stored in the 100uF capacitor is
100uF waR= & Fufea ifm et

V2 =1/2 x 100 x 1076 x (300)>=4.5J
This shows that all the energy of the 900uF capacitor has been transferred to 100uF capacitor. This
has been accomplished by first converting electrical energy of 900uF capacitor into magnetic energy in
the inductor and then converting this energy into electrical energy once again using S2 and S
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 = 2r+/LC is the time period of the electrical oscillations. Thus

900pF HeTRE @ ¥ Hoil 100uF FemRE &1 wIialRd 81 1 & I8 900uF duRe § dufka dga st
Ugd IR H GG Il  ®U H GUfed BNl & 9 G Igd Soil § gRadd 8l 8 1 S2 9 S1 b U

TANT | LC uRuy & dgd & AT Ioif 7 AuT HH # wuioReT T/4 HI 7 B ® SiEl T = 2n4/LC
YA AT BT AMAADIA & 3Ad:

T1=21 y10x900x10° = 0.6s and 3R T2 = 21 Y10x100x10™° = 0.2s

Therefore, switch Sz is first closed for time 0.6/4 = 0.15s, during which time the 900 uF capacitor gets
fully discharged and the current in the inductor is fully established. Next, the switch Sz 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 100uF capacitor gets fully charged. After this time, the switch S is also opened.
The 100 uF capacitor is now charged to 300 V.

3 BT S2 d1 0.6/4 = 0.158 & foIg g fdam am & 39 SR 900 pF wemR= qof FREafRe & o &
YRS H GRT Yoid: T 81 Sl © 319 S Wiell Sl & S¥l 99 foll St 9= IX af Wil & t=0.2/4
=0.05s % fory 5/ SRM WRe@ #§ gRT o« &1 okl & 9 100pF HemR= goid: R &1 oIl 21 59
I gEd BT Sqft @rer @ St 8 100 uF &1 |enRE 3/ 300 V U= Al fasan e 2 |

Thus 31T t1=0.15s and 3R t2=0.05s

In the circuit shown switches S1 and Sz have been closed for 1 sec and Sz remained open. Just after
1 second is over switch S: is closed and S1, Sz are opened.

feer T aRuy 3§ HfowT SqTAT Ss, 1 APTS TP a7 W & 9 S2 D Gl ¥&d | 1 Jhos & 3D
qE Hofl Sz BT I8 HIA B TAT S4, Sz B TeAd 2 |

10Q 10

Vv 1H —1F 11V
| / / /
S, S, S,

The charge on the upper plate of the capacitor as function of time taking the instant of switching on of

Sz and switching off all the switches to be t = 0 is g = x x1072 cos (t+%j. Findout value of x. (Given

(1_5&;0.89)

S2 P AT B B &9 TAT T BT & I8 A D &0 Pl t = 0 A9 Y AIIRF Pl HUI ©IT BT
mmwzﬁwzﬁwﬁq:xxm—?cos(ugj B A1 x BT A4 o a7 | (R %(1—%}/5;0.89)
89
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Electromagnetic Induction / m—

Sol. tc =1 =1 sec.
qc =(1-e™),iL=(1-e™)
2

U=zU = +Lgs 292050

2 2 C 2
=1(1-e"2+1 (1-e")? =im?
— im= V2 (1—1J A

e
2

Tan 2102 = gm= V2 11 coul.
2 c 2 e

g = gm cos (ot + ¢) = (1-e) = J2 (1-e ") cosp = ¢=

NI

Hence q = V2 (1-e7") cos (t+%}

V2 (1-e™") cos (t+%} =0.89 cos(t+%jAns.

PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
AT -1l : U AT U W IeH Gl fApcy UpR

1.*#  Aresistance 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:
tH URRIg R @ &1 AWK e aide 9eRAl & 4k Sirel Ol © | (Gaidd e SS9 ReR ofsaq

(fixed) &fdT JeRAT R & & T T 994 Fd g &9 B Al & dd & owaq argar
faem= 2| afe B @1 FEFAR 37 V R Bis Q1 91 & 1 I8 |8 999 918 wd o | a1 =1 3
q PN fIHed |81 2 |

®B Axed STsaq
L
s
RS > v
j>

(A) The total work done by magnetic field is negative.
FEDI &3 §RI A1 T BT BRI FIMHS o |
(B) The total work done by magnetic field is positive.
FEDI &3 §RI a1 T A SR A © |
(C*) The total work done by magnetic field is zero.
BT &7 R a1 T HA IR YA B
(D*) loss in kinetic energy of conducting rod is equal to heat generate between R.
ATAD B B A Holl § BN RP BRI R S0 &1 & g3 2 |
Sol:  Magnetic field cannot do work

D & BRI T8 B Fhd |
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Electromagnetic Induction / m—

2.2*# A conducting rod of length ¢ is moved at constant velocity ‘vo’ on two parallel, conducting, smooth, fixed

Sol.

3*.

Sol.

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 :

TP ATeid B [OTHd! oINTS (7 & WHR ard® a9 fafke RerR weRal W 'vo' 3=R 97 & 9ol & 2 |
Jor g8 ueRal, UeRAl & dd & ordad a9 U6 GdH geaig &3 B H fREgar & 8| eRal &
RRT ® T YRR R A SireT T 81 d9 91 § | &9 98 8/8

R

AAA
VWW\

®B || —V,
X ®

< N

(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 vo becomes half.
A*) UfeRIYg # SO H™ e 9T Aafdd gR1 Bs @l Wiaw A B T e & R B a_E 810 |

B*) 3R 981 91 ®I I a1 WY Tq, aT81 W HT HB 91 B $I a1l I TG © |

C) 3FR 9T 9 §RT B ®l @Rd fHa1 ST 9 o a9 de &1 2|

D*) 3R UfcRIg R P g1 f6a1 ST @1 B Bl 3R A7 vo W 91 & & oIy MaeISH i 37l &
STRAT |

Rate of work done by external agent is :

918 HRS gRT BRI fHI M & <R © -

(
(
(
(
(
(

c:j_vtv = BI:'th = BILv & thermal power dissipated in the resistor = el = (BvL) I
dw _ BIL.dx -
o =T=BILv3ﬁ'\’ENﬁ?1WﬁGﬁuﬁﬁHﬁW§s‘§=eI=(BvL)I

clearly both are equal, hence (A) .

I SRR B 39T (A)

If applied external force is doubled, the rod will experience a net force and hence acceleration. As a
result velocity increases, hence (B)

MR T T 91 71 fhaT S¢ 79 B W b GROMAI 9o 9 @ROT oM | GROMH Wwd 97 961 2,

9oy (B)

. e < e

Since ;1= = fo;1==
R E R

On doubling ‘R’, current and hence required power becomes half.

‘R, ®I I IR W, URT AR AeISH Afd Mef BT g |
Since, P = BILv Hence (D).

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
TP AP o B THGY JHOI &7 H 39 YR I 71 8 & SHH a9 &89 & o=dq ¢ | a9 H fa.
ared ART B, Al —

(A) it is rotated about its axis (B) it is translated

(C*) it is rotated about a diameter (D*) it is deformed

(A) SHHT ST g & IR gifa far SR | (B) 39®! RIFART fdhar SR |
(C*) 39 =T & uRa: gifa fear o | (D*) s! fawfua far SR |

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.

g # fRaigd aRa g IRk doaw # uRads &1 o % 590 =9 & gRa: goia & a1 s & &
e € | gafew | P = BlLv s4feq (D).

/\
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Electromagnetic Induction / m—

4.%n

Sol.

5.%=#

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.

T S U SHd Wedq I & Ane R iy 9 9 99ed gRe &89 § guiH R @ B |
FEDHIT &3 1 fQwn 39d ReR I & oaq 2 |

(A*) The emf will be maximum at the moment when flux is zero.

9 ¥ I BN A9 fJodiodd AfdmaH B |

(B*) The emf will be '0" at the moment when flux is maximum.

9 Terad Jffad B d9 fodlodel I BN |

(C*) The emf will be maximum at the moment when plane of the loop is parallel to the magnetic field

T4 U BT T JEDIT & B FAR 81N 79 fJodlogel AfHTH B |

(D*) The phase difference between the flux and the emf is n/2

fdoaTogd T FART B AT HeTwR /2 B |

_do o= _dBAsinet _
dt’ dt

e= —BAw cost.

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.

¢ =T, r UfoRIY SR m SFHM aTell U ard &1 dR ab, t= 0 R 73 § ueRid &1 91 g3 Swier @
At den el ared TeRAl W fhde T UR™ IRl 8| 39 WM W UERAl & dd & ofdq foen
G gD &5 B femE 2 | a1 oI fAbey ¥ 2|

X

X X X
X X X
a b
X X X
X X X
X X X

(A*) The magnitude and direction of the induced current in the wire when speed of the wire v is VBl , a
r
tob
o9 IR v = | R & 99 R ¥ IRe R B oRewr V2L , AT 39 OgRT @) fR=madb
r

2,2

(B*) The downward acceleration of the wire at this instant g _Be %
mr

B2/?
39 &0 IR &I 9 & TR @RI g— —— Vv '

mr
(C*) The velocity of the wire as a function of time vm(1 — e 9V ),(where vim = I;}Z; )
T P Here B BU T dR BT AT v(1— € 0" )%,(agﬁvm=;2_9;£)

2
(D*) The displacement of the wire as a function of time vmt — ~m_ (1 — g 9/Vm ),(Where vm = ;12922 )
g ,
2

T B B D B T TR BRI vt~ (1 — €79V )% (7 v = I

g B2/2

/\
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Electromagnetic Induction / m—

Sol.

6*. =

Sol.

7.

Sol.

8.

2,2 2,2
A= atob) Bymg- Y =m . o= W o g BV
r r dt dt mr
. _ BUBvyl) mgr
mg — Bi¢ = M2 Vm =
9 r B2¢?
r dv p o
_ . =Vm _aVm
(C) J‘ngv = jdt V=Y 1—-e
0 g- 0
mr

V2 —gt
S=vmt— - [1-e'm
9
2 ;2
B2/

(g) Heat produced per sec Ufti 94$hvs ST~ HHI = i2 r = ( 3 Jr = mMQgVm

r

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' YR B TP AfTaTeld o Ub U oI &3 3§ @1 gl & ol 999 & @i gRafla gmar g1 afx
O B FARH qAT ¢ = oI URA fdodlogat &1 aI
(A*) o =constant @@ (B)1=0 (CHe=0 (D)e=0
Magnetic lines of force do noy pass inside a super conducting loop
Jfcrares Rl ¥ g, 9o @Y GRS
hence =&l &Kt 31d: 6= 0
d¢/dt =0 ordl ¢ = constant. fFradi®

An LR series circuit with a battery is connected at t =0. Which of the following quantities are zero just
after the connection ?

LR sof 559 aRuel t= 0 . 981 | SISl Sl 8 | |AoH & gy g $Ieil R[N 3 8 2

(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*) uRue # RT (B*) R&w@ § gEDHIT Hol

(C*) 98t R v wfdd (D) R®ba | IRT fJoaroger

EMF induced = —L% # 0, rest quantities are zero.
Ra fRaiad = —L%;& 0, 991 g3 WIRKT I =

An LR series circuit has L =1 Hand R = 1 Q. It is connected across an emf of 2 V. The maximum rate
at which energy is stored in the magnetic field is :

T LR 4o 54 aRUI A L=1HTd R=1Q% |8 2V Rodlogad & A1 SiIeT Sl & A1 graprd &x o
T B arell Soil o AfdHaH W B —

(A*) The maximum rate at which energy is stored in the magnetic field is 1W

BT &7 H Fufed ol @1 AT W W B |

(B) The maximum rate at which energy is stored in the magnetic field is 2W

BT &7 H GufRd ol B AfdFHaH W 2W B |

(C*) The current at that instantis 1 A

39 &1 W gRT 1A R |

(D) The current at that instant is 2 A

39 &1 R gRT 2A B |
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Electromagnetic Induction / m—

Sol.

o .#

Sol.

10.%=

Sol.

1

= LI
2
ﬂ = LI ﬂ = Rlp? (1- e—t/r)e—t/r
dt dt
2
a is maximum when 31f&aH B S e“”=l or a1 a -E . 1W.
dt 2 dt ) 4R

therefore the current at that instant is % =1A

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 ?

oA 4§ e B NG B, d9 P g DI & b R AN FRATS AR B | FHD Bl AR A WA W,
g # IRT grT B e amrEdt Jfad B 2 | H 9 /e [eed 9 8 99 ©

(A) The north pole faces the ring and the magnet moves away from it.

IR gd, go1d DI R 8 A F=b $99 X off V&l o |

(B*) The north pole faces the ring and the magnet moves towards it

IR gd, I DI AR & A b SHD] AR 37 & 2 |

(C*) The south pole faces the ring and the magnet moves away from it.

SfeToT ga, 9ot DI AR B A g9F 399 g off 38T © |

(D) The south pole faces the ring and the magnet moves towards it

Efaror g9, 9o Bl 3R © TA D SHDI AR A & 2 |

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 fromit.

FEDI 9 YW IR gd 4 9% [Pberil & d gD B SIe0l gd & A< A & | o9 SN gd T
$ AEE BN © O gEG! g9D! AR AR B © Al 9d H GIdd 9edl © Ud 9o H arrad fasm d
gRT URT Bl 2| Sl bR W9 SfEofl ga 9o & AW &l © Ud g S99 g} ofdl © dl 9o H
sfeomad feen § g1 9RT Bt 2

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 iz, V2 and W2 respectively. Then

31 =1 grsforli & W-RF@ Li=8mHTA L =2 mH B | & Fusell & gRT ¥ fad ) 9 gfg &1 &
21 g guee # N gRT 9 gfg R FHE 2| 9T @ R v R, e gusfort @ |um wfdm @
S B | T ARG, 9O gusel # uwi, WRT fva g AR ot wHen: i, Vi d Wi B | FEH &9 W, gEd
FuS & ford G Rt HH: iz, VoI W2 B 9

[ 1 [ W V, 1
A¥) 1=— B) 1=4 C*) —2=4 D*) 2 =—
()i24 ()i2 ()W1 ()V1 2
di1 1 2
Tat Vv v ii 1w ELZIZ
Since P2=P2 orivi=iyvs & —S+-=—1  or1=4& 1=— 2= -4,
di; v, Vo i 4w 1 p
2 1l
dt 2
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Electromagnetic Induction / m—

PART - IV : COMPREHENSION

| - IV : 3 (COMPREHENSION)

COMPREHENSION # 1.

Sol.

Sol.

Figure shows a conducting rod of negligible resistance that can slide on smooth U-shaped rail made of

wire of resistance 1Q/m. Position of the conducting rod at t = 0 is shown. A time t dependent magnetic

field B = 2t Tesla is switched on att = 0.

o # v uftRg & Ud e B9 SuR) ¥ ' S 10/m IR & aR 9 g0 U-eTeR @) fae

7RIt R fhad Ihdl 81 t=0 TR aTad B @ Rafd e 7€ 81 999 t = 0 R B = 2t ST &1 G5

R R gRe &7 A wd & —
[ ]

° ° ° ° ° ° ° ° ° ° ° ° ° ° .
[ ] [ ] [ ] [ ] [ ] [ ] [} [ ] L ] [ ] L ] [ [ ] [ [ ] [ ]
IS IS
e Sl|e ° ° ° ° ° o e Sl|e ° . ° . ° °
N Conducting N qTh BS
o ll||e ° ° ° ° ° [J e llf|e ° [ ° ° °
= Rod <
° ° ° °

[ ] [ ] £=.40C. [ ]
[ ] ° (] [ ] (] [ ® [ [ ]
The current in the loop at t = 0 due to induced emf is
t=0WR U 4 URd f4. 1. 98 & HRUT gRT B —

(A*) 0.16 A, clockwise (B) 0.08 A, clockwise
(C) 0.08 A, anticlockwise (D) zero
(A*) 0.16 A, féomad (B) 0.08 A, &féomacft  (C) 0.08 A, arHTacit (D) T

dB

— =2T/s

dt

E=—% =-800x10*m2x2=-0.16V
16

i= Tl 0.16 A, clockwise (Sf&mmac)

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.

A t= 0 WR, 99 FEHI &3 dle] DR ©, Al D Bs I K% 0 oA 5 FH./H. I IEI FRD
gR1 T 81l 8 | B, eRaAl & oFgaq a9 & | 999 t=2 9. R, IRT fa. a1, 9 &1 aRemr g —

(A)0.12V (B*) 0.08 V (C)0.04V (D) 0.02 V
Att=2s B =4T; % =2T/s
t=2sW — B =4T; %=2T/s

A =20 x 30 cm?

=600 x 1074 m?; dA
dt

= —(5 x 20) cm?/s
=-100 x 10* m%/s

E=_3d¢0 __ {d(BA)} _ {BdA N AdB}

dt dt dt

= _ [4x(=100 x 10~%) + 600 x 10~ x 2] = — [-0.04 + 0.120] = — 0.08 v
Alternative : (@ :)

0=BA=2tx0.2 (0.4 —vt) = 0.16t — 0.4 vt

-_ 90 _ 0.8vt-0.16
dt

att=2s,t=2sW

E=-0.08V
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Electromagnetic Induction / m—

3.

Sol.

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 :
SWRITH U & RAfy H A &7 t = 25 9. W ATAS B & I a1l 5 9H,/A. 9 Ifaw= & forg
TIPS I BT GRHAT ¥ —
(A)0.16 N (B)0.12 N (C*)0.08 N (D) 0.06 N
At t = 2s, length of the wire= (2% 30cm)+20cm =0.8 m
Resistance of the wire = 0.8 Q
_0.08 _ 1

Current through therod= —— = —

0.8 10
Force on the wire = i¢B = 1/10 x (0.2) x 4 = 0.08 N
Same force is applied on the rod in opposite direction to make net force zero.
t=2s W IR P =18 =(2x30cm)+20cm=0.8m
AR &1 yfiRig = 0.8 Q
0.08 _ iA
0.8 10
TR W ¥ =i¢B=1/10x (0.2) x 4=0.08 N
Be R M 9o fAia fen § aRomdt 90 3= &1 & forg oma 2 |

Te A YaIfed URT =

COMPREHENSION # 2=

4.xn

Sol.

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 nL (n>1).

L,R

—— 000000 ——
A B

o0 ==

I
I
TR L $1 b URebed poscil fordd] UfcRIg R 8, Bl . a1 9 ¢ el 9l 9 Silel 1 28| t=0 R o«

Ryl wIRfl SEwel 3§ 2, U dlR B B B RS FHUSell B F_X YA IR 8 a9 RSP n LB oIl
g (n>1)]

L, R

—e— 100000 —=—
A B

I
le

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)
TS B UIY HA D UTA 4 H BIF A AR g @ 9 gRafia g -

(1) RR AT2n B & 99 fQwar=r

(2) IRea

(3) TS H IUH HHT Bl &

(A) Baa (1) (B) (1) T2 (3) (C*) Ha< (3) (D) (1), (2) T (3)
Inductance and potential difference across terminals will not change with time.

R & 727 W 9 YT 999 & 9 uRafda =& 81
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Electromagnetic Induction / m—
5.n» 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

TS B UAY IR S UvEr, uRuY H R —

(A*) 9T B T T | (B) THY & W1 T |

(C)wHa & W g =M | (D) 9T & 1Y UgA T A 9% H a8 S
Sol. Even after insertion of the rod the current in circuit will increase with time till steady state is reached.

B TR HH B ggarg O gRUY § gRT GHI & 1Y 99 ofd db b IR S/ urd | 81 o |

6.= When again circuit is in steady state, the currentinitis :

59 aRue G TR araRen § o B, O 39 ORI ® —

(A)I<¢R (B)I>¢/R (C*)I=¢R (D) None of these 399 & PI &1
Sol. At steady state inductor will offer zero resistance and hence I = ¢/R.

Tl % ¥ IRG@ Y URRIY a1 B 31d: 1= ¢/R.

x Marked Questions may have for Revision Questions.
= fufed o= <evm 99 99 B

* Marked Questions may have more than one correct option.

* fafred ue v 9§ e ) v are 93 2§ -
PART -1 : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)
HIT -1 : JEE (ADVANCED) / IIT-JEE (ﬁraﬁr El'lﬁ) P 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.

N
J

T.(B)1
T.(0)
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 B+ (solid line) and Bz (dashed line). If Bz is larger than B4, which of the

following graphs shows the correct variation of R with T in these fields? [JEE -2010' 3/163, —1]
R N R N B P

- %
(A%) B,| B, (B)
1 ]
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Electromagnetic Induction / m—

Sol.

Ans.
Sol.

Sol.

R/\ R/\

© |8 isz (D)

o| T o| T
As the magnetic field is greater, the critical temperature is lower and as B: is larger than B+. Graph ‘A’ is
correct.

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=5Tesla, Tc (B)=80K (B*)B=5Tesla, 75 K< Tc (B) <100 K
(C)B=10Tesla, 75 K< Tc (B) < 100 K (D)B=10Tesla, Tc (B)=70 K
(B)
For B=0 Tc =100k

B=75T Tc=75Kk

7eT 13k 2 & forg sg=s
Jfcrares & M | gaferd el &1 dHE Aafe T wifde aeE Te(0) | & fhar s a1 S9iaT fag@
gfeRIg YRAGR (Non Zero) 19 W UHIUEH I &1 T & | 39 Afareidl & Uh Add o7 I8 ° & 52
RO &5 B H I W 9D HI<dd did $H A9 Tc (0) B e &€ Sfan = | I+ & wifds am Te (B)
P A1 FEDI &F DI dear B R R
%Rl g1 Te (B) @ BWR fRar form & qoiii 1 B
T.(B)

Tc(0)

S
rd

O B

=1 % 4 SrfiaTe® @ UfoRlg R &1 dad WR RAT &1 JTei—3ielT gRaid &3 By (S19 @) a0 B
(Rgaa vam ¥ e ¥ 2| IR B HT A9 B1 A q1 8, @l 9 & 9 &F A1 W% R &1 T & W 37

RO A H Fel uRaa e & ? [JEE - 2010' 3/163, —1]
R N R N
B2///
CON Y - (B)
1 S
¢ T
R N R N
|
(C) B.[ |B. (D)
| 1
0] T 0]
Ans. (A)

ST 5 grRag &5 Afdd B, Hifad a™ w9 & d1 B9 B2 991 B, aIRW ‘A’ HE |
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Electromagnetic Induction / m—

2,

Sol.

3.a#

Ans.
Sol.

e frard® BT Te (0) = 100 K21 7.5 Tesla & g=ag &3 § 6@ Tc 75 K 81 9T 8| 599 I8

faf¥aa U 9 e o1 Ghar ® & 59 gt & forg [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, 75K < Tc (B) < 100 K (D) B =10 Tesla, Tc (B) =70 K

B=0® forw Tc =100k

B=75T Tc=75k

B=5T & foru 75 < Tc <100

For B=5T 75<Tc <100

A long circular tube of length 10 m and radius 0.3 m carries a current I 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 I = Io cos (300 t) where Io is constant. If the
magnetic moment of the loop is N po Io sin (300 t), then ‘N’ is

10 m =) g Tell el 5591 0.3 m &, @& aHiE-—gs H [ gR1 ¥aifed & (fF <R) | & arqy,
ot afoRi®g 0.005 ohm 1 3541 0.1 m &, el & <R W1 & | SFI & & Th qEX & A1l F=ih
21 9”1 1= Io cos (300 t) & IR uRaffa exchi 81 =&l LhReRi® 7| afk qu @1 Far amee

Npwolosin (300 t), 81, & ‘N’ &7 A9 81T [JEE - 2011' 4/160]
4 5
|
=
I
|
6
Flux through circular ring TR deid gIRT Feldd
¢ = (po ni) 7r?
b= ‘t—onrz Io cos 300 t
i= ﬂ
Rdt

2
i= Bo™ oG 300 t x 300
RL

2
= o Io sin 300 t {” '300}

RL
M =1.nmr?

(Take 72 = 10 <f)

2.4
= o Io sin 300 {L.soo}

RL

_ 10x107* x300

100x10
N=6 Ans.
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Electromagnetic Induction / ﬂ—

4,

Ans.
Sol.

5.=#

Ans.

Which of the field patterns given below is valid for electric field as well as for magnetic field?
I f T gF-—faFT (field patterns) § 9 ®IF |1 RFM dgd—aF U@ gROR-&F a1 & foy A9
27 [JEE - 2011' 3/160, -1]

NN o\

4
® <

O N

(C*) (D)

(C)
True for induced electric field and magnetic field.

uRRa fag@ &3 ok g a3 & fod 98 &

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 =J3R 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

Moa”
2P/2R

mutual inductance between the loops is given by , then the value of p is

[IT-JEE-2012, Paper-1; 4/70]
o W <2 AgER R 301 &1 U6 guidR dR U (U1R1) x—y dal H 91 8 iR §9dh1 o5 O R T | 9

JABR U S 308 TR Yo7l a (@a<<R) I I BRI qrell TMHR—FSell & & R¥dT o z= 3R R 7
(ﬁaé@ﬁ)|agve?ﬁao‘raaz-aaﬁﬁ45°aﬂww%|Hﬁa\qaﬁ?aj@ﬁmmmﬁ%‘,a—sr

2°?R
p BT HF R’ 8 ? [IT-JEE-2012, Paper-1; 4/70]
AZ
%
‘\‘450
&
<D I
V3R
V\ R ﬂ\
o >y
X
7
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Electromagnetic Induction / m—

Sol.

Ans.

Sol.

_ R
2(R2 +X2)3/2
= MoiR2 = MoiRz = MoiRz _ Hol
2(R?+3R?)¥2  2(4R?)¥2  22°R 16R
¢ = NBA cos45°

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) : [NIT-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.

T AT I Ts @ AR H ORI Fdifed 2 | I8 IR U g3 dR o @ I WR 99 S99 9@ue R I@n
HEERER LR R4S [NT-JEE-2012, Paper-2; 4/66]
(A) af a1 uRafdd & a1 gu 9 URa favar<R (emf) T T |

(B) afe a1 SmRafia @ o o # IRT favar=R (emf) uRfia 2|

(C) af gRT THEAM &% ¥ °c & g | a1 URd fA9ar=R (emf) T 2B |

(D) If& gRT THEAN &R | ©< &l & | a1 YR favar=ik (emf) aRfAd 7 |

(AC)

(¢)oop = O for all cases
so induced emf =0

(¢)oop = 0 aft Rerfoi & m
3 URT g a’® 9@ =0
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Electromagnetic Induction /

/\

Ans.

Sol.

8=

Ans.

Sol.

Paragraph for Questions 7 and 8

T 7 AR 83 BT e

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 % . A uniform magnetic field
T

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 y.

x-y T # R a1 @ goig @en § v Q g amaw o wofra 7fy & aRe o= @1 71 39 ou # &

%HWW%@WWWW%IWWW%HH%WZ-@EH‘?WW%
T

RTa®T A 0 W B d® s Hdve § YHAAN &% ¥ dedl & | I8 Ay & 39 SRE oa @ o Rer
N 2| JIBE &F B T F Be H Th emf URT BT 2| T URT fAET &3 gNT SO ¥ Y @
| U @ IRI AR GAW H fHA T FF A A o1 IRG fAEaaes 9 (emf) BT ST | IT F9 B
% 19 TP 3MMAT TP HeT H URYHAV PRl © q9 GBI aDbId fgyd ATOl I/ BN I S AT
B 2 et srguifaes Rerid 2 |

[JEE ADVANCED_2013, 3x%2/60]
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 :

IR &F B gRad B SR H& H ) Ry &o1 W) 9Ra faga & w1 aRHmT 7

(B) % (C) BR (D) 2BR

E. 2rR = —mR’B
E= ﬁ
2

Alternat

EoRr= 9 - ;R0 9B
dt dt

_-RdB_-BR

E=——"—=
2 dt 2

The change in the magnetic dipole moment associated with the orbit, at the end of the time interval of
the magnetic field change, is :

o a9g R gEa &7 H uRacd BT 5, 99 IKRIA & I |, AN b P W gab fgyd
amepl # uRacd= 2|

(A) —/BQR?
(B)

Megnetic dipole moment
M=vyJ

AM = yAJ-——-—-- (i)

AJ
At
A =-="R?

BQR? ©) 1 BQR?

(B) -r— 5

(D) yBQR?

/\
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Electromagnetic Induction /

2
so AM = _@
2
Alternet
Y
Q
E(md)
X
M_Q
L 2m
M= 30 g2 _QoR”
2n 2
Induced electric field is oppsite to the  so the charge is retarded.
o =o —o
L QB
o= on——t
2m
QE _ Q _BR _ QB
at=QE/m), (o= — = —x—= —
(@ b R TR 2m 2m !
p2 2
Ms = Qo'R :Q(m_%R_
2m ) 2
2 20p2 2 2
Am= M — M = QoR®  Q°BR® QoR" _ _yBQR
2 4m 2 2
Hindi. g fgyd smeefl M = yJ
AM=yAd ... (i)
A Q9B R
At dt 2
AJ = _%RZ
2
2
o AM = YOBR®
Alternet
Y

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

M_Q
L 2m
M= 90 g2 o QoR%,
2n 2
uRa faeg[@ &7 o @ Awa 21 o e dfed & |
o =0 —at
: QB
o=o—-—t
2m
QE _ Q_BR _ QB
a=QE/M), (0= —— = —x—~= ==
(@ PR TR om T 2m
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Electromagnetic Induction / m—

9.2

Ans.
Sol.

P2 2
Mf = Qo'R :Q m_%R_
2 2m ) 2
2 2 2 2 2
AM =M — M = QowR* Q°BR" QoR =—YBQR
2 4m 2 2

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™'. Which of
the following statement (s) is (are) true ?

_ [JEE (Advanced) 2016 ; P-1, 4/62, -2]
T FHABIUNG DIV A B P Harg 10cm 8 Vd 39P! &1 JI¢ FHH 2 | $9 B BT G800 90°
5 T 3Fd INIE & AAD AR b 9gd Tolald 9 Iv8 | &1 T & DI AP BT B AADI IR
S FAFRR © (O & o 3 Seifen T ) | aR 9 %al U g 9 fageReEl 2 | Beifn we 9 grt
arTad fa=m § g 99 &% 10 As™! ¥ dedl & | fFr=ifeiRad § 9 d91/d $IF 99 2/8 ?

90°

______ —
»

(A*) The magnitude of induced emf in the wire is (“—Oj volt
Y

(B) If the loop is rotated at a constant angular speed about the wire, an additional emf of (“—Oj volt is
Y

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*) TR H S emf &1 GRHTT (“—Oj volt 8

T
(B)uﬁﬁﬁwwaﬂﬁmwﬁrzﬁwzﬁaﬂwww%aﬁaﬁﬁ(“—Ojvoltwﬁwzﬁr
T

FfaRad emf IRT B 21
(C) TR # URT gRT Bvf § R & fAuRia fesm # 2
(D*) %2 UG dR & AT Ufadeil 9 8

(AD)
Coeffcient of mutual inductance (M) = Hofo
T
emf = |-M3!| = Ho’o 40— Ko ygts
dt s s

The loop should move away according to lenz law. SO there must be repulsive force.

sl RO 1 i (M) = Holo
T

emf= |-M3 = Moo 10— Ho yoits
dt B B

o & FRIAgER U % @ @R favenfia e8rm o ufaeeft 9 g =nfed |

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVEI - 84
Educating for better tomorrow | i o5 eE 5rES [ CIN: UB0302RJ2007PLC024029 -8




Electromagnetic Induction /

/\

10.=

Ans.
Sol.

1.

Two inductors L1 (inductance 1 mH, internal resistance 3 Q) and L2 (inductance 2 mH, internal
resistance 4 Q), and a resistor R (resistance 12 Q) 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 (Imax / Imin)
drawn from the battery is :

[JEE (Advanced) 2016 ; P-1, 3/62]
T1 Wi (Inductors) L1 @21 L2 &7 URebed %A 1 mH U9 2mH ®, Td 3dRe ufeRly 3Q @4 Q B 39
I URBT e TP ufRigd R R7ae ufiRig 12 Q 8, @9 &1 U 5V &1 391 & 98=R | Sirs far
21 URuY B I t=0 W A S 21 D/ Fwe afedw vd Eaw gRieh @1 e
(Imax/ Imin) T ?ITIT |

(8)
3 1
—W——"W—
4 2
—\VW—W—
12
42
L
5v
. 5 .
MW1=?E att=0 qq
max=51><28 att=oo W
imiz 5x8x12 _8
imin 12x5

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 vo in the plane of the paper. Att = 0, the right edge of the loop enters a region
of length 3L where there is a uniform magnetic field Bo into the plane of the paper; as shown in the
figure. For sufficiently large vo, the loop eventually crosses the region. Let x be the location of the right
edge of the loop. Let v(x), I(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]
T AR M@l arell AR $T 56 Bal, forad Yoil ol @z L vd ufoRig R, x-3& @ faem 3§ va Rer
T Vol §H BITST & W9 W (plane of the paper) A 8| 97 t = 0 R %a & IRl fHaRT 3L
918 @ ReR g &3 BoW Fd¥ &Rl 2 | GadbId @3] B QM BNl & ©F & ddad &R B AR
2 (O I # ST T OB) | vo BT AN T B WX IAAanTal hal geaid &3 B UR HRdl © | AW
fafSie & w2 @1 SR Yo W x W 81 B 3 I}, B § gRT Td By R I B x R WRaAT 31
B v(x), I(x) T F(x) 9 frefia fear T 2 1 amad or1 & oififed of |

XXXXXXXXXXXXXXXXXXXXX

XX XX XX XXX XXXXXXXXXXXX
XX XX XXXXXXXXXXXXXXXXX

X XXX XX X
X XXX XX X
X XXX XX X

XX XX XH XXX XX XXX

XX XX XY XXX XX XX XN

R XX XX Xa XXX XX XX N
(___L__)XXXXX XXX XX XXHAX XXX XXX

X XX X X XXX XX X
Vo —> XX XX XX XXX XX XX XX XXX XX X

XX XX XX XXX XXXXXXXXXXXX
ﬁXXXX&XXXXXXX‘XXXXXXX' N \X
L T T T e

0 L 2L 3L
Which of the following schematic plot(s) is(are correct? (Ignore gravity)

frfaled § 9 SAE/H gz 3 98 2/ € ? ([Garayu ey A7)
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Electromagnetic Induction /

)

v

I 1 X
A) |0 ib2r3L 4L N
e ———
0 L 2L3L 4L
I;X)
™~
v(X)
i 3L 4L A
——t— > x H
(CON NN (D%
/ [ [ [ 1 [
T T T T ” X
0 L 2L3L 4L
Ans. (CD)
Sol.  while entering Td¥ HRd ¥ i.e. x<L
i
~
j = VBl - .
p -+ vB/ %\ i
2,2
F=ifB= 2LV
mR
f _ B2r%v L. _  Vvdv
a— = =Kv=-———
m mR dx
\" X
Jdv=-K[dx = v=vo—kx
Vo 0
2,2
f= B Wy —kx) < o= Bx
. B/ .
i =(v, —kx)%= o — x
for3L>x>La fo@ f=0 i=0 v =_constant. g
4L >x >3 L
VBl T R <
' \
i =VvBl f
r
2,2
f=irp= 2LV
R
_ B2/? _ vdv
a= v =kv=-——
mR dx
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Electromagnetic Induction / m—

12%,

Ans.
Sol.

v = Vv'y—kx
f= o'-p'x
i= ip—7y'Xx

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 ?

e TAThR fagd—rel aF dR (insulated copper wire) 1 A Td 2A dTcl &I &3%hal & Jordi | mafid
far a1 8 | IR & SifcrspavT fovg fagariel J8d © (S o W <9Il T 2) | YUl 9o e & ad W
Red 2| SRSl & T & Aferdgad ReR T ThaaN FeaIg &85 B Wdd SURYT 2| doid oW
ARG AN | 99 378 & URa: 999 t =0 ¥ o PIUIF 97 (angular velocity) ¥ FAT Y HRAT & |
/g # 9 D9 A1 (H) HUA FqE 8/8 ? [JEE (Advanced) 2017 ; P-1, 4/61, —2]

(A) The net emf induced due to both the Iloops is proportional to cos ot

(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) T Tl S Bl UG g 'S 99 cos ot ¥ FHGUR B

(B*) 519 Ierdl &1 dal BT & del | AfFed fem # giar & a9 iffare & uRadd @l &% 1fdead el 8
(C*) IFI gei | I+ Af¥Han fo1 IR fagd aB® 9 F1 AWM, BT Jod § I AHad U¥q
fIgd a’® 9d & M & SRER BN

(D) URT g aE® 9 9o & SFABA B AN B FAGUITD © |

(BC)

¢ = BS cos 6 = BS cos ot

e= ‘@‘ =BSwsinot
dt

ﬂ=max.:>s.inmt=1 = ot="
dt 2
Net emf, (4RO fagfd a8® ) e = 2BAo sin ot — BA o sin ot
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Electromagnetic Induction / m—

13%

Ans.
Sol.

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]
]1 aeet R (ideal inductor) L1 Td L2 3R U& UftRIY (resistance) R &1 U& @d dleedl V& Sd A
e Rag S gR1 el o ® (O o # @ mn R) Ly W@ L & d ) R (mutual
inductance) T&1 8| UR9 3§ Raa S Qe 2| ¥ t=0 W Rag 9 a1 I B iR g1 980 P& Bl
21§ e (/) gee wE 2/87

(A) After a long time, the current through L2 will be vV
RL +L,

(B) At t = 0, the current through the resistance R is %

(C) After a long time, the current through L1 will be u e
RL, +L,

(D) The ratio of the currents through L1 and Lz is fixed at all times (t > 0)

(A)éﬁmzﬁmuﬁuﬂr@awx Ly
RL, +L,
(B)t=0WR yared R # u'cm%a%m%

(C)Eﬁﬁiﬁmzﬁaﬁuﬁmﬁw% L, =Ll

L, +L,
(D) L1 U@ Lo ¥ yaTfed &1 &1 Igud &% 993 (t > 0) Fraa <&an 2
(ACD)
(A) & (C) After long time current through R = | = %
HEHWWWR?#WWW:I:%
and T LI1 = Lal2
L_L
Lo L
Lo L Lo L (L )V
"L+, 2 L+L, (L +L,)R
(B)t=0 =0

/\
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Electromagnetic Induction /

14,

Ans.
Sol.

/\

In the figure below, the switches S1 and Sz 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 I
in the middle wire reaches its maximum magnitude Imax at time t = t. Which of the following statements

is (are) true?

[JEE(Advanced) 2018 ; P-1, 4/60, -2]

I TR W A A Sq iR S BT (switches) BT ¥t = 0 TR TS 1Y I< fHa1 oiar g R aRuer
(circuit) # gRT 989 ol & | M1 9eRAT (batteries) & fagaasd—ad (electromotive force ; emf) &1
gfRHATOT FHH & SR ST gavT (polarity) o # =ifam T § | SF1 SR (inductors) & d19 I IR&@
(mutual inductance) @ Ve HINY | Ife 7eg # Rod dR # gRT 1 U9 GRATT Imax W AT t = 1 W

g ® o1 fferRad womi § | s () 98 ® () 2

R L R

(B) 1

max =§ max =ﬁ (©C) T=Efn2

Ai (current in middle wire) = i1 = i2
Ai (17 aTel TR H gRT) = i1 — iz

Im X?B i —(A)=0
ax® forg dt( )
_Rt _Rt _Rt _R
= vV|I_R L+Ee2L =0 = et 1e2L
R{ L 2L 2
_Rt oL
= &%= &  t=m2
R
. \
= and denn Imax = ——
4R

2L

D) t=—/n2
(D) = =
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Electromagnetic Induction / m—

15.

Ans.
Sol.

A conducting wire of parabolic shape, y = x2, is moving with velocity V = VOT in a non-uniform magnetic
- .
field B =B{1+(%j Jk, as shown in figure. If Vo, Bo, L and P are positive constants and A¢ is the

potential difference developed between the ends of the wire, then the correct statements(s) is/are :

p
AR Te 3™AM gea & B =B{1+Gj JR H Ud% WRIGITHR (parabolic shape), 3IR™ # y = x2

arel, faggd dTe® AR 97 V=v,i ¥ o & ¥ | IR Vo, Bo, LT P &FTHS i & @ aR & R”Y @
A I favarR A B, a9 F=fafed ol # 9 dFar/a 98 BE) ?
[JEE (Advanced) 2019 ; P-1, 4/62, —1]

Ya

B
O]

V=Vl

(1) | Ad |=%BOV0L for p =2

(2) |A¢| remains same if the parabolic wire is replaced by a straight wire, y = X, initially, of length J2r
(3) | Ad |=%BOV0L forp=0

(4) |A¢| is proportional to the length of wire projected on y-axis

(1)146 |- 5BoVol., p =2 fore

(2) |Ad], sraRafid X Ife WRITABR TR DI /20 =g & WY IR y=x B gRI Uforenfia fbar s
2 |

(3)186 |- 5 BoVol . p= 0% fare

(4) |AQ|, y-3T8T TR TR & =T S YT & FHGURN BFN

(1,2, 4)
Ya
B B
@ [T PO y=x2 .............. @
= dy
—Vo I —\
(0] :x

For calculating the motional emf across the length of the wire, let us project wire such that B,v,7
becomes mutually orthogonal. Thus

IR & B TS B RR W s emf 1d F= & forg #191 71 dR 39 TR & f% BV, T R &
A B |

y B
dS = BVOBO 1+(Ej Vody

L
emfin loop = Ad =jde
0
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Electromagnetic Induction / m—

16.

Ans.

Sol.

L p
Ad = j50[1 +(8 Jvody
0

L BV B+1 L
A¢=Bovoj'dy+ 0 O{y }
0

B
L B+1 0
B+1
=BoVoL+B°V0 L -0
P [ B+1

= BoVoL + ByVol| 1+ ——
B+1

emf in loop is proportional to L for given value of p.

for

Bs § I emf &1 A9 3T W & fog L & 7199 TR |EORH & |
B=0 ; Ad = 2BoVol

p=2 ; A¢ = BoVoL {‘H%} = % BoVoL

Therefore, answer is 1, 2, 4 T & IR $1 & Qe Y&U oHls © | SHIe SR URafid & |
3 8T 1,2, 4
Correct option -1, 2, 4

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 = 1Q 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 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™' = 0.37,
where e is base of the natural logarithm]

31 &fost FHIAR Yell fSa1 IR 3 8 W e 10 om a1 garad  (perfectly conducting) @R PQ 1 cm/s
@ I W T Y@ 2| Vel & B R W L =1 mH IS (inductor) T R = 1Q RIS AR =1 2|
S &SI ¥el, LAATR T 8 H & 3R T & oidaq U 991 gaaid &3 B = 1T o gor | afe S
Foll @1 B0 &1 95 H d9 uRYY H 1 millisecond & YA ORT x x 10°A B, W&l x & AN
BRI [§oll S §8 &1 & 9gaq R PQ &1 97 719 (1 cm/s) A | 3 2: 7' = 0.37,

&l e UTqfdd SgeTe [natural logarithm] 1 3TER 2 | [JEE (Advanced) 2019 ; P-2, 3/62,]
®B p® ®
L
—>»1cm/s
R
® S A ®
0.63
- -\
e=(IxB) 7 =Bv/ =102x1x10"1 x 102 x 103 = By,
g =102 volt
Rt
1073
1-el |=—(-e
R[ } 1)
i =107 (1= 0.37)
I =0.63 mA
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Electromagnetic Induction /

/\

PART -1l : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

AT - Il : JEE (MAIN) / AIEEE (fUSa a81) & 9

1.a#

Ans.

Sol.

Ans.
Sol.

A rectangular loop has a sliding connector PQ of length ¢ and resistance R Q 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 I+, I and I are : [AIEEE 2010, 8/144, -2]

TP MATATHR U o418 £ 3R Uitk R Q &1 Ua 9l AA19d PQ @dT & IR I8 a1t v 9 Tifoela 2
St o o W <wifan T B | BN & O H oR B IR O gU UHHH RGN &F H 39 Iavell $
T ST 8 | A ORI Iy, w9 1 #

P /¢
=4
< < <L
RQEE RQE;—>V EERQ
Al v
> b=
L Q
Mh=-T= 2 1= BY (2 hi=To= o 1= U
R R 3R 3R
(3)I1=12=I=Bﬂ (4)I1=12_B€V’ :Bﬂ
R 6R 3R
(2)
vB/ ‘E R/2
- = Q
R Q% (\' 1]
\ 4
Current IRT I = e = VB4
R/2+R 3R
L=I= B
3R

A fully charged capacitor C with initial charge qo is connected to a coil of self inductance L att = 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]

RS AR qo dTel Teb FRIOT AR FETRS C Bl t = 0 W Uh W—URVT L arcll oSl 4 STl Il
2| 98 99 91 B, o W AR va g &3 | 9uftd ol (HEEE ©

(1) m/LC m%@ (3) 2m/LC 4y JLC
2)

In LC oscillation energy is transfered C toL

or L to C maximum energy in L is = %lemax

2
Maximum energy in C is = SGmax
2C
Equal energy will be when
M= 1 e,
2 22

-1
=~ — lmax
V2

I

/\
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Electromagnetic Induction / m—

Ans.
Sol.

Ans.
Sol.

I = Imax Sinot = i Imax

V2
(,)t=£
4
or 2—7Tt=E or t= T
T 4 8

=%2n\/L_=% LC Ans.
LC I 8§ ol CH LT LY C ¥ N wU ¥ WIFIRd grdl Bdl @
Lﬁmm=%l_lzmax

2
C# oftraw S = dmax §
2C

JA SOl BN o9
%LI2 = % % LIZmax I =% Imax I = Imax Sinot = % Imax
(,)t = E
4
a1 Eo 1 =1
T 4 8
t= %Zn\/L =% LC Ans.

A boat is moving due east in a region where the earth's magnetic field is 5.0 x 107> NA~"'m~"' due north
and horizontal. The boat carries a vertical aerial 2m long. If the speed of the boat is 1.50 ms™, the
magnitude of the induced emf in the wire of aerial is : [AIEEE - 2011, 1 May, 4/120, -1]

&3, SEt geft @1 gHg &3 5.0 x 10° NA'm™! ST &1 IR vd A 2, § U@ 719 gd a1 iR iforeia

21 9@ § 2m o1 T HEieR W 2 | I} 19 @I A 1.50 msT' R, 99 W @ IR H ARG faga ares

Il BT YRHAT B : [AIEEE - 2011, 1 May, 4/120, —1]
(1) 1mV (2) 0.75 mV (3) 0.50 mV (4*) 0.15 mV

(4)

Ena=Bxvx/

=5.0x10°%x%x150x%2
=10.0x10°x1.5
=15 x 1075 vot.
=0.15mv

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 x10* Wb \ m2 The
instantaneous Value of the e.m. f. induced in the wire will be : [AIEEE 2011, 11 May; 4/120, -1]

gl & DI 83 (0.30 x10* Wb \ m?) & &fil g 4 F9d01 R g 4 UfRad d@ bhal 20 m own
T St Wem AR 5.0 m/s B @A A AR 81 81 AR H ARG fag a8 9o b1 qrerdre 71 en

[AIEEE 2011, 11 May; 4/120, —1]
(1*) 3mV (2) 4.5 mV (3)1.5mV (4) 6.0mV

(1)
W————E

gind = Bv/
=03x10%%x5%x20=3x%x103%v=3mv.
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Electromagnetic Induction / ﬂ—

52 A caoil 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.

TP VA JED 83 § US gUScll Pl ACHNT T & | FISK Pl O JEDII I @A S FARR
2| 99 GOl § TP GRT YA HRd ©, T9 I8 Qe A RN B AR SHD AbA GREA B A1 B |
W] 94 U THHAATH @I BT GUSel & IR AT A1l 8, 9 T8 Hb Ol 2 | THBT HROT B

(1) 919 =i G 9K 8, 99 91 uR1 fAsfia 8l © [AIEEE 2012 ; 4/120, -1]

(2) wic W fagd amaer &1 WROT

(3) BT g1 @3 BT IR RIifF TgHm va g garef 2

(4)

4) TYAH wic |4 R{gd geor IR f&Ed g sfadeT @ I PRl ©

Ans. (4)

v
v

v

B B
— > — >
Sol. 1 ow Electomagnetic damping 1 &M faegd grraia srqHe

A 4

A 4
A 4

A 4
A 4

6.22# A metallic rod of length ‘I’ is tied to a string of length 2| 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]

[ ]

2 2 2 2
(1) ZBzml @) SB;)I 3) 4820)| (4%) 5Bol
TS I Pl G UTg DI Be s 21 B TP SR F d8l © AR SN B TP RN P ReR 3@ IR 39 Bofy

A oW &S A9 W) gofa fear Sar | Al &3 H v FEitR gEeg &3 B'E, 99 s b RRI W

A
]

2Bol? 3Bol? 4Bol? 5Bl
1 2 3 4
(1) =, (2) =, (8) =, @) =

3/ 2 2 o ,

Sol. e= [(ox)Bdx =Bo [Be)y” (2077 %2 g
2
2 +————adXx
X
_ 5B/ w
2

Ans. (4)
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Electromagnetic Induction / m—

7.

Sol.

8.#

Sol.

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 x 10~"" weber (2) 6 x 107" weber

(3) 3.3 x 107" weber (4) 6.6 x 10~° weber

a1 0.3 cm &1 T& T U T H1B! g9 91 20 cm & I U b FENR @1 B | BIC U F I
TS U D I W | ST ol & 419 g 15cm T | IR BT U 9 2.0 A B gRT ya1fed el B, 99 IS

U W gNfgd Forad ® [JEE(Main) 2013, 4/120]
(1%) 9.1 x 107" =R (2) 6 x 107" q&R
(3)3.3x 107" IR (4) 6.6 x 102 q&R

Mo(2)(20x107%)?
2[(0.2)2 +(0.15)2f/

on solving 8 ®- W

=9.216 x 10" 2 9.2 x 10" weber
Ans (1)

~ x7(0.3%10) 2

In an LCR circuit as shown below both switches are open initially. Now switch S+ is closed, S2 kept

open. (q is charge on the capacitor and t = RC is Capacitive time constant). Which of the following
statement is correct ? [JEE (Main) 2013, 4/120]

9 e T g LCR uRuel 3 UR™ H 31 99 Tl & | 3@ Rag Sq @1 9 fban S &, Se &1 Ganl
IGT S B | (WETRT WR ¥ q ® R = RC iR w7y ReRiss & 1) M=falRaa & 9 drer o=
qE T ?

V
| ¢
||

S,
||

~
C S,
0000

L

(1) Work done by the battery is half of the energy dissipated in the resistor
9t gRT B 1 Bt gRRIgS # §E Soll &7 BT A ¢ |

(2) Att=1,q= CV/2
t=1W q=CV/2
(3)Att=27,q=CV (1 —e?)
t=2tmR q=CV (1-e?)

(4)Att=%,q=CV(1—e‘1)

t=%1T\’ q=CV(1-¢)

g=CV (1-¢e")
at ® t=21
g=CV(1-¢e3?)
Ans (3)
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Electromagnetic Induction / m—

9. = #

Ans.
Sol.

10.=#

Ans.
Sol.

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 :

I8l TR T uRuy #, g 'C' 31 g 'A'H T4 T& SiIs @ Wl 8 99 d& & aRuer # yarfed gri

Rer &1 81 WY | doyean saMe g 'C' &l fag 'A' | &R fig 'B' 9 t= 0 999 R Sre faan o

21 t= LR IRRIY U4 Hosell & RRT W dreedl &1 U 81T | [JEE (Main) 2014, 4/120, —-1]
A/ C R

M

2) 1 (3) -1 ) “Te

_&
1—-e

(1)
(3)

After changing the switch, the circuit will act like an L-R discharging circuit.

Hol B ARG DR TR FE L-R & URU Bl aRe DRI B

AAAA
LAAAAA

Applying Kirchoff loop eqation. f=ais &1 a9 o] &7 W

VR+VL=0 :VRz_VL SOGWT —=—1

An inductor (L = 0.03H) and a resistor (R = 0.15 kQ) 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, K+ is opened and
key Kz is closed simultaneously. At t = 1ms, the current in the circuit will be : (e° = 150)

[JEE(Main) 2015; 4/120, -1]
S T GRYY H, TH IR (L = 0.03H) T2 U& UfcREg® (R = 0.15 kQ) fwdl 15V faga aws a0 (3.9
TH.) B I8 | IS B Foil K DI 980 99 O% 9= W1 M1 & | 39 O¥A 99 t= 0 W, Ky Pl @
PR AT Bl W, Ko Dl 95 &A1 Sl g | 999 t = 1ms W, aRur 3§ faga gm1 erf - (e® = 150)

0.03 H 0.15 kQ

A
K,
/
[, /
I K,
15V
(1) 100 mA (2) 67 mA (3) 6.7 mA (4*) 0.67 mA

(4)
Currentatt=0 Io = Eo/R
t=0W 9N Io = Eo/R

R

For decay circuit [ = 1o € *
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Electromagnetic Induction / ﬂ—

R

Ruy Hgrigm oy [ =p € L

I= %e‘f = 1=0.67 mA

11.2# An LCR circuit is equivalent to a damped pendulum. In an LCR circuit the capacitor is charged to Qo

Sol.

and then connected to the L and R as shown below : [JEE(Main)-2015; 4/120, —1]
R L
—WW U0

llC

1 1
If a student plots graphs of the square of maximum charge (Q2uax) 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)

szax szax szax szax
L, L, Q, (for both L,
(1) L, (2) L, (3) (4) and L))

| >t | >t | >t | >t
LCR (Ta.¥emR) gRuy fosft s@wfed o & gou =rar & | f&fl LCR uRuy # weRy &1 Qo &
IR fhar a1 &, iR fiR 3 RW # <o T AR Ld RA SISl T 2 |

R L

Cc

afs e fenedt L &, <1 =1 w1 Ly den L. (L|1;L2)$%ﬁ,wtaméarﬁawaﬁwmmzﬁ
T (Q%max) D &I T UH 97T & A1 FIfhd § | DI A1 U T8l 8 2 (% $adl qde Uih g qen
A B AFAR Tl 8)

szax szax szax Q2

max o ——D

L1 LZ Qo (L1 3?[‘{ L2

(1%) L, 2) L, (3) (4) el @ o)

| >t | >t | >t | >t
L di
R dt
WW— =TI
a'c

at any time 't' apply KVL
fody 979 't R KVL & gRT

9_r-L 9 _g
C dt
2

|=—d—q = ﬂ+d—qR+qu=0

dt C dt dt?
2
dqg Rdq g _
dt? L dt LC

from damped harmonic oscillator, the amplitude is given by

/\
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Electromagnetic Induction / m—

12,

Ans.

Sol.

13.

Jrqyfed addl SreE & foru sy for T yeR fear wmar ® |

- . — & b dx
A=A,e ?M for general equation of double differential equation F +—

—+£X=0
mdt m

o & bdx  k
A=Age 2, fgsmEaamferd ames FHexe & forg —;(+——X+—x=0
dt= mdt m
_Rt _Rt
= QY. =Qe 2t = Q3 ,=Qetl
lesser the self inductance, faster will be damping hence

PHH Wb D U 3rgde ol & 81 |

In a coil resistance 10092, 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]
D FAR B gae W 100Q IRRIY H oSl § URT gRT $I fFF § SR WA B | HoSl A ok

Tl FId § §Geld Bl URHAT B |

10
Current b
(amp.) T
T (X frR)
> Time 0.5 sec — > uy 0.5 4&vs
(1) 275 Wb (2) 200 Wb (3) 225 Wb (4*) 250 Wb
(4)
AQ = 29 _ Area under it graph i—t T BT SFHA
r
=2 _1.10x5 = A= 2.5x 100 = 250
100 2

A very long solenoid of radius R is carrying current I(t) = kte™ (k > 0), as a function of time (t > 0).
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 froar o1 s o uRerferar # yarfea arT I(t) = kte ™ (k > 0) 997 & B (t>0) D ©I H & |
arTed faem H gRT B g9cHD fordn 1 © | 2R 31 drefl U g<ibR fUsell Bl GRS & FHbwI
Jor 39 HEAA A H I © | 916 fUsell § URG GRT B FHI S B § Fel w9 A M aren
U 8 [JEE (Main) 2019 April, 4/120, —1]
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Electromagnetic Induction / m—

Sol.

14,

Sol.

15.

Ans.
Sol.

find

did

iin —_—— = t e Bt
o o~ = g (@ teT)
= (@ &7+ ate(-p))

= —ae (1 - Bt)

Check value att=0

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='. 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 Q, the
current in the loop at that instant will be close to : [JEE (Main) 2019 April, 4/120, —1]

I8! IRW H 5 cm oIl Bl Y IBR IR L =01 77 &, 1 UfRiE & g aRuy | G671 © | I8 FAro
1cm s @ Th FAM a1 ¥, ST AR AT R I 5| B @or L g 9 1 T g & Ue wA e
RO 43 H | I8 &F U L & FAdd B e © | Ife, $9 uR & IR 1.7 Q7 1, 59 &7 39H
gRT &1 fdhe AF 8

—v =1 cm/sec

© ® @ L
®@ 0|6 10 BZQ
—_
Boe ofe A C
® 0|6 10 2 20
®© ®© @ |
5cm
(1%) 170 pA (2) 150pA (3) 115pA (4) 60pA

E=BV/=1x102x5x 102 =5x 10~ Volt
Req = % +1.7=133+1.7=3.03Q

_5x107*
3.03

I ; 166 nA

A long solenoid of radius R carries a time(t)- dependent current I(t) = lot(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 att= 0.5

s R &1 ta o= uRRerferat (solenoid) 3 I(t) = lot(1 — t) A9 &1 |HA (1) & A ISoil gz Agd gRT
& 8 2| 39 99 @ R @& 9 2R 501 9 v wwiet R4 (ring) ¥ g8 B | 9 ORI 0<t<1 ¥
R 4 oRa faga a1 (k) @ IRT fag[a—are® 9d (Vr) f59 UHR 4 98ed B -

(1) IrR®! fe=m v |AF B 8 IR t=0.25 TR VRYH B |

(2*)t= 0.5 RPN RN Seic T & IR VR 2|

(3)t=0.25 W [r® M Iele S & 3R VR ARABdH R |

(4) IrR®! fa=m o FAM | € 3R t=0.5 W Vg JMAHIA T |

(2)

| = lot — lot?

¢=BA

¢ = ponlA
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Electromagnetic Induction / m—

16.

Ans.

17.

Ans.
Sol.

Ve= =92 = _nAle (1-21)
dt
1
Vr=0 at t=—
2
VR VR
Resistance of loop u &1 ufeRiy

| /
izt

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(O,
5, 5) and F(0, 0, 5). The magnetic field in this region is B= (37+4I2)T . The quantity of flux through the

loop ABCDEFA (in Wb) is ....... :
ABCDEFA ¢[@ @l 4 4aiig WiE 8 iR 39 & @I 36 UaR &: A0, 0, 0), B(5, 0, 0), C(5, 5, 0), D(0,

5, 0), E(0, 5, 5) 3R F(0, 0, 5) | I 3 & § gwaI1g &7 B =(3i+4|2)T &l dl o ABCDEFA ¥ glax

S aTel Forad &l J19 (Wb #H) 81T ... . [JEE-Main-2020, 07 January; 4/100]
175

and 91 [r =

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 :

g TR BT 991 g3 FHA U Uh YhaMT ol &5 4 g9 @1 & | 999 t= 0 R U &1 I g

g9 @ Eaq ¢ | AR U 10 UHTE B IMMAd BIdd W AU T H BB oF Tl U AT & ARI IR gH

el & A1 394 URA fagd—ae® 9a &1 99 7151 3§ A o 992 R Hae: AfdHad iR =FaH sem?
[JEE-Main-2020, 07 January; 4/100, —1]

(1)5.0sand7.5s (2) 5.0sand 10.0 s
(3)2.5sand 7.5s (4)2.5sand 5.0s
(4)
_2n _=w
0)— —_— = =
T 5
When ot= =~
2

¢ will be minimum.
e will be maximum

k2
t= l=2.5sec
k2
5
When ot =«

¢ will have maximum.

e will be minimum.

t= L=5sec.
n/

/\
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Electromagnetic Induction /

Sol.

18.

Ans.

Sol.

2n
T

ola

0):

NE ot

N a

o ~gAqH BT
e 31fr®Had Brm

=2.5sec

—
I
GRS

SiTot=n
¢ 31fHaH B
e JAdH BN

=T = 5 sec.
n/5

An emf of 20 V is applied at time t = 0 to a circuit containing in series 10 mH inductor and 5 Q resistor.
The ratio of the currents at time t = 0 and at t = 40 s is close to : (Take e? = 7.389)

T fag gRuy § 10 mH &1 U6 IR$ IR 5Q &1 6 UfcRigs Soft 3 &1 gU 81 39 W 20 V &1 T
fag[a—are® 9 t = 0 99 W A1 oiral 21 59 ReIfd § t= o 3R t = 40 s W 39 uRuy § 981 arelt
faz@ grisll & w9 7 g = | 9 faae e 81 ? (e? &1 919 7.389 )

(1) 1.46 (2) 1.06
(2)
—t
= @J
B2
20V T =0.01H
t=0
=
= @ 1_eO 01/5
5
- 4(1 _ e—500t)

ioo =
i40 = 4(1 — @500 % 40)

1 1

.'i ~1 slightly greater than one.
l40

.Ii ~1 9 oI <]

l40

= 4/1- 5110000 = 4(1_7_2910000
(¢)

[JEE-Main-2020, 07 January; 4/100, —1]

4)1.15

/\
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Electromagnetic Induction /

19.
L R
| /
I I
€ 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, betweent = 0 and t = tc ( tc is the
time constant of the circuit) is :
RATER fAEga—aE® 9d ¢ @ b 9 B HAGE S0 § SsdH) o §Y YRS L 71 giRig R 4 SireT
TR I Rag & FHIt=0 R 95 IR AT 9 @ t= 038R t =t (t IR T I77 ReRi® 8) &
= 9T | 987 qTell A HT A ©
[JEE-Main-2020, 08 January; 4/100, —1]
el 1 eR el el
1 —(1——) 2) — 3) —= 4) —
(M) 215 @ ®) - O
Ans. (4)
TC
Sol. q-= j idt
0
Tc
—t/T
€ e ¢ € e 1 L el
= _“|t— = T — = x—x—"= ——
Rt ;1 y R[TC+ Ce TC] RXeXR, 2e
Te

Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

favges 9w (SUBJECTIVE QUESTIONS)

1.4 In the figure, a long thin wire carrying a varying current i = io sin ot 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.

forg & gRT i =io sin ot &1 Th &1 Udell URMER! R, X —z dd § RId L a1s 9 W drelg & o
IIATPR U B Tb BR D FW y T R W g3 & a1 U 4 URA Rodlogel = w1 ?

A

iA W

- 2
Ans, HolgWocoset, [L
4n Y?
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Electromagnetic Induction /

Sol.

2.4

Ans.
Sol.

%
— dA
B \ﬁ\
Z eﬁ]

di
dt

dp =B (dA) cos 6 =B (W dz) cos 6 =

y2

8:@:“0W|n|:y2 v L2:|ﬂ
dt

dt 4

y — =1, ® cOS ot

5 (W dz) cos 6

2n [y? + Z°J

. L . . 2 2
p= bl W[ 2 dp = o Wz = o W In{y *L}
b oYtz 4r

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.

AR U& ¢ g, R 9fRIg 9 m S=gd9 @) dide B Fd 97 v 9 Tfd &R I8l 2 | o & B
I P ARIB=5t% IHU I&aidl 2 | T8l t §HI AHve # B t= 0 W IR M B & 7 FT 4T
Y T T GUIRT SFERE | B3 t = 0 R ReR Ty uftRig drell 9ol IR @feid Ue<l W Tl
IR R B | gRU H URT, §HT t B Berd § A B |

C——®B

v=constant

(v=ﬁ|’2ﬁ)

i=10/¢vc(1-e R
¢ = flux at time t
¢ =t 9T W TR

= BA = (5t) (¢vt) = 5¢ vt?
= ‘@‘ =10 ¢ vt
dt

9=c_ir=>9=10/vt -iR
(o] (o]

Differentiating both sides w.r.t t
A AR t B U MdhoT B W
10 4v — ﬂ R =

dt

i
c
i=10/Vc (1 —et/R)

/\
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Electromagnetic Induction / m—

3.

Ans.

Sol.

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 = Bo. 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.

AR (, d9E @ Add B Ed gfRig R 2 3R S9d9M m 8, T 9d gRT Sw@ieR 9 R @
21 R 9T &1 Rer far a1 € B = 3R = Bo ; MN iR PQ Se@fer 2, g¥vifdda 2 &R aras ueRaf 2 |
FeRa & aiRar C 2 | v fav oraxen # ©E) Wil R | uRuYy # Sif¥dwaw aRT &1 A9 81 |

M H P
®B
N Q
- mgB/c
max —
m + B? ?c
Bynewton'slaw:ﬂlatrEﬁﬁ'&ﬂﬁmg—i£8=mZ—\t’ ...... (1)
—
R i
®B, irB
v v
mg \% Bov R
ByKVL & gm1 Bfv=iR+3 . )
(o}
. ) . dv _ _di i
differentiate (2) w.r.t. tmeB/— =R—+— ... 3)
dt dt ¢
(Z)WtW$WHSWWWBEz—Z=R%+l ........... (3)
(o}
Eliminate ¥ by (1) & (3) mg—ieB=" | RI, L
dt Br/| dt c
Y e (R @) T ®  mg-iwB= | RI T
dt Br/| dt c
= mgBl=iB#2=mRaE M 4)
dt c

i will be maximum when % = 0. Use this in (4)
i AfdHTH R 579 % = 0 SHD! IHHROT (4) § AT HRA TR

= mgBrc=i(B*2c+m) = imax= ————— Ans.

/\
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Electromagnetic Induction / m—

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 Q. 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 vi= 1 m/s and the rod has travelled a distance x= 3 meter.

RAER =1 meter =1, m = 1 kg ST B TP adS B YRS 97 u=5m/s A TP &8s Rer
B R A FRIE 8159 B9 D AT R=1QF & IRg iR L =2 H & & IRPbd N REFAR
ST 831 & | PQ 3R MN I a1 aR & | QR 91 9 U FA1 gH1d &3 B = 1T bl g3l & | IR™ 4
IREH HoSll A Pl GRT el 98 I8l o | 59 TS x = 3 meter T Tl 81 3R IFHI 99 vi= 1 m/s &8 T
B, 79 TF RSP Hoeell A B maw (@ ) ToR 147 B ?

P Q
®B
L S R
u
M N
2 2
- BRE X— m (v — u)
Ans. Q= =1C.
B/
Sol. Let i1 and iz be the current through L and R at any time t
szt =BV oy and Bly=Ldh
R dt
Force on conducting rod = md—V B i /8 =— |y + Bv /B
dt R
iy i,
i QB
L S R
u

= mdv=-Bitdt-vdt = mdv=-Bitdt- vdt = m (vi-u)=-BQ-x
(v = velocity, when it has moved a distance 'x')

2 p2
- BRE X— m (vf— u)
= Q= =1C.
B/
Sol. M foefl FHTt R L iR R ¥ oA dTell &RT i1 3R i2 2 |
Lizirtipm BEY o qon BLy=Ldh
R dt

A TS TR T = mi—\t/=—ifB=—(i1 . Bé"jfs

2 2 2 2
= mdv=—£Bi1dt—B ! !

vdt :>mj dv=-€Bj i dt— B

Jvdt

B2 /2

= mvi—u)=-f{BQ- X

(Vi=BS P 97, 59 I 'x' T T g 8FM |)
B vi - b
- X— m (Ve — U
= Q= R ! = 1C.
B/
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Electromagnetic Induction /

/\

5.

Ans.

Sol.

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.
T JaATdd BH ABCD FeaieR a1 H Sfead W1 8| b m S99 &) Jardd vs EF gdn afds w&d

gY 39 W 1 u¥o1 & fhad G B | U &1 IR 909 B q Reb@ fad g L & a-eR 7|
B BI ReRTER I I HRd & TAT I8 [oed @ <A R © TAT IRbed H DIs IRMA™G gRT &1 © |
e 9T B &1 Us |AM g1 &3 ¥ H | S8 <) @ AR femE 8 | 9 a1 —

B—oss50—C

E 4 F
m

A D

(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.

B $I IRMIS RAT x = 0 IR TA1 X-318 $1 FEAER 1 DI AR A g B I 999 & B

% w0 H Refa|
(b) Maximum current in the circuit gRuer § HeH &R |
(c) Maximum velocity of the rod. BS BT HgaH 97|
(a)x = L [1-cosot], (b) Inax = 2M9 () Vinax = 2
® B/ ®
Ldi/dt
—i—
B C
BiIl® %i
|E F|
V| ==
\% Bv/
Al g D
Ldi :
— =Bwv/ (i
pm (i)
. dv
mg-—-Bif=m —
9 dt
. y di __ dv .
differentiating Taw e w7 W, — B/ &t m F (D)
: & d’v _ B?/?
From (i) & (i) —= =—— v=—@?V
()& (i 7= ®
Where T&f o = 20 v =Asin ot
~mL
(cjj_\tl =Aoacoswt,t=0:>d—v =g
. g= Ao A= g/O)
Vmax = A = g/O)
v=gsinoat '.d—x=v=gsmo)t
® t ®
X = % (1— cos wt) Ans
Q)

From (ii) & Bi¢ = mg —m (cji_\tl =mg—m Ao cosot

mg+mAe _ mg-+mg

Educating for better tomorrow

imax = = 2mg/ (Bf) Ans.
B/ B/
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Electromagnetic Induction / m—

6.

Ans.

Sol.

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 o = 1.0 rad/s and left. The
fixed end of the rod and the rim of the loop are connected through a battery of em.f. E, a resistor of
resistance R = 1.0 Q, and initially uncharged capacitor of capacitance C = 1.0 F in series. Find :

LT arcd U & foraa) Broar ¢ = 1.0 9. J2 I8 &fdst 4 Rerd 81 T m = 1.0 kg SAM A1 (A BB
I AP BE A U B b A fhadid 2, oS a9 § 39 TRe 9 g & 5 swe gaa RR1 gwen o
P R9 P el BAT B | B W TH 9 RS &F ! daat B = 1.0 T 8, IWER 9 P Rb
PRI 21 B8 wo = 1.0 rad/s & BT 977 & FARA ST & T2 R B! Ol & B8 & ReRr fa=g qen
U @ R @ E, fAarg el 9¢& dean R=1.0 Q, & uftRiy & Sred 8 T UR™ 7 Il weni

@ aRar C= 1.0 F 8 &1 Sofiseq 7 Siied 8 | 94183

(i) the time dependence of e.m.f. E such that the current Io = 1.0 Ain the circuit is constant.
faarga o 97 W fiRar Safe aRuy & arTlo= 1.0 A g <@ |

(i) energy supplied by the battery by the time rod stops .
BE D Oh 0B & G9I H I gRT & T o |

1 7t . 13
i) —+— i) — J Ans.
W3+2 () 78

(i) The magnetic equivalent of the loop-rod system. cu—8s &I &1 DI JoI
I

ry

= — c

q
=

£=l ® (2
2

where, o = angular velocity of rod at any time 1’ then , ® = @o — at

STel, o = f&d 997 t &1 B 97 8, 99, o = wo — at

2
t=To = (¢B) L ="g a=0B _ 3 e
2 3 2 2
applying loop law, U =9 &M W,
g+E-TR-J-0
C
%sz(mo—oct)+E—IoR—%°t=O N E=IO(R+éj—%sz(mo—at)=%+%

(i) =0= o~ gto so g4ferg, to = 2%=§sec

5:EJ
18

ot— N

to 2
Also energy supplied by battery 929 §RT Uad ol =J‘EI0 dt= (%+EJIO gt = L, 7
0

4 280

Ans.

/\
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Electromagnetic Induction / m—

T.#

Ans.

Sol.

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 ‘Vo' 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.

fora # ‘PQRS’ & ReRr STeaq do UfRIEE drad %49 U |9 a1 fFad geay &3 B ¥ @1 81 ta
m SHH, ¢ w8 a9 R R & e B ‘EF’ 39 R {91 gdur & af R gad 21 e |
Rra®r Vo' favarR a& K fear 1 5, REgaR Sl 9@ 21 3k t= 0 R 88 & fRmEwen |

BIST SIAT 8 d B &1 97 I9I & B d 3d D |

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 g and v respectively.

IR FIIRT & SR B H gRT < DI AR Farzd sF1 | A B IR AR TP 9o 9T BRAT © |
9 (Ifoem) fAarsa ss & aRd 2|
W%éﬂﬁaﬁmawaﬁmﬁﬂﬂwtwmzqavﬁl

Jﬂ ®8 i—»v,F=Esw = I“ ®B Blv

I =k

Applying loop law we get &d 9 &M W 89 U< &< &

9 _iR-Bw=0 (1)
C
The forceonrodis ©$ WR dd -
F= m‘(’j—‘t’ =Bic 2)
differentiating equation (1) w.r.t. time t we get THHRT (1) BT t D AU FaHAT B TR
_ | SN I (3)

C dt dt
from equation (2) and (3) we get  FHIBRYT (2) T (3) W BH YT PR 2 |

. 2,2 ;
ﬂ = B_€+i — | fy ﬂ = —Kdt (4)
dt mR RC i
2,2
where W81 K= B%°C+m
mRC

at t=0sec®,q =CVoand3Rv=0

from equation (1) the currentatt=0isio = %

t=0WR gRT FHHERT (1) A io=%

integrating equation FHIGRT (4) BT FHTH AT
i t
di _
[ o eokfa
Vo/R 0
we get B9 UTW B &
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® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVEI - 1
Educating for better tomorrow | i o5 eE 5rES [ CIN: UB0302RJ2007PLC024029 -108




Electromagnetic Induction / m—

- Vo oKt

R
from equation (2)  FHIGRYT (2) |

dv=%idt or 3T dv=%e"“dt
m mR
integrating the equation \HIARTT & FAHATHAT |

v t
fav=] Yo gug = v=B | 1) ez B0 g _eny
0 5 M R mR K mRK

By substituting ‘K’ we get K &1 719 @9 T &4 WT< &R 2 |

B? (2 1),
_ BiC V, | mR "RC
T R2,2~ 1-e
m+B</<C

8.# In the figure shown a long conductor carries constant current I. A rod PQ of length L is in the plane of
the rod. The rod is rotated about point P with constant angular velocity o 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.

AR TP o ared § ORT | gared 81 IE 21 ve £ o @ Be PQ $9d ad ¥ <& € B 31 P
fog & wng fad arfE 97 o 9 FEgER g9 & 39 Rufd #§ os 4 uRa fRargd &1 a9 a1 |
gameh fFa fag W fva s 2|

Q

Ans oo -3 a2t £cos o
" 2ncosH cos 0 a
Sol. Magnetic field B at point of differential element is

JNAHI Td & fa=g W DT &3 B B

0 V=X
L. a+xcosd
IA f
()
a
B=—Ho ! _ emfinduced in this element is de = B V dx
2m(a+xcos0)
B= — Mo ! =g agg9 w 9RT Rarse de =BV dx
2m(a+xcos0)
N de = Bol® xdx
21 (a+xcos0)
€ . / .
= g= J‘d8=uo | © X dx= _Hol® |, 2 a+fcosy| Ans.
2ncosO Jo a L x 2ncos0 cos 6 a
cos 0
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Electromagnetic Induction /

9.

Ans.

Sol.

/\

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.

faga mgel M &1 U o &9 B g9d, X3 @ e # v =@ 9§ amE 21 ‘e e g Ty
WP BT U < aIdd JABHR ¥ Y-Z a8 H Red 8 don 39d &% x = 0 R & T g9d! 374,
X-316T | TR g1 I U F IR R 2 O g 31 T $1 fRY B | 99 719 BRI | A9 A F

U D DR D DI G X, a D ATUE Iga M T |
91, "Maty

4 Rx®
Given thatx >>a faam gem @

x>
—

magnetic field at the centre of the coil due to the bar magnet is ,

TS G B HRU HOSAl B ds W DT &

Due to this, magnetic flux linked with the cail will be -
2
_ _ b M 2y - HoMa
=BS= = — (ma%)= ———
¢ o X3 (na) o
Induced emf in the coil, due to motion of the magnet is ,

=G B A D BRI, Hosel ¥ IRT fAarga

_—do _ [(pMa®)d (1)_pMa®(3)dx _ 3 uMa?
e= SH U I G W
dt 2 )dt(x® 2 \x*)dt 2 Rx*

Therefore, induced current in the coil is , $AfT FHosel § URT gRT

Magnetic moment of the coil due to this induced current will be ,

9 URT OR1 & SR HUSA BT DI TEO!

2
M =iS = 3% V (na2)
2 Rx

4
M’ =§ uonMa4 \Y
2 Rx

Potential energy of M' in B will be, M' g B & Refast s,
U =- M’ B cos180°

(

LY
dt

Uu=MB
- 3mrMa’ Vi M
2 Rx* 2n X3
®
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Electromagnetic Induction / m—

10.

Ans.

Sol.

1%

Ans.

Vv
—>
S N B
K/T (due to magnet)
(of cail)
U= E §M234 4 i
4 R x’

Positive sign of F implies that there will be a repulsion between the magnet and the coil.
Note that here we cannot apply

F &1 g9 fors qwial & & J81 g9 9 gusdl @ 7&g eyl 9 © |
IE BH ST H TE R qHhd ¢ |

F= Z_o 6_W (directly T B)......(0)
T X

because here M’ is a function of x however equation (1) can be applied where M and M’ both are
constants.

T, M, X BT Bl & | THIBRYT (1) 0 Fdhd 8, 519 Ma M q=1 a2

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 6 B/6x = —10~3 T/cm along the x-
direction, and it is changing in time at the rate ¢ B/ct = 7T/sec in the loop if its resistance is R = 4.5 Q.
Find the current.

qolla =12 cm & TMHR U DI Yoy x—37& qAT y-3f&8 & TR & | 39 V=8 cm/s & I | TP X

faen 4, z-fen # Red g™ &7 d Tk 2| R &7 7 a1 &3 4 UHHAM & 3R 7 8 9 b qi
g 31 xfe=m # 3@ "aurar @ B/ox = —1072 T/cm T 97T & 1Y SHd! o H URadH @ <
o B/ot=T7T/sec 8| Ife IfR1g R=4.5Q & ql URT A B |

22.4 mA
2 2
I=EMF __a 6B V_a 5B 22 4mA
R R &X R&t
Method II:

Take B=-103x+7t+Bo @7 W
where Bo is constant ~ Si@f Bo fadi® &
_ X+a _ d¢ -
o= IadyB,s— ‘E , =
y=X
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.

geri uRuer § @oft S & Rafd 19 2 Rafd  t = 0 w aRafda fear w1 21 a8 Rafd 1 3 a0t aifds
Tag @ N gRuY ¥ YR GHI B B ©d H A P |
1

€

R

----- O TR
2, L
¢
2L
R
|

Rt
=% ’I—Z><e3T
R 3

/\
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Sol.

12.4

Ans.

Sol.

Let Io be the initial current in the steady state condition before shifting the switch.

A1 Reifey aRade & qd v sma=en § uRfe aRT 1o B

€
Iy = R
Let I'o be the current in the circuit at time t = O+.
t= 0, TAY TR AFT URUY H eRT 97 |
Since the flux associated with inductors will be same just before and after the shifting of switch,
(otherwise the induced emf would be infinite)

fd Wb A Fatd Faad (ST gRacd & S Usel 9 b uwEr FHE 8 (37 URd fdo @mo 9
I B SIY)
I €
=ToL=To(L+2L orgr o= 2=_"
¢=1Io o( ) 0= =22
If Iis the instantaneous current in the circuit at time t, then

Ife F9g t R gRuY # qrerfdrd g7 [

dl dl ¢ dl 1
e—3LE_IR=0 = 3E-¢—IR oru J' - [at
dt at

~e—IR 3Ly
e-IR | -Rt e-IR -N

= In = or 31 —=e

e—-1I',R 3L c— &R
R
_Rt Rt
ordm g—1IR= é><e3L orar I=2 1—E><e3L
3 R 3

A square loop ABCD of side ¢ is moving in xy plane with velocity v = Bt ] . There exists a non-uniform

magnetic field B = —Bo(1 + ay?) k (y > 0), where Bo and a 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.

TH IR qrer ABCD ST oialg £, xy @ # 9 V=Bt | ¥ A % @ 2| &F F AT AT &
B = —Bo(1+ ay?) k (y> 0) Rerd & W&l Bod o &I~ & |

URY H URT & S IR y = 0 R RId | ufiRig R R URT fdodlogeio §9I Bl w0 H F1d I |
URA gRT BT RS 9 TG AT |

X X X X X X X X X X
y X X X X X X X X X X
X X X X X X X X X X
A B
X X X
y=0
X
R
z D———mw—¢
2,5
s=—BOIB(t+aXB t J
4
Flux inside the strip U<l # ¥atad = B. |. dr = Bo (1 + ar?). Idr
A B
dr
r
R
DL—AANN c

/\
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13.

Ans.

Sol.

Y 3
Total flux in the loop T ¥ Ho Faad = JBO(1+ar2) ldr ¢ =Byl [W%J
0

2
Induced emf 3RT fo lo gat &= 92— B [1+°9_ | W= _p (1+ay2)d—y
dt 3 )t dt

Given faar & v =pt

dy f t _ Bt
— =t = dy = |Btdt = y=-—
dt for - fo -
244 2.4
e=— B, (1+%]Bt =~ s—— BB [H%J

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 frsar qen r 9RRIY U@ ddell R o a1 IRAfTaT & 3R 59 UHR Red B & 79! o1 1 g W
FHETA § ORAfId & a8 (, 39! U die B b g | e awa uReferd &1 Fad fawa Ve
S ¥ SISl Sl & 99901 URUY B o IRRIG R g | A1 9o &1 URdbed 997 & 1 a0 Bl 3Tg
TS W ARG B9 96 &1 AfddHad a9 9 ) |

MOazvz

4rRIb?

< | |

< I I

L = mpo Nnb? = o (n¢) nb? = pon? b/
= (i)

Determine the induced current in the ring

o H URT g1 §1d R B foIg

The flux associated with ring is 9e@ | =T FeTad ¢ = Bra? = ponlna?
Here 321 B = Magnetic field due to solenoid IRAfI®HT & gRT I FRDHII &5
= ponl

Induced emf in the ring is aera # URa fag@ aE®d 9a ¢ =% = uonnaz%

. 2
The current inthe ring is aer & g=T | = & = M@ %
r r

From equ. (i), we get THI®HROT (i) |
_V “Rt/L
| = E(1—e )

d_ Xe-Rt/L

dt L

I = uonma’ Xe—Rt/L
r L

/\
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Electromagnetic Induction / m—
Determine magnetic force on an element of length dL of the ring

g PI dL TS B AR R FJHBI I 910 A D g
The magnetic force on the considered element is dF = I'dLB
SRIFT T W DI 9 dF = I'dLB

Force per unit length is SHTS TS T ¥ Fo= j—:i =I'B
. w nra’V
On putting the value we get, A9 &= TR & U &) & Fo = OL—e‘R“L (uonl)
r
- ugn’ma’V e RUL(1_gRiL)
Lr
For maximum value of Fo® 31fShds a9 & forg, =0
2,.2y/2
After solving, we 8 &9 TR Fomax = (EJ = %
dL).ax  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 A and pr = 1.

a frsa1 do1 9HwY U A BT Udh o1 JoAd Al e b IR o DI 9 | goiH FR @ 7 IR
T BT W AR T A TAT e = 1 81 A1 I DI Ui T=6E GBI &8 Holl S D |

Ans. M
8n
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.
39 Rechl 4 goiF fI9a & SRU 909 & 98 & ITgfesl a=Is & of=dd NI I A & HRU gRT
I el 8
We consider a ring element of thickness dx of the cylinder
g9 909 W dx AICE & JeTHR ST B Bl HRd 8
The charge on the considered element is
39 9o WR AMEY

dqg = Adx

The convection current is due to motion of considered element is
SWRIF A & BRI ST GRT
dq _ dq _ odq _ oidx
T 2n 2n 2n

Q)

The magnetic field at point p dueto considered ring element is
TAATHR A & BRI a5 p R gHoI &

dl =

dx

nodla?

2(a2 + x2)3/2
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Electromagnetic Induction / m—

15.

2 2
orar B=__ M 573 Oh gx=  HoATOM 577 dx
2(a2 + x2) 2n 47':(32 + x2)
do = npa‘orna’ dx , _ peator e dx
6= 47 2, ,2\32 N 6= 4 j—oo 2, 2\32
(a +X ) (a +x )

Putting x = tan 6 3&1 ™
X

va? +x?
dx = a sec? do

b= oa‘on I+ ® asec? 0dv

4 — (32 +a?tan? 9)

sin 6 =

3/2

4 e a2oh [Fe 2 2
b= Ko g)k [Sin9j|k+ _ Yo X _ Bo@ oA [1+1]= TRy
43 i 4 2

e 4 Va2 + x2
o=LI - LR=¢l
2
Magnetic energy is =@ Jult U 1 el (LI = 1 ol= 9 _ pod”ad
2 2 2 2 4
: : . U pa‘ol
Magnetic energy per unit length is I =18 g=BHT Hai T

dl _whdx ok

| . .
Butws] —=—=——=—" from eqgn. (i) HHROT (i) F
¢ dx 2rndx 2= ( an- () M)
u_ uoazmk(o_k  poa’e®r?
Y4 4 27 8n

A long solenoid of length ¢ = 2.0m, radius r = 0.1m and total number of turns N = 1000 is carrying a
current io = 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 v (7 is
increased but N and y are constant). State Kirchhoff’'s second law for this case. (Note: Do not solve for
the current.)

(f) Consider a time varying current i = io cos(wt) (where io = 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.)

(9) Consider t = n/20 and o = 200/x rad—s~" 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 @=E, r = 0.1m 3531 T N = 1000 %I grefl o=t uRAferadt § io = 20.0A gRT yaiRd 2

IRTTHT BT et z-318T B AT FHT 2 |

(a) TRAfTS & g &3 & foy &we A ST Ta1 3aH1 719 1 = By |

(b) aRAfTST & IR (L) & oy I9a S1d HINTT T 3961 949 1 S IR |

(c) uRAferad # yarfed oRT & fog 3@ dfaa St (E) S1a #ifeg |

(d) AT gRAfer® &1 aiRig R 8| $9@1 e g aB® aa @1 9e8 ¥ Siisd g | aRefdad § ar/1 (i) &
forg = sra P |
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Electromagnetic Induction /

Sol.

/\

(e) Ue (d)  yeRRia uRaferd & ufeRiy R &1 faa =rat v & @ien Sirar 21 (¢ gt ¥ w=g N qn y faa
?) SRIaa Reify & forw fovae @ fgdia fam fifay (e /1 & fow ga 99 #ifvg )
(f) i = io cos(wt) (STET io = 20.0A) T7g yRafd urT uR=feredr # varfea &, aRAferer & yarRd oRT & &R

faz@ e & o 2o 91a SN | (A1 : U2 (e) BT 399 T 81 A1)

(@) I8 U H t = 120 AT » = 200/x rad—s' R TR T B | aRAfIHT A Brog 8 & o & U #

faga &3 & uReror &1 aR@ F91gd don fagd g el B A gelRia S|

¢=2m

\3 0.1
T

/
\
N = 1000. io = 20 A

@  Bewl i K

i,

?/
\

‘
|B| =4n x 103 Testa
(b) = Lio
BNA = Lio
2 .2
L= BNA _ N _ o240
lo
2
() o §=4iJou|es= 3.95J
2 10
(d) i=io(1—ev) where STaf Tz% , g =
(e) e—iR=3 (Li)=0
dt
e—iR-LI_jdb
dt dt
e=R+L 3L 9=
dt  dt
After time t & 91g ;
L= oN?mr? o A noN?mr2y
(I+vt) dt (L +vt)?
s N2 2
e=iR LLdi '“ON—MZVI
dt (L + vt)
(f) Einduced = J.Ea = —Z—T.
jéaz_éé
dt

(d —» Radial distance from axis of solenoid ; r — Radius of solenoid)

(d — aR=fer® @t o1 & g 0 ; r > aR=ferd @ o)

For (d<r) & forw
E.2nd=—nd2@
dt

N di

= _ d2 —_

AT

E.2rd = nd? Ho% iom sin(owt)

20

E=

/\
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Electromagnetic Induction / m—
Ford>ra forw
E.2nd = — nr? @
dt
_ HoNigo r?
T 2de

sin(wt)

t=_ "
2w
E _ HoNlo(Dd d <r
20
_ MoNio(Drz
2d/ -
Lines of force 1 Y@

16.# The wire loop shown in the figure lies in uniform magnetic induction B = Bocos ot perpendicular to its
plane. (Given ri = 10 cm and r2 = 20 cm, Bo = 20 mT and ® = 100 =). Find the amplitude of the current
induced in the loop if its resistance is 0.1 Q/m.

IR &1 Tdh o AR U T & oqd 9oy g &9 B = Bocos ot # Rerd 2 (A g r =10
cm T@AT r2 = 20 cm, Bo = 20 mT @2 o = 100 ). AT U &1 Ufdw 0.1 Q/m & @1 U ¥ URT arT A
aRETT ST R |

Ans. mampere.
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Sol.

17.4

Ans:

Sol.

® ®B
B = Bocosot
Net flux f FeTad
= BA2 — BA«

So, induced emf gfery URT fagd a”® 9d
dB
e=(A2—A1) —
AT

So. o= Pa=A) dB _ m(n’ —rf)
| R dt R

n.(400—100)><10-4
27x107"' x30x 1072

. Byosinot

So, 31 i = x20x107% x100n =& ampere. Ans.

Two capacitors of capacitances 2C and C are connected in series with an inductor of inductance L.
Initially capacitors have charge such that Vs — Va = 4Vo and Vc—Vb = Vo. Initial current in the circuit is
zero. Find:

2C3 CaiRamil & a1 FaRT LIRS ol b WS Hosell & a1 3ofl 9 7 g 8| UR™ # |l
BT 3N 9 UPR & fb VB~ Va=4Vod Ve-Vp = Vo. | IR # URMS gRT I & | I B |

_A”B C||ID

2C C

L
(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) aRur # yarfed g9 arefl AfHTH aRT
(b) 39 &1 YAS FIIRA R fAqar<iz
(c) IR FHosell # Tl AR Yarfed B arell gRT &l FHGHROT

(a) Imax=[\/?J vo ; (b)3Vo,3Vo; (C)i=Imaxsinet; o= ( /%J

A LD A Q V) D
11 11 ] 11
B Coc B Cc
(a)
EECILLLIL | TEEETT
Figure a. Charges att= 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,9%-a_Q _,
dt 2C 2C

—Q . 9cv,-Q

for current to be maximum ﬂ =0 or — + =0 or Q=6 CVo
dt 2C C

Total energy in the system att =0 is Ui = L (0)? + (2C) (4Vo)? + CV¢? = CVo?
Total energy when current i is maximum

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in Py
Educating for better tomorrow | i o5 eE 5rES [ CIN: UB0302RJ2007PLC024029 - 118




Electromagnetic Induction / m—

U= 1 Ui 1 6CWP 1 ECWF 1
2 2 2C 2 C 2
from conservation of energy Ui = Us

2
ﬁ CV02 = l Limax2 + Z CV02 ; imax - GCVO Ans
2 2 2 y/—L

Limax2 + % CVO2

A 5 T ALQ %V D
11 B C 1T 1T B C 11
Sol. (a) 2C C 2C (o}
g i (11111)
form a. t=0sec. R MYy o b. & 997 t WR SmAw

t=0sec. W Il GITRA WX AQY 3R t 9T 91¢ HMRT WR e =g ad b & yaf¥ig 2|
U # 5 99 t R 99 | gRT yared @1 3@ 8 Al KVL o W)
L di,9C%-Q Q

__=0
dt 2C 2C
aﬁwwzr%m%:O m%+%=o ordl Q=6CVo

t=0 R P H A Sl 3 Ui=%L(0)2+%(2C)(4VO)2+%CVOZ=% CV¢?
HA Holl S HRT i 3Aferebad &

2 2
Ur= % L imax® + %% + % (303/0) E % Lima? + %CVO2
Holl ARE ¥ Ui = Us

2
g CV02 = 1 Limax2 + Z CV02 ; imax = 6CV0 Ans
2 2 2 ﬁ—L
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