DCAM classes

Dynamic Classes for Academic Mastery

6.ELECTROMAGNETIC INDUCTION

Single Correct Answer Type

A thin semicircular conducting ring of radius R is falling with its plane vertical in horizontal magnetic
induction B. At the position MNQ the speed of the ring is V, and the potential difference developed across
the ring is

X X X X
—
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a) Zero b) BVmR?/2 and M is at higher potential

c) mRBV and @ is at higher potential d) 2RBV and @ is at higher potential

The variation of induced emf(€) with time (¢) in a coil if a short bar magnet is moved along its axis with a

constant velocity is best represented as
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The coefficient of mutual inductance of two circuits A and B is 3 mH and their respective resistances are
10 and 4 Q. How much current should change in 0.02 s in circuit 4, so that the induced current in B should
be 0.0060 A?

a) 0.24 A b) 1.6 A c) 0.18A d)0.16 A

A current i is flowing through an L — R circuit of time constant t,. The source of the current is switched
off at time t = 0. Let r be the value of (—di/dt) at time t = 0. Assuming this rate to be constant, the
current will reduce to zero in a time interval of

to 1
a) to b) et, c) — d) (1 - —) to
e e
An electron moves on a straight line path YY' as shown in figure. A coil is kept on the right such that YY' is

in the plane of the coil. At the instant when the electron gets closest to the coil (neglect self-induction of
the coil)
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11.

12.

Yy’
C

a
Y

a) The current in the coil floes clockwise

b) The current in the coil flows anticlockwise

c) The current in the coil is zero

d) The current in the coil does not change the direction as the electron crosses point @

The time constant of an inductance coil is 2 X 1073 s. When a 90 () resistance is joined in series, the same

constant becomes 0.5 X 1073 s. The inductance and resistance of the coil are

a) 30 mH; 30 Q b) 60 mH; 30 Q c) 30 mH; 60 Q d) 60 mH; 60 Q

Two coils X and Y are linked such that e.m.f. E is induced in Y when the current in X is changing at the

rate I’ (= %). It a current I, is now made to flow through Y, the flux linked with X will be

Iol' , E
i &) (EII A (7)1

In the space shown a non-uniform magnetic filedB = By(1 + x)(—k) tesla is present. A closed loop of small

a) Elol’ b)

resistance, placed in the xy plane is given velocityV,,. The force due to magnitude filed on the loop is

X X X X X X

a) Zero b) Along +x direction c) Along - x direction d) Along +y direction
A circuit contains two inductors of self-inductance L, and L, in series. If M is the mutual inductance then
the effective inductance of the circuit shown will be

a) L+ 1L, b)L;+L,—2M c)Li+L,+ M AL +L,+2M

A conductor of length [ and mass m can slide without any friction along the two vertical conductors
connected at the top through a capacitor figure. A uniform magnetic filed B is set up L to the plane of
paper. The acceleration of the conductor

C
X X X X
—f
X X X)) X
X X X X X
X X X X X
X X lX X X
X X X X
X X X X X
a) Is constant b) Increases c) Decreases d) Cannot say

A metal disc of radius a rotates with a constant angular velocity w about itsaxis. The potential difference

between the centre and the rim of the disc is (m =mass of elelctron, e =charge on electron)
2,2 2,2 2,2
mw-a 1mw<a ew“a ew°a
b5 c) d)

a)
e e 2m m
A 0.1 m long conductor carrying a current of 50 A is perpendicular to a magnetic field of 1.21 mT. The
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14.

15.

16.

mechanical power to move the conductor with a speed of 1 ms™1 is

a) 0.25 mW b) 6.25 mW c) 0.625W d1wW

A conducting square loop of side L and resistance R moves in its plane with a uniform velocity v
perpendicular to one of its sides. A magnetic induction B, constant in time and space, pointing
perpendicular to and into the plane of the loop exists everywhere

® @ ®

) Y

® O B

The current induced in the loop is

a) BLv/R clockwise b) BLv/R anticlockwise

c) 2BLv /R anticlockwise d) Zero

A flip coil consists of N turns of circular coils which lie in a uniform magnetic field. Plane of the coils is
perpendicular to the magnetic filed as shown in figure. The coil is connected to a current integrator which
measures the total charge passing through it. The coil is turned 180° about the diameter. The charge
passing through the coil is

)| of acoil

[0.0.0.00.0.0.0.0.0. AN

5

2) NBA b) V3NBA 0) NBA d) 2NBA

R 2R V2R R
In figure, a square loop PQRS of side a and resistance r is placed near an infinitely long wire carrying a
constant current /. The sides PQ and RS are parallel to the wire. The wire and the loop are in the same
plane. The loop is rotated by 180° about an axis parallel to the long wire and passing through the mid-
points of the sides QRand PS. The total amount of charge which passes through any point of the loop

during rotation is

tola

2nr

a)
b) tola
r

In2

In2

fola®

c)

2nr
d) Cannot be found because time of rotation is not given
In Fig (a) and (b), two air-cored solenoids P and Q have been shown. They are placed near each other. In
Fig (a) when I, the current in P, changes at the rate of 5 A s~ %, an em.f. of 2 mV in induced in Q. The
current in P is then switched off, and the current changing at 2 A s~ ! is fed through Q as shown in the fig.
What e.m.f. will be induced in P?

Ip :
Pg EQ Pg g o ¢
() (b)
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a)8x107*V b)2x 1073V c)5x1073V d)8x 1072V
A square coil ACDE with its plane vertical is released from rest in a horizontal uniform magnetic filed B of
length 2L figure. The acceleration of the coil is

C D
[ 13
A y
X x X x B
2L X X X X

X X X X

a) Less than g for all the time the loop crosses the magnetic field completely

b) Less than g when it enters the filed and greater than g when it comes out of the field

c) g all the time

d) Less than g when it enters and comes out of the field but equal to g when it is within the filed

A square conducting loop of side L is situated in gravity-free space. A small conducting circular loop of
radius r(r « L) is placed at the centre of the square loop, with its plane perpendicular to the plane of the
square loop. The mutual inductance of the two coils is

2) Zﬁuolrz b) V2uol, 2 c) 0 d) None of these
L L

In the gives circuit fig, current through the 5 mH inductor in steady state is
S mH

20V

VWA T

5Q

2 8 1 2
Z b) = Z d) =
a) 3 A ) 3 A c) 3 A ) 3 A
Charge Q is uniformly distributed on a thin insulating ring of mass m which is initially at rest. To what

angular velocity will the ring be accelerated when a magnetic field B, perpendicular to the plane of the ring,
is switched on?

B 30B B B
a) 25 b) 308 c) 98 d) 95
2m 2m m 4m
Two concentric and coplanar coils have radii a and b(>> a) as shown in fig. Resistance of the inner coil is

R. Current in the outer is increased from 0 to i, then the total change circulating the inner coil is

. 2 . b . 2 .b
2) Uola“m b) Uola 9 ,uolabﬂ d) Uol
2Rb 2R 2a R 2mR

A wire is bent to form the double loop shown in figure. There is s uniform magnetic field directed into the
plane of the loop. If the magnitude of this filed is decreasing, the current will flow from

x4 x X X BX

C D
X[ [x  x X[ |X

X X X X X

|
X X X X X

a)atobandctod b)btoaanddtoc c)atobanddtoc d)btoaandctod

A metallic wire is folded to form a square loop of side a. It carries a current i and is kept perpendicular to0
the region of uniform magnetic filed B. If the shape of the loop is changed from square to an equilateral
triangle without changing the length of the wire and current, the amount of work done in doing so is
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4\/§>

a) Bia? (1 — T \/§> 2 d) sero

b) Bia?(1—— = Bia?
) la( 5 c)3Bla

Two identical conducting rings A and B of radius R are rolling over a horizontal conducting plane with
same speed v but in opposite direction. A constant magnetic filed B is present pointing into the plane of
paper. Then the potential difference between the highest points of the two rings is

a)o b) 2BvR c) 4BvR d) None of these
The capacitor of an oscillatory circuit of frequency 10,000 Hz is enclosed in a container. When the
container is evacuated, the frequency changed by 50 Hz, the dielectric constant of the gas is
a) 1.1 b) 1.01 c) 1.001 d) 1.0001
A small square loop of wire of side ¥ is placed inside a large square loop of wire of side L(L > ¥). The loops
are coplanar and their centres coincide. The mutual inductance of the system is proportional to
a)?/L b) £2/L c)L/? d)L?/¢
In an LR circuit connected to a battery, the rate at which energy is stored in the inductor is plotted against
time during the growth of current in the circuit. Which of the following best represents the resulting
curve?

Rate Rate Rate Rate

a) b) c) d)

Time Time Time Time

The inductance L of a solenoid of length [, whose windings are made of material of density D and
resistivity p, is (the winding resistance is R)

Ko Rm Ho Ilm to R*m Ho Im
D anipD 4nRp D V4ri D 27Rp D
The magnitude flux density B us changing in magnitude at a constant rate dB/dt. A given mass m of
copper, drawn into a wire of radius a and formed into a circular loop of radius r is placed perpendicular to
the field B. The induced current in the loop is i. The resistivity of copper is p and density is d. The value of
the induced current i is

m dB m dB m dB m dB

a 2mpd dt 2ma?r dt 2 Amad dt d) 4mpd dt
A conducting ring of radius r and resistance R rolls on a horizontal surface with constant velocityv. The
magnitude filed B is uniform and is normal to the plane of the loop. Choose the correct option

Bx x x9x x X

a) The inclined emf between O and Q is Brv

. 2B . o
b) An induced current] = % flows in the clockwise direction

. 2B . . e
c¢) An included current] = % flows in the anticlockwise direction

d) No current flows

Two identical circular loops of metal wire are lying on a table without touching each other. Loop- A carries
a current which increases with time. In response, the loop-B

a) Remains stationary b) Is attached by the loop 4

c) Is repelled by the loop A d) Rotates about its CM with CM fixed

A closed circuit consists of a resistor R; inductor of inductance L and a source of e.m.f. E are connected in
series. If the inductance of the coil is abruptly decreased to L/4 (by removing its magnetic core), the new
current immediately after this moment is (before decreasing the inductance the circuit is in steady state)
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a) Zero E E E
b) — - d)—
) R <) 4 R ) 4R
In fig switch S is closed for a long time. At t = 0, if it is opened, then
Ry

MWW\

—VWW\———
Ry

L

L

F i

. . . o .. 1LE
a) Total heat produced in resistor R after opening the switch is Y]

. . . . . 1LEZ( R
b) Total heat produced in resistor R, after opening the switch is Py (R _:R )
1 2
1 RyLE?

c) Heat produced in resistor R, after opening the switch is 2 RtRIRE

d) No heat will be produced in R,
In the circuit shown in fig, switch S is closed at time t = 0. The charge that passes through the battery in
one time constant is

L EL el
b) £ (7) = d) =
) R eR? )ER

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

ratea. Resistance per unit length of the loop is p

(o,
X

A

X

Then, the current in wire AB is (AB is one of the diameters)

X Sux

Ra Ra Ra
a) —fromAtoB b) —from B to A c) —fromAtoB d)o0
2p 2p p

An elasticized conducting band is around a spherical balloon figure. Its plane passes through the centre of
the balloon. A uniform magnitude field of magnitude 0.04 T is directed perpendicular to the plane of the
band. Air is let out of the balloon at 100 cm3/a at an instant when the radius of the balloon is 10 cm. The
induced emf in the band is

B

Conducting

/l\?and

a) 15 uv b) 25 uv c) 10 pv d) 20 pv

Two identical cycle wheels (geometrically) have different number of spokes connected from centre to rim.
One is having 20 spokes and the other having only 10 (the rim and the spokes are resistanceless). One
resistance of value R is connected between centre and rim. The current in R will be

a) Double in the first wheel than in the second wheel
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b) Four times in the first wheel than in the second wheel

c) Will be double in the second wheel than that of the first wheel

d) Will be equal in both these wheels

A rod lies across frictionless rails in a uniform magnetic field B as shown in figure. The rod moves to the
right with speedV. In order to make the induced emf in the circuit to be zero, the magnitude filed should

—
T
]
® ®||®
® ®B®
® & ®
]
a) Not change b) Increases linearly with time
c) Decreases linearly with time d) Decrease nonlinearly with time

In an LC circuit shown in fig, € = 1 F,L = 4 H. Attime t = 0, charge in the capacitor is 4 C and it is

decreasing at the rate of /5 Cs ™. Choose the correct statement

q
| |—
11

C
09090
a) Maximum charge in the capacitor can be 6 C
b) Maximum charge in the capacitor can be 8 C
c) Charge in the capacitor will be maximum after time 3 sin"%(2/3) s
d) None of these
The current passing through the battery immediately after key (K) is closed [it is given that initially all the
capacitors are uncharged (given that R = 6 L and C = 4 uF)] is

R @

I W
L s

R
— E=5V G==
L

LILLL
YW
AW ——

R
a)1A b)5A c) 3A d)2A
A uniform magnitude filed exists in a region given by B=3i+ 4 + 5k. Arod of length 5 m along y-axis

moves with a constant speed of 1 m/s along x axis. Then the induced emf in the rod will be

a)0 b) 25V c) 20V d) 15V

A wire of lengthl, mass m and resistance R slides without any friction down the parallel conducting rails of
negligible resistance figure. The rails are connected to each other at the bottom by a resistanceless rail
parallel to the wire so that the wire and the rails from a closed rectangular conducting loop. The plane of
the rails makes an angle 8 with the horizontal and a uniform vertical magnetic field of induction B exists
throughout the region. Find the steady-state velocity of the wire
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44,
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46.

47.

2 %Bz;in 0 : b) mg sin? 6 0 szngR sir129 d) mgk sin? @

cos? 6 R B?l%cos? 6 B?1?% cos? 0 B?1% cos 6
A rectangular loop with a sliding conductor of length [ is located in a uniform magnetic field perpendicular
to the plane of the loop figure. The magnetic induction isB. The conductor has a resistanceR. The sides AB
and CD have resistances R;and R,, respectively. Find the current through the conductor during its motion

to the right with a constant velocity v

X X X X

x 4 x M x D x

X X X x

X X X X

X

R i R —»: R2§

x x X x

X X X X

X B X x C

RN

Blv(R, + R,) ) Bl%v Blv(R, + R,) 0 Bl%v
a) ————— _— C

A conductor AB of length £ moves in xy plane with velocity ¥ = vy (f — ). A magnetic field B = By(T+))
exists in the region. The induced emf is

a) Zero b) 2By v, c) Botv, d) V2B,lv,

A bar magnet was pulled away from a hollow coil 4 as shown in fig. As the south pole came out of the coil,
the bar magnet next to hollow coil B experienced a magnetic force

Up
lalallla
N G s L"“ﬂLRigh‘
A Down
VARV,
lalla
NG s
oo 8
a) To the right b) To the left c) Upwards d) Equal to zero

A toroid is wound over a circular core. Radius of each turn is r and radius of toroid is R(>> ). The
coefficient of self-inductance of the toroid is given by

poNr 9L UoNT?
2R R 2R
A copper rod is bent into a semi-circle of radius a and at ends straight parts are bent along diameter of the
semi-circle and are passed through fixed. Smooth and conducting ring O and 0" as shown in figure. A
capacitor having capacitance C is connected to the rings. The system is located in a uniform magnetic field
of induction B such that axis of rotation 00’ is perpendicular to the field direction. At initial moment of
time(t = 0), plane of semi-circle was normal to the field direction and the semi-circle is set in rotation
with constant angular velocityw. Neglect the resistance and inductance of the circuit. The current flowing
through the circuit as function of time is

A i

b)L =
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1

a) anzaZCB cos wt
1

b) Enwza CB cos wt
1

c) Zna)zazCB sin wt

1
d) > nw?a? CB sin wt
A semicircular wire of radius R is rotated with constant angular velocity about an axis passing through one

end and perpendicular to the plane of the wire. There is a uniform magnetic field of strengthB. The
induced emf between the ends is

o

a) BoR?/2 b) 2BwR? c) Is variable d) None of these

A square metal wire loop of side 10 cm and resistance 1 (1 is moved with constant velocity v, in a uniform
magnetic field of induction B = 2Wbm™2, as shown in figure. The magnetic field lines are perpendicular to
the plane of loop and directed into the paper. The loop is connected to the network of resistances, each of
value 3 Q. The resistance of the lead wires is negligible. The speed of the loop so as to have a steady
current of 1 mA in the loop is

a)2ms~! b) 2 cms™1! c) 10 ms™? d) 20 ms™?

Three identical coils 4, B and C carrying currents are placed coaxially with their planes parallel to one
another. AandC carry currents as shown in figure B is kept fixed, while 4 and C both are moved towards B
with the same speed. Initially, B is equally separated from Aand C. The direction of the inclined current in
the coil B is

I I
A B c
a) Same as thatin coil A b) Same as that in coil c) Zero d) None of these
Switch S of the circuit shown in Figis closed att = 0
E
| A2
= s®

If e denotes the induced e.m.f. in L and i the current flowing through the circuit at time ¢, then which of the
following graphs correctly represents the variation of e with i?

a)i b)l c)ii d)Li

! {—» 1]

A uniform magnetic field of induction B fills a cylindrical volume of radius R. A rod AB of length 2/ is
placed as shown in figure. If B is changing at the rate dB/dt, the emf that is produced by the changing
magnetic field and that acts between the ends of the rod is

Page|9



53.

54.

55.

56.

57.

58.

X X |

X
X
R x

X X X X
A

D
l«— 2] —»

dB dB 1dB 1dB
3 lp2_g2 b)——1./R2 1 |2 -z 2 _J2 d) =— 2 2
a)dth l )dth+l C)Zdth l )Zdth+l

The frequency of oscillation of current in the inductance is

X X X

Q

X
X

B

b) d)

1 1 1
6TVIC ) Jic 2miC
A uniform but time-varying magnetic field B (t) exists in a circular region of radius a and is directed into
the plane of the paper, as shown. The magnitude of the induced electric filed at point P at a distance r from
the centre of the circular region
B (0

=

a) Is zero b) Decreases as 1/r c) Increases asr d) Decreases as 1/r?
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 the same wire is wound on a solenoid of length £/2 and radius r/2, then the self-inductance will be
a) 2L b) L c) 4L d) 8L
An e.m.f of 15 V is applied in a circuit containing 5 H inductance and 10 Q resistance. The ratio of the
currents attimet = coand t = 1sis

e

1/2 o2
a) —— b)
el/2 — 1 e?—1
Calculate the inductance of a unit length of a double tape line as shown in fig, if the tapes are separated by
a distance h which is considerably less than their width b

hI’
b

2
a) Hoh b) Hoh c) Hoh
b 2b

c)l1—et d)e?

d) V2ueh

b b

The figure shows certain wire segments joined together to form a coplanar loop. The loop is placed in a
perpendicular magnetic field in the direction going into the plane of the figure. The magnitude of the field
increases with time. /1 and £ are the currents in the segments aband cd. Then,
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62.

63.

64.

a)l; > I,

b)I; <1,

) 1, is in the direction ba and I,is in the direction cd

d) I; isin the direction ab and I,is in the direction dc

In fig, the mutual inductance of a coil and a very long straight wire is M, the coil has resistance R and self-
inductance L. The current in the wire varies according to the law i = at, where a is a constant and ¢ is the
time, the time dependence of current in the coil is

M M Ma
a) — b) MaRe Rt/L c) —etR/L d 1 — g—tR/L
) % ) MaRe ) —e ) (1= et/

The current generator iy, shown in figure, sends a constant current i through the circuit. The wire ab has a
length ¢ and mass m slide on the smooth, horizontal rails connected to is. The entire system lies in a

vertical magnetic field B. The velocity of the wire as a function of time is

X x%x x

'f
ig X X X
|
X X b X X
Bt Bt 2i¢Bt Bt
a) 225 p) 28 o )
m 2m m 3m

An infinitely cylinder is kept parallel to an uniform magnetic field Bdirected along positive z axis. This
direction of induced current as seen from the z axis will be

a) Clockwise of the +ve z axis b) Anticlockwise +ve z axis

c) Zero d) Along the magnetic field

Along solenoid of length L, cross section A having N; turns has wound about its centre a small coil of N,
turns as shown in fig. The mutual inductance of two circuits is

R ELCCTETEeS Loeemmie e »
Yy 1 N, N, Y

[aWa e WA e Wi a Wit o\
LA A VAV AV ]
\ U O N AL A T N

e

A(N,/N. A(N, N 2

a) HoA(N1/N3) b)llo (N1N7) ¢) oA NyN, L d)MOAN1N2

L L L
A coil carrying a steady current is short-circuited. The current in it decreases a times in time t,. The time
constant of the circuit is
to to to

AJt=tyIna b)1=m c)r=; d)r=a_1

Two identical conductors P and Q are placed on two frictionless 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
P 0

.
B
X X X
R
<
XV | X X
N
X X X

a) Will be attracted towards P
b) Will be repelled away from P
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66.

67.

68.

69.

70.

¢) Will remain stationary
d) May be repelled away or attracted towards P

GivenL, =1mHR, =1Q,L, =2mH,R, =2 Q
/8 L

(ii) (iii)
Neglecting mutual inductance, the time constants (in ms) for circuits (i), (ii) and (iii) are

0 1,1,1 9

9 9
a) 1111_ b)Z;]-;l d) 1’ZI1

2
An aluminium ring hangs vertically from a thread with its axis pointing east-west. A coil is fixed near to the

ring and coaxial with it

I thread

/N
common axis
W E
_____ - A5} >
coil ring /

s
What is the initial motion of the aluminium ring when the current in the coil is switched on?
a) Moves towards E b) Moves towards W c) Moves towards N d) Moves towards S

In the circuit shown in Fig, switch S is shifted to position 2 from position 1 at t = 0, having been in
position 1 for a long time. The current in the circuit just after shifting of switch will be (battery and both

the inductors are ideal)
5L

4E 5E 5E E
V3SR 3w I3% V&
A rectangular loop of slides 10 cm and 5 cm with cut is stationary between the pole pieces of an
electromagnet. The magnetic field of the magnet is normal to the loop. The current feeding the
electromagnet is reduced so that the field decreases from its initial value of 0.3 T at the rate 0f0.02 Ts 1. If
the cut is joined and the loop has a resistance of 2.0 ), the power dissipated by the loop as heat is
a) 5nwW b) 4 nW c) 3nW d) 2 nW
A rectangular loop with a sliding connector of length [ = 1.0 m is situated in a uniform magnetic field
B = 2T perpendicular to the plane of loop. Resistance of connector isr = 2 Q. Two resistances of 6 and 3 Q
are connected as shown in figure. The external force required to keep the connector moving with a
constant velocity v = 2m/s is
® B

60 Vv 3a

a) 6N b) 4N c) 2N d) 1N
A gold rod of length # is accelerated in the horizontal direction with an acceleration a,. The rod is held
between two perfectly insulating clamps. Calculate the electric filed set up in the rod. Take the mass of
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72.

73.

74.

75.

76.

electron asm
a) E = b) E = may? c) Zero d) None of these

The capacitance in an oscillatory LC circuit is increased by 1%. The change in inductance required to
restore its frequency of oscillation is to
a) Decrease it by 0.5% b) Increase it by 1% c) Decrease it by 1% d) Decrease it by 2%
A conducting rod PQ of length L = 1.0 m is moving with a uniform speed v = 2.0 m/s in a uniform
magnetic field B = 4.0 T directed into the plane of the paper

X x Pl x x x

x 4| x X X X
_ —»
xB| x X X X

X X Q9 x X X

A capacitor of capacity C = 10 pF is connected as shown in figure, then
a) q4 = +80pC and g = —80 pC
b) g4 = +80uC and qg = +80 pC
A)qa=0=gqp
d) Charge stored in the capacitor increases exponentially with time
An inductor L and a resistor R are connected in series with a direct current source of emf E. The maximum
rate at which energy is stored in the magnitude filed is
E? E? 4E2 2E?
a) iR b) — ) — d) —
In fig, key K is closed at t = 0. After a long time, the potentlal difference between A and B is zero, the value
of Rwillbe [r; =1, =1Q,E; =3VandE, =7V,C — 2 uF,L = 4 mH, where r; and r, are the internal

resistance of cells E; and E,, respectively]
4R L £ £

E,=3V r,=1Q

4 4 2
a)=Q b)=Q A =Q d)40
3 9 3

In the following electrical network at t < 0 fig, key is placed on (1) till the capacitor got fully charged. Key
is placed on (2) at t = 0. Time when the energy in both the capacitor and the inductor will be same for the
first time is

1 @

r\gg

™ 02" VIe ) 5 VIC &) 2 VI

PQis an infinite Current—carrymg conductor. ABandCD are smooth conducting rods on which a conductor
EF moves with constat velocity IV as shown in figure. The force needed to maintain constant speed of EF is
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77.

78.

79.

80.

81.

82.

Pl AW C
N E F
v
V
-~
o<y 183 P
1 [uolV  /b\T* wolV  /h\1% 1 wolV (N2 V ViuolV  (b\1*
a) — - b —|| — C i ) d) = -
)VR[ 2 ln(a)] )[ 2 (a)] VR )[Zn ln(a)] R )l In (a)]

A plane loop, shaped as two squares of sides a = 1 m and b = 04 m is introduced into a uniform magnetic
filed L to the plane of loop figure. The magnetic filed varies asB = 1073 sin(100t). The amplitude of the
current induced in the loop, if its resistance per unit length is r = 5 m{Q}/m is

<

a)2A b)3 A c)4A d)5A

Along conducting wire AH is moved over a conducting triangular wire CDE with a constant velocity v in a
uniform magnetic filedB directed into the plane of the paper. Resistance per unit length of each wire isp.
Then

D
®F
F
A A
14
c 3

a) A constant clockwise induced current will flow in the closed loop

b) An increasing anticlockwise induced current will flow in the closed loop

c) A decreasing anticlockwise induced current will flow in the closed loop

d) A constant anticlockwise induced current will flow in the closed loop

In figure, there exists a uniform magnetic filedB into the plane of paper. Wire CD is in the shapes of an arc
and is fixed. 0AandOB are the wires rotating with angular velocity w as shown in figure in the same plane
as that of the arc about point 0. If at some instant, 0OA = OB = [ and each wires makes angle 8 = 30°with
y-axis, then the current through resistance R is (wires OA and OB have no resistance)

2 2 2
Bwl 9 Bwl d) Bwl
R 2R 4R

A circular loop of radius R, carrying current /, lies in x — y plane with its centre at origin. The total
magnetic flux through x — y plane is

a) Directly proportional to / b) Directly proportional to R

c) Inversely proportional to R d) Zero

Current in a coil of self-inductance 2.0 H is increasing as i = 2 sin t2. The amount of energy spent during
the period when the current changes from 0 to 2 A is

a)1] b) 2] c) 3] d) 4]

In the given circuit diagram fig, key K is switched on at t = 0. The ratio of current i through the cell at

t = 0tothatatt = cowill be

a) 0 b)

Page| 14



83.

84.

85.

86.

87.

88.

89.

90.

a)3:1 b)1:3 c)1:2 d2:1

The length of a thin wire required to manufacture a solenoid of length [ = 100 cm and inductance L = 1
mH, if the solenoid’s cross-sectional diameter is considerably less than its length is

a) 1.0 km b) 0.10 km c) 0.010 km d) 10 km

A horizontal ring of radius r = %m is kept in a vertical constant magnetic field 1 T. The ring is collapsed

from maximum area to zero area in 1 s. Then the e.m.f. induced in the ring is

a)1lvVv b) (m/4)V c) (m/2)V d)yrnV
In the circuit fig, the final current through 30 (1 resistance when circuit is completed is

30Q

AWV
20 Q I H
3V

i
a)3A b)0.14 c)54 d)0.54

The total heat produced in resistor R in an RL circuit when the current in the inductor decreases from I, to
Ois
1 3 1
2
a) LI} b) > LI? c) > LI? d) 3 LI
A conducting wire of mass m slides down two smooth conducting bars, set at an angle 6 to the horizontal

as shown in figure. The separation between the bars isl. The system is located in the magnetic field B,
perpendicular to the plane of the sliding wire and bars. The constant velocity of the wire is

mgR sin b) mgR sin 6 0 &RG mgR sin 6

B212 BI3 B215 Bl*
In the circuit shown fig, the cell is ideal. The coil has an inductance of 4 H and zero resistance. F is a fuse of
zero resistance and will blow when the current through it reaches 5 A. The switch is closed at t = 0. The
fuse will blow

d)

F

_T /; .

a) Almost at once b) After 2 s c) After5s d) After 10 s

A vertical ring of radius r and resistance R falls vertically. It is in contact with two vertical rails which are
joined at the top. The rails are without friction and resistance. There is a horizontal uniform magnetic field
of magnitude Bperpendicular to the plane of the ring and the rails. When the speed of the ring is v, the

current in the top horizontal of the rails section is

a)0 b) 2Brv 0 4Brv a) 8Brv
R R R

A conducting rod PQ of length £ = 2 m is moving at a speed of 2 ms~! making an angle of 30° with its
length. A uniform magnetic filed B = 2 T exists in a direction perpendicular to the plane of motion. Then

Page]15



91.

92.

93.

94.

95.

96.

97.

& ®

v
&®
® ® 30° ®
P 1 O
® & ®
a)Vp—Vy =8V b)Vp—Vy =4V Q) Vo—Vp =8V d)Vo—Vp =4V

There is a conducting ring of radius R. Another ring having current i and radius r (r << R) is kept on the
axis of bigger ring such that its centre lies on the axis of bigger ring at a distance x from the centre of
bigger ring and its plane is perpendicular to that axis. The mutual inductance of the bigger ring due to the
smaller ring is

UoTR?1? UoTR?1? UoTR?1? UoTR?1?
s PV iwe 2 Vew 72 Vawerayn

Loop A fo radius r << R moves towards loop B with a constant velocity IV in such a way that their planes
are always parallel. What is the distance between the two loops (x) when the induced emfin loop 4 is
maximum?

)R b)— ) R d)R (1 ! )
a —_— c) — -
V2 2 V2
Find the inductance of a unit length of two parallel wires, each of radius a, whose centres are a distance d
apart and carry equal currents in opposite directions. Neglect the flux within the wire
d—a d—a 3 d—a d—a

a)ﬁln( ) b)ﬁln( ) ) ﬂIn( ) d)ﬁln( )

21 a T a i a 3n a
A small coil of radius r is placed at the centre of a large coil of radius R, where R > r. The two coils are

coplanar. The mutual inductance between the coils is proportional to

a)r/R b) r2/R c) r?/R? d) r/R?

A conducting wire xy of length £ and massm is sliding without friction on vertical conduction rails ab and
cd as shown in figure. A uniform magnetic field B exists perpendicular to the plane of the rails, xmoves
with a constant velocity of

Z ’\/\/\1;\/\/ ¢
X 7 Y
b d
mgR mgR mgR mgR
7= b d
Sy ) Bo2 ) 322 ) B2p

A coil of wire having inductance and resistance has a conducting ring placed coaxially within it. The coil is
connected to a battery at time t = 0, so that a time-dependent current I; (t) starts flowing through the coil.
If I,(t) is the current induced in the ring, and B(t) is the magnetic field at the axis of the coil due to I, (t),
then as a function of time (t > 0), the product I, (t)B(t)

a) Increases with time b) Decreases with time

c) Does not vary with time d) Passes through a maximum

Magnetic flux linked with a stationary loop of resistance R varies with respect to time during the time
period T as follows :

¢ =at(T—1)

The amount of heat generated in the loop during that time (inductance of the coil is negligible) is
aT 272 272 273

a) & b)aT C)aT d)aT
3R 3R R 3R
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98.

99.

100.

101.

102.

103.

A flexible wire bent in the form of a circle is placein a uniform magnetic field perpendicularly to the plane
of the coil.The radius of the coil changes as shown in figure. The graph of magnitude of induced emf in the
coil is represented by

Y c d
i
a T |
r i |
0] 1 2 X
[—»
YI Y Y Y
e | b) le| ) Je] d) ey -
o 1 2 X o 1 2 X o 1 2 X o 1 2 X
t— [—» —»> [ —>

A vertical conducting ring of radius R falls vertically with a speed V in a horizontal uniform magnetic field
B which is perpendicular to the plane of the ring. Which of the following statements is correct?

C
A B
D
a) A and B are at same potential b) C and D are at the same potential
c) Current flow in clockwise direction d) Current flows in anticlockwise direction

Two coils are at fixed locations. When coil 1 has no current and the current in coil 2 increases at the rate of
15.0 A/s, the em.f. in coil 1 is 25.0 mV, when coil 2 has no current and coil 1 has a current of 3.6 A, the flux
linkage in coil 2 is

a) 16 mWb b) 10 mWb c) 4.00 mWb d) 6.00 mWb

In the circuit shown fig, X is joined to Y for a long time and then X is joined to Z. The total heat produced in
R, is

R,
MWW |
L 0z
[‘W{ o7
;E—l e KRANA
Rl
LE? LE? LE? LE*R,
) Rz b) 2Rz )RR, TS
A wire is sliding as shown in figure. The angle between the acceleration and the velocity of the wire is
® !
R B =V }
K|
</
a) 30° b) 40° c) 120° d) 90°

A metallic ring of radius r with a uniform metallic spoke of negligible mass and length r is rotated about its
axis with angular velocity w in a perpendicular uniform magnitude field B as shown in figure. The central
end of the spoke is connected to the rim of the wheel through a resistor R as shown. The resistor does not
rotate, its one end is always at the centre of the ring and the other end is always in contact with the ring. A
force F as shown is needed to maintain constant angular velocity of the wheel. F is equal to (the ring and
the spoke has zero resistance)
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X X
X X
X X
F
X X X X X
) 2,...2 2,...3 2,...3
a)B wr b)B wr J B“wr d)B wr
8R 2R 2R 4R

104. Figure shows a copper rod moving with velocity v parallel to a long straight wire carrying current =100 A.
Calculate the induced emf in the rod, where v = 5ms™1,a = 1 cm, b = 100 cm

) | S

: vy
b
—V

a) 0.23 mV b) 0.46 mV c) 0.16 mV d) 0.32 mV
105. A metal rod of resistance 20 Q is fixed along a diameter of a conducting ring of radius 0.1 m and lies on

x — yPlane. There is a magnetic fieldB = 50(T)k. The ring rotates with an angular velocity w = 20 rad/s
about its axis. An external resistance of 10 () is connected across the centre of the ring and rim. The
current through external resistance is

1 1 1
a) — b) — c) — d
)3 )3 ) 3 )
106. AandB are two metallic rings placed at opposite sides of an infinitely long straight conducing wire as
shown in figure. If current in the wire is slowly decreased, the direction of the induced current will be

@|®

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 4 and B

107. A straight solenoid of length 1 m has 5000 turns in the primary and 200 turns in the secondary. If the area
of cross section is 4 cm?, the mutual inductance will be
a) 503 H b) 503 mH c) 503 pH d) 5.03 H

108. In the circuit shown, switch k, is open and switch k; is closed att = 0. At time t = t,, switch k; is opened
and switch k, is simultaneously closed. The variation of inductor current with time is

L
I
i i
Et, Et,
a) L / b) L
fo 7 lo [ [ G

109. In the circuit of Fig (1) and (2) are ammeters. Just after key K is pressed to complete the circuit, the
reading is
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110.

111.

112.

113.

114.

@ R,
- Ry g

| _|

P |
g
a) Maximum in both 1 and 2 b) Zero in both 1 and 2
) Zero in 1, minimum in 2 d) Maximum in 1, zero in 2

In the circuit shown fig, the coil has inductance and resistance. When X is joined to Y, the time constantis ¢
during the growth of current

——]l——a}’

X
*2
When the steady state is reached, heat is produced in the coil at a rate P. X is now joined to Z. After joining
X and Z:

a) The total heat produced in the coil is Pt
b) The total heat produced in the coil is % Pt

c) The total heat produced in the coil is 2 Pt

d) The data given are not sufficient to reach a conclusion

The length of a wire required to manufacture a solenoid of length [ and self-induction L is (cross-sectional
area is negligible)

2m Ll 4 Ll
a) T b) HUo Ll C) T d) Ho Ll
Ho 41 Ho 2T
Fig shows a rectangular coil near a long wire. The mutual inductance of the combination is
® ¥ @ ®
< C->la— b —
e le gl ef
a
®¥I® X l
¥ ¥ ®
a b a b a b a b
a)uLln(l——> b)”Lln(1+—) c)“LIn(1+—) d)”LIn(H—)
2m c 2m c s c 2w c

The magnitude field in a region is given by B= By (1 + i) k. Asquare loop of edge length d is placed with

its edge along the x-and y-axes. The loop is moved with a constant velocity?y = v,i. The emf induced in the

loop is
2 3
2) voBod b) VoBgd ¢) voBod d) Zero
a a

A conductor ring of radius r is rolling without slipping with a constant angular velocity w figure. If the
magnitude filed strength is B and is directed into the page then the emf induced across PQ is
X X X X X X

X

X
X px
X x x0Ox x X
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115.

116.

117.

118.

119.

2 2,2
Bwr ¢) 4Bwr? d) T°r“Bw

2 8
ABandCD are fixed conducting smooth rails placed in a vertical plane and joined by a constant source at its
upper end. PQis a conducting rod which is free to slide on the rails. A horizontal uniform magnitude field

exists in space as shown. If the rod PQ is released from rest then,

a) Bwr? b)

Ll

K=

e o o o .I Q. L]

o o Ble o o ¢|D o o

a) The rod PQ will move downward with constant acceleration

b) The rod PQ will move upward with constant acceleration

c) The rod will remain at rest

d) Any of the above

A metal rod moves at a constant velocity in a direction perpendicular to its length. A constant uniform
magnetic field exists in space in a direction perpendicular to the rod as well as its velocity. Select the
correct statements(s) from the following:

a) The entire rod is at the same electric potential

b) There is an electric field in the rod

c) The electric potential is highest at the centre of the rod and decrease towards its ends

d) The electric potential is lowest at the centre of the rod and increases towards its ends

Two resistors of 10 (2 and 20 () and an ideal inductor of 10 H are connected to a 2 V battery as shown. Key
K is inserted at time t = 0. The initial (¢ = 0) and final (¢ — o) current through the battery are

10H
10Q 200
K
—‘l_—/.
2V
1 1 1 1 2 1 1 2
—A—A b)— A— A L A—A d)— A— A
V5 AT TR I AT )5 455

Figure shows a square loop of side 0.5 m and resistance 10 . The magnitude filed has a magnitude
B = 1.0 T. The work done in pulling the loop out of the filed slowly and uniformly in 2.0 s is

X X X X

X X X X|—=V

X X ZaS X

a) 3.125x 1073 ] b) 6.25 X 1074 ] c) 1.25x1072] d) 5.0 x 107%]

A uniform magnitude field of induction B is confined to a cylindrical region of radius R. The magnitude
field is increasing at a constant rate of dB/dt Ts~ 1. An electron placed at the point P on the periphery of
the field, experiences an acceleration

P
leRdB leRd eR dB
a) S towards left  b) S towards right c) —— towards left d) Zero
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120. There is a uniform magnetic filedB in a circular region of radius R as shown in figure whose magnitude
changes at the rate ofdB /dt. The e.m.f. induced across the ends of a circular concentric conducting arc of
radius R, having an angle 6 as shown(20A0' = 0) is

6 _dB 6 _dB d) None of these
b) = R2—— — RZ2_
R VR @

121. The approximate formula expressing the formula of mutual inductance of two thin co-axial loops of the
same radius a when their centres are separated by a distance [ with [ > a is
1 poma’ p) L Hod* o Ko ma’ 4 Ho @
2 I3 2 12 At [? m I3
122. A coil of inductance 8.4 mH and resistance 6 () is connected to a 12 V battery. The current in the coil is 1.0
A at approximately the time
a) 500 s b) 25s c) 35ms d) 1 ms
123. A circuit ABCD is held perpendicular to the uniform magnetic filed of B = 5 X 1072 T extending over the
region PQRS and directed into the filed at a uniform speed of 0.2 ms~! for 1.5 s. During this time, the
current in the 5Q resistor is

P 0
5a
0.3 m = e
I ®B ; 0.2 ms’!
D o C
s R

a) 0.6 mA from B to C b) 0.9 mA from C to B ¢) 0.9 mA from C to B d) 0.6 mA from C to B
124. A mutual inductor consists of two coils X and Y as shown in fig in which one quarter of the magnetic flux
produced by X links with. Y, giving a mutual inductance M

AL

What will be the mutual inductance when Y is used as the primary?
a) M/4 b) M /2 oM d) 2M

125. Two circular coils can be arranged in any of the three situations shown in the figure. Their mutual
inductance will be:

[

)
> o>

@ (i) (iii)
a) Maximum in situation (i) b) Maximum in situation (ii)
¢) Maximum in situation (iii) d) The same in all situations

126. Switch S shown in fig is closed for t < 0 and is opened at t = 0. When currents through L; and L, are
equal, their common value is
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E E(Ly + L,) EL, E(Ly+ Ly)

a) — b) ————— ) = d)m=———

R RL4 R(Ly + L) R L,

127. A conducting wire of length £ and mass m is placed on two inclined rails as shown in figure. A current [ is
flowing in the wire in the direction shown. When no magnitude field is present in the region, the wire is
just on the verge of sliding. When a vertical upwards magnitude field is switched on, the wire starts
moving up the incline. The distance travelled by the wire as a function of time t will be

Rails
/
1
0
11IB¢ 11IB¢ 1
Z== 2 b = |22 g 2
a)z[m 2g|t )2 — xcose 2gsm6]t
11I/B¢ 11/B£ cos 26
c)—[——ngine] t2 d)=|— —ngine]tz
2lm m cos0

128. The inner loop has an area of 5 x 10~*m? and a resistance of 2Q figure. The larger circular loop is fixed
and has a radius of 0.1 m. Both the loops are concentric and coplanar. The smaller loop is rotated with an
angular velocity w rad s~! about its diameter. The magnetic flux with the smaller loop is

¢

a) 2m X 107° weber b) m x 1079 weber
c) m X 1079 cos wt weber d) Zero

129. A coil of inductance 0.20 H is connected in series with a switch and a cell of e.m.f. 1.6 V. The total
resistance of the circuit is 4.0 (0. What is the initial rate of growth of the current when the switch is closed?
a) 0.050 As™1 b) 0.40 As~! c) 0.13 As™ ! d)8.0As™?!

130. A metallic square loop ABCD is moving in its own plane with velocity v in a uniform magnetic field

perpendicular to its plane as shown in the figure. An electric filed is induced
e o o o o

A
° °
[ ] V.

—

° °

D C
e o o o o
a) In AD, but not in BC b) In BC, but not in AD
) Neither in AD nor in BC d) In both AD and BC

131. The four wire loops shown in figure have vertical edge lengths of eitherL, 2L or 3L. They will move with

the same speed into a region of uniform magnetic filed B directed out of the page. Rank them according to
the maximum magnitude of the induced emf greatest to least
1 2 3 4

a) 1 and 2 tie, then 3 and 4 tie b) 3 and 4 tie, then 1 and 2 tie
c) 4,231 d) 4 then, 2 and 3 tie and then 1
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132. A thin circular ring of area 4 is held perpendicular to a uniform magnetic field of induction B. A small cut is
made in the ring and a galvanometer is connected across the ends such that the total resistance of the
circuit is R. When the ring is suddenly squeezed to zero area, the charge flowing through the galvanometer
is

BR

a) — b) (AB)/R c) ABR d) (E24)/R?

133. An equilateral triangular loop ADC having some resistance is pulled with a constant velocity v out of a
uniform magnetic filed directed into the paper figure. At time t = 0, side DC of the loop is at edge of the
magnetic filed

X X X AX X X

X X X X X

X X X X

X X X
D v C

X X Xy X X X

The induced current (i) versus time (t) graph will be as

i e i i
a) | b) ii 0) E d) —~
1 i t t

134. A rectangular coil ABCD is rotated anticlockwise with a uniform angular velocity about the axis shown in
figure. The axis of rotation of the coil as well as the magnetic field B is horizontal. The induced emf in the
coil would be minimum when the plane of the coil

a) Is horizontal
b) Makes an angle of 45° with the direction of magnetic filed
c) Is at right angle to the magnetic field
d) Makes an angle of 30° with the magnetic filed

135. A conducting wire frame is placed in a magnetic field which is directed into the plane of the paper figure.
The magnetic field is increasing at a constant rate. The directions of induced currents in wires AB and CD
are

a)BtoAand D toC b)AtoB and C to D c)AtoBand D to C d)BtoAand Cto D

136. There is a horizontal cylindrical uniform but time-varying magnetic field increasing at a constant rate
dB/dt as shown in figure. A charged particle having charge q and mass m is kept in equilibrium, at the top
of a spring of spring constant K, in such a way that it is on the horizontal line passing through the centre of
the magnetic field as shown in figure. The compression in the spring will be

1 [ qR2 dB 1
mg +

a)Em - b) —

qR? dB 1 2qR%dB 1 qR% dB
20 dt K &

20 @t C)E[ng“fE D™+ 27 a
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137.

138.

139.

140.

141.

142.

A horizontal straight conductor when placed along south-north direction falls under gravity; there is

a) an induced current from south-to-north direction

b) an induced current from north-to-south direction

) no induced emf along the length of the conductor

d) an induced emf along the length of the conductor

In figure, there is a conducting ring having resistance R placed in the plane of paper in a uniform magnetic
filedB,. If the ring is rotating in the plane of paper about an axis passing through point O and
perpendicular to the plane of paper with constant angular speed w in clockwise direction, then

X A X
X X

% C B x
>< X

X O @ X

a) Point O will be at higher potential than A

b) The potential of point B and C will be different

c) The current in the ring will be zero

d) The current in the ring will be 2Bywr? /R

A closed loop of cross-sectional area 102 m~2 which has inductance L = 10 mH and negligible resistance
is placed in a time-varying magnetic field. Figure shows the variation of B with time for the interval 4 s.
The field is perpendicular to the plane of the loop (giveatt = 0,B = 0,1 = 0). The value of the maximum
current induced in the loop is

a) 0.1 mA
Arod PQ is rotated to the capacitor plates. The rod is placed in a magnetic filed (B) directed downwards
perpendicular to the plane of the paper. If the rod is pulled out of magnetic field with velocityv as shown in
figure

b) 10 mA c) 100 mA d) Data insufficient

X B X X X X
X ><P>< X X X
x X‘WM
X X|X X X X [N
X Q>< X X X
X X X X X X

a) Plate M will be positively charged b) Plate N will be positively charged

c) Both plates will be similarly charged d) No charge will be collected on plates

In the circuit shown in figure, a conducting wire HE is moved with a constant speed v towards left. The
complete circuit is placed in a uniform magnetic filedEperpendicular to the plane of the circuit inwards.
The current in HKDE is

X X g XX x
A K

x x X X x

x x X X x

R V= =C

x X X X X

x x X X X
B D

X x Elx x x

a) Clockwise b) Anticlockwise c) Alternating d) Zero
Aline charge A per unit length is passed uniformly on to the rim of a wheel of mass m and radius R. The
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143.

144.

145.

146.

147.

148.

149.

wheel has light non-conducing spokes and is free to rotate about a vertical axis as shown in figure. A
uniform magnitic field extends over a radial region of radius r given by B = —Bok(r < a;a <R) =0
(otherwise). What is the angular velocity of the wheel when this field is suddenly switched off?

Boma?A . —Boma?l .

B 2
o T k d) "2 7

—2Boma’®r . -
Q) ———— b) ———— C
) mR ke ) 3mR k ) mR mR

A flexible wire loop in the shape of a circle has a radius that grows linearly with time. There is a magnetic
filed perpendicular to the plane of the loop that has a magnitude inversely proportional to the distance

from the centre of the loop, B(r) « % How does the emfE vary with time?

a) E « t? b)E o< t c) E «c+/t d) E is constant
A solenoid of inductance L and resistance r is connected in parallel to a resistance R. A battery of em.f. E
and of negligible internal resistance is connected across this parallel combination. At t = 0 battery is

removed

a) Current in the inductor just after removing the battery is %

2 2
b) Total energy dissipated in the solenoid and the resistor long time removing the battery is % LE g;zr)
2
¢) The amount of heat generated in the solenoid due to removing the battery is 2r(riR)
2
d) The amount of heat generated in the solenoid due to removing the battery is R (riR)

A solenoid has 2000 turns wound over a length of 0.3 m. Its cross-sectional area is equal to1.2 X 1073 m?2.
Around its central cross-section a coil of 300 turns is wound. If an initial current of 2 A flowing in the
solenoid is reversed in 0.25 s, the e.m.f. induced in the coil is
a) 0.6 mV b) 60 mV c) 48 mV d) 0.48 mV
A simple LR circuit is connected to a battery at time t = 0. The energy stored in the inductor reaches half
its maximum value at time

R V2 V2-1
VT L/E - 1] g n ] V2-
Two circular, similar, coaxial loops carry equal currents in the same direction. If the loops are brought
nearer, what will happen?
a) Current will increase in each loop
b) Current will decrease in each loop
¢) Current will remain same in each loop
d) Current will increase in one and decrease in the other
A square loop of area 2.5 X 1073m? and having 100 turns with a total resistance of 100 Q is moved out of a
uniform magnitude field of 0.40 T in 1 s with a constant speed. Then work done the in pulling the loop is

)—In

)—n

= e

X X X
x| x X
—
x| x X
X X X
a)o b) 1 m] c) 1y d) 0.1 m]

A thin circular ring of area A is perpendicular to uniform magnetic field of inductionB. A Small cut is made
in the ring and a galvanometer is connected across the ends such that the total resistance of circuit isR.
When the ring is suddenly squeezed to zero area, the charge flowing through the galvanometer is

Page |25



150.

151.

152.

153.

154.

BR AB
a) — b) — ¢) ABR d) B2A/R?

The cell in the circuit shown in fig is ideal. The coil has an inductance of 4 mH and a resistance of 2 mQ.
The switch is closed at t = 0. The amount of energy stored in the inductor att = 2 s is (take e = 3)

E=2V
L L=4mH
et R=2mQ
S
4 8 8
a)§] b)§><103] c)§x10_3] d)2x103]
ABis a resistanceless conducting rod which forms a diameter of a conducting ring of radius r rotating in a
uniform magnetic field B as shown in figure. The resistors R; and R, do not rotate. Then the current

through the resistor Ry is

X X X X X

X

X

A

X

X

X

) b) Bwr? )Ba)r2 R+ R " Bwr?

a C e ———
2R, 2R, 2R1R2( 11 Re) 2(R; + R,)

A rod of length L rotates in the form of a conical pendulum with an angular velocity w about its axis as
shown in figure. The rod makes an angle 8 with the axis. The magnitude of the motional emf developed
across the two ends of the rod is

1 1 1 1
a) > Bwl? b) > BwlL? tan? 0 c) > BwlL? cos? 6 d) > BwlL? sin? 0
A rectangular loop of wire with dimensions shown in figure is coplanar with a long wire carrying current/.
The distance between the wire and the left side of the loop is 7. The loop is pulled to the right as indicated.

What are the directions of the induced current in the loop and the magnetic forces on the left and the right
sides of the loop [when the loop is pulled?

Induced Force on | Force
current left side | on
right
side
a) | Counter To the To the b) | Counter To the To the
clockwise | left right clockwise | right left
c) | clockwise | To the To the d) | clockwise | To the To the
right left left right

A pure inductor L, a capacitor C and a resistance R are connected across a battery of e.m.f. E and internal
resistance r as shown in the figure. Switch S, is closed at t = 0, select the correct alternative(s)
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155.

156.

157.

158.

L
0000600

_________________

___________________

a) Current through resistance R is zero all the time

b) Current through resistance R is zeroatt = 0 and t —» o

¢) Maximum charge stored in the capacitor is CE

d) Maximum energy stored in the inductor is equal to the maximum energy stored in the capacitor

In the circuit shown, key (K) is closed at t = 0, the current through the key at the instantt = 1073 In 2 s is
40 50

WWW, T
ELSH]H K{

L wwwwn—T

|
1
6Q C=0.1 mF

a)2A b)3.5A c) 25A d)o
The natural frequency of the circuit shown in fig is
9

|1 |1
1 1

2) 1 b) 1 0 2 d) None of these
VIC V2LC VLC

Figure shows three regions of magnitude filed each of area 4, and in each region, magnitude of magnetic
field decreases at a constant rate a. If E is the induced electric field, then value of the line integral ) E.d7#
along the given loop is equal to

a) ad b) —aA c) 3aA d) —3aA
The current through the coil in figure varies as shown in figure. Which graph best shows the ammeter A
reading as a function of time?

(i)
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159.

160.

161.

162.

163.

Along solenoid having 200 turns per cm carries a current of 1.5 A. At the centre of the solenoid is placed a
coil of 100 turns of cross-sectional area 3.14 X 10~*m™2 having its axis parallel to the field produced by
the solenoid. When the direction of current in the solenoid is reversed within 0.05 s, the induced e.m.f. in
the coil is

a) 048V b) 0.048V c) 0.0048V d) 48V

A wooden stick of length 3¢ is rotated about an end with constant angular velocity w in a uniform
magnetic field B perpendicular to the plane of motion. If the upper one-third of its length is coated with
copper, the potential difference across the whole length of the stick is

X
TR

X T Copper

X X3l x xcoatx

X AL X X X

X X X X

X X X X

2 2 2 2
2) 9Bw? b) 4Bw? 9 S5Bw? d) Bw?
2 2 2 2

Multiple Correct Answers Type

The magnetic flux ¢ linked with a conducting coil depends on time as ¢ = 4t™ + 6, where nn is a positive
constant. The induced emf in the coil is e

a) If0 <n <1,e # 0and |e| decreases with time b) If n = 1, e is constant

c) If n > 1, |e| increases with time d) If n > 1, |e| decreases with time

A bar magnet moves towards two identical parallel circular loops with a constant velocity v, as shown in
figure

4 B
VOO
.

S N

a) Both the loops will attract each other

b) Both the loops will repel each other

c) The induced current in 4 is more than that in B

d) The induced current is same in both the loops

A field line is shown in the figure. This field cannot represent

a) Magnetostatic field b) Electrostatic field c) Induced electric field d) Gravitational field

164. A uniform circular loop of radius a and resistance R is placed perpendicular to a uniform magnetic field B.

One half of the loop is rotated about the diameter with angular velocity w is shown in figure. Then, the
current in the loop is

a) Zero, when @ is zero D) ma’Bw d) =& “Bw

, when 0 is zero c) Zero,when 8 =m/2 ,when 8 = /2
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165. A conducting loop rotates with constant angular velocity about its fixed diameter in a uniform magnetic
field, whose direction is perpendicular to that fixed diameter
a) The emf will be maximum at the moment when flux is zero
b) The emf will be ‘0’ at the moment when flux is maximum
c) The emf will be maximum at the moment when plane of the loop is parallel to the magnetic filed
d) The phase difference between the flux and the emfis /2

166. A bar magnet is moved between two parallel circular loops A and B with a constant velocity v as shown in
figure

A B
O V O
|
S N

a) The current in each loop flows in the same direction
b) The current in each loop flows in opposite directions
c) The loops will repel each other
d) The loops will attract each other
167. The potential difference across a 2 H inductor as a function of time is shown in fig. At t = 0, current is zero.

Choose the correct statement
V(V)A

10 === ,

0 2 4
a) Currentatt =2sis5A

b) Currentatt =2sis10A
Current versus time graph across the inductor will be

o I

t

d) Current versus time graph across inductor will be

168. The magnitude of the earth’s magnitude filed at the north pole is By. A horizontal conductor of length ¢
moves with a velocityv. The direction of v is perpendicular to the conductor. The induced emf is
a) Zero, if v is vertical b) Bytv, if v is vertical
c) Zero, if v is horizontal d) Byfv, if v is horizontal

169. A highly conducting ring of radius R is perpendicular to and concentric with the axis of a long solenoid, as
shown in figure. The ring has a narrow gap of width § in its circumference in figure. The cross-sectional
area of the solenoid is a. The solenoid has a uniform internal field of magnitude B(t) = By + ft, where
B > 0. Assume that no charge can flow across the gap, the face (s) accumulating an excess of positive
charge is/are
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Gap of
Aeta width 6
a) F, b) F;
¢) F; and F, both d) Different to conclude as data given are insufficient

170. A vertical conducting ring of radius R falls vertically in a horizontal magnetic field of magnitudeB. The

171.

172.

direction of B is perpendicular to the plane of the ring. When the speed of the ring is v,

® ®c® ®
® /[ & &
A XB D

® ¥ & l@

® ®'® ®
a) No current flows in the ring
b) A and D are at the same potential
c) C and E are at the same potential
d) The potential difference between A and D is 2BRv, with D at a higher potential
In figure, R is a fixed conducting ring of negligible resistance and radius a. PQis a uniform rod of resistance
r. It is hinged at the centre of the ring and rotated about this point in clockwise direction with a uniform

angular velocity w. There is a uniform magnetic field of strength B pointing inward and r is a stationary
resistance. Then

=~

a) Current through r is zero

b) Current through r is (2Bwa?)/5r

c) Direction of current in external resistance r is from centre to circumference

d) Direction of current in external resistance r is from circumference to centre

The conducting AD moves to the right in a uniform magnetic field directed into the plane of the paper

® ®»® ©

§ -

T I
® ®1®

a) The free electron in AD will move towards A

b) D will acquire a positive potential with respect to A

c) A current will flow from A to D in AD in closed loop

d) The current in AD flows from lower to higher potential
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173.

174.

175.

176.

177.

178.

The uniform magnetic field perpendicular to the plane of a conducting ring of radius a chnages at the rate
of a, then

a) All the points on the ring are at the same potential

b) The emf induced in the ring is Taa?

c) Electric field intensity E at any point on the ring is zero

d)E = (aa)/2
In the given circuit, the switch is closed at t = 0. Choose the correct answers
R=3Q
| |
|
500 mH |
100 uF = = N AV
( ]
30 ‘
B ,
30 s

a) Current in the inductor when the circuit reaches the steady state is 4 A

b) The net change in flux in the inductor is 1.5 Wb

c) The time constant of the circuit after closing S is 555.55 s

d) The charge stored in the capacitor in steady state is 1.2 mC

Switch S of the circuit shown in fig is closed at t = 0. If e denotes the induced e.m.f. in L and [ is the current

flowing through the circuit at time ¢, which of the following graphs is/are correct?
E

T Jq =

=1 . *—

R L

VMWW L1111 —
a) i b) i c) i d) i
(0] t 19) t o t o) t

The accumulation of the charge on the gap faces will cease when the total electric filed within the ring
becomes zero. For this to happen, the electric filed E; in the gap is

ap 2ap
a) Ey = — b)E, = 2
) Ey 5 ) Eo 5
c) Eyls dependent of R for R > /% d) Eyls independent of R for R > /%

A small magnet M is allowed to fall through a fixed horizontal conducting ring R. Let g be the acceleration
due to gravity. The acceleration of M will be

a) < g when itis above R and moving towards R

b) > gwhen it is above R and moving towards R

c) < g when itis below R and moving away from R

d) > gwhen it is belowR and moving away from R

A disc of radius R is rolling without sliding on a horizontal surface with a velocity of centre of mass v and
angular velocity w in a uniform magnetic field B which is perpendicular to the plane of the disc as shown
in figure. Ois the centre of the disc and P, Q, R and S are the four points on the disc. Which of the following
statements is true
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179.

180.

181.

182.

X X
X X
X X

a) Due to translation, induced emf across PS — Bvr

b) Due to rotation, induced emf across @S = 0

c) Due to translation, induced emf across RO = 0

d) Due to rotation, induced emf across 0Q = Bvr

An inductor and two capacitors are connected in the circuit as shown in Fig. Initially capacitor A has no
charge and capacitor B has CV charge. Assume that the circuit has no resistance at all. At t = 0, switch S is

2_sZand CV =100 mC]

closed, then [given LC =

m2x10%
L
-Qp=-CV
4 == € B

T
+ Q=cv
—/ S

a) When current in the circuit is maximum, charge on each capacitor is same

b) When current in the circuit is maximum, charge on capacitor A4 is twice the charge on capacitor B

c) g = 50(1 + cos 100 rt) mC, where q is the charge on capacitor B at time ¢

d) g = 50(1 — cos 100 wrt) mC, where q is the charge on capacitor B at time ¢

In the above problem, the plane of the coil is initially kept parallel to B. The coil is rotated by an angle
about the diameter perpendicular to B and charge of amount Q flows through it. Choose the correct

alternatives
a) 8 =90°,9 = (Ban/R) b) 8 = 180°,Q9 = (2Ban/R)
c) 6 =180°0Q0 =0 d) 8 =360°Q0 =0

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)

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

A conducting rod of length ¢ is hinged at point O. It is free to rotate in a vertical plane. There exists a
uniform magnetic field B in horizontal direction. The rod is released from the position shown in figure.

Potential difference between the two ends of the rod is proportional to
O /

a) £3/2 b) ¢? c) sinf d) (sin 81/2)

183. A conducting rod of length £ is moved at constant velocity vy on two parallel, conducting, smooth, fixed

rails, which are placed in a uniform constant magnetic filed B perpendicular to the plane of the rails as
shown in figure. A resistance R is connected between the two ends of the rails. Then which of the following
is/are correct?
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RZ ®B —»y
®

0

a) The thermal power dissipated in the resistor is equal to the rate of work done by an external person
pulling the rod
b) If applied external force is doubled, then a part of the external power increases the velocity of the rod
c) Lenz’s law is not satisfied if the rod is accelerated by an external force
d) If resistance R is doubled, then power required to maintrain the constant velocity V; becomes half
184. In the above problem, if the coil rotates with a constant angular velocity w, the emf induced in it

a) Is zero b) Changes non-linearly with time
c) Has a constant value= BAnw d) Has a maximum value = BAnw
185. In the circuit shown in Fig, the switch is closed att = 0
I L
L L,
I 11111
°
S
L‘{ I MV
£ R
: I _ L
a)Att=0,I;,=1,=0 b)Atanytlmet,E:Z
c) Atany timet, [, + I, = % d) Att = oo,1; and I, are independent of L; and L,

186. A circular loop of radiusr, having N turns of a wire, is placed in a uniform and constant magnetic fieldB.
The normal of the loop makes an angle 8 with the magnetic field. Its normal rotates with an angular
velocity w such that the angle 6 is constant. Choose the correct statement from the following
a) Emfin the loop is NBwr? /2 cos 6
b) Emf induced in the loop is zero
¢) Emf must be induced as the loop crosses magnetic lines
d) Emf must not be induced as flux does not change with time

187. Two different coils have self-inductances L; = 8 mH and L, = 2 mH. The current in the second coil is also
increased at the same constant rate. At a certain instant of time, the current, the induced voltage and the
energy stored in the first coil are i;, V; and W;, respectively. Corresponding values for the second coil at
the same instant are iy, V, and W5, respectively. Then

1 i w; 1 4]

Z b);=4 C)Wz:Z d—-—=4

188. A flat coil, C, of n turns, area 4 and resistance R, is placed in a uniform magnetic field of magnitude B. The
plane of the coil is initially perpendicular to B. The coil is rotated by an angle 8 about a diameter and
charge of amount Q flows through it. Choose the correct alternatives
a) 8 =90°,Q = (BAn/R) b) 6 = 180°,Q = (BAn/R)

c) 6 =180°Q =0 d) 6 =360°,Q9 =0

189. In the figure shown below, the wires P; @4 and P,Q, are made to slide on the rails with same speed of

5 cm s~ L. In this region, a magnetic field of 1 T exists. The electric current in the 9 Q resistance is

i
a)_—1=
L2
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190.

191.

192.

® ®p ®, ©® ©
® T w0 ® O] ®
©l ®2 ® 2 ®20
@ cm@ 20 20 ®9Q
® l o Le Lo |®
® ® N 0 ©

a) Zero if both wires slide towards left

b) Zero if both wires slide in opposite directions

c) 0.2 mA if both wires move towards left

d) 0.2 mA if both wires move in opposite directions

A conducting wire of length £ and mass m can slide without friction on two parallel rails and is connected
to capacitance C. The whole system lies in a magnetic filed B and a constant force F is applied to the rod.

Then
-

® B

<
a) The rod moves with constant velocity

b) The rod moves with an acceleration of (F)/(m + B%#2(C)

c) There is constant charge on the capacitor

d) Charge on the capacitor increases with time

Two parallel resistanceless rails are connected by an inductor of inductance L at one end as shown in Fig.
A magnetic field B exists in the space which is perpendicular to the plane of the rails. Now a conductor of
length £ and mass m is placed transverse on the rail and given an impulse J towards the rightward
direction. Then choose the correct option(s)

3J2L
4B2¢02m

a) Velocity of the conductor is half of the initial velocity after a displacement of the conductor d =

Current flowing through the inductor at the instant when velocity of the conductor is half of the initial

b [3)2
) velocity is i = 43Zm

¢) Velocity of the conductor is half of the initial velocity after a displacement of the conductor d =

3J2L
B242m

Current flowing through the inductor at the instant when velocity of the conductor is half of the initial

d , 2
)Velocity isi = %

Two metallic rings A and B, identical in shape and size but having different resistivities p4 and pg are kept
on top of two identical solenoids as shown in the figure. When current [ is switched on in both the
solenoids in identical manner, the rings A and B jump to heights h, and hg, respectively, with hy > hg. The
possible relation(s) between their resistivities and their masses m, and mp is (are)

Page|34



a) ps > pp and my = mg b) pa < ppandmy =mg
c) pg > pgand my > mp d) py < pgandmy < mg
193. For the circuit shown in fig, which of the following statements is/are correct?
6Q 2H
VWA FEEEEE |
% 120 4Q %
| A
—y]
6V

a) Its time constant is 0.25 s
b) In steady state, current through the inductance will be equal to zero
c) In steady state, current through the battery will be equal to 0.75 A
d) None of these

194. A conducting square loop of side L and resiatnce R moves in its plane with a uniform velocity v
perpendicular to one of its sides. A magnetic induction B, constant in time and space, pointing
perpendicular and into the plane of the loop exists everywhere

®®®®®

® ®

%% ® @ ®

®® ® &
® > ®
@ —V

®

® & ® g%
® @0 g ®
®®®® RO ®

¥ R
The current induced in the loop is
a) BLv/R clockwise b) BLv/R anticlockwise
c) 2BLv /R anticlockwise d) Zero
195. The S.I. unit of inductance, the henry, can be written as
a) Weber/ampere b) Volt-second/ampere  c) Joule/(ampere)? d) Ohm-second

196. An infinite current-carrying conductor is placed along the z-axis and a wire loop is kept in the xy plane.
The current in the conductor is increasing with time. Then the
a) Emfinduced in the wire loop is zero
b) Magnetic flux passing through the wire loop is zero
c) Emfinduced is zero but magnetic flux is not zero
d) Emfinduced is not zero but magnetic flux is zero

Assertion - Reasoning Type
This section contain(s) 0 questions numbered 197 to 196. Each question contains STATEMENT 1(Assertion)
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and STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c¢) and (d) out of which ONLY ONE is
correct.

197

198

199

200

201

202

203

204

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1

b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1

c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Two coaxial conducting rings of different radii are placed in space. The mutual
inductance of both the rings is maximum if the rings are also coplanar

For two coaxial conducting rings of different radii, the magnitude of magnetic flux in one
ring due to current in the other ring is maximum when both the rings are coplanar

Lenz’s law violates the principle of conservation of energy

Induced emf always opposes the change in magnetic flux responsible for its production

The quantity L /R possesses dimensions of time

To reduce the rate of increase of current through a solenoid, we should increase the time
constant (L/R)

In electric circuits, wires carrying currents in opposite directions are often twisted
together

If the wires are not twisted together, the combination of the wires forms a current loop.
The magnetic field generated by the loop might affect adjacent circuits or components

A metal piece and a non-metal (stone) piece are dropped from the same height near
earth’s surface. Both will reach the earth’s surface simultaneously
There is no effect of earth’s magnetic field on freely falling body

Lenz’s law violates the principle of conservation of energy

Induced e.m.f. always opposes the change in magnetic flux responsible for its production

The magnetic field at the ends of very long current-carrying solenoid is half to that at the
centre
If the solenoid is sufficiently long, the field within it is uniform

An electric lamp is connected in series with a long solenoid of copper with air core and
then connected to an a.c. source. If an iron rod is inserted in the solenoid, the lamp will
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205

206

207

208

209

210

211

212

213

214

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

become dim
If an iron rod is inserted in the solenoid, the inductance of the solenoid increases

A spark occurs between the poles of a switch when the switch is opened

Current flowing in the conductor produces magnetic field

The back emf in a dc motor is maximum when the motor has just been switched on

When motor is switched on it has maximum speed

Time-dependent magnetic field generates electric field

Direction of electric field generated from time variable magnetic field does not obey
Lenz’s law

When two coils are wound on each other, the mutual induction between the coils is
maximum
Mutual induction does not depend on the orientation of the coils

An aircraft files along the meridian, the potential at the ends of its wings will be the same

Whenever there is change in the magnetic flux e.m.f. induces

An induced emf is generated when magnet is withdrawn from the solenoid

The relative motion between magnet and solenoid induced emf

Eddy current is produced in any metallic conductor when magnetic flux is changed
around it
Electric potential determines the flow of charge

Soft iron is used as a core of transformer

Area of hysteresis loop for soft iron is small

The energy of a charged particle moving in a uniform magnetic field does not change

Work done by magnetic field on the charge is zero
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215

216

217

218

219

220

221

222

223

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

A transformer cannot work on dc supply

dc changes neither in magnitude nor in direction

An electric motor will have maximum efficiency when back emf becomes equal to half of
applied emf.
Efficiency of electric motor depends only on magneitude of back emf.

The induced e.m.f and current will be same in two identical loops of copper and
aluminium when rotated with same speed in the same magnetic field

Induced e.m.f. is proportional to rate of change of magnetic field while induced current
depends on resistance of wire

Inductance coil are made of copper

Induced current is more in wire having less resistance

Self-inductance is called the inertia of electricity

Self-inductance is the phenomenon, according to which an opposing induced e.m.f. is
produced in a coil as a result of change in current or magnetic flux linked in the coil

Making or breaking of current in a coil produces no momentary current in a coil
producers no momentary current in the neighbouring coil of another circuit.
Momentary current in the neighbouring coil of another circuit is an eddy current.

Only a change in magnetic flux will maintain an induced current the coil

The presence of large magnetic flux through a coil maintains a current in the coil if the
circuit is continuous

An emfE is induced in a closed loop where magnetic flux is varied. The induced Eisnota
conservative field

The line integral E.dl around the closed loop is non zero

An artificial satellite with a metal surface is moving above the earth in a circular orbit. A
current will be induced in satellite if the plane of the orbit is inclined to the plane of the
equator

The current will be induced only when the speed of satellite is more than 8 km/sec

Induced potential across a coil and therefore induced current is always opposite to the
direction of current due to external source
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224

225

226

227

228

229

230

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Lenz’s law states that induced emf always opposes the cause due to which it is being
produced

In the phenomenon of mutual induction, self induction of each of the coils persists

Self induction arises when strength of current in same coil changes. In mutual induction,
current is changing in both the individual coils

The mutual inductance of two coils is doubled if the self inductance of the primary or
secondary coil is doubled.
Mutual inductance is proportional to the self inductance of primary and secondary coils.

No electric current will be present within a region having uniform and constant magnetic
field

Within a region of uniform and constant magnetic fieldB, the path integral of magnitude
field § B.di along any closed path is zero. Hence from Ampere circuital law § B.di = ol

(where the given terms have usual meaning), no current can be present within a region
having uniform and constant magnetic field

An ac generator is based on the phenomenon of self-induction

In single coil, we consider self-induction only

A resistance R is connected between the two ends of the parallel smooth conducting rails.
A conducting rod lies on these fixed horizontal rails and a uniform constant magnetic
field B exists perpendicular to the plane of the rails as shown in figure. If the rod is given
a velocity v and released as shown in figure, it will stop after some time. The total work
done by magnetic filed is negative

® 3 Fixed

If force acts opposite to direction of velocity its work done is negative

Faraday’s laws are consequence of conservation of energy

In a purely resistive ac circuit, the current lags behind the e.m.f. in phase

An emf is induced in a long solenoid by a bar magnet that moves while totally inside the
solenoid along axis of the solenoid

As the magnet moves inside the solenoid the flux through individual turns of the solenoid
changes
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Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, q, 1, s) in columns II.

231. Magnetic flux in a circular coil of resistance 10 Q changes with time as shown in figure. Cross indicates a
direction perpendicular to paper inwards. Match the following

232.

10t

-10

A

¢

2 6 Q]o

1 ©

Column-I

(A) At1s,induced currentis

(B) At5s,induced currentis

(C) At9s,induced current is

(D) At15s,induced currentis

CODES:
A
a) C
b) a
c) b
d) b

C

a

a

b

(p)
()
()
(s)

Column- II

Clockwise

Anticlockwise

Zero

2A

Figure shows a metallic solid block, placed in a way so that its faces are parallel to the coordinates axes.
Edge lengths along axes x, y and z are a, b and ¢ respectivbely. The block is in a region to uniform magnetic

field of magnitude 30 mT. One of the edge lengths of the block is 25 cm. The block is moved at 4 ms™

1

parallel to each axis and in turn, the resulting potential difference V that appears across the block is
measured. When the motion is parallel to the y-axis, V = 24 mV; with the motion parallel; to the z-axis,

V = 36 mV; with the motion parallel to the x-axis, V = 0. Using the given information, correctly match the
dimensions of the block with the values given

Page |40



233.

234.

Ay
!
'
C/ ~
=
) Column-I
@A) a
(B) b
© c
D) (bo)/a
CODES:
A B C
a) d a b
b) a b c
g b c d
d d a

a

b

(p)
(@)
(1)
(s)

20 cm

24 cm

25 cm

30 cm

Column- II

Column I given situations involving a charged particle which may be realized under the condition given in

column II. Match the situations in column I with the conditions in column II

Column-I

(A) Increase in speed of a charged particle
(B) Exerta force on an electron initially at rest

(C) Move a charged particle in a circle with

uniform speed

(D) Acceleration a moving charged particle

CODES:

A B C
a) Ac a,c b,d
b) abcd a,c a,c
c) a,Cc b,d a,c
d) abcd a,c b,d

a,b,c,d
b,d
a,b,c,d

a,C

Column- II

(p) Electric field uniform in space and constant in

(@
(r)
(s)

time

Magnetic field uniform in space and constant

in time

Magnetic field uniform in space but varying

with time

Magnetic field non-uniform in space but
constant with time

Fig shows two coaxial coils M and N. Column I is regarding some operations done with coil M and column

II about induced current in coil N
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o]0

)
B)

©

VA VAVAVAVER U U

E R
Y A B

Column-I

Just after switch S is closed

Switch § is opened after keeping it closed for
along time
After switch S is closed for a long time

(D) Just after switch S is closed while moving M
away from N
CODES:
A B C D
a) b C a d
b) a b c a
c) a b a c
d) b d C a

Column- II
(p) Currentisinduced from A to B

(q) Currentisinduced from B to A

(r) No currentis induced

(s)

A uniform but time varying magnetic field B(t) exists in a cylindrical region of radius a and is directed into

the plane of the paper, as shown in figure. The magnetic field decreases at a constant rate inside the
region. If r is the distance from the axis of the cylindrical region then match column [ with column II

A)
B)
©
D)

CODES:

Column-I
Induced electric filed at point A
Induced electric filed at point B
Force on an electron placed at point A

Force on an electron placed at point B

Column- II
(p) Directed along 3
(q) Directed along 1
(r) Increasesasr

(s) Decreasesas1/r
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236.

237.

c) b,d b,c ad ac

d) b,c ad a,c b,d

The magnetic filed 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 a resistance of 2.00 Q. Correctly
match the current in the wire ad in four different situations s listed in column [ with the values given in
column II

-1

Column-I Column- II

(A) The switch S;is closed but S, is open (p) 5x1077A,dtoa
(B) S;isopenbuts, is closed (qQ) 5x1077A,atod
(C) Both S, and S, are open (r) 25x1078A,dtoa
(D) Both S; and S, are closed (s) No current flows
CODES:

A B C D
a) d d a b
b) a d d b
c) b a d d
d) d d a b

A frame ABCD is rotating with an angular velocity w about an axis passing through the point O

perpendicular to the plane of paper as shown in the figure. A uniform magnetic filed Bis applied into the

plane of the paper in the region as shown below. Match the following

A

®

e —»D

L
l /:\ @
B<—L 40— L—»
Column-I
(A) Potential difference between 4 and O is (p) Zero
(B) Potential difference between O and D is (@) Bwl?
2

(C) Potential difference between C and D is (r) Bwl?

Column- II
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238.

239.

(D) Potential difference between A and D is (s) Constant

CODES:

A B C D
a) Cd b,d a,d cd
b) cd cd b,d a,d
c) b,d a,d cd cd
d) a,d cd cd b,d

The switch S in the circuit is connected with point a for a very long time, then it is shifted to position b.
The resulting current through the inductor is shown by curves in the graph for four sets of values for the
resistance R and inductance L (given in column 1). Which set corresponds with which curve?

11 ks
l | | : ;
Column-I Column- II

(A) RpandL, (p) 1
(B) 2Ry and L, (@ 1
(O Ryand 2L, (r) I
(D) 2R(and 2L, (s) Iv
CODES:

A B C D
a) B a d o
b) d b c a
c) C a d b
d) a C b d

Column I shows the cylindrical region of radius r where a downward magnetic field B exists, where B is
increasing at the rate of dB/dt. A rod PQ is placed in different citation as shown. Match the column I with
the correct statement in column Il regarding the induced emf in rod

Column-I Column- II

d

(P) Induced emfin rod PQ is %rzﬂ d—l:
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240.

A B C D
a) Ad a,c b,d a,d
b) b,c a,d a,c b,d
c) a,c b,d ad a,d
d) b,d a,d a,d a,c

(@ Induced emfin rod PQ is less than %rze

a5
dt

(r) End P is positive with respect to point Q

(s) End @ is positive with respect to point P

A conducting loop is held in a magnetic field such that the field is oriented perpendicular to the area of the
loop as shown in figure (a). At any instant. Magnetic flux density over the entire area has the same value

but it varies with time as shown in figure (b)
<@ Observer
B (positive direction of field)

Column-I

(A) Induced current in the coil is in the
clockwisesence

(B) Induced current in the coil is in the
anticlockwise sense

(©) Induced current is zero

(D) Induced current is maximum

(p)
(@

(r)
(s)

Fortz <t<t3

Fort; <t <t,

Fort; <t <tq4

Fort, <t <ts

Column- II
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A B C D
a) c a,b d C
b) a,b d C C
c) d c C ab
d) C c a,b d

241. Column I gives certain situations in which a straight metallic wire of resistance R is used and column II
gives some resulting effects. Match the statements in Column [ with the statements in Column II
Column-I Column- II

(A) A charged capacitor is connected to the ends  (p) A constant current flows through the wire
of the wire

(B) The wire is moved perpendicular to its length (q) Thermal energy is generated in the wire
with a constant velocity in a uniform magnetic
field perpendicular to the plane of motion

(C) The wire is placed in a constant electric field  (r) A constant potential difference develops

that has a direction along the length of the between the ends of the wire
wire
(D) Abattery of constant emf is connected tothe (s) Charges of constant magnitude appear at the
ends of the wire ends of the wire
CODES:
A B C D
a) q r,s r,s p,qr
b) r,s p,q.r r,s q
<) p,qr r,s q r,s
d) r,s q p.qr r,s

242. Along current carrying wire and a loop made of conducting wire are placed in x — y plane, such that the
long wire is parallel to y-axis. Column I is regarding some changes made in the position of loop and
Column Il indicates the resulting effects

Yy
A
B— i C
i QR S
A——>p

Match the columns

Column-I Column- II
(A) Ifloop is moved away from the wire while (p) Currentisinduced in the loop in anticlockwise
keeping in x — y plane, direction
(B) Ifloop is moved toward the wire while (q) Currentisinduced in the loop is clockwise
keeping in x — y plane direction
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243.

244,

(C) Ifloop is rotated about x-axis, then just after ~ (r) No emfisinduced in the loop

this
(D) Ifloop is rotated about y-axis, then just after ~ (s) The wire will attract or repel the loop
this
CODES:
A B C D
a) B,d a,d c c
b) a,d c C b
c) a d c b
d) a b c d

A square loop is placed near a long straight current carrying wire as shown in figure. Match the following
table

Column-I Column- II

(A) Ifcurrentisincreased (p) Induced current in loop is clockwise
(B) Ifcurrentis decreased (q9) Induced current in loop is anticlockwise
(C) Ifloop is moved away from the wire (r) Wire will attract the loop
(D) Ifloop is moved toward the wire (s) Wire will repel the loop
CODES:

A B C D
a) Ac b,d b,d a,c
b) b,d a,c a,c b,d
c) a,Cc a,c b,d b,d
d) a,b a,b cd cd

In column I some circuits are given. In all the circuits except in (i), switch S remains closed for long time
and then it is opened at t = 0; while for (i), the situation is reversed. Column II tells something about the
circuit quantities. Match the entries of column I with the entries of column II

Column-I Column- II

A) L (p) Induced e.m.f. can be greater than E
R
s
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245.

(@) Induced e.m.f. would be less than E

B
L
AN
; R
1 L
Ve
© LLLLLL) (r) Finally, energy stored in inductor is zero
L
R
?S
(D) W{'— (s) Finally, energy stored in inductor is non-zero
2
AMAWY
R
{—
E
CODES:
A B C D
a) C c a,c a,c
b) b d c a
c) a C a b
d) c d b a
Match the following columns
Column-I Column- II
(A) Dielectric ring uniformly charged (p) Constant electrostatic field out of system
(B) Dielectric ring uniformly charged rotating (@) Magnetic field strength
with angular velocity w
(C) Constant currentin ring i (r) Electric field (induced)
(D) i=igcoswt (s) Magnetic dipole moment
CODES:
A B C D
a) Qs p q,r,s q,s
b) p aq.s Q.S qr,s
c) qr,s q,s p q,s
d) q,s q.r,s q,s p

Linked Comprehension Type

This section contain(s) 42 paragraph(s) and based upon each paragraph, multiple choice questions have to be
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answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.
Paragraph for Question Nos. 246 to -246

A flexible circular loop 20 cm in diameter lies in a magnetic field with magnitude 1.0 T, directed into the plane
of the page as shown in figure. The loop is pulled at the points indicated by the arrows, forming a loop of zero
areain 0.314 s

X XIX X
X XATX X X
a

X X | X[ X X R

X XX
XXIXX

246. The average induced emf in the circuit is
a) 0.2V b) 0.1V c)1lvVv d)1ov

Paragraph for Question Nos. 247 to - 247

Figure shows two parallel and coaxial loops. The smaller loop (radius r) is above the larger loop (radiusR), by
distance x > R. The magnitude filed due to current i in the larger loop is nearly constant throughout the

smaller loop. Suppose that x is increasing at a constant rate of dx/dt = v
r

x|

P

1

247. Determine the magnitude flux through the smaller loop as a function of x
P22 ip2. .2
2) b) J 2ugiR*mr d) V2ugiR?*mr
x3 2x3 x3 x3

UoiR?mr? UoiR?mr?

Paragraph for Question Nos. 248 to - 248

A wire loop enclosing a semicircle of radius R is located on the boundary of a uniform magnetic fieldB. At the
momentt = 0, the loop is set into rotation with constant angular acceleration a about an axis 0. The clockwise
emf direction is taken to be positive

® ® Xp
6
(@]
/"X
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248. The variation of emf as a function of time is

1 3 BR2at
a) EBRZat b) EBRZa'tA c) V3 BR%at d)

Paragraph for Question Nos. 249 to - 249

In the circuit shown in figure, the capacitor has capacitance has capacitance C = 20 puF and is initially charged
to 100 V with the polarity shown. The resistor R, has resistance 10 Q. At time t = 0, the switch is closed. The
smaller circuit is not connected in any way to the larger one. The wire of the smaller circuit has a resistance of
1.0 @m™? and contains 25 loops. The larger circuit is a rectangle 2.0 m by 4.0 m, while the smaller one has
dimensions a = 10.0 cm and b = 20.0 cm. the distance c is 5.0 cm. (The figure is not drawn to scale). Both
circuits are held stationary. Assume that only the wire nearest to the smaller circuit produced an appreciable
magnetic filed through it

249. The current in the larger circuit 200 ms after closing S is

5 2 15 10
a)ZA b)ZA Q) =A d)—A
e e e e

Paragraph for Question Nos. 250 to - 250

Two long parallel conducting rails are placed in a uniform magnetic field. On one side, the rails are connected
with a resistance R. Two rods MN and M'N' each resistance r are placed as shown in figure. Now on the rods
MN and M'N’ forces are applied such that the rods move with constant velocity v

X X X X X X X X X X
(D @)
MX X X X
x| X X X X X X X|x
R
X[ X X |X X X X X X/ X
XY X X X x XN'x x x| x
N
X X X X X X X X X
>

250. The current flowing through resistance R if both the rods move with the same speed v towards right is

) Btv 2Btv c) Zero 3Btv

R+ (r/2) b)R+r Ol)2(R+r)

Paragraph for Question Nos. 251 to - 251

A metal bar is moving with a velocity of v = 5 cm s™! over a U-shaped conductor. At t = 0, the external
magnetic field is 0.1 T directed out of the page is increasing at a rate of0.2 T s~1. Take £ = 5 cm, and at
t=0,x=5cm
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. @ @ @
R=10%c <!

(o ® '®|| @

(o @ ® @
X

251. The emf induced in the circuit is
a) 125 uv b) 250 pv c) 100 pv d) 300 pv

Paragraph for Question Nos. 252 to - 252

In figure shown, the rod has a resistance R, the horizontal rails have negligible friction. A battery of emf E and
negligible internal resistance is conneted between points aand b. The rod is released from rest

® ® ® _ G®

a
E— IR
® ® ®|| &
b
xR X X x

252. The velocity of the rod as function of time is

E E 3 FE E
_ _ ,—t/T b) — —t/T I _ p,—t/T d) — _ p,—t/tT
a)B{)(l e ") )B{,(1+e ) C)ZBf(l e"'") )ZB{,(l e™’")

Paragraph for Question Nos. 253 to - 253

A square conducting loop, 20.0 cm on a side is placed in the same magnetic field as shown in figure; centre of
the magnetic field region, where dB/dt = 0.035 Ts™!

X X X X X X X X
X

253. The directions of induced electric field at points a, b and ¢

a /Ab\; C a b C
a) <—|l b) F’ C) -l

d) ¥
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Paragraph for Question Nos. 254 to - 254

In a very long solenoid of radius R, if the magnetic field changes at the rate of dB/dt. AB = BC

254. The induced emf for the triangular circuit ABC shown in figure is

0 4 () I3 () 02 ()

Paragraph for Question Nos. 255 to - 255

A standing wave y = 2 A sin kx cos wt is set up in the wire AB fixed at both ends by two vertical walls (see
figure). The region between the walls contains a constant magnetic filed B. Now, answer the following
questions:

X

A

|

N

Qxxxxxxg

R P S s

N X X X XXX
AN n ey

N XXXXXX[ B

N X X X X X X2

N X X X X X X

255. The wire is found to vibrate in the third harmonic. The maximum emf induced is
4(AB 3(AB 2(AB AB

Paragraph for Question Nos. 256 to - 256

A fan operates at 200 V (dc) consuming 1000 W when running at full speed. Its internal wiring has resistance

1 Q. When the fan runs at full speed, its speed becomes constant. This is because the torque due to magnetic
field inside the fan is balanced by the torque due to air resistance on the blades of the fan and torque due to
friction between the fixed part and the shaft of the fan. The electrical power going into the fan is spent (i) in the
internal resistance as heat, call itP;, (ii) in doing work against internal friction and air resistance producing
heat, sound, etc.,, call it P,. When the coil of fan rotates, an emf is also induced in the coil. This opposes the
external emf applied to send the current into the fan. This emf is called back emf, call it e. Answer the following
questions when the fan is running at full speed

256. The current flowing into the fan and the value of back emfe is
a) 200A,5V b) 54,200V c) 54,195V d)1A0V

Paragraph for Question Nos. 257 to - 257
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Figure shows a conducting rod of negligible resistance that can slide on a smooth U-shaped rail made of wire of
resistance can slide on a smooth U-shaped rail. Made of wire or resistancel Qm™1. Position of the conducting
rod att = 0 is shown. A time dependent magnetic field B = 2T (tesla) is switched onatt = 0

o .
onducting

)
®
°
0y
C
®0d®

257. The current in the loop at t = 0 due to induced emfis
a) 0.16 A, clockwise b) 0.08 A, clockwise c) 0.08 A, anticlockwise d) Zero

Paragraph for Question Nos. 258 to - 258

A brilliant student of physics developed a magnetic balance to weigh objects. The mass m to be measured is
hung from the centre of the bar. Bar is kept in a uniform magnetic field of 1.5 T directed into the plane of the
figure. Battery voltage can be adjusted to vary the current in the circuit. The horizontal bar shown is 60 cm long
and is made of extremely light weight material. It is connected to the battery via a resistance. There is no
tension in the supporting wires. The magnetic force only supports the hanging weight

A B
Variable Sa

supply

258. Which point of battery terminal is positive?
a) A b) B c) Either A or B d) Cannot be found

Paragraph for Question Nos. 259 to - 259

Consider two parallel, conducting frictionless tracks kept in a gravity-free space as shown in figure. A movable
conductorPQ, initially kept at 04, is given a velocity 10 ms~! towards right. The space contains a magnetic field
which depends upon the distance moved by conductor PQ from the OA line and given by

P
A =
B Yl
R=1a ®—>V
0 x
Ole—x @

B = cx(—k)[c=constant=I S.I. unit]
The mass of the conductor PQ is 1 kg and length of PQ is 1 m. answer the following questions based on the
above passage
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259. The distance travelled by the conductor when its speed is 5 m/s is

N <12_5)1/3 b) (10)1/3 9 (10)1/3 d) None of the above

3

Paragraph for Question Nos. 260 to - 260

Along solenoid of radius R has n turns of wire per unit length and carries a time varying current that varies
sinusoidally as I = I, cos wt, where I, is the maximum current and w is the angular frequency of the

alternating current source (shown in fig)

Path of
integration

260. The magnitude of the induced electric field inside the solenoid, a distance r < R from its long central axis
is
3poNImaxw Mo max® Mo max®

a) — T sin wt b) — T CoS wt C) UoNlpmax®T Sin wt d) — T sin wt

Paragraph for Question Nos. 261 to - 261

Infig,i; =10e 2t A, i, =4AandV, = 3e %tV

BI+

C=2F

261. The current i; is
a)[2-2(1-e?)]A  b)[2+2(1-e)]A  J[B-201-e)A  d)[2+3(1-e)]A

Paragraph for Question Nos. 262 to - 262

In the circuit shown, switches S; and S5 have been closed for 1 s and S, remained open. Just after 1 s, switch S,
is closed and S; and S5 are opened. Find after that instant (t = 0):
1a 1o
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262. The maximum current in the containing inductor and capacitor only (only S, is closed)

a)@(l_%> b)\/i(l—%) c)\/§(1+%> d)\/i<1+%)

Paragraph for Question Nos. 263 to - 263

In the given circuit, all the symbols have their usual meanings. At t = 0, key K is closed. Now answer the

following question
RI
4

N w

"

A
T_Ff

B
LI\;NV—
RF

263. At t = 0, the equivalent resistance between 4 and B is
a) Ry + R, + R; b) Ry + R, c) R{ +R; d) Indeterminate

&

Paragraph for Question Nos. 264 to - 264

In the circuit shown in the fig, E = 15V,R; = 1Q,R, = 1Q,R; = 2 Q and L = 1.5 H. The currents flowing
through Ry, R, and R; and i, i; and i3, respectively

264. Immediately after turning the switch S on,
a)i1=i2=7.5A,i3=0A b)ll=13=5A,12=0A
C)i]_:iz:gA,ig:OA d)11212:l3:0A

Paragraph for Question Nos. 265 to - 265

In the given circuit at ¢ = 0, switch S is closed

]

5 mH E 10Q —_— 10V — 20 uF
S
AW :

265. The current through the 10 Q resistor at any instant ¢t (0 < t < o) will be

a) %e—(1000/3)t b) ge—(1000/3)t 0 26(1000/3)15 d) 26(1000/3)15
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Paragraph for Question Nos. 266 to - 266

In Fig, there is a frame consisting of two square loops having resistors and inductors as shown. This frame is
placed in a uniform but time varying magnetic field in such a way that one of the loops is placed in crossed
magnetic field and the other is placed in dot magnetic field. Both magnetic fields are perpendicular to the
planes of the loops

If the magnetic field is given by B = (20 + 10 t)Wb m~2 in both regions [# = 20 cm, b = 10 cm and

R=100Q,L =10H),
i

990000
) £ X % 5 ®
o e
S X X /’/ @
Il o4
~ X X, ® ®
AMM—
R
X
X L b=10cm
/ @ i
® g ®

266. The direction of induced current in the bigger loop will be
a) Clockwise
b) Anticlockwise
c) First clockwise for some time, then anticlockwise, and so on
d) First anticlockwise for some time, then clockwise, and so on

Paragraph for Question Nos. 267 to - 267

There is no current in any part of this circuit for time t < 0. Switch S is closedatt =0

267. The rate at which the current through the inductor increases initially is
a) Zero b) 10 As™t c) 1As™? d)5As7?!

Paragraph for Question Nos. 268 to - 268

Two capacitors of capacitance C and 3C are charged to potential difference V,, and 2 V), respectively, and
connected to an inductor of inductance L as shown in fig. Initially the current in the inductor is zero. Now,
switch S is closed
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268. The maximum current in the inductor is

3V, [3C 3C 3C C
a) — | = b - C - d -
) > |7 )V, T )zvofL )VO\/;

Paragraph for Question Nos. 269 to - 269

In Fig, there is a conducting loop ABCDEF of resistance A per unit length placed near a long straight current-
carrying wire. The dimensions are shown in the figure. The long wire lies in the plane of the loop. The current
in the long wire varies as I = I(t)

i a

| | a—> a
d C

269. The mutual inductance of the pair is

UoQ 2a + ¢ UoQ 2a — ¢
) 2% i (Z—) n (<)
2m ?

<)

2
HoQ In (a+€) d)M In <a+€)
T T

Paragraph for Question Nos. 270 to - 270

In fig initially the capacitor is charged to a potential of 5 V and then connected to position 1 with the shown
polarity for 1 s. After 1 s, it is connected across the inductor at position 2
100 Q 1 2

E=10V L=25mH

270. The potential across the capacitor after 1 s of its connection to position lis

1 2
a) 5 x 103 (2 + g) v b) 5x10° (2-2)v ¢) 5% 103 (1 + g)V d) None of these

Paragraph for Question Nos. 271 to - 271

In the circuit shown, switch S; was closed for a long time. At time t = 0 the switch is opened
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200 mH

400 mH

200 mH
a0— | B
50 uF
§R=IOOQ

t=0

E=200V

] @

271.

272.

273.

274.

275.

276.

Find the maximum potential difference across the plates of the capacitor after the switch is opened
a) 100V b) 200 V c) 300V d) 400V

Integer Answer Type

A uniform magnetic filedB = 0.5 T exists in a circular region of radius R = 5 m. Aloop of radius R = 5m
encloses the magnetic filed at t = 0 and then pulled at uniform speed v = 2 m/s in the plane of the paper.
Find the induced emf (in V) in the loop at time t = 3 s

_!

The magnitude filed of a cylindrical magnet that has a pole face radius 2.8 cm can be varied sinusoidally
between the minimum value 16.8 T and the maximum value 17.2 at a frequency of 50/m Hz. Cross section
of the magnetic field created by the magnet is shown in figure. At a radial distance of 2 cm from the axis,
find the amplitude of the electric field (in units of x 10> mN/C) induced by the magnetic field variation

Along coaxial cable consist of two thin-walled conducting cylinders with inner radius 2 cm an outer radius
8 cm. the inner cylinder carries a steady current 0.1 A, and the outer cylinder provides the return path for
that current. The current produces a magnetic field between the two cylinders. Find the energy stored in
the magnetic field for length 5 m of the cable. Express answer in n] (use In2=0.7)

Some magnetic flux is changed from a coil of resistance10 (). As a result, an induced current is developed
in it, which varies with time as shown in figure. Find the magnitude of the change in flux through the coil in
weber

41 1(A4)

or [©

In figure, ABCD is a fixed smooth conducting frame in horizontal plane.Tis a bulb of power 100 W, P is a
smooth pulley and OQ is a conducting rod. Neglect the self inductance of the loop and resistance of any
part other than the bulb. The mass M is moving down with constant velocity 10 m/s. Bulb lights at its
rated power due to induced emf in the loop due to earth’s magnitude field. Find the mass M (in kg) of the
block (g=10 m/s?)
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277.

278.

279.

280.

281.

282.

283.

Along solenoid of diameter 0.1 m has 2 X 10* turns per metre. At the centre of the solenoid a 100 turn coil
of radius 0.01 m is placed with its axis coinciding with the solenoid axis. The current in the solenoid is
decreased at a constant rate from +2 A to —2 A in 0.05 s. Find the total charge (in pC) flowing through the
coil during this time when the resistance of the coil is 4072 Q

Fig shows a circuit having a coil of resistances R = 2.5 () and inductance L connected to a conducting rod

PQ which can slide on a perfectly conducting circular ring of radius 10 cm with its centre at ‘P’
x X B

Assume that friction and gravity are absent and a constant uniform magnetic field of 5 T exists as shown as
shown in fig. At t = 0, the circuit is switched on and simultaneously a time varying external torque is
applied on the rod so that it rotates about P with a constant angular velocity 40 rad/s. Find the magnitude
of this torque (in mNm) when current reaches half of its maximum value. Neglect the self inductance of the
loop formed by the circuit

In figure, there are two sliders and they can slide on two frictionless parallel wires in uniform magnetic
filedB, which is present everywhere. The mass of each slider is m, resistance R and initially these are at
rest. Now, if one slider is given a velocityvy, = 16 m/s, what will be the velocity (in m/s) of other slider
after long time. (neglect the self-induction)

Y AN
X X
>V
X X
/ J
x ~ x @

Two coils, 1 and 2 have a mutual inductance M = 5 H and resistance R = 10  each. A current flows in coil
1, which varies with time as: I; = 2t?, where t is time. Find the total charge (in C) that has flown through
coil 2betweent =0andt =2s

A circular coil of wire consists of exactly 100 turns with a total resistance0.20 Q. The area of the coil

is100 cm?. The coil is kept in a uniform magnetic field Bas shown in figure. The magnitude field is

increased at a constant rate of 2 T/s. find the induced current in the coil in A
N -

)
[~/ .
[ /X

— o
In the circuit what is potential difference Vg — V, (in V) when current [ is 5 A and is decreasing at the rate
of 103 A/s?
10 8V 5 mH

AN |y —e 8

Fig shows a part of a bigger circuit. The capacity of the capacitor is 6 mF and is decreasing at the constant
rate 0.5 mF s~ 1. The potential difference across the capacitor at the shown moment is changing as follows
av 1 azv 1

—=2Vs,,— ==V
dt S “dtz 2 S

-2

Page |59



The current in the 4 Q resistor is decreasing at the rate of 1 mA s~1. What is the potential difference (in

mV) across the inductor at this moment?

284. A current of 2 A is increasing at a rate 4 A/s through a coil of inductance 1 H. Find the energy stored in the

inductor per unit time in the units of J /s

285. A capacitor of capacity 2 uF is charged to a potential difference of 12 V. It is then connected across an

inductor of inductance 6 pH. What is the current (in A) in the circuit at a time when the potential
difference across the capacitor is 6.0 V?

286. In the given circuit, initially switch S; is closed, and S, and S5 are open. After charging of capacitor, at
t = 0,5, is opened and S, and S5 are closed. If the relation between inductance, capacitance and resistance
is L = 4CR?, then find the time (in s) after which current passing through capacitor and inductor will be

same (given R = In 2 m{), L = 2 mH)

s, 2R

A%
s ——F

e R
— AW

R
I LR A%,

L

287. Along circular tube of length 10 m and radius 0.3 m carries a current [ along its curved surface as shown.
A wire-loop of resistance 0.005 ohm and of radius 0.1 m is placed inside the tube with its axis coinciding
with the axis of the tube. The current varies as I = I cos(300 t) where I, is constant. If the magnetic

moment of the loop is N pyl, sin(300t) then ‘N’ is

P P
b G

&*

)

« | D

288. A square wire loop of 10.0 cm side lies at right angles to a uniform magnetic field of 7 T

XX X X X X

X XX X X XX
XX X X X X|X
XX X X X X|X
XX X X X X|X

X[X X X X X|X
XXX X X XX

A 10 V light bulb is in a series with the loop as shown in figure. The magnetic field is decreasing steadily to

zero over a time interval At. For what value of t (in ms), the bulb will shine with full brightness?

289. Figure shows a conducting rod of length [ = 10 cm, resistance R and mass m = 100 mg moving vertically
downward due to gravity. Other parts are kept fixed. Magnetic field is B = 1T. MN and PQ are vertical,
smooth, conducting rails. The capacitance of the capacitor is C = 10 mF. The rod is released from rest.
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Find the maximum current (in mA) in the circuit
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6.ELECTROMAGNETIC INDUCTION

: ANSWERKEY :

1) d 2) b 3) d 4) a|5) a,b,c,d 6) b,c 7) a.,c 8)
5) c 6) b 7) d 8) C a,d
9) d 10) ¢ 11) b 12) b|9) a,d 10) acd 11) bd 12)
13) d 14) d 15) b 16) a a,b,c,d
17) d 18) ¢ 19) b 20) a|13) abd 14) ab 15) «¢d 16)
21) a 22) ¢ 23) a 24) ¢ a,d
25) b 26) b 27) a 28) a|l17) a.c 18) ab,cd 19) a.,c 20)
29) d 30) d 31) ¢ 32) ¢ a,c,d
33) ¢ 34) ¢ 35) d 36) d|21) a.c 22) b,d 23) abd 24)
37) d 38) d 39) a 40) a b,d
41) b 42) c 43) c 44) a|25) ab 26) bd 27) acd 28)
45) a 46) d 47) b 48) b a,b,d
49) b 50) c 51) b 52) a|29) b, 30) bd 31) a.b 32)
53) b 54) b 55) a 56) b b,d
57) a 58) d 59) d 60) a|33) ac 34) d 35) ab,cd 36)
61) ¢ 62) b 63) b 64) a a,b
65) a 66) a 67) ¢ 68) a|l1) a 2) d 3) b 4) c
69) ¢ 70) a 71) ¢ 72) a|5) d 6) e 7) b 8) a
73) a 74) b 75) a 76) a|9) b 10) d 11) ¢ 12) ¢
77) b 78) d 79) b 80) di{13) e 14) a 15) b 16) a
81) d 82) a 83) b 84) b(17) a 18) a 19) ¢ 20) e
85) b 86) b 87) a 88) d{21) a 22) b 23) d 24) c
89) d 90) b 91) d 92) «c¢|25) a 26) c 27) d 28) b
93) b 94) b 95) ¢ 96) d(29) c 30) a 31) e 32) d
97) d 98) b 99) b 100) d|33) c 34) d 1) d 2) d
101) a 102) c 103) d 104) b 3) a 4) b
105) e 106) b 107) c 108) a|5) C 6) C 7) b 8) c
109) d 110) b 111) c 112) b|9) b 10) a 11) a 12) a
113) a 114) a 115) d 116) b|13) b 14) a 15) b 1) b
117) a 118) a 119) a 120) b 2) b 3) a 4) d
121) a 122) d 123) a 124) c|5) a 6) b 7) a 8) a
125) a 126) c 127) d 128) ¢ |9) a 10) a 11) ¢ 12) a
129) d 130) d 131) d 132) b|13) a 14) a 15) d 16) b
133) b 134) c 135) a 136) d|17) b 18) b 19) a 200 b
137) ¢ 138) c 139) c 140) a|21) b 22) b 23) a 24) a
141) d 142) d 143) d 144) c|25) b 26) b 1) 8 2) 2
145) c 146) c 147) b 148) d 3) 7 4) 2
149) b 150) b 151) a 152) d|5) 1 6) 8 7) 5 8) 8
153) d 154) b 155) c 156) a|9) 4 10) 5 11) 8 12) 4
157) b 158) a 159) b 160) c|13) 8 14) 6 15) 1 16) 6
1) ab,c 2) a,c 3) b,d 4) 17) 7 18) 5

a,d
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6.ELECTROMAGNETIC INDUCTION

: HINTS AND SOLUTIONS :

1

10

(d)

Induced emf: B (effective length) v = B2Rv

(b)

Polarity of emf will be opposite in the two cases
while entering and while leaving the coil. Only in
option (b) polarity is changing.

(d)

Induced currentin B = 0.006 A =6 X 1073 A
Inducede.m.f.inB=x10"3Xx4V=24x10"3V

Now, M% — 24 %1073

24x1073x0.02

ordl =
3x1073

A=016A

=~ The desired time is L?O or t,

(9

When the electron is closest, flux due to magnetic
field of electron’s motion is maximum through the
loop. So slope of flux-time graph will be zero or
induced emf will be zero

(b)
Z=2x107  .(0)

— -5 e
w190 = 0.5x 10 ..(ii)

From (i) and (ii), on solving, we get

L =60mHandR = 30Q

(d)

Let M be the mutual inductance between X and Y.

By definition

E=M dl =MI'; M = E
dt I

The flux linked with X is ¢y = M1, = % Iy

(9

Use Lenz’s law. Induced emf of the current

opposes the change in flux through it

(d)

When inductances are connected like this in

series,then L = L, + L, + 2M

(9

Let v is the velocity of conductor any time, then

..()

Charge on capacitor: g = Ce = CBlv

induced emf, e = Blv

11

12

13

14

15

16

17

Current in circuit: [ = CBl
For conductor: mg — IBl = "Ziv

224V mdv dv mg
=mg = OB G = et T @ T m A CB
This is the acceleration of conductor which is
constant
(b)

Let E be the electric filed at a distance r from the
centre of the disc. Then

eE = mw?r
2
mw-r
or £ =
r=a
~P.D.= f Edr
L mw?r mw?a?
2e

P=Fv=Bl{v=125%X10"3x50x0.1x1W
= 6.25 x 1073 W=6.25 mW

An iterating alternating

P =EIl = (Blv)]

(d)

Net change in magnetic flux passing through the
coil is zero

~ Current (or emf) induced in the loop is zero
(d)

Initial flux through the coil, ¢pp; = +NBA

Final flux through the coil, ¢r = —NBA

When the coil is turned through 180° its flux
reverse; the angle between magnetic field and
area vector is reversed

App = ¢pps — ¢ppi = —NBA — (NBA) = —2NBA
A¢B 2NBA
¢= R
(b)
iti b = — [*FHoladx _ pola
Initial flux: ¢; = — [ ——=—"—In2
Final flux : ¢ = °Ia In 2
Change flown : q —% $robi _ kolay, o
r nr

(@)

For first case: 2 mV=M X 5

For second case:e = M X 2

Solvetogete = 0.8mV=8x 10"V

(d)

When the coil is within the field, there is no
charge in the magnetic flux passing through it.
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18

19

20

Thus, no current will be induced and the

acceleration will be g. But according to Lenz’s law,

the induced current will oppose its motion when
it enters or leaves the field. Therefore,
acceleration will be less than g

(9

The magnetic field produced by the square loop is
parallel to the plane of the circular loop. Hence
the mutual inductance is zero

(b)

Inductors 5 mH and 10 mH are connected in

parallel, hence equivalent inductance

5X10 50 10
eq = = — mH
5+10 15 3

Current at steady state, [ = ? =4A
As L, and L, are in parallel

2 10 8
Il:I(L1+L2): [10+5] =34
()
In accordance with Faraday’s law of
electromagnetic induction, the changing magnetic
field induces an electric filed in the ring. Let us
imagine the ring to be divided into differential
elements of length ds and denote the tangential
component of the induced electric filed by E The

charge on element ds of the ring is dQ = Q —

2mr’
Where r is the radius of the ring. The force

exerted on itis dF; = dQF, and the resultant
torqueisdr =r dF;
Thus, the total torque experienced by the ring is

—(ar=[roZ g -2 [k
T_f T_J.TQZm‘t_an t@s

The induced electromotive force along the ring is
directly proportional to the rate of change in the
magnetic flux, we have

do ,dB
fEtdsz Is = mr? T
As a result of the torque, the ring, which has a
moment of inertial = mr?, starts to spin with
angular accelerationa. During a time interval dt
its anguilar velocity changes by
Q dB\ 1 Q
2m (nr dt)mr2 dt = 2m db
Since the magnetic field strength increases from
zero to B, the final angular velocity of the ring will
be
w = (9B/2m)
= The final angular velocity does not depend on
the radius of the ring, the time over which the
magnetic flux changes, or even on how the
magnetic flux increases with time

T
dw=adt=7dt—

21

22

23

25

26

= In our calculation we ignored the magnetic field
produced by the rotating ring

= Except in the case of a cylindrical symmetric
uniform induced, it is not possible to find the
actual value of the induced electric filed within
the ring because the geometrical structure of the
magnetic field is unknown and we do not know
the position of the ring in the magnetic field. We
can determine the total induced electromagnetic
force, but not the electric filed itself

(a)
Adp
Ag = —
1=
¢;=0
-2
Ho 2y _ Hold™T
br = (Zb)("a)_ 2b
Uoia’m
A= bp— by =
So,Aq=—”gl§b”
(o)

By Lenz’s law, clockwise current is induced in
both loops. Greater the area, large will be the
induced emf Outer loop has grater area

(@

Emf induced in coil, € = - . 2]
At to—t1
4a 4+/3
=BA, — B X — X sin 60° = — Ba?
¢2 27 P %33 e 9 °¢
¢, = Ba®

Work done, W = gq = elAt = Ba? (1 - \TF)
(c)

1
V, —V; = =Bw(2R)? = 2 BR (wR) = 2 BRv

2
F 4 2
(_
¢V \% B®
a
3 1

V,—V, =2BRv ButV, =V,
ﬁVZ_V4=4BRv

(b)

fo 50—
\/_ nJLC/K

50\°

k=5 ) (+7)

>K=1+ 00—1 199 o1

f 10,000
(b)

Magnetic field produced by a current [ in a large
square loop at its centre,
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27

28

29

30

31

B ! B K1
xX—-— =>B=K-
L L

-~ Magnetic flux linked with the smaller loop,

I

¢=BS > ¢= (KZ) (1»)
Therefore, the mutual inductance

¢ 2?2 £2
M==-=K—or M x—

1 L L
(a)

1
U=-Li?

2
Rate = i—[t] = (Li) (2—9

Att=0,i=0,~rate=0
Att = oo,i = iy but £ =0,
dt
Therefore, rate =0
()
For a solenoid, L = puyN? %. If x is the length of the

wire and a is the area of cross-section, then

R = %andm = axD
px Rm
Rm = o axD,x =

pD

2
Also,x = 2 trN,N = — ( L = M)
2nr

£
x \2mr?  uy; Rm
L=t (37) 7 =Gmtpp
(d)
_dp_,_§_1d . AdB
=4t T TRTR@ " Rdt

Where mr? = area of the loop of radius r and
R =resistance of the loop of length (2rr) and area
of cross section ma?
pt  p(2mr)
R =——=
ma? ma?
Further mass of wire is m = (wa?)(2nr)(d)
_ (ma*®)(nr*)dB

p(2nr) dt
. (ma®)(2mr) dB _ m dB
L= 4mp dt b= 4mpd dt

(d)

Induced emf between O and Q is
1
EBa)(Zr)2 = Bw2r? = 2 Bur

But net induced emf in the ring will be zero.
Hence no current flows in the ring

()

When the current in loop A incraeses, the
magnetic lines of force in loop B also increases as
loop A is near loop B. This induces an emfin B is
such a direction that current flows in opposite
direction in B (as compared to A in the nearer

32

33

34

35

parts). Since currents are in opposite directions,
loops B is repelled by loop A

00

(©
Flux through a closed circuit containing an
inductor does not change instantaneously

oL (g)=%(i) =>i=%
()

Just before opening the switch, the current in the
. . E i 1 £
inductor is = Energy stored in it = §L (E)
This energy will dissipate in resistors R; and R, in
the ratio — and —
Ry 2
(©
The current at time t is given by
i=ig(1—et7)
L E
Here iy = 2
T t
ng= f idt = f io (1 —e~t/Ddt
0 0
E\ (L
e @& _

e eR?

L
andt ==
R

e
(d)
According to Lenz’s law, emf of same magnitude
in clockwise direction is induced in the two loops
into which the figure is divided. So, current is
induced in the clockwise direction in the outer
boundary but no current is there in wire AB
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36

37

38

39

40

(d)
Volume of the balloon at any instant, when radius
isr,

4

V= §T[T'3

Time rate of change of volume,

av _ amr? dr

ac - a

Time rate of change of radius of balloon,
dr _ 1 dv

dt  4mr? dt

Flux through rubber band at the given instant,
¢ = B(mr?)

Induced emf= — 22 = & (Bnr?) = —2mrB L
dt dt dt
_ B( 1 dV)_ B dV
ST Gz dl) T T 2r de
As volume of the balloon is decreasing, % is
negative
(0.04) P
Einduced = X 10x10-2 % (=100 x 107°)
=20 uv
(d)

Since all the wires are connected between rim and
axle, they will generate induced emf is parallel,
hence it is same for any number of spokes

(d)
BfVt = constant
C

B=wr
(@)
i=Vv5A

2 2
Z—?zg—c+%Li2 = Qax = 6 C

q(O)

/

E

q =Qcos(wt+8),att =0,q =4

2 2
=>4 =6cos8 = cosd =3 = § =cos™ ! (5)
Change on the capacitor is maximum at t = t;

Forthiswt; +6 =1

:g:%m—®=ﬁfm—®

2fp-e ()

==

(@)

R
R — =]

ea =g 1A

41

42

43

44

46

(b)

e=(9xB).?

e =i x (3t +4j + 5k)]. 5]

>e=-25V

()

BIf cos© = mgsin 6 ()

Here induced emf across slider is (B cos 8)lv
Blv cos 6

R
B cosh

~ induced current] =

From equation (i)

BfvcosH )
B¥ cos  ————— = mgsin 0
mg R sin 0
© VT B2p2cos? 0
(9

Induced emf= Bfv. R is internal resistance of seat
of emf, i.e., of rod

. L RiR
Total resistance of circuit= R + —%

Ry+R,
Bfv Bfv(Ry + R,)

R+ -FF2_ " RiR, + R(R; + Ry)
(R1+R3)

. [ =

@

£,V and B are coplanar
(d)

L= % b = NAB

B = ugnl

N
wheren = —
27R

=N ( N 1)
AN = mnr _—
Hoonr
UoN 2121
¢ = 2R
_‘1)_#01\/27”2
1 2R
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47 (b)

48

49

50

When the copper rod is rotated, flux linked with
the circuit varies with time

Therefore, an emfis induced in the circuit.

At time t, plane of semi-circle makes angle wt
with the plane of rectangular part of the circuit.
Hence, component of the magnetic induction
normal to plane of semi-circle is equal to B cos wt

Flux linked with semiconductor part is
1

¢ = EnaZB cos wt

Let area of rectangular part of the circuit be A
~ Flux linked with this part is

¢2 = BA

=~ Total flux linked with the circuit is

1
¢ = EnaZB cos(wt) + BA

~ Induced emf in the circuit,

dp 1 o
e= I3 nwa“B sin(wt)

Since resistance of the circuit is negligible,
therefore, potential difference across the
capacitor is equal to induced emf in the circuit
=~ Change on the capacitor at time t is ¢ = Ce

1 .
= —nwa?CB sin(wt)

2
But current ] = % = % Tw?a?CB cos(wt)

(b)

P

C
X B
0
\J
A

We connect a conducting wire from A to C and
complete the semiconductor loop. The emfin the
semiconductor loop is zero because its magnitude
flux does not change

. emf of section APC + emf of section CQA = 0

~ emf of section APC = emf of section

AQC = 2BR?*w
(b)
Effective resistance is 4 Q)
E  Bfv IR
[=—=—or v=—
R R B
1x1073x4 -1
orv=————ms
2x10x10~2
orv=002ms1=2cms™?
(0)

Because A and C are at equal distance from B, and
their flux across B is in opposite direction, so at

51

52

53

54

55

56

any time flux in B will be zero. Hence no emfis
induced

(b)

e=E—-iR

Clearly, the graph is a straight line with negative
slope

(@)

Consider a point on the circumference of a circle
of radiusr (r < R). Let E be the electric filed along
the tangents to the circle. Then E is given by

Now consider a point P in the rod and a small
distance df = PQ along AB

—fﬁ =T 1rcoso
E = . = Zdt COoS
B (OM)dB.[d{)_\/RZ—{’ZdB

2 dt 2 dt

dB
> ¢ =JRZ— ¢2 (E)’? [ fd{’ - 2{)]
(b)
Equivalent inductance
Leg=L+2L=3LCoq=C+2C=3C

=~ Frequency of oscillation
1 1

2¢

[ =% [LeqCeq  6mVLC
(b)
5 dB

EQ2nr) = ma - for r=>a
- E=%%8 gyl

2r dt T
(@)

N2mr?

[ = B T

?

Length of wire = N 2rrr =Constant (= C,
suppose)

~ Self-inductance will become 2L

(b)
It=0o = I
10

less =T (1-e75)
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57

58

59

60

61

62

63

64

—,(1—e2) =1, (1 - elz)

Ii=oo Ipe? e?
Tl g€’ —1) er—1
(a)
fﬁ-d?:yd:mb:w
= B = l;—(},l - due to one tape

------

Net field =2 B

| RIXIXIXIXIXIXIXIX] |

A

[eTe[eJe[e]e]e 0 @]

Magnetic flux passing through this double tape
I
¢ =2BA=2B(¢h)=> ¢=’%€h

_ ¢ _ poth L _ Hoh
L=—= = —=—

I b £ b
(d)
Cross @ magnetic field passing from the closed
loop is increasing. Therefore, from Lenz’s law
induced current will produce dot ® magnetic

field. Hence, induced current is anticlockwise.

(d)

Mdi Ma

= —_—= [ = —— —_ _tR/L
E=——=Mai=—-(1-e"""

(a)
Force on the wire = i¢B,

i{B
~ Acceleration = —

m

) i{Bt
=~ Velocity = —
m

(c)
In uniform magnetic field, change in magnetic flux
is zero. Therefore, induced current will be zero.
(b)
b, = N,BiAor d, = N, %A

_ HoNiNzA
ord, ==——1
_ HoNiNyA

comparing with ¢, = M1, we get M, = ;

(b)
_lo —
I=2att =t
Since I = Iye /T = % = e ~to/7
a=et/"=>t)=1log.
to
T =
log, a
(@)
From Lenz’s law if one rod is moved away from
the second rod then the second rod will be
attracted towards the first rod so as to oppose the
change in flux

65

66

67

68

69

(@)
Given,L; = 1mH,L, = 2 mH,R; = 1Q, R, = 2Q
In the first circuit,
L =L1+LzandR =R1+R2
L 3mH
‘[1 = —= —
R 3Q
In the second circuit,
LiL, B 2x107% 2

=1ms

=L1+L2_3x10‘3:§X10_3
RR, 2
"R +R, 3
§x10-3
(%) =T=1ms

In the third circuit,
L = Ll + L2 == 3 mH

R\R, 2
"R +R, 3

L 3x107 9
BTRT 23 2™
(@)

When the switch is closed, the current flows
through the coil which sets up a magnetic flux ¢
through the ring. The motion of the ring will be
such that, by Lenz’s law, it opposes the sudden
increase in flux linkage. Hence, the ring moves
away from the coil towards E (east)

(©

Let i; be the current in the circuit before shifting
. _E :

== (1)

Since the flux associated with the inductors will
be same just before and just after shifting,
therefore

il 5L = iz 9L

. 5E

2= 9%

(a)

Here A =10 X 5 = 50 cm? = 50 X 10™*m?
dp  dB

E=—/—=A—=50x10"%x0.02=10"%V
dt dt

Power dissipated in the form of heat
= E—Z = —10_4 x 107 =0.5x 1078w
R 2 '
=5x10"°W =5nW
(9
Motional emf
e = Bvf
e=02)2)(1) =4V
This acts as a cell of emfE = 4 V and internal
resistancer = 2 Q. The simple circuit can be
drawn as follows :
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70

71

72

73

74

4v v

—

0 20 3o

= Current through the connector
=t 14
"Tav2”

Magnetic force on connector

E, =i¥B = (1)(1)(2) = 2N (towards left)
Therefore,, to keep the connector moving with a
constant velocity, a force of 2 N will have to be
applied towards right

(a)
mag
mayg =eE > E = o
(0)
w, =constant
= LC = constant
dL dac

()

q = CV = C(Bv?)

= (10 x 107%)(4)(2)(1)
= 80 uC =constant

P
1
T

o
Magnetic force on the electron in the conducting
rod PQ is towardsQ. Therefore, A is positively
changed and B is negatively charged
()
The current is given by
.. _L di iy _
l—lo(l—e r)::»d———e

t T
Energy stored in the form of magnetic field energy

is

I

t/T

1
Ugp = =Li?
BT l

=~ Rate of increase of magnetic field energy is
dUp  di Li§

R = ek Ll% == (1—e t/M)et/m
This will be maximum when % =0
= e t/T=1/2
Substituting,
LiZ  Li} 1\ /1

Rmae == = 22123 (3)

Li [L(E/R)?] E?
T [m 4R
(b)

75

76

77

78

79

. . _E; 3
Ei—irn=02i=—==-=3(
n 1

10 10 _3R_4Q
3R+2'3R+2 77 9
(a)

When energy on both is same, means energy on
capacitor is half of its maximum energy

> 10 0

1=

2C 22C 2
0 r=2 =
= COSWt = — = coswt = —
V2 V2
T VA VA
t=" o= 2"VIc
I V)
(a)

Induced emff;J BV dx = f: % BVdx

wolV /b
= Induced e.m.f = In (—)
21 a

2
R

2
Also, power= FV = F = £
VR

1 [uelV (b>]2
= F=yrl2n g
(b)

¢ (flux linked) = a?B cos 0° — b?B cos 180°
= (a®> — b?)B
d¢ dB
E=——=—(a?-b?»—
a = @
where B = By, sinwt, By, = 1073T,w = 100
Byw
% Imax = (a® = b?) ;)?
and R = (4a + 4b)r = 4(a + b)r
_(a—b)Bow _ (1—0.4)x 1073 x 100

N 4r 4%x5x%x103
=3A

= Power dissipated =

- Imax

(d)

Magnetic flux in @ direction through the coil is
increasing. Therefore, induced current will
produce magnetic filed in © direction. Thus, the
current in the loop is anticlockwise. Magnetic of
induced current at any instant of time is

e Bv(FG)

"R p(FG+GD + DF)

When the wire AH moves downwards FG, GD and
DF all increase in the same ratio. Therefore, i is

constant
(b)

Bwt?  Bwt? )
T 2 Bw?
1 = =

R R
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80

81

82

83

84

Ba,l2 Ba)lz
2 i 2

(d)

The magnetic lines of force created due to current
will be in such a way that on x — y plane these
lines will be perpendicular. Further, these lines
will be in circular loops. The number of lines
moving downward in x — y plane will be same in
number to that coming upward of the x — y plane.
Therefore, the net flux will be zero. One such
magnetic line is shown in figure

Y

Magnetic line

/\'i{Of force
NP
Current loop

=~ (d) is the correct option

(d)

= Energy spent = %le

()

Att = 0, the branch containing L will offer infinite
resistance while that the branch containing the
capacitor will be effectively a short circuit. Hence,

(D=0 = %. Similarly at t = oo, L will offer zero

resistance whereas C will be an open circuit.

Hence effective resistance = R + 6;3: =

. &
3R (l)tzoo - 3_R
The required ratio = %x % =31
(b)
Let I; is the length of wire, then

I pom I3
11:27TTN=>NT:E ﬁL:TW
l Ll 4n 1073 x 1 X 471 107
= = = =
1 Ho 41T X 10_7 m
=0.10 km
(b)
le| = B dA
4=
A, — A
el =B (=)
th— 1t
1(2-0
|€| — (4 )
1-0)

€=

85

86

87

88

89

90

(b)

The current is short circuited through inductor. In
stready state, current will pass through inductor
instead of 20 Q

Then current through 30 Q is:

I = 3 =0.1A
30
(b)

The power dissipated in the resistor,

p=2_ g
=—=

Since the current through resistor varies with
time, we must integrate
The total energy produced as heat in the resistor

w =J- I?’R dt
0
The current in an RL circuit is [ = I,e~(R/L)t

[e4) 2 [e]
W= f 13 e~ CR/DIR dt = 19 [e_%t]
0 0

—2R/L

1
=—LI?
2 0

We can integrate by substituting

Note that the total heat produced equals the
energy (1/2) LI? originally stored in the
conductor

(a)

Component of weight along the inclined plane
=mgsin @

2 p2
Again,F:BM:BBT”g=B;’"
2 p2 :
Now, B {)vzmgsin90rv:%;m9
(d)

E=Lﬂ ordI=£dt
dt L
or1=§t=0.5t:>t=21=2><5=105

(d)
_ 2Brv _ 4Brv

" R/2 R

21
2Brv
= 1
2Brv

1
Current in the top horizontal = 2] =
(b)
Emf induced across the rod AB is
e=E.(¢x)
= Bfvsinb

=2X2X%X2xXsin30
e=4V

R/2

R/2

vi

8Brv
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91

92

93

Free electrons of the rod shift towards right due

to force (¥ x B)
Thus, end P is at higher potential
or Vj, —V, = 4 V. thus, choice (b) is correct
(d)
Let current i flows in the bigger ring, then the
magnetic field on its axis
1oiR?
Flux linked with the smaller ring: ¢ = Brr?

B =

_ {oiR? g
¢ = 2(R2 + 2)3/2 =Mi
_ o R?1?
~ 2(R? + x?)3/2
(9
B UoimR? ,
4= onrz + 232"
d¢
>E)=——
4 dt

—UolTT
= ”TORZrZ(—3/2)(R2 +x2)75/22x

. , dE
E, is maximum when —2 = 0

dx
d x
> =
dx (R? + x2)5/2
or (R? + x?)5/2 — Sz—x(R2 +x2)3/22x = 0
orR?+x%2—-5x2=0
R
orx =—
2
(b)
Since the wires are infinite, so the system of these
two wires can be considered as a closed rectangle
of infinite length and breadth equal to d. Flux
through the strip:
d—a
I 1l d—a
¢ = f ‘ML (ld ) = ‘uo_ In ( )

a

The other wires produces the same result, so the
total flux through the dotted rectangle is

Uoll (d - a)
=—1
(I)total T n a

The total inductance of length [
brotal _ Hol I (d - a)
=—1n

I T a

- —L_t d-a
Inductance per unit length = = In ( - )

L =

94

95

96

97

98

99

(b)
Magnetic field at the centre of a large coil E oc £ R

Magnetic flux linked with smaller coil = i X 112

2
o ® T
I 2R
M r2
oMo —
R
()
Bvf mgR
BIY = mgor BT{’ =mgor v = 527
(d)

The magnetic field at the centre of the coil is

B(t) = ugnly. As the current increases, B will also
increase with time till it reaches a maximum value
(when the current becomes steady). The induced
emf in the ring

d¢ d — -
=——=—(B-A
dt PIACEE.
= A_(#onll)
~ The induced current in the ring
Iel _ HonAdly
I = = -
2(t) = FET
B o I; — d h
x
2 10
Iy
= LB =KIy[1—e7t/7] (? e—f/f)
2
— & e—t/‘r][l _ e—t/‘r]
T
Att=0andt =o0,[,bB=0
(d)

Given that ¢ = at (T —t)

_4_4d -
Induced emf, E = Tl [at (T —t)]

=at(0—1)+a(T —1t)

=a(T — 2t)

So, induced emf'is also a function of time
~ Heat generated in time T is

EZ

2T3
—dt _—f (T —2t)*dt =

= 3R

(b)

In the r — t graph, it is clear that from a to b there
is no change in radius and hence no change in
area and magnetic flux. Same is the situations
fromctod

0

Now, le| = =-(¢)

. d ) dr
le| = d—(nr ) = BHZrE
Sincer « t, -~ % = constant
~lelxr
(b)
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When the ring falls vertically, there will be an
induced emf across A and B(e = Bv(2r))
Note that there will be a potential difference
across any two points on the ring, and the line
joining these has a projected length in the

horizontal plane. For example, between points P

and Q there is a projected length x in the
horizontal plane

¢ o

P !
D
~——
X
~P.D.across P and Q is
V =Buvx
But for points Cand D, x = 0
Therefore, P.D.=0

Hence (b)
100 (d)
Coefficient of mutual inductance M is given by
Y[
(diy/dt) iy
] el (250 1073)(3.6)
i (diy/dt) ~ (15)
=6x 1073 = 6 mWb
101 (a)
The current in L for steady state = Ril
- Energy stored in L = %ng = %Li—;
102 (c)
E, L%
s~ 6 =90°+30° =120°
103 (d)

Induced emf in the spoke is shown in figure below

1 5 e Bowr?
e=EBa)r '1=E= R
There will be no induced emf separately in parts
ADC or AEC
B?wr3
F,=1IrB =

2R

Balancing torque about E : Fr = F,r/2 = F =

104

105

106

107

108

109

Fp _ B?wr®

2 4R

Note: Force due to currents I /2 will act on circular
parts also, but their torque about E will be zero
(b)

Let there be an element dx of rod at a distance x

from the wire
Emf developed in the element, dE = B dx v

21
~dE = (ﬂ—> dxv

4 x
polv (Pdx  polv b
b= ,L F T 2m %8y
41 X 1077 X 100 X 5 100
- o loge
=4.6 X 1074V = 0.46 mV
(e)

Emfinduced between centre of the ring and the
rim is

1 1
e =2 BwR? =2 (50)(20)(0.1)* =5V

H

105

H

Now the circuit can be drawn as follows:
SV 10

5V 10 o

(b)

Apply Lenz’s law
(9

M — [.loN{l’NzA
=503 x107°H

(@) |

Fort <tp,E=L% =i=%¢

dt L

di .
Fort > to,Ld—; =0 = i = constant

(d)
At t = 0, for the purpose of current calculation in
circuit, inductor can be assumed as open and

=aq,heref=1m
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110

111

112

113

capacitor as short circuited

(b)
In steady state: P = I?R

Energy in inductor = %le

After connecting x and z, the whole energy of
inductor with go into heat so heat produced:

H=r2=112_1p;
2 2 R 2
(c)
N24
L=H0

{
If x is the length of the solenoid with r as radius,

then
x = 2nrN,A = nr

L= x? \mr? ['N— x
TR T H 4m2r2 | T 2

ALt
Uo

2

S X =

(b)

Let current i; in the straight wire be upward.
Then the magnetic field due to the straight wire
has magnitude By = pgyi,/2nr at a distance . In
accordance with right hand rule, B, points inward
to the plane of page. We consider a differential
strip of thickness dr, area dA, = a dr. Magnetic
flux through area dA, d¢pgp = B, (a dr)

Total flux through the loop,

c+b P
[
d)B:jBladr:J &adr
c

2nr
B ,uoilafc”’ dr _ poiza : (c + b)
c2m ), r o 2m "o

Therefore mutual inductance,
iy 2m

¢ _ o (1+§)
(@)

Magnetic field at side (1): By = B,
Induced emfin (1): e; = Byvyde

IMRE
|

Tel ® ez::@d
d

Magnetic field at side (2): B, = By [1+2|

M =

—=

@

» X

Induced emfin (2): e, = By (1 + S) vod

Induced emf in 3 and 4 will be zero
2
Netemfie = e, — e; =%

Alternate method:

114

115

116

117

118

Let at any instant, the loop is at a distance y as
shown below. Let us take anticlockwise direction
to be positive

AY
_>v0
X > ﬂ d
> X
Yy

Flux through a strip of width dx: d¢ =
Bo[1+%] (@)(ax)

+d
Net flux : ¢ = Bod [ (1+%) dx = ¢ =

Bod [x + ;C;]Z/d

:>¢=de+1[( +d)? —y?]
0 o y y

1
> ¢ = Byd [d +5-dQ@y + d)]
do 1 2dy

=——=—Byd [—d —
¢ dt " [2a" dt
Byd? dy B Byd?
a dt a
Negative sing indicates that emf induced is
clockwise
(a)
|E| =Magnitude of induced emf

2

= w,e=V2r (i)
(d)
Magnetic force F = IIB acts upwards and weight

acts downwards
mg—F

(b)

A motional emf, e = Bfv, is induced in the rod. Or
we can say a potential difference is induced
between the two ends of the rod. Due to this
potential difference, there is an electric filed in the
rod

(@)

Att = 0, i.e, when the key is just pressed, no
current exists inside the inductor. So 10 Q and

20 Q resistors are in series and a net resistance of
(10 + 20) = 30Q exists across the circuit

Frisrly
As t — oo, the current in the inductor grows to
attain a maximum value, i.e., the entire current
passes through the inductor and no current

passes through 10 Q resistor

2 1
=LA
20

> e=—- Vo

depends upon mg and F

m )

Hence, I; =

Hence, I, = —
20

(@)
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119

120

121

122

123

Speed of the loop should be

v=f=0—5=0.25m/5
t 2

Induced emf, e = Bvf = (1.0)(0.25)(0.5) = 0.125
\'%

~ Current in the loop, i = % =0
The magnetic force on the left arm due to the
magnetic field is
E, = i#B = (1.25 x 1072)(0.5)(1.0)
=6.25x 1073N
To pull the loop uniformly an external force of
6.25 X 10~3 N towards right must be applied

W = (6.25x 1073 N)(0.5m) = 3.125 X 1073 ]
()

Induced electric filed at point P:

0.125

RdB :
E = P towards right

eE eR dB

Acceleration of electron: a = — = —— towards
m 2m d
left
(b)
Required emf
3 ( R2 dB) 6 R?6 (dB)
f={r dt 2 \dt
(a)

Let I = current in one loop. The magnetic field at
the centre of the other co-axial loop at a distance ¢
from the centre of the first loop is
Uo 21 ma?
= tn (@ + 272
where p,,, = I ma?
= magnetic moment of the loop
Flux through the other loop is

$1, = B ma?
_ Mo 2 ma? | 2
4 (a2 + £2)3/2
P12 _ Ho 2m?a*
orM = I 4 (a2 +£2)3/2
4 a*

Ho TTA HoTta
St o @SSD
(d)

We have
I=1Iy(I—e ")
But I, =andr==%

R R

— %(1 _ e—Rt/L) @~ 6t/8.4x107 3]
= 1 (given)
~ t=097%x103s=1ms
(a)
= Bfv
R

124

125

126

127

128

129

130

B 5% 1072 x 0.3 x0.2

5
Area and flux are decreasing. So, current flows to

increase the flux. Clearly, current should be
clockwise. So, it flows from B to C through 50
(c)

The mutual inductance M remains the same
whether X or Y is used as the primary

(@)

When current flows in any of the coils, the flux
linked with the other coil will be maximum in the

A =0.6 mA

first case. Therefore, mutual inductance will be
maximum in case(a)

(9

Constancy of flux Implies that %Ll =i(L, +Ly)
. ._ EL

ie, i =z

(d)

The front view of the arrangement is shown in
figure

From initial condition, mg sin 8 = y mg cos 8
= u=tanb

ma = IBf cos 8 —mgsinf — uN

N =mgcos@ + IBfsinf

IB¢ [B¢sin? @
=a —Wcose —2gsinf ——

m cos@
IB? cos 20

— 2gsin@
m cos6@ g
IB? cos 26 260

m cosé6

1
Now,szgat2 2[ ——-2g sm@] t2

()

Magnetic field due to larger loop
ol 4mx 1077 x1
T 2r - 2x01
Now, magnetic flux linked with the smaller loop,
b,

=NBAcoswt =1x2m X 107°x5x 10~
=m7x107°
(d)

V =RI+ L
al
de L
(d)

T =2 x 107°T

4 cos wt
cos wt weber

att—O I = 0, thus we have
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131

132

133

134

135

Electric field will be developed in the sides which
are perpendicular to velocity
(d)

Induced emf depends upon vertical edge

(b)

change in flux BA-0 BA
Charge flown= Res?stance - R = R
(b)
Let 2a be the side of the triangle and b be the
length AE

X

# FG =2GH = Z[a—%vt]

~ Induced emf, e = Bv(FG) = 2Bv (a — gvt)

ZBv

a ——vt]
R

~ Induced current, i = %
or i =k —kyt

Thus i — t graph is a straight line with negative
slope and positive intercept

(9

Let 6 is the angle between area vector of coil and
magnetic field. Then flux through coil:

¢ =BAcosH

—%: BAsinB(Z—f)

Induced emf: e =

= e =BAwsinf

e is minimum, when 6 = 0°, or when plane of coil
is at right angle to magnetic field

()

Magnetic filed in @ direction is increasing.
Therefore, induced current will produce magnetic
field in © direction. Thus, current in both the
loops should be anticlockwise. But as the area of
the loop on the right side is more, induced emf in
this side will be more compared to the left side
loop. Therefore, net current in the complete loop
will be in a direction shown below:

136

137

138

139

140

141

142

A
A
B
D
(d)
E2mp — Rz(dB) _RZ(dB)
A V7Y e YA T
qE + mg = Kx
qR? (dB) mg 1 +qR2 dB
= 8. == 17 7
*Tkoe\ae) Tk T TR|™ T 27 d
(9]

No induced emf is set up as the magnetic field line
of earth is not cut by the falling conductor

()

The change in magnetic flux is zero, hence the
current in the ring will be zero

()

Induced em.fe —L——A—

:fdl—j —dB :I—

1072
= Imax = I Bmax = 1—0 < 10-3 x0.1=01A
=100 mA
(@)

Consider the force on an electron in PQ. This
electron experience a force towards Q. Free
electrons in PQ tend to move towards N. So M will
be positively charged
(d)
Potential difference across capacitor
V = Bv¥ = constant
Therefore, change stored in the capacitor is also
constant. Thus, current through the capacitor is
Zero
(d)
Induced electric field (in clockwise sense):
a’ dB
T 2Rdt

Iw=frdt

2

=>mR2w=quRdtfﬂd—BRdt
2R dt
_ A2mR 2R f 1B
2R
Boma?
> w=—
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N Boma® k (because clockwise sense) When the loops are brought nearer, magnetic flux
mR linked with each loop increases. Thus the current
143 (d) . . . . -
) ] ] ) will be induced in each loop in a direction
Let radius of the loop is r at any time ¢ and in i , i
_ o opposite to its own current in order to oppose the
further time dt, radius increases by dr . . ) Lo
increase in magnetic flux. This is in accordance
with Lenz’s law. So, the current will decrease in
each loop
3 148 (d)
, (BVN?
i W = F£(NIB¥)¢ = NBY (T)
Then change in flux: d¢p = (2rnrdr)B N2B2¢3 v N2B%¢3¢ N2B2¢* 01
:e=@=2nr(ﬂ)5 R - Rt Rt +
dt dt) r 149 (b)
dr k A — BA—-0 BA
= e = 2nck (constant) [ —=c,B=- Q= —¢ = $2 — #1 = =—
dt T R R R R
144 (c) 150 (b)
Applying KVL in the outer loop, we get Usei = E [1- e—t/‘r] and U = 1 Li2
_ R 2
Ior—EE—O 151 (a)
=)= - The equivalent diagram is
- . . 1,,2  E%L
=~ Initial energy in solenoid = U, = ;Llo =7 Ry
This energy will be dissipated in the form of heat
in r and R after opening of the switch. Since the Ry
same current flows through these resistances, I
therefore heat generated in each resistor is e
directly proportional to its resistance The induced emf across the centre and any point
=~ Heat generated in solenoid on the circumcentre is
r 2
— S 1 Bwr
_T+RU0 |e|=§Bw{’2= 5
_[ R  Current through R, = 227
b +RrRl 212 2rr +R) TR HTOUEN 1 = g,
145 (c) 152 (d)
i _4_ 4
Since, € = Fralen (NBA)
= L NAQrD); £ = NA (d')
Where N is total number of turns in the coil and n
is the number of turns per unit length in the
solenoid X
= (300)(1.2 x 1073) (4 X 1077) X 2000 X *
£ ' (47 ) X703 X025
£=48x10"2V =48 mV
146 (c) .
1 Upnax > e= f[(l sin @) wk X B(—j)] .[dlsin@ (-1)
Umax = 5 ng'U =
2 2 , +dlcos 6 ()]
S 1 12[1 - e /7] = Lo
2 ~ 22" 0 € ) :e=f[Ba)lsin9i].[dlsin9(—i)
=>e_t/rzl_i:‘/z_l + dlcos 6 (—))]
V2 V2 L 1
¢ N NG =—Ba)sin29f ldl=—§Ba)sin29L2
= ——=1In =>t=1ln 0
‘ V2 v2-1 =V, —V, = — - Bwl?sin? 6
147 (b) E=Yp~la = T poMSIM
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153

Negative sing indicates that end b will be negative
wrt a

Alternate Method :
a
/4 @
0
b c

Consider two more conductors acand bc. This
completes a closed loop. The net emf induced in
this closed loop should be zero, as net flux
through this loop always remains zero

eap +epc +ecq =0

% Bw(L sin 6)?,e., = 0 putting the

But €pc

values, we get

1
€ap = — EBw(L sin 8)"2
(d)

_>V

As the flux decreases, to maintain flux, current in
the loop is clockwise. Force on DA due to the long
wire is towards left while on BC is towards right

154 (b)

155

156

Att = 0 charge on C is zero, so p.d across C is
zero, p.d. across R is also zero. Hence there is no
current in R.

Att = oo, current through L is maximum and
constant, so p.d. across L is zero, therefore p.d.
across R is zero. Hence no current in R

(c)

Current in branches containing L an R will flow
independently

20 ¢t 3
(1 —e 5><1o—4) = 5 =15A

10
10Q A7

1
2 10Q
—_ 20V
L C
1x T

I 20, = 1.0A
= —_— 1072 =
2 103 .

(@)

w =

Iy

~ 4

111
JleqLeq 2LC/2 VIC

157

158

159

160

161

162

163

164

(b)

As anticlockwise direction is positive, so area
vector out wards is positive. So net flux through
the given loop is

¢ =—-BA—BA+BA=—-BA

%Ed_)— d¢ __d(-BA)_ dB_
=T T dt  Tdt (=
:jgf.E‘):—aA

(a)

Let M is mutual inductance of coils, then the flux
in second coil is

¢2=Mi1

Cd, di
2= T ar
e _Mdi_ o di
TR TR 2%
(b)

B = pgnl = 47 x 1077 x 200 X 10?2 x 1.5 = 3.8 x

1072 T

¢ =BA=38x10"%2x3.14%x10"*
=1.2%x10"5Wb

When the current in the solenoid is reversed, the

change in magnetic flux,

dp =2x%x(1.2x107%) =24 x 107> Wb

~Inducede.m.f,e =N (%)

=100 x 24x 1077\ _ 0.048 V
N 0.05 o
()

3l 5Bwl?
e = f Bw x dx =

21 2
(a,b,c)
¢ =4t"+6
do
— = 4nt"?
dc "

Iin

le] = 4nt™ 1, |e| = e
(ac)

Current induced in both A and B will be in same
direction. So they will attract each other

Ais closer to magnet, so rate of change of fluxin A
will be more. So more current is induced in A
(b,d)

The magnetostatic field lines and induced electric
field lines can form closed loops.

Hence, (b) and (d) are correct option

(a,d)

6 = wt. Only half circular part will be involved in

2
. . . ma
inducing emf, so effective area 4 = -
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165

166

167

168

169

170

¢ = BAcosf
do _ do Bma?
e=——=+BAsm9<—):>e= wsin 8
dt dt
_ e Brnd’w 0
=2="3R sin
Clearly I = 0, when 8 = 0° and when
_m , _ Bmdlw
0= E’I T 2R
(a,b,c,d)
¢ =BAcos8,0 = wt
—d¢ .
e =——=BAwsin0
dt

At = g,d) = 0 and e is maximum. At 8 = 0, ¢ is
maximum and e is zero. Emf is maximum when
0= %and for this plane of loop is parallel to

magnetic field. Clearly phase difference between
flux and emfis /2

(b,c)

Thought based

(a.,c)

V=L dl J.Idl ! ftth
=]— = — —
dt 0 L),

=>I=%[Area under v — t graph fromt = 0 to
t=t]

Att=2s1=3[x2x10|=5A

Fort =0to2s,V =5t

5t2t 5t2
IS dt—

Fort=2t04s,V=—5t+20

1 t _ t2
I=Ef0(—5t+20)dt =>1= + 10t
Hence the correct graph is (c)

(a,d)

At the poles, the earth’s magnetic field is vertical
(a,d)

Apply Lenz’s law

(a,c,d)

No emf is induced because flux through the ring
does not change. Hence no current flows in the
ring. Emf is induced between A and D because
length AD is perpendicular to v. But no emf is
induced across CE because length CE is parallel to

171

172

173

174

175

v
(b,d)
Equivalent circuit

r/2
Circuitis from S to O, i.e., from circumference to
centre
e 40 5 3 2Bwa?
_r+r/4_§(§Bwa ) = 1= 5r
(a,b,c,d)
Use concept of motional emf
(a,b,d)
¢ = ma’B
,dB
e = ma? P Ta“a
ra’a aa

E2na=e = E = =
2na 2

Let R be the resistance of the ring. Then current in
theringisi =e/R

Consider a small element d¢ on the ring,

L) de

Emfinduced in the element, de = (Zm

Resistance of the element, dR = (%) de

-~ Potential difference across the element
=de —idR

- (27%1) e - (%) (2;%) e =0

(a,b)

Att<0,[,=-=1A

Att>>OIL ——4A

~ |l = Lli¢— ll] =500 x 1073 x 3 = 1.5 Wb
~ (a) and (b) are the correct choices

(c,d)

When switch is just closed in the circuit shown, at
that moment current through the circuit is zero.
Hence, e.m.f. induced across inductance L will be
equal to em.f. E of the battery

But as the current through the circuit increases,
the induced e.m.f. in the solenoid decreases. But

induced e.m.f. in the solenoid is equal to |e| = L %
Since di/dt decreases as time passes, therefore
the graph for induced e.m.f. e and time t will be as
shown in option (c)

Hence (a) is wrong and (c) is correct

The graph for current should be such that at
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177

178

179

initial moment current is zero and current
increases with time in such a way that the rate of
increase of current gradually decreases. Hence,
slope of the current-time curve should decreases
with time. Therefore, the graph between current
and time will be as shown in option (d)

Hence (b) is wrong and (d) is correct

(a,d)

¢ _ ap

E=%=%

This expression is independent of R as long as the

radius of the ring exceeds the radius \/% of the

solenoid

(ac)

Use Lenz’s law. The motion of ring will be
opposed

(a,b,c,d)

. Briw
Due to rotation, emf=

Due to translation indeed emf= Bvr

Where r is the separation

(a.,c)

Let at any time, charge and current in the circuit
wire are as shown

7 00000
L
Y p—? B —a,=CV-q
+ -
dq,
[=—
dt
Applying Kirchhoff’s law:
CV — di CcV -2 d?
ql—ﬂ—L—:0=> q1 _ q1
C C dt LC dt?
s d’q, 2 ( CV)
acz = L\
> g1 -5 = Asin(@t +8) ...()

Where w = \/ch = 100w rad/s

Att=10,q,=0=0—="=Asin§ ..(ii)

Differentiating (i), % — 0 = Aw cos(wt — §)
= [ = Awcos(wt + §) ...(iii)
Att=0,] =0 = Awcosd =>6=§

From (ii), A = CZ—V

From (i), ¢, = CZ—V - 7Vsm (a)t + g)

=g, = %V (1 — cos wt) (iv)

= g1 = 50(1 — cos 1007t) mC

Now, g, =CV —q, = %(1 + coswt) (V)

180

181

182

183

184

185

= 50 (1 + cos 100mt)
From (ii), ] = —Aw sin wt
Current in the circuit is maximum for wt = %

And for wt = g, we see from (iv) and (v) that

cv
01 =92 =—

(a,c,d)
Charge flowing in the circuit = %

Where, A¢p =change in flux

= QPfinal — Pinitial
and R = resistance in the circuit
(ac)

[ ] ) [ ]

(@) 100p = 0 for all cases

So induced emf =0

(b, d)

Potential difference = %Bwi’z

: 2 . 1, 5
From energy conservation : mg -sin6 = - lw?,

where [ = mT{JZ

= wx (sinf)?2 = eaw = e o« (sinf)1/2

Also e « £?

(a,b,d)

Rate of work done by external agent is

Fv = BILv and thermal power dissipated in the
resistor = el = (BvL) clearly both are equal ,
hence (a)

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

Since, I = %

On doubling R, current and hence required power
becomes half

Since, P = BlLv

Hence (d)

(b,d)

If the normal to the plane of the coil makes an
angle @ with the direction of B, the flux linked
with the coil is

¢ = BAncos 6

= BAn cos(wt)

(the coil rotates with an angular velocity w)
emf.=¢e= % = BAnw sin(wt)

(a,b)

The coils are in parallel, so
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187

188

189

dly dl,

1E=LZE: ledll =fL2 dl,

= Initiallyl; =0,I, =0 =C=0

So LI} = Lyl,

(b,d)

Flux remains constant here, so emf induced is

Zero
(a,c,d)
dr di

Vi=L,— and V, = L,—2
1 17, 2 27,

an,  dly , .
But —% = =% (given

a = a (8iven)

o Ly 8 4
TV, L, 2 1
Again, same power is given to the two coils

I V. 1
" V111 = Vzlz or 1—1 =2 -
2

Again, energy = %L[2

1
W, nglzz 3 (Lz) (12>2 2 42 = 4
wy Lppz \LJ/\n/) 8 1
2 1
(a,b,d)

A9

Charge flowing in the circuit = P’
Where, A¢p =change in flux

= Gfinal — Pinitial

and R = resistance in the circuit

(b,c)

Each wire can be replaced by a battery whose emf
is equal to

Bfv=1x4x10"2x5x%x 1072

=20x107*V

The polarity of the battery can be given by
Fleming's right hand rule. When both wire move
in opposite direction, the circuit diagram looks
like as shown in figure. The effective emf of the
two batteries shown in the diagram is zero. So,
choice (b) is correct and choice (d) is wrong.
When both wires move towards left, the circuit
diagram looks like as shown in figure

L,

E_|
90
2R 2R
-
(@)
—| E lE
90
- 2R 2R
2R _
l
(®)

190

191

192

193

Effective emf of two batteries shown is

E(= 20 x 107*V) and internal resistance is 1 Q

Hence, current in the circuit is

~20x107*

T T10

Hence, choice (c) is correct and choice (a) is

wrong

(b,d)
dq

d
| = = —(CvB?) = CB¢
=3¢ = s (CvBY)
+ F—CB?%?*a =ma
F
M + B2¢2C
= emf increases

= 0.2 mA

W_ g
dt ¢

=>a=

= charge increases
(a,.b)
di . _ Be . _ Bl :
Ld—;sz{’: Jdi== [vdt=i=—x ..(0)
dv
F=ma = —iBf =mv—

dx
B?%¢%x 3 dv
L my dx

B2¢2

mL

B?¢%d*  —3ug Ji
2mL 8 -

=>d= 3L
|4 B22m
BY

Putx=din(i),i=T

(b,d)

The horizontal component of magnetic field due
to solenoid will exert force on ring in vertical
direction

F = Byi(2nr), FAt = mV

=

=

=

3J2L  _ 3J?
4 B2¢2m  4Lm

. _(Ag/At)
= (Tn’r))’BHl(znr)At =mV
p A
L _BubgA _ K
~ pm  pm
v? K?
29 pPm?
K? K?
hy > hg = ——5 > 55 = PpMp > PaMy
pamy,  pPpMpg

Using this, we get (b) and (d) are correct

(a)

In the circuit shown in the figure in problem, 6
and 12Q resistance are in parallel with each other
and their parallel combination is in series with 4
and the inductance of 2H. Hence, equivalent
resistance of these three resistance is equal to 81).
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195

196

197

198

Therefore, the time constant for the circuit is

A=2=2=025s

Hence (a) is correct

In steady state, no e. m. f. will be induced in the
inductance. Hence current through the circuit will
be equal to E /R where R is the equivalent
resistance. Hence, the steady state current will be
equalto 6/8 =0.75 A

Hence (c) is correct and (b) is wrong

(d)

Since the rate of change of magnetic flux is zero,
hence there will be no net induced emf and hence
no current flowing in the loop

(a,b,c,d)
[ weber
1. L =-orhenry =
l ampere
di
2. e=-L(%)
_ e
© (di/dt)
h __ volt—second
or henry = ———"—
3. U=-:Li?
2
) 2U
. L = l—z
__ joule
or henry = Gmper)?
4, r==
R

~ L = Rt or henry = ohm-second

(a,b)

Ast_?)J_/T,henceqb =0ande=0

()

It is obvious that flux linkage in one ring due to
current in other coaxial ring is maximum when

x = 0 (as shown) or the rings are also coplanar.
Hence under this condition their mutual induction

is maximum

(d)
Lenz’s law is based on conservation of energy and
induced emf always opposes the cause of it, i.e.,

199

200

201

202

203

204

205

change in magnetic flux

(b)
. . . Ldi
The relation of induced emfis e = e and current
iis givenby i = < LR
g y R R’ dt dt L L/R
In order to decrease the rate of increase of

current through solenoid we have to increase the

e 1 Ldi

time constant%

(©

If the wires are twisted together, they can be
formed as a single wire carrying currents in
opposite directions. In this pattern, in wires no
magnetic field is induced which does not affect
adjacent circuits

(d)

When a metal piece falls from a certain height
then eddy currents are produced in it due to
earth’s magnetic field. Eddy currents oppose the
motion of piece. Hence metal piece falls with a
smaller acceleration (as compared to g). But no
eddy currents are produced in non-metal piece.
Hence it drops with acceleration due to gravity.
Therefore non-metal piece will reach the earth’s
surface earlier

(e)

Lenz’s Law is based on conservation of energy
and induced emf always opposes the cause of it,
i.e., change in magnetic flux

(b)

For solenoid Bepgq = %(Bin)

Also for long solenoid, the magnetic field is
uniform within it but this reason is not explaining
the assertion

(a)

If inductance of solenoid increases, reactance of
circuit also increases, then obviously current will
decrease and lamp becomes dim

(b)

According to Lenz’s law, induced emf are in a
direction such as to attempt to maintain the
original magnetic flux when a change occurs.
When the switch is opened, the sudden drop in
the magnetic field in the circuit induces an emf in
a direction that attempts to keep the original
current flowing. This can cause a spark as the
current bridges the air gap between the poles of
the switch. (The spark is more likely in circuits
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207

208

209

211

212

213

214

with large inductance)

(d)

Back emf e « w. Atstartw = 0soe =0

)

Electric filed generated from time dependent
magnetic field obeys Lenz’s law

(©

The manner in which the two coils are oriented
determines the coefficient of coupling between
them.

M =K,/LL,

When the two coils are wound on each other, the
coefficient of coupling is maximum and hence
mutual inductance between the coils is maximum
(e)

As the aircraft files, magnetic flux changes
through its wings due to the vertical component
of the earth’s magnetic field. Due to this, induced
emf is produced across the wings of the aircraft.
Therefore, the wings of the aircraft will not be at
the same potential

(b)

When a metallic conductor is moved in a magnetic
field; magnetic flux is varied. It disturbs the free
electrons of the metal and sets up an induced emf
in it. As there are no free ends of the metal, i. e, it
will be closed in itself so there will be induced
current

()

Hysteresis loss in the core of transformer is
directly proportional to the hysteresis loop area
of the core material. Since soft iron has narrow
hysteresis loop area, that is why soft iron core is
used in the transformer

()

The force on a charged particle moving in a
uniform magnetic field always acts in direction
perpendicular to the direction of motion of
charge. As work done by magnetic field on the
charge is zero, W = FS cos 6, so the energy of
charged particle does not change

()
Transformer works on ac only, ac changes in
magnitude as well as in direction

215

216

217

218

219

()
Since, the efficiency of an electric motor is given
by

output power

B input power
From the above relation, it is quite clear that

maximum output power corresponds maximum
efficiency of motor.

Now, output power is given by

. e(E—e
ei=—p

To obtain maximum output power differentiating
Eq.(i) with respect to e which will be equal to
Zero.

a e(E—-e)

E
'de[ R

=0 = e=-

So

Thus, when back emf becomes equal to half of the
applied emf, the efficiency of motor will be
maximum.

(e)

Since both the loops are identical (same area and
number of turns) and moving with a same speed
in same magnetic field. Therefore same emfis
induced in both the coils. But the induced current
will be more in the copper loop as its resistance
will be lesser as compared to that of the
aluminium loop

(a)

The inductance coils made of copper will have
very small ohmic resistance. Due to change in
magnetic flux a large induced current will be
produced in such an inductance coil which will
offer appreciable opposition to the flow of current
(b)

Self-inductance of a coil is its property by virtue of
which the coil opposes any change in the current
flowing through it

(d)

Before making current in a coil, the current is zero
and before breaking the current is maximum. In
other words, it is constant in both the cases.
Obviously on making or breaking the current in a
circuit, the current starts changing magnetic field,
which in turn produces induced current in the
neighbouring coil of the circuit.
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221

222

223

224

225

226

227

228

(9
Presence of magnetic flux cannot produce current
()
Induced electric field is non conservative. Also
§E.di=-2 [Eds=0

dt
(9
When the satellite moves in inclined plane with
equatorial plane (including orbit around the
poles), the value of magnetic field will change
both in magnitude and direction. Due to this, the
magnetic flux through the satellite will change
and hence induced currents will be produced in
the metal of the satellite. But no current will
induced if satellite orbits in the equatorial plane
because the magnetic flux does not change
through the metal of the satellite in this plane
(d)
When current due to external source decreases,
induced current will be in same direction

(b)

Mutual inductance is the phenomenon according
to which an opposing e.m.f. produces flux in a coil
as a result of change in current or magnetic flux
linked with a neighboring coil. But when two coils
are inductively coupled, in addition to induced
e.m.f. produced due to mutual induction, induced
e.m.f. is also produced in each of the two coils due
to self-induction

(©

If two coils of inductance

Liand L, are joined together, then their mutual ind

M = k\/ L1L2

It is clear from the relation, if self-inductances of
primary and secondary coil are doubled the
mutual inductance of the coils will be doubled.

()
) B.dl along any closed path within a uniform
magnetic field is always zero

(e)

ac generator is based on the principle of the
electromagnetic induction. When a coil is rotated
about an axis perpendicular to the direction of
uniform magnetic field, an induced emf is
produced across it

(d)

Magnetic field cannot do work, hence statement 1

229

230

231

232

233

is false

(9

According to Faraday’s laws, the conversion of
mechanical energy into electrical energy is in
accordance with the law of conservation of
energy. It is also clearly known that in pure
resistance, the emf is in phase with the current
(d)

Even through flux through individual lines
changes, it remains unchanged for the solenoid as
a whole. Therefore, no e.m.f. is induced in the long

solenoid

(d)

1. Att = 15, flux is increasing in the inward
direction, hence induced emf will be in
anticlockwise direction

2. Att = 5 g, there is no change in flux, so
induced emfis zero

3. Att = 9 s, flux is increasing in upward
direction, hence induced emf will be in
clockwise direction

4. Att = 15 s, flux is decreasing in upward
direction, so induced emf will be in
anticlockwise direction

(d)

Magnetic field is along x-axis because when the
cube is moved along x-axis, there is no motional
emfas % X B = 0. When the block is moved along
x-axis, force on the electrons is in direction
-(GxD) =k

Therefore, electric field will be created along z-

axis

Now, cvB = 24 mV

= c¢=20cm

Similarly, bvB = 36 mV

= b =30cm

~a=25cm

(a)

1. Speed of the charged particle cannot be
changed by magnetic force because
magnetic force does no work on charged
particle. Only electric field in case (a) and
induced electric field in case (c) can
change speed of the charged particle

2. Magnetic field cannot exert force on the
charged particle at rest. Only electric field
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235

in case (a) and induced electric filed in
case (c) can exert force on change initially
atrest. In case (c) after the charged
particle starts moving, the magnetic field
can exert force on the change

3. A charged particle can move on a circle
with a uniform speed due to uniform and
constant magnetic field. Even within a
region of non-uniform magnetic field, at
all points on the circle, the field may be
uniform, for example, on any circle
concentric with a current-carrying ring

4. A moving charged particle is accelerated
by electric field and also accelerated by
magnetic field (provided v is not parallel
to B)

(b)

i. Just after switch S is closed, flux in M starts
increasing in left direction, so in N also the flux
starts increasing in left direction. This will induce
current in N in a direction so that the flux is in
right direction. This is possible if induced current
in N is from A to B

ii. In this case just reverse of (i) will happen,
because after closing the switch, the flux in M
starts decreasing in left direction

iii. After a long time of closing the switch, flux
becomes constant. Hence, no current is induced
iv. Just after closing S, flux starts increasing, but
because M moves away, so due to this flux
through N will decrease. But there will be a net
increase in flux in N in left direction. This is the
case similar to (i)

(©

Since filed is decreasing, so induced electric field
at both points A and B will be in clockwise
direction or towards 1. Hence, force on an
electron will be along 3 at both points A and B

For A: E 2nr = ma2 %2

dt
1
E x—
r
For B: E 2mr = mr2 28
dt
E xr

B
B
236 (c)
. Z-10x1037/s
dt
A=22=4cm? =4x10"*m?
d¢  dB
E=—=/4—
dt dt
=4x10"*x 10
x 1073
=4x10"°V
/ e 4x10°° & % 10-7A
_€_ oy
R 2X4
e _ d c
Sy A
A
S a b

The emf will be in anticlockwise direction, so
current will be froma to d

2. Again, current will be in anticlockwise
direction
d
\ As,
S
a

This makes the direction of current
from d to a, magnitude same as that in

part (i)

3. If both are open, induced emf will develop,
but no current will flow

4, If both are closed, then induced emf in the
left part will tend to flow will from a to d
and in right part, the current will tend to
flow d to a, so, from the principle of
superposition, no current will flow in ad
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(b)

2
1. Cos = %Bw(OA)Z = %Bw(\/z L)" = Bwl?
2
2. eop = %Bw(OD)Z = %Bw(\/f L)" = Bwl?
3. eOC = %B(DLZ or eCD = EOD - EOC =
1Bwl?
2
4, ey, — ey — Bwl?

ep — E, = Bwl?
eA_eD=0

(©

When the switch is connected with a for a long
time, current in the circuit would be E/R and E /R
is greater for (i) and (iii) than for (ii) and (iv)
Next, comparison is made on the basis of time
constant. Shorter time constant means faster
decay of the current

(b)
1. Area OPMQO = %7'29

Flux in this area, ¢1 = %7‘293

Induced emf in this area,

dp, 1 , dB
e =—==or0—

dt 2

Area OPQ = rsin (g) T coS (g) = %rz sin 0
Induced emfin OPQ,

d¢, 1 , dB
e, = Tl Er smga

e, will be only in part PQ, because in 0Q and OP
induced emf will be zero, clearly, e, < e;, because
area OPQ < area OPMQO

Since B is increasing, so e.m.f. will be in

240

242

anticlockwise direction. Hence end P will; be
positive w.r.t Q

2. Here emf in OPQ will be due to flux
changing in area OMQ. This area is %ng
the entire emf will be in part PQ. End Q
will be positive

3.
1_5,dB :

4. Induced emf= 5T 0 v End P will be
positive

5. Area in which flux is changing is less than
%rZB. End Q will be positive

(a)

We know thate = — % =—-A Z—f. If we take area

vector in the upward direction, then anticlockwise

direction will be positive. From o to t; and tstot,

dB/dt is +ve. Hence induced emf e is -ve. So,
induced current will be in clockwise direction.

From t,to t4, dB/dt is -ve. Hence induced emf e is

+ve. So, induced current will be in anticlockwise

direction. From t; to t, and t,to ts, dB/dt is zero,
hence, no emf is induced. Induced emf or current
is maximum from O to t; and t5 to t4, because
here magnitude of dB/dt is maximum

(a)

1. If loop is moved away, then flux through
loop decrease in - ve z direction. To
increase this decreasing flux, current
induced should be in clockwise direction

Now, induced current in AB will be parallel to I,
so that there will be net attraction between wire
and loop

Hence (i)—(b,d)

1. Explain in the similar way as in (i)

In cases (iii) and (iv), just after the rotation is
started, velocity of each element of the loop will
be parallel or antiparallel to the magnetic field
produced by I. Hence, no emf in induced

So (iii)=(c), (iv)=(c)
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(b)

i.If current is increased, flux in the loop will
increase in inside direction, then due to Lenz’s
law induced emf in the loop will be in
anticlockwise direction. Due to this current, the
current in the nearer side of loop to the wire will
be in opposite direction to that of wire. Hence,
there will be repulsion

2. This situation is opposite to part (i)

3. If loop is moved away, then flux decreases
and this becomes similar to part (ii)

4. Similar to part (i)

()

i. Current in inductor when switch is open:

Initially induced e. m. f will be equal to E and
finally it is zero. So, energy stored will be zero
ii. Same as (i)

iii. iv. Here current becomes zero suddenly
So, % is large

Hence, induced e.m.f L % will be large. Finally,

energy stored in inductor will be zero

(b)

A, A (—mr?)
fav T TN T At At
_1x 7(0.10)? o1V
T 0314

Since the flux through the loop is decreasing, the
induced current must produce a field that goes
into the page. Therefore, the current flows in
clockwise direction

_ €avc

Iav - T -
(b)
Magnetic field on the axis of a circular coil is given
by

HoiR?
Since x >> R, therefore, magnetic field at the
centre of the smaller loop is

B =

HoiR?
T 2x3
Flux linked with coil is
UoTiR?1?
=B(mr’)=———
¢ =B(ur?) =22

From Faraday’s law we have

248

dp  3uemiR*r?
st 2 v

(a)

Emf is induced in the loop because area inside the
magnetic field is continually changing. From

6 = Oto m, 2r to 3m, 4w to 5m, the loop begins to
enter the magnetic field. Thus the magnetic field
passing through the loop is increasing. Hence,
current in the loop is anticlockwise, and for

6 = m to 2m, 3w to 4m, 57 to 6w, etc. magnetic field
passing through the loop is decreasing. Hence
current in the loop is clockwise. Let at any time,

x4

angle rotated is 6, then 8 = %oct2
B®
y

Area inside magnetic field 4 = %RZG =

ZR? (latz) = ZR%q¢?

27 2 4

Flux in the loop: ¢ = BA = %R‘*a:t2
dp

dt

B
Emf:. e = —ERzat Sext

21

Time taken to complete first half circle: t; =

When the loop starts coming out : 8 = %atz

p=0—-ny=n—f=n—-0+nm=2nm—-0
Area within magnetic field:
R?0

1 1
A==R?%y = ERZ(Zn— 0) = mR? — 5

2
Flux = BA = B (nR? - )

Emfe = — 22 = ZR2q¢
ac 2
BR?

e=——at>e Xt
2

Time taken to complete second half revolution

4 2n
t,= |[—— |—

a a
We see that ¢, < t4

We can write induced emf as
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e= (1" EBRZ at]
Wheren =1, 2,3, is the number of half
revolutions completed by loop. Smaller time will
be taken to complete the second half revolution as
compared to the previous half revolution
(d)
The large circuit is a circuit with a time constant
of
7=RC = (10 Q)(20 X 107 F) = 200pus
Thus, the current as a function of time is
P = (100 V) e_zofms

10 Q
At t = 200 ms, we obtain

i=(10A)(e 1) =37A

Assuming that only the long wire nearest the
small loop produces an appreciable magnetic flux
through the small loop,

cta . ib ib a
ch:J Hol? 4 — H0 m(1+-)
c C

2nr 21

So the emf induced in the small loop at t = 200
ms

dd Uob ay di
&= —E = —Eln(l +Z)E
B (41‘[ x 10—7AVX":12) (0.200 m)

21
374
X In(3.0) <_ 200 x 10-° s)

Thus, the induced current in the small loop is
. £ 0.81 mV
i"'=— = 54uA

R~ 25(0.600 m) (1.0 %)

Initially current in larger loop is maximum and
afterwards decreases. Hence flux through the
smaller loop decreases with time.

The induced current will act to oppose the
decrease in the flux from the large loop. Thus, the
induced current floes counterclockwise

(a)
Casel
e e T¢
r R= r/2 R
Fi
e Blv
1= +
R+ (r/2) R+ (r/2)
Case Il

251

252

I I-r

NIRRT
%’O OF

—(l; —I")R—I,r + e =0 Forloop (1)
r(I; +1") = 2e Forloop (2) (ii)

Solvetoget, , =1' = %
Hence current in ‘R’ is zero

ii. e = Blv1,62 = Blvz

l _L1-11+12
€] [5)
©)
r

]

Ry

©)

Ry

1 I

I I-1,
For(1)» e, = —I; + I)r, + LR,
For(2)—» e +e,=U—-L + 1) +In
For(3)— e, =1Iry + 1R,

Ble (1717"2 —Uzrl)
R1Ry(r1+712)+1271(R1+R2)

Solve to getI; =

(b)
Let us take anticlockwise direction as positive,
then area vector in upward direction will be

positive
¢ = BA = B{x
_d¢ dx dB
e = —% =—¢|B E + X%
=-5X1072[0.1 x (-5Xx1072) +5x 1072
x 0.2]

—250 X 1076V = =250 pVv
emf is coming out to be negative, so it should be
clockwise

e 250x107°
Current: ] = - = =

R~ 107*
(a)
Due to applied emf, current will flow as shown.
Due to this current and magnetic field B, force on
the wire will act towards right and rod will start
moving towards right. Let at any instant, its
velocity is v. Due to this velocity, emf e = Blv will
be induced as shown

25A

|c

I | B®

a >

p— e$ — )
RlI —F
b Td
Netemf: E — Bfv,I === (i)
F=1Bt = (=22)Be (i)
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254

dv B?
>m—= (E—B{’v)—

dt
MRy g B =>f B
B? dt v E—Bfv J, mR
[In (E —Btv)]" B¢ E — Btv
> || =t =2 (=)
- E
_BZ[Z
= t
mR
E-Bfv E )
>—F—=e t/e :>v:B—{)[1—e t/e]

Velocity will increase uptot = oo, and att = oo,
velocity will be maximum and constant

E . : . .
Vi = —this is the required terminal velocity

Also, when the velocity is constant, net force on
the rod will become zero, so putting F=0 in
equation (ii), we get

E
VUterminal = B_f
When the rod attains terminal velocity, then from
equation (i), =0
(a)
Induced electric field should be anticlockwise

e __AdB deB
31.1 =—= =
R Rdt R dt

_ (020 m)?2(0.0350 T/s)

B 1.90 Q

=737x107* A

32.&4p = %e, But there is a potential drop of
IR ¢

V=—=-—
8 8

So the potential difference 4, — V is zero

@ do aB 2[ ]dB dB
2

_ e — p2
IE] = th dtht

In loop ABC, emfmduced due to branch AC is
zero and contribution of emf due to AB and BC
are equal; hence contribution of emf for the
branch is

£ R? (dB)
AB — dt

255

256

257

(a)
y = 2A sin kx cos wt
dy : :
v=—=—2Asinkx wsinwt
dt
) 3
Vmax = —2Awsinkx , k = 1B

1=AB AB
e= f Bvpax dx = —2Awa sin kx dx
0 0

_ Za)AB[ 3 AB 9]
- & CcoSs AB CcosS
_ —4(AB)w
Tk
=
W=7
_
2w
For second harmonic k = 2n
AB
(c)
The fan is running at 200 V, consuming 1000 W,

thenl—ﬂ—SA
200

But as coil resistance is 1 ), power disspated by
internal resistance as heatis P, = I?’R = 25 W

fan R

L%} |

20001
If V is the net emf across the coil, then
2
—-=25WorV =5V
Net emf=source emf— back emf
orV=Vi—e=>e=195V
The work done P, = 1000 — 25 =975 W

(a)
dB _oT
dt /s
AdB
E = _W =—-800Xx10"*m2x2=-0.16V

i=%°=016 A, clockwise
10
Att=25B=4T,2=2T/s
a = 20 x 30 cm?
dA
=600 X 107*m?,— = —(5 x 20)cm?/s

dt
= —100 x 10™*m?/s
oo 99 __[dBA)]_ _[BdA +AdB]
odt dt |~ ldt = dt

—[4 X (—100 X 10™*) + 600 x 10™* X 2]

—[-0.04 + 0.120] = —0.08V
Alternative : ¢ = BA = 2t X 0.2(0.4 — vt)
= 0.16t — 0.4 vt?

d¢
E=—-—=08vt—0.16
dt
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261

Att=2s

E =0.08V

Att = 2 s,length of the wire = (2 X 30 cm)+20
cm=0.8 m

Resistance of the wire = 0.8 Q

Current through the rod = 208 _1La
08 10

Force on the wire is = ilB
=1io><(0.2)><4=0.08N

Same force is applied on the rod in opposite
direction to make net force zero

(@)

Current should enter the bar from P so that
magnetic force is upwards

ilB = mgor%lB =mg

_ 150%0.6X1.5

or m =2.7kg
5x10
()
Let anticlockwise direction is positive
Al v
R=12 F <
—»d
1
fe— X—>
¢ = BA cos 180° cx Ix cos 180° = —clx?
_do 12 dx I_e_ZClxv_Z ]
e=——r=cd2x—, I=g=——=2clxv
This is positive so current is anticlockwise
dv
F=m(—a) = IBl = —my—— = 2c%1%x%v
_ dv
=-—mv—

X 5 3
X

:ZCZZZJ x?dx=—]| mdv=2c?l*?—
0 10 3

= m(5)
1
15m (15)5
_— = | —
2c22 ~ T2
Heat produced = loss in KE of rod = % X

= x3 =

1[102 — 52] = 72—5 =375]

Magnetic force is not doing any work

(d)
rdB r dl Uonr
2@ Mg TEE T
(b)
Instantaneous current in the capacitor,
q=CV.=(2)(Be ) = 6e72tA

Current i, = % =—12e 2t A

Lnaxw Sin wt

This current flows from B to O
From KVL, we have

i, =iy +iy+ic=10e72t +4— 122
=(@4-2e"HA=[2+2(1—-e"2)]A
iz, vs. time graph is as shown in Fig

i; increases from 2 A to 4 A exponentially
iy (A)

d
= () (4= 2e72) = 1672V

V, decreases exponentially from 16 A to 0 as
shown in fig
To determine V., we begin from A and end at C.

From KVL, we have
Vi(V)
16

t

Vi—iiRy + iR, =V

Va—=Ve =11Ry — 2R,
Substituting the values, we have
Vac = (10e729)(2) = (4 (3)

V.(V)
8

12 T

Vac = (20e72t — 12)V

Att =0,V =8V

Att = o,V = -12V

Therefore, V. decreases exponentially from 8 V
to—12V

Vs

t

Similarly, we have from A to B

Vp—itR + Ve =Vp

Vap =Va—=Vp =1R1 = V¢

Substituting the values, we have

Vyp = (10e729)(2) — 372

Vyg = 17e72tV

Thus, V45 decreases exponentially from 17 V to 0.
As we move from C to D,

Ve — iRy, =V =1

Vep =Ve —=Vp =R, +V,
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263

Substituting the values we have,

Vep = (4)(3) + 16e72%¢
\ Vep

12f-mmmeeot

t

Vep = (12 +16e72H) V

Att=0,V,p =28V

andatt = oo, Vpop =12V

i.e., Vop decreases exponentially from 28 Vto 12V
(b)

Si1and S, are closed for 1 s

Charge on capacitor

q=CE(1—e t/RCy=1-1

e

..(D)

The current in inductor,

I=-(1—e Ry =1-= (i)

Now §; ad S; are opened and S, is closed,

It is LC circuit,

q = Qmax Sin(wt + ¢) ...(iii)

I = (@max)w cos(wt + ) ...(iv)

As total energy (Magnetic + electrical) is constant
1 ghax

1 1 1q2
LIy = 1 = 2L + 5"? (V)
1 .
Qmax = \/7(1 - g) (Vi)
1 .
Iax = V2 (1 - ;) ...(vii)
From (iii) at t = 0, we get
1 1 . b4 3
(1 —;) \/2(1 —z)smd) = or—-
After closing S, circuit will be as shown. Direction
of current shows that charge on capacitor will be

decreasing. Hence ¢p = 3m/4

q=\/§(1—é>sin(wt+%)

1
e L

q =\/7(1—%>sin(t+%n)
(b)

Att = 0, capacitor will behave like a short circuit
and the inductor as open circuit but as t = oo, the

nature is just opposite

Where, w =

264 (a)

At t = 0, circuit can be considered as follows:

265

266

After a long time, circuit can be considered
as follows:

Immediately after closing S, % # 0. Because

induced e.m.f. LZ? #0
(b)
From loop, applying Kirchhoff’s law,
ZQ ]l
MWW >
IA
©) 10Q
10 V_T_ gL
(I-n @

1271-101'=10
From loop (ii)

!

—L—+4101-101' =0
dt
LAl (i)

[=1'=——
Solving simultaneously (i) and (ii), we have

10 dt
_st
' =5—5e 3L

(D)

..(1ii)
and] =5 — 2?5 e_% ..(iv)
, 5 1000t
I-1 = ge 3
1 125 1000ty 2
B =5LlUN%E =—(1-¢"> ) m

Current in the inductoratt = o0,I' =5 A
1
E (t > ) = 7 X 5x 1073(5)?
E; = 62.5m]
1 1
Eq(t > ) =ECV2 =E>< 20 X 107 x 100

=1m]

(b)
Since the field is increasing in inside direction in
bigger loop, so the current will be induced to
oppose this increasing flux. Hence in
anticlockwise direction
¢ = BA=B(I> + b?)

_ |48 _dB . o _
le] = |E| —E(f +b%) =05V
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. € 1 _tzr] 0.5 L — ot
o
2L 2R .
LR “WW '
From the law of conservation of charge on plates
1 2and 3,3CV + CV = 6CV, — CV,
L 5V,
1 ) =V="F
1 — -t
L= 40 [1-e™] Loss in energy of capacitor = energy stored in
267 (b) inductor
Initially there is no curre6nt in the inductor N . CV2 + 5 3C(2V,)? — 5 % A4CV? = 5“2
So initially, V4, — V5 = (E) X1=1V ..(I) ; "y
6 .
Vi—Ve=(5)x2=2V .(i) =1=2V [
From (i) and (ii), V3 =V, =2—-1=1V
(1) and ( gi s~ Ve 269 (a)
=Vp—=Vc=1L at Consider a strip at a distance x from the wire of
di di L thickness dx. Magnetic flux associated with this
=21=01— =>—=10As"
dt dt S strip = B(x)adx = %dx
Current through 6 W resistor will remain constant 5
because it is independently connected to 6 V. : A= p
After a long time, inductor will behave like a Il x | t
simple wire F C
B - { r
/ E D
10 S50 ‘
A Y/ NP 5
,uola a+1 dx 2a+l dx
20 4 (I) = > f _+j -
I3 C12 T L X Jay X
] _ lola I (Za + l)
I | 4 & B 21 n l
6V a 2a+1
X m=2oy =ty ( )
1Q and 2Q are in parallel, their equivalent is 3 Q I il 2m !
5Q and 41 are in parallel, their equivalent is ?Q e=-M dt
2 I 2 l
2x6 18 18 60 e:_Mloz_“OOaln(a+)
V1:2 20:_V,V2:V_V1:6__:_V 27T l
2422 13 13 13 solo - (2a+1\12
3 9 e _ [g2m()] ar
I = Vl _ 18 _ 9 AL = VZ _ 60 Heat produced = Et = T
P72 713x271377% 7 47 13 x4 270 (b)
_ 1_5 A Initial charge = CV, = Q
13 s =10%x 1073 x 5 = 50 mC
Current through inductor: I =1, — I} = rEiT 100 &
LI — AN ——
13
268 (a) + +
When current is maximum % =0 10V T ::_ 10 mF
~ e.m.f. across L = 0, so potential difference
across the capacitor will be same When capacitor is connected at position 1
q
E—-IR-==0
C
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ORC qu E?q orq =50[2—e tImC

Att=1s,q=50[2—e""]
Voltage across the capacitor at that time
_4q_ 50[(2—1/e)]
C 10 x 1073

1 1 1
=Li? =§CV2 :>i=(2—E>X104A

= 5x 1032

2
Frequency = Flﬁ = % Hz
271 (b)

The equivalent inductance L = 500 mH. Just
before opening the switch, current through the
inductors is

200
IM = m =2A
Potential drop across the resistoris 2 x 100 =
200V

Hence, across capacitor potential difference is
zero. So energy stored

1 1
U=—L(2)2=—x500><1o—3><22=1]

2
1
_LIM CVIrzlaX =
B 500 x 103 200V
N 50 x 106
\/LC V500 x 10=3 x 50 x 10~
= 200 rad/s
272 (8)
M= (vt R)+<2R—vt)_vt
- W 2 )2
2R - vt
-

2

vt
£ =PN =2R?2— (0,M)? =2 |R% — (2)

=\ 4R? — v?t?
so E = Bvl = BuvV4R? — v2t?
givenR =5m,v=2m/s,t =3s
E=05x2V4x25-4%x9=8V
273 (2)

fﬁﬁ— AdB
B dt

- @1/e)]V

As B = 17 + (0.2) sin(wt + ¢);
EQ2nr) = —nr?(0.2)w cos(wt + ¢)

r

E = —3 (0.2)w cos(wt + ¢)

Magnitude of the amplitude= 2(0.2)0) =2 x 102
mN/C

274 (7)

275

276

277

The magnetic field inside is only due to current of
the inner cylinder

_ Hol

~ 2nmr
Magnetic field energy density is not uniform in
the space between the cylinder. At a distance r
from the centre

B2 INE
vp = % ~ 8n2r2
Energy in volume of element (length £)
2
dUp = ug dV = 8“2 _(2nré)dr = “i’:nfg
Uoif (Pdr ugi®*f¢ b
B= ?J T
Using values, we get U = 7 nj
(2)

A¢p = R(Aq) = Rf idt

= R [area under i — t graph]
= %(4)(0.1)(10) = 2Wb
(1)

The rate of electrical energy consumed in the
bulb=rate of loss of gravitational PE of the mass

= Mgv = 100 W. Hence M = —— = 1kg
10x10

(8)

The mutual inductance of solenoid coil system

M = pgniN,A, = ponyNpmry
=41 x 1077 x 2 x 10* x 100 x 7 x (0.01)?

=8n? x 1075 H
EMF induced in the coil: e, = —M 3,
=-8 2><10‘5><(_ — ):640 2% 1075V
" 0.05 T

Required charge:
640 X 2 X 1075

30 72 x 0.05

q=1 = =
=8 HC
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282

283

284

(5)
Induced EMF = % Bw??

2
Maximum current: iy = B;’;

Torque about the hinge P is

t
1

T= f i(dx)Bx = T ==iB¥?
0 2

2 4

Puttingi = i,/2, weget: 7 = B0l 5 mNm
(8)
After long time, from conservation of momentum
mv, = 2mv; v =? =8m/s
(4)

dl
e=M—=M4t =20t

dt

—e—ZOt—Zt —fldt—j-ztht—LLC

TR0 T M1T - =
(5)

The total flux through N turns of the coil,
Protal = NBA cos 6

According to Faraday’s law of electromagnetic
induction

do d
Einduced = — E = - a (NBA Cos 9)
= —(NA 0) db
= cos T
The current induced in the coil,

E.

linduced = —induced =5A
(8)
Vy—IR+E—-1L dl =V,

SV, —5x14+8—-5x1073(=1073) =V
= VB _VA =8V
(4)

dq dv dc

=CV,I=—=C—=V—,1, =1,—1
q dt dt de’ 't =70

I,=3A
d2V+dde+dVdC+
dt?2 dtdt dtdt

d*C

di, dl,
@ dr ey

dt _ dt

1
=—-1x1073 — [6 X 1078 x 5 +2(=0.5 x 107%)

+2(0.5 X 10-3)+0]
=—-2x10"3A/s
s ~ ~
VL=LE:2><2X10 3=4x10"3V=4mV
(8)

285

286

287

288

289

Potential difference across the coilis V = L 2—;

orV=(1)(4)=4V

Now energy stored per unit time = power

=Vi=(4)(2) =8]/s

(6)

From energy conservation: %CVO2 = %CV2 + %LI2
1

=>E><2><10‘6><122

—1x2x10‘6><62+1><6
2 2

X 1076 [?

=>1=6A
(1)
After charging, charge on capacitor = Ce
Now, at t = 0 two circuits are formed
1. Discharging of capacitor
q = Ce e~t/7c = Cege~t/2RC

dg ¢

_ _ S _—t/2RC
T T
2.Growth of current in L — R circuit
by = —[1 — e~t/n]
27 2R

NOW, il = iz

£ ot/ = £ [t/
2R 2R

Give L = 4CR?

(D)

2RC ! !
—_—= = — = — —_—
fe=1 In2

2R In2
Solvetogett =1s

(6)

Flux through circular ring
¢ = (uonDmr?

¢ = %m’zlo cos 300t

. do

ET:

ril
i = “OR—LO.sin 300t x 300
72.300

RL

= uoly sin 300t [ ] =>M=1Inr?

On comparing,

_ m2r*.300 5
&~ N = pgly sin 300t T [Take 7= = 10]

10 x 107* x 300

0005x10 V=6

(7)
Induced emf should be equal to 10 V

2
e=Ad :>10=(ﬂ) 7 o At=7ms
Dt

100/ At
(5)
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Q
a

®B¢ﬂB |

+ + ‘ Blv R
mg v

By Newton’s law, mg — ilB = m% (i)
Using KVL Blv = iR +2 (i)
Differentiating equation (ii) w.r.t time, we get

dv di i
BIE = RE+E (111)

Eliminating % from equations (i) and (iii), we get
] mr di i
mg —ilB = Bl R%+E]
= mg Bl — iB?%1? = m(Rﬂ+£i>
dt C
Iwill be maximum when Z—i = 0. Use this in
equation (iv)
= mg B¢C = i(B%£?C + m)
Ny _ mgB{C
A m + B22C

DCAM classes
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