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Electromagnetic Induction
and Alternating Current

Topic1 Magnetic Flux and Induced EMF
by Change in Flux

Objective Questions I (Only one correct option) 4. Inacoil of resistance 100 Q, a current is induced by changing
the magnetic flux through it as shown in the figure. The

1. A very long solenoid of radius R is carrying current . . e
magnitude of change in flux through the coil is (2017 Main)

I1(t)=kte”® (k> 0), as a function of time (¢ = 0). Counter

clockwise current is taken to be positive. A circular 10
conducting coil of radius 2R is placed in the equatorial plane Current
of the solenoid and concentric with the solenoid. The current (A)
induced in the outer coil is correctly depicted, as a function of

time, by (Main 2019, 9 April 11)

| —>Time 05
()

(@) t=0 |\ ) (a)225 Wb (b)250 Wb (c) 275 Wb (d) 200 Wb
5. A circular loop of radius 0.3 cm lies parallel to a much bigger
| circular loop of radius 20 cm. The centre of the smaller loop
S j is on the axis of the bigger loop. The distance between their

() t=0 centres is 15 cm. If a current of 2.0 A flows through the
bigger loop, then the flux linked with smaller loop is
(2013 Main)
2. A 10 m long horizontal wire extends from North-East to (a) 9.1 x107'" Wb (b) 6x 107" Wb
South-West. It is falling with a speed of 5.0 ms™ ' at right (c) 3.3x107"" Wb (d) 6.6 X107 Wb
angles to the horizontal component of the earth’s magnetic 6. The figure shows certain wire x x g XX % g X x
field of 0.3 x 10 * Wb/ m*. The value of the induced emf in segments joined together to form a * % XX X X
wire is (Main 2019, 12 Jan 1) coplanar loop. The loop is placedin x x | ax xbx kox x
(@) 15x10°°V (b) 11x107°V a perpendicular magnetic field in > * [ x x x| x x x
(c) 03x107°V (d) 25%x107°V the direction going into the plane of z z g : :
the figure. The magnitude of the x x x x x x x x x

3. The self-induced emfof a coil is 25 V. When the current in it

: ’ : field increases with time. /; and 7, are the currents in the
is changed at uniform rate from 10 A to 25 A in 1s, the

ts ab and ¢d. Then, (2009)
change in the energy of the inductance is segtlnezl IS arance -
(Main 2019, 10 Jan 1) @1,> 1
(2) 4375 (b) 740 J O <l L o
(©) 6375 (d) 540 (c) 1, is in the direction ba and /, is in the direction cd.

(d) 1, is in the direction ab and 7, is in the direction dc.
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7. The variation of induced emf (e) with time (¢) in a coil if a
—
] oo
short bar magnet is moved along its axis with a constant
velocity is best represented as (2004, 2M)

e e

(© (d)

8. A circularloop of radius R, carrying current /, lies in x-y plane
with its centre at origin. The total magnetic flux through x-y
plane is (1999, 2M)
(a) directly proportional to /.

(b) directly proportional to R.
(c) inversely proportional to R.
(d) zero.

Objective Questions II (One or more correct option) 1.

9. A circular insulated copper wire loop is twisted to form two

10.

(c) The net emfinduced due to both the loops is proportional
to cos wr.

(d) The amplitude of the maximum net emf induced due to
both the loops is equal to the amplitude of maximum emf
induced in the smaller loop alone.

A conducting loop in the shape of a right angled isosceles
triangle of height 10 cm is kept such that the 90° vertex is very
close to an infinitely long conducting wire (see the figure).
The wire is electrically insulated from the loop. The
hypotenuse of the triangle is parallel to the wire. The current
in the triangular loop is in counterclockwise direction and
increased at a constant rate of 10As ™. Which of the following

statement(s) is (are) true? (2016 Adv.)

(a) There is arepulsive force between the wire and the loop.
(b) If'the loop is rotated at a constant angular speed about the

wire, an additional emf of %Hvolt is induced in the wire.
Tt

(¢) The magnitude of induced emf in the wire is %gvolt.
Tt
(d) The induced current in the wire is in opposite direction to
the current along the hypotenuse.

A current carrying infinitely long wire is kept along the
diameter of a circular wire loop, without touching it. The

loops of area 4 and 24 as shown in the figure. At the point of Corr?lflz stater;@n;[i(s) 1(si(a}re) he 1 . i th (201?)
crossing the wires remain electrically insulated from each (@) N temt induced i the loop 1s zero 1f the current 1s
other. The entire loop lies in the plane (of the paper). A constant. . . . . .
uniform magnetic field B points into the plane of the paper. At (b) The temtf induced in the loop is finite if the current is
t = 0, the loop starts rotating about the common diameter as ?l“(l)1ns an f induced in the 1 . i th ¢
axis with a constant angular velocity w in the magnetic field. ©) 4 c em H: ucte dm ¢ ¢ loop 1s zeto 1t fhe curren
Which of the following options is/are correct? gereases at a steady rare. . N
(2017 Adv.) (d) The emf induced in the loop is finite if the current
X ox X X decreases at a steady rate.
Fill in the Blank
12. In a straight conducting wire, a constant current is flowing
from left to right due to a source of emf. When the source is
switched off, the direction of the induced current in the wire
will be...... (1993, 1M)
areai2A
- True/False

13.

(a) The emfinduced in the loop is proportional to the sum of
the areas of the two loops.

(b) The rate of change of the flux is maximum when the plane
of the loops is perpendicular to plane of the paper.

14.

A coil of metal wire is kept stationary in a non-uniform
magnetic field. An emf'is induced in the coil. (1986, 3M)

Analytical & Descriptive Questions

A metal bar AB can slide on two parallel thick metallic rails
separated by a distance /. A resistance R and an inductance L
are connected to the rails as shown in the figure. A long straight
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15.

wire, carrying a constant current /;, is placed in the plane of
the rails as shown. The bar AB is held at rest at a distance x,
from the long wire. At ¢ = 0, it made to slide on the rails away

from the wire. Answer the following questions.
(2002, 5M)
A

Xo
. . o di do ..
(a) Find a relation among i, j and 7, where i is the current
t t

in the circuit and @is the flux of the magnetic field due to
the long wire through the circuit.

(b) It is observed that at time ¢ = T, the metal bar AB is at a
distance of 2x,, from the long wire and the resistance R
carries a current j;. Obtain an expression for the net
charge that has flown through resistance R from ¢ = 0 to
t=T.

(c) The bar is suddenly stopped at time 7. The current
through resistance R is found to be j,/4 at time 27". Find
the value of L/R in terms of the other given quantities.

A rectangular frame 4BCD, made of a uniform metal wire,
has a straight connection between E and F made of the same
wire, as shown in figure. AEF'D is a square of side 1 mand EB
= FC = 0.5 m. The entire circuit is placed in a steadily
increasing uniform magnetic field directed into the plane of
the paper and normal to it.

A E B
X X X X X
B
X X X X X
X X X X X
X x x x X
X X X X X
D F C

The rate of change of the magnetic field is 1 T/s. The
resistance per unit length of the wire is 1 Q/m. Find the
magnitudes and directions of the currents in the segments AE,
BE and EF. (1993, 5M)

. Three identical closed

coils 4, B and C are

placed with their

planes parallel to one

another. Coils 4 and

C carry equal currents A B c

as shown in figure. Coils B and C are fixed in position and
coil 4 is moved towards B with uniform motion. Is there any
induced current in B ? If no, give reasons. If yes, mark the
direction of the induced current in the diagram. (1982, 2M)

. A current from A4 to B is increasing in magnitude. What is the

direction of induced current, in the loop as shown in the
figure? (1979, 6M)

Topic2 Motional and Rotational EMF

Objective Questions I (Only one correct option)

1 The figure shows a square loop L of side

5 cm which is connected to a network of resistances. The
whole setup is moving towards right with a constant speed of
1 cms™!. At some instant, a part of L is in a uniform magnetic
field of 1 T, perpendicular to the plane of the loop.

If the resistance of Lis 1.7 Q, the current in the loop at that
instant will be close to (Main 2019, 12 April I)

v=1cm/s
—_—>
e 606 0 6
L B
© 0|0 6 1Q 2Q
BO OO0 © A C
© 0|0 © 1Q D 2Q
© 0 0 0
5cm
(a) 60pA (b) 170pA
(c) 150pA (d) 115puA

A metallic rod of length /is tied to a string of length 2/ and
made to rotate with angular speed w on a horizontal table with

one end of the string fixed. If there is a vertical magnetic field
B in the region, the emf induced across the ends of the rod is

(2013 Main)
2B/’ 3Bwli’ 4Bw/[? 5Bw/?
a b C d
(@) 5 () 5 (©) 5 (d) 5

. 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. Electric field is induced
(2001, 2M)
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(a) in AD, but not in BC
(b) in BC, but not in AD
(c) neither in AD nor in BC
(d) in both 4D and BC

. 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 statement (s) from the

following. (1998, 2M)

(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.

. A thin semicircular conducting ring of radius R is falling with
its plane vertical in a horizontal magnetic induction B. At the
position MNQ the speed of the ring is v and the potential
difference developed across the ring is (1996, 2M)

(a) zero
(b) ByTtR?/2 and M is at higher potential

(c) TBRv and Q is at higher potential
(d) 2RBv and Q is at higher potential

. 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. The current induced in the loop is (1989, 2M)

g U U

g O U

(a) BLv/R clockwise

(b) BLvV/R anti-clockwise
(¢) 2BLv/R anti-clockwise
(d) zero

True/ False

7. A conducting rod 4B moves parallel to the X-axis in a

uniform magnetic field pointing in the positive z-direction.
The end A4 of the rod gets positively charged. (1987, 2M)

y
@ B @
® ®
® A ®
(0] X

Analytical & Descriptive Questions
8. A magnetic field B = (B, y/a)ﬁ is acting into the paper in

the + z direction. B, and a are positive constants. A square
loop EFGH of side a, mass m and resistance R in x-y plane
starts falling under the influence of gravity. Note the

directions of x and y in the figure. Find (1999, 10M)
0 X
® ® ®
g
effe
®OulL® |g®
y ® ® ®

(a) the induced current in the loop and indicate its direction.

(b) the total Lorentz force acting on the loop and indicate its
direction.

(c) an expression for the speed of the loop v(¢) and its
terminal velocity.

. A pair of parallel horizontal conducting rails of negligible

resistance shorted at one end is fixed on a table. The distance
between the rails is L. A conducting massless rod of
resistance R can slide on the rails frictionlessly. The rod is
tied to a massless string which passes over a pulley fixed to
the edge of the table. A mass m tied to the other end of the
string hangs vertically. A constant magnetic field B exists
perpendicular to the table. If the system is released from rest.
Calculate : (1997, 5M)

7.7

%7

)

(a) the terminal velocity achieved by the rod, and
(b) the acceleration of the mass at the instant when the
velocity of the rod is half the terminal velocity.
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10.

11.

12

A metal rod O4 and

mass m and length % %
kept rotating with a |

constant angular S X
speed w in a vertical X\ x
plane about R »
horizontal axis at the

end O. The free end TOTOUU0

A is arranged to slide L
without friction along a fixed conducting circular ring in the
same plane as that of rotation. A uniform and constant
magnetic induction B is applied perpendicular and into the
plane of rotation as shown in figure. An inductor L and an
external resistance R are connected through a switch S
between the point O and a point C on the ring to form an
electrical circuit. Neglect the resistance of the ring and the
rod. Initially, the switch is open. (1995, 10M)
(a) What is the induced emf across the terminals of the
switch?
(b) The switch S is closed at time ¢ =0.
(i) Obtain an expression for the current as a function of time.
(i) In the steady state, obtain the time dependence of the
torque required to maintain the constant angular speed.
Given that the rod OA4 was along the positive x-axis at =0.

Two parallel vertical metallic rails AB and CD are separated
by 1 m. They are connected at two ends by resistances R, and
R, as shown in figure. A horizontal metallic bar of mass 0.2 kg
slides without friction vertically down the rails under the
action of gravity.

There is a uniform horizontal magnetic field of 0.6 T
perpendicular to the plane of the rails. It is observed that when
the terminal velocity is attained, the powers dissipated in
R,and R, are 0.76 W and 1.2 W respectively. Find the terminal

velocity of the bar L and the values of Rjand R,. (1994, 6M)
A —oabo— C
| L |
R,
B AAAAAAAAAAAA D

Space is divided by the line 4D into two regions. Region I is
field free and the region II has a uniform magnetic field B
directed into the plane of the paper. ACD is a semicircular
conducting loop of radius » with centre at O, the plane of the
loop being in the plane of the paper.

13.

14.

The loop is now made to rotate with a constant angular

velocity w about an axis passing through O and

perpendicular to the plane of the paper. The effective

resistance of the loop is R. (1985, 6M)

(a) Obtain an expression for the magnitude of the induced
current in the loop.

(b) Show the direction of the current when the loop is
entering into the region II.

(c) Plot a graph between the induced current and the time of
rotation for two periods of rotation.

Region|, Region I
X X X X X
X X X X X
X X X X X
X X X X X
X X X Bx x
X X X X X
X X X X X
X X X X X
X X X X X

A square metal wire loop of side 10 cm and resistance 1 Q is
moved with a constant velocity v, in a uniform magnetic
field of induction B = 2 Wb/m? as shown in the figure. The
magnetic field lines are perpendicular to the plane of the loop
(directed into the paper). The loop is connected to a network
of resistors each of value 3 Q.

,,,,,,,,,,,,,,,,,,,,,,,,,

i Vo———>

poX X X ><3

b ><Q X ><§ P

i i 3Q 3Q
box X X X

Bi X X X x | A ¢
§>< X X % 3Q 3Q
§>< xS 3 O

Do X X ><§

What should be the speed of the loop so as to have a steady
current of ImA in the loop? Give the direction of current in
the loop. (1983, 6M)

The two rails of a railway track, insulated from each other
and the ground, are connected to a millivoltmeter. What is
the reading of the millivoltmeter when a train travels at a
speed of 180 km/h along the track given that the vertical
components of earth’s magnetic field is 0.2 x 10~ Wb/m?

and the rails are separated by 1 m? Track is South to North.
(1981, 4M)
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Topic 3 Self and Mutual Inductance
Objective Questions I (Only one correct option) 7. A small square loop of wire of side / is placed inside a large

1. A transformer consisting of 300 turns in the primary and 150 square loop of wire of side L(L> > /). The loops are coplanar

turns in the secondary gives output power of 2.2 kW. If the
current in the secondary coil is 10 A, then the input voltage
and current in the primary coil are (Main 2019, 10 April 1)
(a) 440 Vand 5 A (b) 220 Vand 20 A
(c) 220 Vand 10 A (d) 440 V and 20 A

Two coils P and Q are separated by some distance. When a

current of 3 A flows through coil P, a magnetic flux of

10~ Wb passes through 0. No current is passed through Q.
When no current passes through P and a current of 2 A passes
through Q, the flux through P is (Main 2019, 9 April 11)
(@) 667%x107° Wb (b) 667x10™* Wb

(c) 3.67%107° Wb (d) 367x10°* Wb

and their centres coincide. The mutual inductance of the
system is proportional to (1998, 2M)

(a) I/L (b) /L (c) L/ (d) 211

Objective Questions II (One or more correct option)

8.

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

. The total number of turns and cross-section area in a solenoid P ; w1 v (1994, 2M)
is fixed. However, its length L is varied by adjusting the (@Lt=- (@®b)1=4 (c)—L==  (d-2L=4
separation between windings. The inductance of solenoid o4 h w, 4 6

will be proportional to (Main 2019, 9 April 1)

(A) (B) ©)

(a) maximum in situation (A).
(b) maximum in situation (B).
(c) maximum in situation (C).
(d) the same in all situations.

@ 1L (b (© L 1/ Integer Answer Type Question
- A copper wir§ is wounq ona woodep framej, whqse shape is 9. A circular wire loop of radius R is placed in the x-y plane
tl}at of an equllater.al .trlangle. If the linear dimension 9f each centred at the origin O. A square loop of side a (a << R)
side of the frame is increased by a factor of 3, keeping the . . o -3
number of turns of the coil per unit length of the frame the having two turns is placed with its centre at z = /3 R along
same. then the self-inductance of the coil the axis of the circular wire loop, as shown in figure. The
(Main 2019, 11 Jan 1) plane of the square loop makes an angle of 45° with respect to
(a) increases by a factor of 3. the Z-axis.
(b) decreases by a factor of 9/3. If the mutual inductance between the loops is given by
(c) increases by a factor of 27. Mo a’ hen the value of » i
(d) decreases by a factor of 9. 2p/2 R’t enthe value of p s (2012)
There are two long coaxial solenoids of same length /. The .
inner and outer coils have radii 7 and » and number of turns —
per unit length »; and n,, respectively. The ratio of mutual 45/
inductance to the self-inductance of the inner coil is \
(Main 2019, 11 Jan 1) [, 1
2
@ 2d ) 2l o2 @ V3R
mon m 712 m n R
. Two circular coils can be arranged in any of the three 0
situations shown in the figure. Their mutual inductance X
will be (2001, S)
— 0 Fill in the Blank
© © © O 10. The network shown in figure is part of a complete circuit. If at

a certain instant the current (/) is SA and is decreasing at a rate

of 10° A/s, thenV, =V, =...V (1997, 1M)
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Topic4 L-RCircuits and L-C Oscillations

Objective Questions I (Only one correct option)

1. Consider the L-R circuit shown in the figure. If the switch S is
closed at ¢ = 0, then the amount of charge that passes through

L.
the battery between ¢ = Qand t = — is
R (Main 2019, 12 April 11)

L R
i
e
= S
27EL EL 73EL EL
a b c d
@ R? ( )2.7R2 © R? ( )7.3R2

2. A coil of self inductance 10 mH and resistance 0.1Q is

connected through a switch to a battery of internal resistance

0.9 Q. After the switch is closed, the time taken for the current

to attain 80% of the saturation value is [Take, In 5=1.6]
(Main 2019, 10 April 1I)

(a) 0.002s (b) 0.324s

(c) 0.103 s (d) 0.016s

3. A20H inductor coil is connected to io10Q
a 10 ohm resistance in series as
shown in figure. The time at which £ 20H
rate of dissipation of energy
(Joule’s heat) across resistance is
equal to the rate at which magnetic energy is stored in the
inductor, is (Main 2019, 10 Jan 1)

2 1
@5 W2 ©2h2 @2

4. In the circuit shown,

R L
——— W

~S2

| S

The switch S is closed at time ¢ = Oand the switch S, is kept
open. At some later time (¢, ), the switch S, is opened and S,
is closed. The behaviour of the current / as a function of time

‘¢’ is given by (Main 2019, 11 Jan 1)

/ |

@ | /i b) .
N I
[

5. A series AC circuit containing an inductor (20 mH), a

capacitor (120 uF) and a resistor (60 Q ) is driven by an AC
source of 24 V/50 Hz. The energy dissipated in the circuit in

60 s is (Main 2019, 9 Jan Il)
(@) 3.39x 10° J (b) 565 % 10° J
(c)226%x 10 J (d) 517 x 10*J

. In the figure shown, a circuit contains two identical resistors

with resistance R = 5Q and an inductance with L = 2mH. An
ideal battery of 15 V is connected in the circuit.

i 27

15V T

What will be the current through the battery long after the
switch is closed? (2019 Main, 12 Jan 1)
(a)6 A (b)3 A ()55A (d)7.5A

. An inductor (L =0.03 H) and a resistor (R = 015kQ) are

connected in series to a battery of 15V EMF in a circuit

shown below. The key K, has been kept closed for a long

time. Then at # =0, K, is opened and key K, is closed

simultaneously. At ¢ = lms, the current in the circuit will be

(e =150) (2015 Main)
0.03H 0.15 kQ

K,

Ki

In
1I5V
(a) 100mA (b)67mA  (c)0.67mA  (d) 6.7 mA

. In the circuit shown here, the point C is kept connected to

point A4 till the current flowing through the circuit becomes
constant. Afterward, suddenly point C is disconnected from
point 4 and connected to point B at time ¢ = 0. Ratio of the
voltage across resistance and the inductor at # = L/ R will be

equal to (2014 Main)
A C R
L
g
@ - @1 © -1 @ =
1—-e e

. In a L-C-R circuit as shown below, both switches are open

initially. Now, switch S| and S,, are closed. (g is charge on
the capacitor and T= RC is capacitance time constant).
Which of the following statement is correct? (2013 Main)
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C
—AMWW—]
R . So
|
T

(a) Work done by the battery is half of the energy dissipated
in the resistor

b) Att=1,9=CV/2

(c) At =21,g=CV (1-¢7?)

(d) Atr=1/2,g=CV (1-¢")

A coil of inductance 8.4 mH and resistance 6 Q is connected
to a 12 V battery. The current in the coil is 1A at
approximately the time (1999, 2M)

(a) 500 s (b)20s (c)35ms (d) 1 ms

Objective Question II (One or More than One)

1.

In the figure below, the switches S|, and S, are closed

simultaneously at # = 0 and a current starts to flow in the
circuit. Both the batteries have the same magnitude of the
electromotive force (emf) and the polarities are as indicated
in the figure. Ignore mutual inductance between the
inductors. The current / in the middle wire reaches its
maximum magnitude 7, at time ¢ =T Which of the

X

following statements is (are) true ? (2018 Adv.)
R L R 2L
v / TV
S, 7S,
14 Vv
(a)lmaxzﬁ (b)lmaxzﬁ
L 2L
¢)T=—In2 d)t=—In2
(© 2 (d) 2

Passage Based Questions

Passage
The capacitor of capacitance C can be charged (with the help
of a resistance R) by a voltage source V, by closing switch S,
while keeping switch S, open. The capacitor can be
connected in series with an inductor L by closing switch S,
and opening S.

%
|
H

C

S
[ !
1]

.
s
S

L

12

13.

14.

Initially, the capacitor was uncharged. Now, switch S, is

closed and S, is kept open. If time constant of this circuit is T,

then (2006, 6M)

(a) after time interval T, charge on the capacitor is CV'/2

(b) after time interval 21, charge on the capacitor is
Ccr(l-e?)

(c) the work done by the voltage source will be half of the heat
dissipated when the capacitor is fully charged

(d) after time interval 21, charge on the capacitor is

cri-eh)
After the capacitor gets fully charged, S, is opened and S, is

closed so that the inductor is connected in series with the

capacitor. Then, (2006, 6M)

(a) att = 0,energy stored in the circuit is purely in the form of
magnetic energy.

(b) at any time ¢ > 0, current in the circuit is in the same
direction.

(c) at >0, there is no exchange of energy between the
inductor and capacitor.

(d) at any time ¢ > 0, maximum instantaneous current in the

circuit may be V/ \E

If the total charge stored in the LC circuitis O, then forz = 0,

(2006, 6M)
. grt t g
a) the charge on the capacitor is Q = Q, cos +
. g t 4
b) the charge on the capacitor is Q = Q, cos -—
( ) g p Q QO EE \/E%
d’Q
(c) the charge on the capacitoris Q = — LC e
t
(d) the charge on the capacitor is Q = — b @
JLC dr?
Fill in the Blank
15. A uniformly wound solenoidal coil of self-inductance

1.8x 107" H and resistance 6Q is broken up into two

identical coils. These identical coils are then connected in
parallel across a 15 V battery of negligible resistance. The
time constant for the current in the circuit is ...... s and the
steady state current through the battery is ... A. (1989, 2M)

Integer Answer Type Question

16.

Two inductors L, (inductance 1mH, internal resistance 3Q)

and L, (inductance 2 mH, internal resistance 4Q), and a
resistor R (resistance 12 Q) are all connected in parallel
across a 5V battery. The circuit is switched on at time 7=0.
The ratio of the maximum to the minimum current
(£ pax/ I in ) drawn from the battery is (2016 Adv.)

max
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Analytical & Descriptive Questions

17.

18.

19.

In an L-R series circuit, a v
sinusoidal voltage
V =V,sinwx is applied. It
is given that L=35mH, i | t
R= 11 Q, ¥, =220V, 174 T/QWT
w/2m=50 Hz  and
m=22/7.  Find the
amplitude of current in the
steady state and obtain the phase difference between the
current and the voltage. Also plot the variation of current for
one cycle on the given graph. (2004, 4M)
In the circuit shown 4 and B are two cells of same emf E but
different internal resistances 7 and (5 > 5 ) respectively.
Find the value of R such that the potential difference across
the terminals of cell A4 is zero, a long time after the key K is
closed. (2004, 4M)
R
R L
A
ryro
e —
R C
/s
K

An inductor of inductance L =400 mH and resistors of

resistances R, = 2Q and R, = 2Q are connected to a battery
ofemf £=12V as shown in the figure. The internal resistance
of the battery is negligible. The switch S is closed at time

1=0. % L
s\f R,

E

20.

21,

22,

What is the potential drop across L as a function of time?
After the steady state is reached, the switch is opened. What is
the direction and the magnitude of current through R, as a
function of time? (2001, 5M)

An inductor of inductance 2.0 mH is connected across a

charged capacitor of capacitance 5.0 JF and the resulting L-C

circuit is set oscillating at its natural frequency. Let O denote

the instantaneous charge on the capacitor and 7, the current in

the circuit. It is found that the maximum value of Q is200 uC.
(1998, 8M)

(a) When Q =100 pC, what is the value of |dI/dt|?

(b) When Q=200uC, what is the value of 7 ?

(c¢) Find the maximum value of /.

(d) When [ is equal to one-half its maximum value, what is

the value of |Q|?

A solenoid has an inductance of 10 H and a resistance of 2 Q.
Itis connected to a 10 V battery. How long will it take for the

magnetic energy to reach 1/4 of its maximum value ?
(1996, 3M)

A circuit containing a two position switch S is shown in
figure. (1991, 4+4M)

(a) The switch S'is in position 1. Find the potential difference
V, = Vp and the rate of production of joule heat in R;.

(b) If now the switch S is put in position 2 at ¢ = 0. Find
(i) steady current in R, and

(i) the time when current in R, is half the steady value. Also,
calculate the energy stored in the inductor L at that time.

R3 ﬁ
Al
20
A, E|1 2HF 1Q3R
20 12v
1 A E, R B
2Q
2 S 3V . 303R,
Y000
10 mH
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Topic5 Induced Electric Field

Objective Question I (Only one correct option)

1.

A uniform but time-varying magnetic field B() 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 field at point P at a distance  from the
centre of the circular region (2000, 2M)

Topic6 Alternating Current

Objective Questions I (Only one correct option)

1.

A circuit connected to an AC source of emf e = ¢;sin(100¢)
o . . T
with 7 in seconds, gives a phase difference of 1 between the

emf e and current i. Which of the following circuits will
exhibit this? (Main 2019, 8 Apr II)
(a) RC circuit with R =1kQ and C = 1uF

(b) RLcircuit with R = 1kQ and L = ImH

(¢) RC circuit with R =1kQ and C = 10uF

(d) RL circuit with R = 1kQ and L =10 mH

An alternating voltage V' (¢) = 220sin 100T¢ volt is applied to

a purely resistive load of 50 Q. The time taken for the current

to rise from half of the peak value to the peak value is
(Main 2019, 8 April 1)

(a) Sms (b) 22ms (¢) 7.2ms (d) 3.3 ms
HC}—%WL
L Ri 1,
®
X X

In the above circuit, C = ME, R, =20Q, L= 1—3 H and

2
R, =10 Q. Current in L-R, path is /; and in C-R, path is
1,.The voltage of AC source is given by V' = 2002 sin(100¢ )
volts. The phase difference between /; and 7, is
(Main 2019, 12 Jan II)
(a) 30° (b) 60° (c) 0° (d) 90°
For an R-L-C circuit driven with voltage of amplitude v,, and
1
frequency w, = —— , the current exhibits resonance. The
"L

quality factor, Q is given by (2018 Main)
CR w,L WyR R

a) by Lot o) Dot 4

( )wo ®) R © L ¢ )ooOC

In an AC circuit, the instantaneous emf and current are given

by e = 100sin 307, i = 20sin @0; —E%

In one cycle of AC, the average power consumed by the
circuit and the wattless current are, respectively (2018 Main)

545

B(®)
P
r
(a) is zero (b) decreases as 1/r
(c) increases as r (d) decreases as 1/
1000 50
(a)50,0 (b)50,10  (¢)———,10 (d)—,0
) ) ) NG NG

An AC voltage source of variable angular frequency w and
fixed amplitude ¥}, is connected in series with a capacitance C
and an electric bulb of resistance R (inductance zero). When
W is increased, (2010)
(a) the bulb glows dimmer

(b) the bulb glows brighter

(c) total impedance of the circuit is unchanged

(d) total impedance of the circuit increases

When an AC source ofemfe = E e i

sin (1007) is connected across a

circuit, the phase difference
between the emf e and the current

.. . .. Il
i in the circuit is observed to be Z

ahead, as shown in the diagram.
If the circuit consists possibly only of R-C or R-L or L-C in

series, find the relationship between the two elements.
(2003, 2M)

(b) R=1kQ, C =1pF

(dR=1kQ,L=1H

(a) R=1kQ, C = 10F
(c)R=1kQ,L=10H

Match the Column

8.

You are given many resistances, capacitors and inductors.
These are connected to a variable DC voltage source (the first
two circuits) or an AC voltage source of 50 Hz frequency (the
next three circuits) in different ways as shown in Column IL.
When a current / (steady state for DC or rms for AC) flows
through the circuit, the corresponding voltage V; and V,

(indicated in circuits) are related as shown in Column I.
(2010)

Column I Column II

(A)

V4 Vo
————
I1#0,0]1s 6mH 3uF

proportional to / (p)
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Column I Column II

B)

1£0,V,>V, )

©

V=0V, =V (r)

(D)

Vi Vo

1#0,V,is

6mH 2Q
proportional to / )

Objective Questions II (One or more correct option)

9.

10.

The instantaneous voltages at three terminals marked X, Y
and Z are given by Vy =V sinux,

.0 2nQ .0 4
Vy =V, +=—[and V, =V, +—
y = Vosin [Bor 3 Hand V7 =Vosin ot 3 g
An ideal voltmeter is configured to read rms value of the

potential difference between its terminals. It is connected
between points X and Y and then between Y and Z. The

reading(s) of the voltmeter will be (2017 Adv.)
1
(a) (VYZ ) ms VO 5

®) Vxy ) rms :VO\E

(c) independent of the choice of the two terminals

(A Vxy)ms =V

At time ¢ = 0, terminal 4 in the circuit shown in the figure is
connected to B by a key and an alternating current
1(t)=1,cos (ux), with /, =1A and w =500 rad s7! starts
flowing in it with the initial direction shown in the figure. At
t = 71/ 6 W the key is switched from B to D. Now onwards
only A and D are connected. A total charge Q flows from the

1.

12

battery to charge the capacitor fully. IfC = 20puF, R =10 Q

and the battery is ideal with emf of 50 V, identify the correct

statement(s). (2014 Adv.)
B D

lA
@ C=20 uF TV

R=10Q
(a) Magnitude of the maximum charge on the capacitor
before t = n is1x107 C
6w
(b) The current in the left part of the circuit just before 1 = m
is clockwise 60
(¢) Immediately after 4 is connected to D, the current in R is
10 A
(d)0=2x10"C

In the given circuit, the AC source has w = 100 rad/s.
Considering the inductor and capacitor to be ideal, the correct
choice(s) is(are) (2012)

100 pF 100 Q

05H 50 Q

20V

~
Z

(a) the current through the circuit, 7 is 0.3 A

(b) the current through the circuit, 7 is 0.3 J2A
(c) the voltage across 100 Q resistor = 10v2 v
(d) the voltage across 50 Q resistor =10 V

A series R- C circuit is connected to AC voltage source.
Consider two cases; (4) when C is without a dielectric
medium and (B) when C is filled with dielectric of constant 4.
The current I, through the resistor and voltage V- across the
capacitor are compared in the two cases. Which of the

following is/are true?
(2011)

4o 1B
(@) Iz > Iy

4 B
(©) Ve >Ve

(b) I <Ig
(d) Ve <ve

Integer Answer Type Question

13.

A series R- C combination is connected to an AC voltage of
angular frequency w = 500rad/s. If the impedance of the R-C
circuit is R+/1.25, the time constant (in millisecond) of the

circuit is (2011)
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Objective Questions I (Only one correct option)

1.

A solid metal cube of edge length 2 cm is moving in a positive
Y-direction at a constant speed of 6 m/s. There is a uniform
magnetic field of 0.1 T in the positive Z-direction. The
potential difference between the two faces of the cube
perpendicular to the X -axis is (Main 2019, 10 Jan 1)
(a) 2mV (b) 12mV

(¢) 6 mV (d) I mV

A power transmission line feeds input power at 2300 V to a
step-down transformer with its primary windings having
4000 turns. The output power is delivered at 230 V by the
transformer. If the current in the primary of the transformer is
5A and its efficiency is 90%, the output current would be
(Main 2019, 9 Jan II)
(a)45 A (b) 50 A (©)25A (d)35A
An arc lamp requires a direct current of 10 A at 80 V to

function. Ifitis connected to a 220 V (rms), 50 Hz AC supply,

the series inductor needed for it to work is close to
(2016 Main)
(a) 80 H (b) 0.08 H (¢)0.044H (d)0.065H

Arrange the following electromagnetic radiations in the order
of increasing energy. (2016 Main)

A. Blue light B. Yellow light

C. X-ray D. Radio wave
(aD,B,A,C (b)A,B,D,C
(©)C,A,B,D (d)B,A,D,C

An L-C-R circuit is equivalent to a damped pendulum. In an
L-C-R circuit, the capacitor is charged to O, and then

connected to the L and R as shown.
R L

If a student plots graphs of the square of maximum charge
(Qf,[ax ) on the capacitor with time (t) for two different values
L, and L, (Ly>L,) of L, then which of the following
represents this graph correctly? (plots are schematic and not
drawn to scale) (2015 Main)
Q? Q2
Max1Qy (For both L,and L,) Meax

6.

10.

A conductor lies along the z-axis at —1.5< z< 1.5m and
carries a fixed current of 10.0 A in —a, direction (see figure).
For a field B = 3.0 x 10_4e_0'2xay T, find the power required
to move the conductor at constant speed tox = 20m, y = 0in
5x107s.

Assume parallel motion along the x-axis. (2014 Main)

(@) .57 W
(c) 1485W

The amplitude of a damped oscillator decreases to 0.9 times
its original magnitude is 5 s. In another 10 s, it will decrease to

(b) 297 W
(d) 297 W

o times its original magnitude, where o equals (2013 Main)
(a) 0.7 (b) 0.81
(c) 0.729 (d) 0.6

A thin flexible wire of length L is connected to two adjacent
fixed points and carries a current / in the clockwise direction,
as shown in the figure. When the system is put in a uniform
magnetic field of strength B going into the plane of the paper,
the wire takes the shape of a circle. The tension in the wire is

(2010)

X X X X X X X X

X X X X X X

X [X X X X X X

X X X X X X

X X X X

X X X X X X XX
(a) IBL (b)ﬂ
T
IBL IBL
c) — d) —
()ZT[ ()411

An infinitely long cylinder is kept parallel to an uniform
magnetic field B directed along positive Z-axis. The direction
of induced current as seen from the Z-axis will be
(a) clockwise of the +ve Z-axis

(b) anti-clockwise of the +ve Z-axis

(c) zero

(d) along the magnetic field

(2005, 2M)

A short-circuited coil is placed in a time varying magnetic
field. Electrical power is dissipated due to the current induced
in the coil. If the number of turns were to be quadrupled (four
times) and the wire radius halved, the electrical power
dissipated would be (2002, 2M)
(a) halved

(c) doubled

(b) the same
(d) quadrupled
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11.

12

13.

As shown in the figure, P and Q are two coaxil conducting
loops separated by some distance. When the switch § is
closed, a clockwise current 7, flows in P (as seen by £) and an
induced current / 0 flows in Q. The switch remains closed for
a long time. When S is opened, a current 7, flows in Q.

Then the direction /,, and [, (as seen by E) are (2002, 2M)

P
Q

Battery T

(a) respectively clockwise and anti-clockwise
(b) both clockwise

(c) both anti-clockwise

(d) respectively anti-clockwise and clockwise

A coil of wire having finite inductance and resistance has a
conducting ring placed co-axially within it. The coil is
connected to a battery at time ¢ = 0, so that a time dependent
current 7, (¢) starts flowing through the coil. If 7,(7) is the
current induced in the ring and B(¢) is the magnetic field at
the axis of the coil due to /;(#), then as a function of time
(t > 0), the product /,(¢) B (f) (2000, 2M)
(a) increases with time

(b) decreases with time

(c) does not vary with time

(d) passes through a maximum

Two identical circular loops of metal wire are lying on a table
without touching each other. Loop A4 carries a current which
increases with time. In response, the loop B (1999, 2M)
(a) remains stationary

(b) is attracted by the loop 4

(c) is repelled by the loop 4

(d) rotates about its CM, with CM fixed

Assertion and Reason

14.

Mark your answer as

(a) If Statement I is true, Statement Il is true, Statement II is
the correct explanation for Statement [

(b) If Statement I is true, Statement Il is true, Statement II is
not a correct explanation for Statement I

(c) If Statement I is true,; Statement Il is false
(d) If Statement I is false; Statement Il is true

Statement I A vertical iron rod has a coil of wire wound
over it at the bottom end. An alternating current flows in the
coil. There is a conducting ring round the rod as shown in the
figure. The ring can float at a certain height above @@0zoAM)

Statement II In the above situation, a current is induced in
the ring which interacts with the horizontal component of the
magnetic field to produce an average force in the upward
direction.

Passage Based Questions

15.

16.

Passage 1

Consider a simple RC circuit as shown
in Figure 1.

Process 1 In the circuit, the switch S is
closed at ¢ = 0 and the capacitor is fully
charged to voltage V|, (i.e. charging
continues for time 7'>>RC). In the
process, some dissipation (£, ) occurs
across the resistance R. The amount of
energy finally stored in the fully charged capacitor is E..

—

. . Vi
Process 2 In a different process the voltage is first set to ?O

and maintained for a charging time 7 >> RC. Then, the

L W, . . . .
voltage is raised to TO without discharging the capacitor and

again maintained for a time 7 >> RC. The process is repeated
one more time by raising the voltage to?}, and the capacitor is
charged to the same final voltage V;, as in process 1.

These two processes are depicted in Figure 2. (2017 Adv.)

Vv
Process 1
Vo ‘

3% V3t
R 0 4+ Process 2
Vo/3 T T>>RC

v C

—t—+—t
T or

Figure 1 Figure 2

In process 1, the energy stored in the capacitor £ and heat

dissipated across resistance £, are related by
(@)E. =E,In2 (b)E. = E,

1
(c) E. = 2E,, (@) Ec = Ep

In process 2, total energy dissipated across the resistance £,

1S

1a L .0

(@) Ep :E%CV()E ot

(b)E, = 3%01/0 ]

(c) Ep =3CV{ d) E, = %CVOZ

Passage 2

A thermal power plant produces electric power of 600 kW at
4000 V, which is to be transported to a place 20 km away
from the power plant for consumers’ usage. It can be
transported either directly with a cable of large current
carrying capacity or by using a combination of step-up and
step-down transformers at the two ends. The drawback of the
direct transmission is the large energy dissipation. In the
method using transformers, the dissipation is much smaller.
In this method, a step-up transformer is used at the plant side
so that the current is reduced to a smaller value.

At the consumers’ end, a step-down transformer is used to

supply power to the consumers at the specified lower voltage.
It is reasonable to assume that the power cable is purely



17.

18.

19.

20.
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resistive and the transformers are ideal with a power factor

unity. All the current and voltages mentioned are rms values.
(2013 Adv.)

If the direct transmission method with a cable of resistance
04 Q km™" is used, the power dissipation (in %) during
transmission is

(a) 20 (b) 30

(c) 40 (d) 50

In the method using the transformers, assume that the ratio of
the number of turns in the primary to that in the secondary in
the step-up transformer is 1: 10. If the power to the consumers
has to be supplied at 200V, the ratio of the number of turns in
the primary to that in the secondary in the step-down
transformer is

(a) 200:1 (b) 150:1  (c) 100:1

Passage 3

A point charge Q is moving in a circular orbit of radius R in
the x-y plane with an angular velocity w. This can be
considered as equivalent to a loop carrying a steady current

(d) 50:1

%—w A uniform magnetic field along the positive z-axis is
Tt

now switched on, which increases at a constant rate from 0 to
B in one second. Assume that the radius of the orbit remains
constant. The applications of the magnetic field induces an
emfin the orbit. The induced emf'is defined as the work done
by an induced electric field in moving a unit positive charge
around a closed loop. It is known that, for an orbiting charge,
the magnetic dipole moment is proportional to the angular
momentum with a proportionality constant Y. (2013 Adv.)

The magnitude of the induced electric field in the orbit at any
instant of time during the time interval of the magnetic field
change is
BR - BR
(a) — (b) — (¢) BR (d) 2BR
4 2

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

(a) YBOR® (b) -y

BOR? © BOR’
2 Y 2

Passage 4
Modern trains are based on Maglev technology in which
trains are magnetically leviated, which runs its EDS Maglev
system. There are coils on both sides of wheels. Due to
motion of train, current induces in the coil of track which
levitate it. This is in accordance with Lenz’s law. If trains
lower down then due to Lenz’s law a repulsive force increases
due to which train gets uplifted and if it goes much high, then
there is a net downward force due to gravity. The advantage
of Maglev train is that there is no friction between the train
and the track, thereby reducing power consumption and
enabling the train to attain very high speeds.

(d) YBOR?

Disadvantage of Maglev train is that as it slows down the
electromagnetic forces decreases and it becomes difficult to

keep it leviated and as it moves forward according to Lenz’s
law, there is an electromagnetic drag force. (2006, 6M)

21. What is the advantage of this system ?
(a) No friction hence no power consumption
(b) No electric power is used
(c) Gravitation force is zero
(d) Electrostatic force draws the train

22. What is the disadvantage of this system ?
(a) Train experiences upward force according to Lenz’s law
(b) Friction froce create a drag on the train
(c) Retardation
(d) By Lenz’s law train experience a drag

23. Which force causes the train to elevate up ?
(a) Electrostatic force
(b) Time varying electric field
(c) Magnetic force
(d) Induced electric field

Objective Questions II (One or more correct option)

24. In the circuit shown, L = 1pH, C = 1uF and R = 1kQ. They

are connected in series with an AC source V' =V sinwt as
shown. Which of the following options is/are correct?

(2017 Adv.)
L=1uH C=1pF p—1kq

Vgsinwt

(a) Atw 0O, the current flowing through the circuit becomes
nearly zero

(b) The frequency at which the current will be in phase with
the voltage is independent of R

(c) The current will be in phase with the voltage if
w =10* rads™!

(d) Atw >>10° rads™", the circuit behaves like a capacitor

25. Two metallic rings A and B, identical in shape and size but
having different resistivities p, 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 /2, and 7, respectively, with
h, > hy. The possible relation(s) between their resistivities
and their masses m, and my, is (are) (2009)

W
A!A!I‘

i)

0
M

0

@

(@)py > @ and my = my
(©)py > P and my > my

S S
<X <X
— —
<9 <9
f” o <=

— c—
p— =3
[ro |

W
A!A!I‘

i)

0
I

Wi
A!A

@

(b)py <pp andm, =my
(d)py <pp andmy < my
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26. A field line is shown in the figure. This field cannot represent
(2006, 5M)

(a) magnetic field
(c) induced electric field

(b) electrostatic field
(d) gravitational field

Integer Answer Type Question

27. A long circular tube of length 10 m and radius 0.3 m carries a
current / along its curved surface as shown. A wire-loop of
resistance 0.005 Q 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 / = 1, cos 300 ¢ where /,, is constant. If
the magnetic moment of the loop is N [/, sin (300¢ ), then N
is (2011)

Analytical & Descriptive Questions

28. A long solenoid of radius ¢ and number of turns per unit
length 7 is enclosed by cylindrical shell of radius R, thickness
d (d <<R)and length L.

A variable current i = i, sin ¥ flows through the solenoid. If
the resistivity of the material of cylindrical shell is p, find the
induced current in the shell. (2005, 4M)

29. Two infinitely long parallel wires carrying currents
1 =1I,sinwx in opposite directions are placed a distance 3a
apart. A square loop of side a of negligible resistance with a
capacitor of capacitance C is placed in the plane of wires as
shown. Find the maximum current in the square loop. Also,

30.

31.

32.

sketch the graph showing the variation of charge on the upper
plate of the capacitor as a function of time for one complete
cycle taking anti-clockwise direction for the current in the
loop as positive. (2003, 4M)

a

T
T |
3a

A thermocol vessel contains 0.5 kg of distilled water at 30°C.
A metal coil of area 5 x 107 mz, number of turns 100, mass
0.06 kg and resistance 1.6 Q is lying horizontally at the
bottom of the vessel. A uniform time varying magnetic field
is setup to pass vertically through the coil at time #=0. The
field is first increased from O to 0.8 T at a constant rate
between 0 and 0.2 s and then decreased to zero at the same
rate between 0.2 and 0.4 s.

The cycle is repeated 12000 times. Make sketches of the
current through the coil and the power dissipated in the coil as
a function of time for the first two cycles. Clearly indicate
the magnitudes of the quantities on the axes. Assume that no
heat is lost to the vessel or the surroundings. Determine the
final temperature of the water under thermal equilibrium.
Specific heat of metal = 500 J/kg-K and the specific heat of

water = 4200 J/kg-K. Neglect the inductance of coil.
(2000, 10M)

An infinitesimally small bar magnet of dipole moment M is
pointing and moving with the speed v in the positive
x-direction. A small closed circular conducting loop of radius
a and negligible self-inductance lies in the y-z plane with its
centre atx = 0, and its axis coinciding with the X-axis. Find the
force opposing the motion of the magnet, if the resistance of
the loop is R. Assume that the distance x of the magnet from the
centre of the loop is much greater than a.

(1997C, 5M)

Two long parallel horizontal x x xMe x x

rails, a distance d apart and x ox ox||x x x| x
each having a resistance A xoxoox|[xoxox | ox
per unit length, are joined at A< x [ x g«
one end by a resistance R. A x Bl x o« x|«
perfectly conducting rod MN X ox XXX x| ox
of mass m is free to slide > > X <<

along the rails without

friction (see figure). There is a uniform magnetic field of
induction B normal to the plane of the paper and directed into
the paper. A variable force F is applied to the rod MN such
that, as the rod moves, a constant current i flows through R.

Find the velocity of the rod and the applied force F as
functions of the distance x of the rod from R.v (1988, 6M)
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Answers
Tobic 1 Topic 4
opic 1. (b) 2. (d) 3. (c) 4. (b)
1.(d 2.(a) 3-(a) 4.() 5. (d) 6. (a) 7. () 8. (¢)
5. (a) 6. (d) 7. (b) 8. (d) 9.
9. (b.d) 10. @) 1L. (@, ¢) 10. (d) 11. (b, d) 12. (b) 13. (d)
12. Left to right or zero 13.Fand T 14. (0) 15. 3 %1075, 10 16. (8)
do _ . di 1l o, T ) ) ’ )
14. (a) = =iR + L= (b) — In@2)-L
@7 TRAL L O % Ho (MO LEO o 17. 20A,% 18. R :%(r1 —1)
7 6 1
15. 23 A (E to 4), o A(B 1o E), > A (F toE) 19.12 ¢V, 6¢'% A (clockwise)
16. Yes, in the direction opposite to A. 20. (a) 10* A/s (b) zero (¢) 2.0 A (d) 1.732 x 1074 C
17. Clockwise 21.3.465 s
. . -3 —4
Topic 2 22. (a) -5V, 24.5 W (b) (i) 0.6 A (ii) 1.386 x 107%s, 4.5 x 10™*J
1. (b) 2. (d) 3.(d) 4. (b) Topic 5
5. (d) 6. (d) 7T 1. (b)
22
8.(a)i= Boav, anti-clockwise (b) F = —% j Topic 6
(c)v= £ (1-¢*7), where K = —Bgaz v =& = gmR L © 2@ 5@ +®
K J R KT B 5. (c) 6. (b) 7. (a)
8.A_-rs t;:Bog,r,s,t;C - ;Do og,r,s,t
mgR 59 by LS, G qd, p; q, 1, S,
9. (a) vy = # (b)a=3 9.(b,c)  10.(c,d) 11. (a, c)
> 12. (b, ¢) 13.4
10. (a) e = B .
Topic7
20 R0 2ot 1 (b 2. 3. 4,
00 1=2 8- iy, =B ® @ @ @
2R [ A 4R 2 5. (d) 6. (b) 7.(c) 8.(c)
_ _ _ 9. (c) 10. (d) 11. (d) 12. (d)
11.v= lm/s; R, =047Q,R,=03Q 13. (¢) 14. (a) 15. (b) 16. (a)
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Hints & Solutions

Topic1 Magnetic Flux and Induced EMF by
change in Flux
1. Magnetic flux associated with the outer coil is
Gouter = Mo TVR [T = o NTR (kte™ ')
=Cte” ™
where,
C = U NTRk = constant
Induced emf,
e = —Touter Douter Ce ™ +(-aCte ™)
dt
=Ce " (1-at)
e

U Induced current, / = ———
Resistance

O Atr=0,1=-ve

[ The correct graph representing this condition is given in
option (d).

Alternate Solution

Given solenoid is shown below as,

At ¢t = 0, current in solenoid
=1(t=0)=k(0)e ®® =0

Graph of e" and kt versus time can be shown as,

y eat kt
t
kt
As, 1= =
e
Initially, kt > e

So, current is increasing in magnitude.

Finally, after a short time kt < ™. So, current is decreasing
in magnitude.

But in both cases, it remains positive or counter clockwise.
So, current induced is at first anti-clockwise (following
Lenz’s law) and then it becomes clockwise and finally
reduces to zeroast [ oo .

Current in
solenoid
reaches maximum

Current of solenoid
reducing and tends
to zero

% t
Current of solenoid grows in
counter clockwise direction

\
Induced current

So, correct graph of induced current is

. Wire falls perpendicularly to horizontal component of

earth’s magnetic field, so induced electromotive force (€)
= Blv
Substituting the given values, we get

€=03%x107 x10x5=15x10" V

. Energy stored in an inductor of inductance L and current / is

given by
= lle
2

When current is being changed from /, to /,, change in
energy will be
AE:EZ—Elzluf—lLlf )
2 2
As I and I, are given, we need to find value of L.
Now, induced emf in a coil is

e=1%
dt
Here, e=25V,
dl =1, -1, =(25-10) =15Aand dt = 1s
O 25:L><EorL:§:5/3H
1 15

Putting values of Z, /; and /, in Eq. (i), we get

AE:1><§><[252 —102]:1x§x525 AE = 4375J
23 203

. Induced constant, / = <

o

Here, e = induced emf =d—

1= 1o
R tU R
do =IRdt
[0} :Ilet
[0 Here, R is constant
O Q= RI Idt
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Il [dt = Area under I-¢ graph

=1><10><0.5 =25
2

d @= Rx 25=100x%25=250Whb.
Magnetic field at the centre of smaller loop
B= I"lOlR22
2 R22 +x2)2

Area of smaller loop S = TR}
O Flux through smaller loop @ =BS
Substituting the values, we get, @ =9.1 x 107" Wb

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
anti-clockwise.

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

Total magnetic flux passing through whole of the x-y plane
will be zero, because magnetic lines form a closed loop. So,
as many lines will move in — z direction same will return to
+ z direction from the x-y plane.

The net magnetic flux through the loops at time ¢ is
@®=B(24 —A)cos wt =BA cos w¥

So, EZ(‘E— BwAsin oy

nH (‘(Els maximum when @ =t =172
OdtO
The emf induced in the smaller loop,

€ =

smaller

—di(BA cos W) = BuA sin W
t

0 Amplitude of maximum net emfinduced in both the loops
= Amplitude of maximum emf induced in the smaller loop
alone.

By reciprocity theorem of mutual induction, it can be
assumed that current in infinite wire is varying at 10A/s and
EMEF is induced in triangular loop.

Flux of magnetic field through triangle loop, if current in
infinite wire is @ can be calculated as follows

do= Ho? 2ydy
21y

Tt

11.

12.

13.

14.

LD

0= B

e _ pODlD
dt 22U dt

= @(mcm)@oégz Ho yolt
Tt S Tt

If we assume the current in the wire towards right then as the
flux in the loop increases we know that the induced current in
the wire is counter clockwise. Hence, the current in the wire
is towards right.

| EMF =

Field due to triangular loop at the location of infinite wire is
into the paper. Hence, force on infinite wire is away from the
loop. By cylindrical symmetry about infinite wire, rotation of
triangular loop will not cause any additional EMF.

Due to the current in the straight wire, net magnetic flux from
the circular loop is zero. Because in half of the circle,
magnetic field is inwards and in other half, magnetic field is
outwards. Therefore, change in current will not cause any
change in magnetic flux from the loop. Therefore, induced
emf under all conditions through the circular loop is zero.

When source is switched-off, left to right current decreases
to zero. Therefore, from Lenz’s law, induced current will
oppose the change i.e. it will be from left to right if there is
some inductance in the circuit, otherwise it will be zero.

If field is non-uniform from position point of view, no emf
will be induced. If it is non-uniform from time point of view,
emf will be induced.

(a) Applying Kirchhoff’s second law, we get
@ _ig 1%y

dt dt
or d—(p:iR +Lﬁ ...(1)
dt dt

This is the desired relation between i, i and d(p.
dt dt
(b) Eq. (i) can be written as
dQ =iRdt +Ldi
Integrating, we get

AQ =RNAq +Lij
Ap  Lj ..
=—-— (1
R 2 (i)

Here, AQ= @ - ¢ = I “OIOde:“S:flln(z)

x=2x
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15.

16.

So, from Eq. (ii) charge flown through the resistance
upto time ¢ = 7, when current 7, is
1 Uyl .0
Ag=—7"%1n(2)-Li
q R H?T[ (2) IH
(c) This is the case of current decay in an L-R circuit. Thus,
i=ige! ....(iii)
Here i:i iy=i,t=Q2T -T)=Tand T =L
£ 43 0 1s L R
Substituting these values in Eq. (iii), we get

T, =—=—
"R In4

Induced emf in two loops AEFD and EBCF would be

_HPH_ ¢ BB -
o =t 0=, %@_(1 x1) () V=1V

Similarly, e, = 5= 5 E@Q: (0.5x1)(1)V=0.5V
Ode O dt

Now, since the magnetic field is increasing, the induced
current will produce the magnetic field in U direction.
Hence, ¢, and e,will be applied as shown in the figure.

A E B
30315V 20
D F C
Kirchhoff’s first law at junction F gives
i =i+, ..()
Kirchhoff’s second law in loop FEADF gives
3 +i=1 ...(i1)
Kirchhoff’s second law in loop FEBCF gives
2i,—i=0.5 ...(1ii)

Solving Egs. (i), (ii) and (iii), we get

i = %@A and i, = %@A

and i=(1/22)A

Therefore, current in segment AE is (7/22) A from E to A,
current in segment BE is 6/22 A from B to E and current in
segment EF is (1/22) A from F to E.

Due to the current in 4, a magnetic field is from right to left.
When 4 is moved towards B, magnetic lines passing through
B (from right to left) will increase, i.e. magnetic flux passing
through B will increase. Therefore, current will be induced in
B. The induced current will have such a direction that it gives
a magnetic field opposite to that, passing through B due to
current in A. Therefore, induced current in B will be in
opposite direction of current in 4.

17. Magnetic field due to straight wire passing through the wire

loop will be perpendicular to paper outwards. With increase
in current in straight wire, outwards magnetic field through
the loop will increase. Therefore, from Lenz’s law, inward
magnetic field will be produced by the induced current.
Hence, induced current is clockwise.

Topic2 Motional and Rotational EMF

1.

2,

3.

Induced emf in the conductor of length L moving with
velocity of 1 cm/s in the magnetic field of 1T is given by

V =BLv ..()
If equivalent resistance of the circuit is R
the loop will be

eq - then current in
Ly

iz (i)
Ry R

eq
Now, given network is a balanced Wheatstone bridge
P _ RO

st

So, equivalent resistance of the Wheatstone bridge is

1Q 20
o 29 40
1Q 2Q
R, =2X4-8_4
2+4 6 3

Again, resistance of conductor is 1.7 Q.
So, effective resistance will be

PRI,

+
" 40+51_ 91 10
30 30
By putting given values of Req, B and vin
Eq. (ii), we have

.= (D (5x107) 107

3
[here, L = 5%x107% m, v = lem/s = 102 m/s]
-4
=210 oy g0
i=167HA =170 A
2 _ 2
e= [ (@) Bar = oGV ]
21 2 }
_ 5Blw w2
- 2 f—————x ———fdx

Electric field will be induced in both 4D and BC.
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4, A motional emf, e =Blvis induced in the rod. Or we can say

a potential difference is induced between the two ends of the
rod 4B, with A at higher potential and B at lower potential.
Due to this potential difference, there is an electric field in
the rod.
A B
X
X

X

X X X X
X X X X

X

X X | X X
X X X X

B

5. Induced motional emf in MNQ is equivalent to the motional

emf in an imaginary wire MQ i.e.
eung = €eup =BVl =Bv(2R) [l =MQ =2R]

Therefore, the potential difference developed across the ring
is 2RBv with Q at higher potential.

6. Net change in magnetic flux passing through the coil is zero.
[0 Current (or emf) induced in the loop is zero.

7. Magnetic force on free electrons will be towards B.
Therefore, at B, there is excess of electrons (means negative

charge) and at 4, there is defficiency of electrons (means
positive charge).

B[=z= ®B

Fm

5

+++
Alt++

8. When the side EF is at a distance y from the X-axis, magnetic
flux passing through the loop is

X
X X X TX
Y=y y ® z-direction
X X X X
E Fl B:(B%/R
X X X X
dy
X X
X H X X G X
Y=y+ta
vl x X X X
Y=y+a
B)Y
=(d = =0 (adY
¢=fde= [ = ~(adl)
=y
B
0 ="My +a)" )

(a) Induced emf'is

:Q;d(@:Q_&z -2 Lils)
oo 20O

e= Boa@ U e=Byva
dt

:@:

speed of loop
dt

where, v

O Induced current, i =& By
R R
Direction |B| 0 yi.e. as the loop comes down [] magnetic

field passing through the loop increases, therefore the
induced current will producer U, magnetic field or the
induced current in the loop will be counter-clockwise.

Alternate solution (of part a)
Motional emfin EH and FG=0 as v||I

Motional emfin EF is ¢, = gm@(a)v =B,y (. e=Blv)
a
Similarly, motional emf in GH will be
OBy (y+a)d
= [P0y ) =By (a+y)y

Polarities of e;and e, are shown in adjoining figures.

|
'
€1
€, >€4 !
1]
'
€
Net emf, e=e —¢
e = Bjav
._ e _Bjyav
a i=—==0
R R

and direction of current will be counter-clockwise.
(b) Total Lorentz force on the loop :3

H G
L
We have seen in part (a) that induced current passing through

the loop (when its speed is v) is
._ Byav

y

Now, magnetic force on EH and FG are equal in magnitude
and in opposite directions, hence they cancel each other and
produce no force on the loop.
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Fpp = QZM@(Q)@BOJQ (downwards)
R a
B, av
(F=ilB) =201
+
and  Fgy = @BOavg(a)@BO(y a)@ (upwards)
R a
Og 240
- PO Y yra)
OR O
Fop > Fgr
0 Net Lorentz force on the loop
2 2
F=Fg —Fpp = BO;; Y (upwards)
22
F=- Bja vj
R
(¢) Net force on the loop will be
F = weight — Lorentz force (downwards)
Bla*v
or F=mg-—
& R
2 ZD
or m % =mg — 04
t OR O
2.2
U av = 04 [lv=g—-Kv
dt OmR 0O
2,2
where, K = =%~ = constant
mR
or v =dt
g—Kv
or J' v :J' Lt
0g—Ky Jo

This equation gives v = %(l—e_m )

v
Ve =g/Kp=mmmmmmmm
o) t
2 2|:|
Here, K = 0 0
OmR O

i.e. speed of the loop is increasing exponentially with
time ¢. Its terminal velocity will be

UmeR U
= t=fot
K  [Bja O
att - oo

9. (a) Letvbe the velocity of the wire (as well as block) at any
instant of time ¢.

Motional emf, e= BvL

Motional current, i =£= BvL
r R
and magnetic force on the wire
B[’
F, =ilB ="
R
Net force in the system at this moment will be
VB[
Fnel ZMg_Fm =mg =
R
or ma =mg — vB'L
& R
vB’L .
a=g- @
- (1)

Velocity will acquire its terminal value i.e. v=v; when
F o or acceleration (a) of the particle becomes zero.

272
Thus, 0=g- vrBL
mR
R
or L
(b) When y=T = mgR
2 2B%r
Then from Eq. (i), acceleration of the block,
mgR OEB°L' U
i
B°L"U0mR [0 2
or a=%
2

10. (a) Consider a small element of length dx of the rod 04
situated at a distance x from O.

Speed of this element, v = xW

Therefore, induced emf developed across this element in
uniform magnetic field B

de = (B) (xw)dx (" e=Bvl)
Hence, total induced emf across OA4,
_ 2
e:J'x rde:J'rB(.Qxdx:Bw’z 0 e:Bwr
x=0 0 2

2

(b) (i) A constant emf or PD, e = Bor
and 4.

The equivalent circuit can be drawn as shown in the
figure.

is induced across O
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:Boor2
[ 2
‘f

e

S

Switch S is closed at time ¢ =0. Therefore, it is case of
growth of current in an L-R circuit. Current at any time ¢
is given by

- Bor
i=ig(l-e™/T) jy=2 =
o( hi=p =,
1, =L/R
,0  _BEREO
_ Bor Ge %LHD
2R [ |
O

i

(i) At constant angular speed, net torque =0

B’

The steady state current will be i =i, =

From right hand rule, we can see that this current would
be inwards (from circumference to centre) and
corresponding magnetic force F,, will be in the direction
shown in figure and its magnitude is given by

B*wr’
F =) (r)(B)=  F =ilB
w = (D)()(B) R (- F,=ilB)
Torque of this force about centre O is
r_ B .
T, =F, .—= clockwise
F,, m 2 4R ( )
Similarly, torque of weight (mg) about centre O is

T,, = (mg )gcose = gcosmt (clockwise)

Therefore, net torque at any time ¢ ( after steady state
condition is achieved) about centre O will be

Tnet :TF +T

m mg
B*w’ | mgr .
= + 87 os oot (clockwise)
4R 2
Hence, the external torque applied to maintain a constant

2 4
B + "8 os oot (but in
4R 2

angular speed is T, =
anti-clockwise direction).

Note that for g<9<3—2n, torque of weight will be

anti-clockwise, the sign of which is automatically

adjusted because cos0 = negative forg <0< 3—;

11. Let the magnetic field be perpendicular to the plane of rails
and inwards [ . If v be the terminal velocity of the rails, then
potential difference across £ and F would be BvL with E at
lower potential and F at higher potential. The equivalent
circuit is shown in figure (2). In figure (2)

i =— .. @
TR, (1)
. _ e .
Iy =— it
277, (i)
Power dissipated in R, is 0.76 W
Therefore eip, =0.76 W ... (ii1)
Similarly, ei,=1.2W ... (iv)
Now, the total current in bar EF is
i=i +i, (from Eto F) ...(v)
®B R, ®B
HT
C
h e =B
i F UE | I F
F
D
R2 R, i

From Eq. (vi)

M @

Under equilibrium condition, magnetic force (£),,) on bar EF’

= weight (£,) of bar EF
F,=F, or iLB=mg ...(vi)
mg _ (0.2)(9.3)
LB (1.0)(0.6)

i=3.27A

Multiplying Eq. (v) by e, we get

el =el tei,
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12.

=(0.76 +1.2) [From Egs. (iii) and (iv)]
=196 W
ezg V= %
or e=0.6V
But since e = BvL
_ e _ (0.6)

=—= =1.0m/s
BL (0.6)(1.0)

Hence, terminal velocity of bar is 1.0 m/s.

Power in R;is 0.76 W
2 2 2

O 076=% 0o gr=2 =00

R, 076 076

=047Q O R, =047Q
2 2
Similarly, R=S =08 4340
12 12
R, =030

(a) Attime 7:0 =x

X

| X X X X

® X X X X X

sl

X X X X X

0 Flux passing through coil ¢ =BS cos 0°

or ©=B @%{@(T{ﬁ)

or Q= %%9 = r %wt
02 020
Magnitude of induced emf
o= 49 _ B’
dt 2
0 Magnitude of induced current
=€ Bwr?
R 2R

(b) When the loop enters in region II, magnetic field in cross
direction passing through the loop is increasing. Hence,
from the Lenz’s law, induced current will produce
magnetic field in dot direction or the current will be
anti-clockwise.

(¢) For halfrotation Q‘ -r_m

= —@, current in the loop will be
2

2
and anti-clockwise.

of constant magnitude i =

13.

14.

In the next half rotation when loop comes out of region II
current will be clockwise, but again magnitude is
constant. So, taking anti-clockwise current as the
positive, i-t graph for two rotations will be as under.

i

B wr?
2R

Given network forms a balanced Wheatstone’s bridge. The
net resistance of the circuit is therefore 3Q + 1Q =4 Q. Emf
of the circuit is Bv,l. Therefore, current in the circuit would be

_ Byl _ iR
R Y
-3
= Ax107) () _ 5 02ms
2x0.1

Cross magnetic field passing through the loop is decreasing.
Therefore, induced current will produce magnetic field in
cross direction. Or direction of induced current is clockwise.

Potential difference between the two rails :
V' = Bvl(When B, vand I all are mutually perpendicular to
each other)

= (02 %107 QSO szg @(1)

=10°V=1ImV

Topic 3 Self and Mutual Inductance
L.

Given, Number of turns in primary, N, = 300
Number of turns in secondary, N, =150
Output power, P, = 22 kW =22 x10° W
Current in secondary coil, /, =10 A

Output power, P, = I,V,

P, _22x10°

O V2:[ 1
) 0

=220V . (@)

We know that,
N, _ Inputvoltage _ V. 0 e
N,  Output voltage 7,

00
0 " :%Qx 220V
1= B ¢ )

[using Eq. (1)]

V, =440 V ... (i)
Again, ﬁ:Lz
VZ 11
0,0 220
O I =0, === %10
O AR YT,

1
[using Egs. (i) and (ii)]
O I, =5A
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2. As, coefficient of mutual induction is same for both coils

Q
P
0 Mpy =My
0 Np@pg _ No Qp
I, I,
Here, Np :NQ =1,

Qpp =% Ppp =107° Wh

Iy =2A,1p =3A
Substituting values in Eq (i), we get

:7[Q EPQP :g ><]()_3
I, 3

=0667%x10"°=667x10"* Wb

Pro

3. (a) Self inductance L, of a solenoid is given by
Lsol = “0”2W2L
(Here, n = N / Land L = length of solenoid)
W NP
or Ly = OT

Clearly, Ly, D

(Al other parameters are fixed)
NOTE We can determine expression of L as follows

@ =NBA =Ll
But for a solenoid, B = g, A = Tr?
O Lol = Hon TN
N2
or Lot =R ML= po - W

4. Self-inductance of a coil is given by the relation
L=pgn*A0
where, n is number of turns per unit length. Shape of the
wooden frame is equilateral triangle.
O Area of equilateral triangle,

NER
—a
4

A=

(where, a is side of equilateral triangle)

a

O
O Self-inductance, L = pn’ %/—gazgl
04 O

Here, [=3axN (where, N is total number of turns)

43 2D><3aN orLOa’

D O
When each side of frame is increased by a factor 3 keeping
the number of turns per unit length of the frame constant.
Then, a'=3a

g L=pon" 53—

0 L'O ) or L'0O3a)
or L'027a or L' =27L
Mutual inductance for a coaxial solenoid of radius 7 and

and number of turns #; and n,, respectively is given as,
M = pynn, T I (for internal coil of radius )

Self inductance for the internal coil,

L=poninil
0 ﬂ — n1’32 "
L m n

When current flows in any of the coils, the flux linked with
the other coil will be maximum in the first case. Therefore,
mutual inductance will be maximum in case (A).

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

BOL say B=KL
L L

0 Magnetic flux linked with smaller loop,
©=BS

B

Therefore, the mutual inductance

2 2
M=%kl o mol
i L
NOTE Dimensions of self inductance (L) or mutual inductance
(M) are [Mutual inductance] = [ Self inductance]
= [Ho] [length]

Similarly, dimensions of capacitance are
[capacitance] = [ €] [length]
From this point of view, options (b) and (d) may be correct.

From Faraday’s law, the induced voltage

V' O L, if rate of change of current is constant @/ == L?@
t
|:| & = é = g = l or ﬂ = 4
oL 8 4 2
Power given to the two coils is same, i.e.
Wi, =V,i, or l—lzﬁzl
in V4

Energy stored, W = %Li2

Hzaafa = o>
W1 1

or — ==
w, 4

0 W2 —
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9.

10.

If I current flows through the circular loop, then magnetic
flux at the location of square loop is

WolR?
AR + 222
Substituting the value of Z (= v/3R),
B = LOI
16R
Now, total flux through the square loop is

@y = NBS cos 8 =(2) %Jg—ggaz cos 45°

Mutual inductance,

M = or _ |_10a2

we have

I 27/2R
a p=17
é—103A/s
dt
/
o—MAAANv—{}»—’WYUUUU‘—O
A 10 15y s5mH B

. di
U Induced emf across inductance, |e| = Ld—l
t

le|=(5%x107)(10°) V=5V

Since, the current is decreasing, the polarity of this emf
would be so as to increase the existing current. The circuit
can be redrawn as

le] =5V
sn
;—W{mv 5 mH B
Now, Vy-5+15+5=V;
O V,=Vy=-15V
or Vg =V, =15V

Topic4 L-R Circuits and L-C Oscillations

1.

In an L-R circuit, current during charging is given by
o -k0

1:1@% L %
E .
where, [, = z = saturation current
d D —5;']
So, wehaved == IO@—e L0
t

O dq:10§—eLDdt

So, charge ¢ that passes through battery from time # = 0 to

t= 2 is obtained by integrating the above equation within

the specified limits, i.e.

g
dr
o

L
M Ok
[ AT
=, -———~0m ¢ D
s
§EE 8
I, LR B IR L
R% Re'[] RHEJ R Re R%
EL
0 = e 2.72
TR [ ]

Key Idea In an L-R circuit, current during charging of inductor is

iven b
given by &

izigl-e L)
where, i, = saturation current.
In given circuit,
Inductance of circuit is
L=10mH=10x10"H

Resistance of circuit is
R=(R,+r)=01+09=1Q

Rg=0.1Q
AMAMA
T
IS
=
o
+ — ” ]
r=09Q
Now, from
R
_7@ .
i=ig(l-e L) (D)
Given, i =80% of i,
O =800 _ g5,
100
Substituting the value of i in Eq. (i), we get
R R
— -t —t
08=1-e L Oel =020 et =5
R, R
O In(e): =In5 O thlnS
L 10x 107
O ¢==0On(5)=— xIn(5
2 (5) | (5)
=10x107 x1.6

=1.6x1072s=0016s

. Given circuit is a series L-R circuit

In an L-R circuit, current increases as
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Now, energy stored in inductor is
_l.a
UL = ELI

where, L = self inductance of the coil
and energy dissipated by resistor is

Ug = i°R
Given, rate of energy stored in inductor is equal to the rate
of energy dissipation in resistor. So, after differentiating,
we get

%= p AR,
dt dt
_R o -0
t t
0 Ef = Rdng_.u'n
R L LR H
_E,
O 2¢e L =1
R
-—t
O el =1
2
Taking log on both sides, we have
0 jtZln%@D R =2
L L
g :£ln2:§1n2D t=2In2
R 10

. Initially in the given RL circuit with a source, when §, is
closed and §, is open at ¢ < ¢,,.

1—K —ex@jt
'R PHL

In this case, inductor L is charging.

When switch S, is closed and S, is open (after ¢ > ), the
inductor will be discharged through resistor.

In this case (¢ > ¢),

V O R |
12 :Eexp H_z(t _tO)H

Thus, the variation of / with ¢ approximately is shown
below
/

to t

5. The given series R-L-C circuit is shown in the figure below.

R=60Q L=20mH C=120 pF

Vr v Ve
o
ZJ

24V, 50 Hz

Here,

Vx = potential across resistance (R)
V; = potential across inductor (L) and
Ve = potential across capacitor (C')
Impedance of this series circuit is

Z=R> + (X, - X, ) ()
X, =l =21y )(L)
=2 x50 x20 x107° Q

X, =628Q ...(i1)
and XC = i = ;
wC 21C
= ! == 230 ...(1ii)
21t % 50 x 120 x 10 3n
and X, - X, :§.2 _ 20 =-2023Q ...(iv)
3n
RMS value of current in circuit is
1 _ Vrms - 24
rms ~ -
Z \/R2+(XL_XC)2
_ 24 _ 24
Irms - > > -
J607 + (20237 6318
Iims = 0379A
Therefore, energy dissipated is
= I, <R x1
E =(0379)* x 60 x 60
or =51710= 517 x10%J

. After a sufficiently long time, in steady state, resistance

offered by inductor is zero. So, circuit is reduced to

[0 Current in circuit is

_E 15
Ry [bx 50
+ 50

:15><2:6A

. Steady state current i, was already flowing in the L-R circuit

when K| was closed for a long time. Here,

V15V
iy =—

= =01A
R 150Q

Now, K, is opened and K, is closed. Therefore, this 7, will
decrease exponentially in the L — R circuit. Current i at time ¢
-t
will be given by i = ije £
- Rt
_L = io L
where, T, = i oo i=ie
Substituting the values, we have
—(0.15 x10%)(1073)

i=(0he  ©%
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=(01)(e™) = O 667 x10™A
150
= 0.67mA
8. After connecting C to B R

hanging the switch, the circuit
will act like an L-R discharging
circuit.

D&
Ve
VL

t/'[)

Applying Kirchhoff’s loop
equation,

VetV, =0 0O Vy=-V, O =-1
9. For charging of capacitor ¢ =CV (1-e¢
Attt =21
g=CV (1-¢?)
10. The current-time (i-f) equation in L-R circuit is given by
[Growth of current in L-R circuit]

i=iy(1-e"'™) ..()

where, z’O:K:B =2A
R 6
3
and 1, = L2840 k07
R 6

and i=1A (given)

t=7?

Substituting these values in Eq. (i), we get
t=097x107 s

or t=0.97 ms
t=1ms

R

0 -*®Q0
11. 11:V§_e L@

=~

From principle of superposition,

y -ROg  _®RQ
I=1-1, 0 I=—e¢ 2L@—e 2L}
R H

I is maximum when %2 0, which gives
t

iR
e 2=t or 4=
2 R

Substituting this time in Eq. (i), we get 7, :%

12. Charge on capacitor at time ¢ is

g=q(1-¢"")
Here, qo=CV and t =21
0 g=CV (- *H=cra-e?)
13. From conservation of energy,
1 L%, = Loy
2 2

C

14. Comparing the L-C oscillations with normal SHM, we get

&Y )
== —-Ww Q
dr?
Here, w? = i
LC
d*0
a 0=-LC—=
dr?
—4
15. Inductance of the circuit L = 0.9x10 ° =045x107*H
(in parallel)

09x1074H 30

|

I
15V
Resistance of the circuit R =3/2 =1.5 Q (in parallel)
0 1 , (time constant) = % =3.0x107s

Steady state current in the circuit through the battery

16.
L1 =2mH r1=4Q

— TS —
L2:2mH f2:4Q

r=12Q

= %A (Initially at ¢ = 0)

a1 10
= e[+ +— +—] (finally in steady state
B; p RB( y y state)

:5%+i+i =10,
4 120 3
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17. Inductive reactance,
X, =L = (50)(2m)(35 x107) =11Q
Impedence, Z =R + X2 = /(1)) + (11’ =12 Q
V. =220V
Hence, amplitude of voltage,
Vy =2V, = 22042V

U Amplitude of current, i, = Yo - 2121(1/\/;

Phase difference, @ =tan -l Eﬁg =tan”! %@: n
R 1 4

In L-R circuit, voltage leads the current. Hence,
instantaneous current in the circuit is

i=(20A)sin (0 — TU/4)
Corresponding i-¢ graph is shown in figure.

Given,

orip =20A

VI
YV =220¥2sin
0 774{: 7777777777 O\ j=20sin (@t - T/4)
ol x ) T 978
8 T T2 5T/ t
—ovz ) T8 T/ \_,/

18. After along time, resistance across an inductor becomes zero
while resistance across capacitor becomes infinite. Hence,
net external resistance,

Rnct:22 :4

Current through the batteries, i = R27E

—+t 5 tr
g TR
Given that potential across the terminals of cell 4 is zero.

O E-i5 =0

O O
or E - %H’i =0
R/ 4+ i tn
Solving this equation, we get, R = %(q -n)

19. (a) Given, R, =R, =2 Q, E=12V
and L = 400 mH = 04 H. Two parts of the circuit are in

parallel with the applied battery. So, the upper circuit can
be broken as

R,

(a) (b)
Now, refer Fig. (b)

This is a simple L-R circuit, whose time constant

1, = L/R, :%4 =02s

and steady state current
_ £ _12_

= 6A
R, 2

)

Therefore, if switch S is closed at time ¢ = 0, then current
in the circuit at any time ¢ will be given by

i(t)=iy(1-e"™)
i(1)=6(1-e"%%)
=6(l-e>")=i (say)
Therefore, potential drop across L at any time ¢ is

_08, dig_ —5t_ -5¢
V ==L—==[L(30 =(04)(30
ot (30" )= (04)(30)e

or V=12¢7"'V
(b) The steady state current in L or R, is
iy =6A

Now, as soon as the switch is opened, current in R, is
reduced to zero immediately. But in L and R,it decreases
exponentially. The situation is as follows

6A i

6 .l

Steady state condition

Sis open
(c) (d) (e)
Refer figure (e) :
Time constant of this circuit would be
, L 04
1, = = =

R +R, (2+2)
O Current through R, at any time ¢ is
i=ige T = 6e 01 or i=6e7" A

Direction of current in R; is as shown in figure or
clockwise.

20. This is a problem of L-C oscillations. Charge stored in the
capacitor oscillates simple harmonically as

O = Qpsin (0t = @)
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Here, Q,= maximum value of 9 =200uC =2 x 107 C

or 1. 1-e% or %= 1
1 1 2 2
w = = =10%" 1
NLC \/(2x10—3)(5.0x10-6) or —t/SZIH%Q or t/5=In(2) = 0.693
Let at t=0,0=0,, then a t=(5)(0.693)or ¢t=3465s
O(t)=Q,coswt ...(1) 22. (a) In steady state, no current will flow through capacitor.
Applying Kirchhoff’s second law in loop 1
I(t):d—Q:—Qooosinwand ...(11)
dt 2UF
|
A1) - _ pw?cos (ar) .. (i) A
dt i 1Q
(a) 0 =100pC or% at cos(JL)t=lor(Jot:E .
2 2 3 h )
1 (é\ Iy
Atcos (wt) = —, from Eq. (iii) :
2 2Q B
B0- (2.0 x 10 C)(10% " %Q 30
i 10 mH
U000
IE_ g
a0 As 2y +2.(i ~iy) +12 =0
b) O = 200C h = lie. 0r =0,2 - man =l
b 0= . ‘|,l orQ, w encos.(u)t)— iLe.wy =02T... or -2, =-6 Q)
At this time /(#) = — QW sin ¥ Applying Kirchhoff’s second law in loop 2
or I(t)=0 (sin 0° =sin 211=0) =12-2(i; —iy) +3 =2i =0
(©)I(t)=—Qywsin wx O 4i -2, = -9 ...(ii)
0 Maximum value of 7 is O, (. Solving Egs. (i) and (if), we get
I = 0yw=(2.0 x107)(10*) ih=25A and j =-1A
I =20A NOW, VA +3_2i] :VB
max N . —_ — —_ - —
(d) From energy conservation, or Vy =Vg =2 =3=2(-1)=3=-5V
2 Po = (i —i,*R, = (-1 =2.5)* (2)=24.5W
L < lue 12 h =G -8R
2 2 2C (b) In position 2 : Circuit is as under
or LC(I0 —17) 3V
7 | [ 2Q
J=1tmx — 1A |
2
Q
0 0=20x107(50 x10°)(22 - 1) 10
0=+3x10"C or 0=1732x107*C 0000009
1 (i) Steady current in R, :
2. U=-Li* ie. UDZ# 3
2 iy = =0.6A
3+2

. 1 . . .
U will reach Zth of its maximum value when current is

reached half of its maximum value. In L-R circuit, equation

of current growth is written as
i=ig(1-e ")
Here, i;= Maximum value of current
T, = Time constant = L/R
_10H_
So-

i=ig/2=iy(1-e"%)

L 5s

Therefore,

(i1) Time when current in R, is half the steady value
t, =T, (In2)= % In (2)

-3

_ (10x107) )
5

=1386%x107s

1

1 _
U=-Li* == (10 %107)(0.3)
5 2( ) (0.3)

=45x%x1077J
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Topic5 Induced Electric Field

Odt00 OdtO
or EQm) = m@iﬁg
Odtdd
Forr=a,
O E = izgﬁg
2rdtd
0 Induced electric field 01/ »
For r<a,
EQm) =ni¥20
Odtd
or E = KE’LBE
20dt0
or EQOr
At r=a, E = i@ﬁ@
20dt0
Therefore, variation of E with  (distance from centre) will be
as follows
E
é‘@ ,,,,,,,,,,,,,,,
2lat ‘
& 1 \EoT
r=a r

Topic 6 Alternating Currents
1. Given, phase difference, @ :g

As we know, for R-L or R-C circuit,

Capacitive reactance (X~ ) or inductive
reactance (X )

tan @ = -
Resistance (R)
O tan = Xeor Xy
4 R

_Xc

1 %XLD R=XporX,

Also, given e = ¢,sin(100¢)
Comparing the above equation with general equation of
emf, i.e. e = ¢,sin ¥, we get
w =100rad/s = 107 rad/s
Now, checking option wise,
For R-C circuit, with
R=1kQ =10’ Q and C = IyF = 10°°F
1 1

So, Xe=—=

=10 Q0 R#X,.
WwC 10> x 107 ¢

For R - L circuit, with
R=1kQ=10'Q
and L=1mH=10"H
So, X; =wL=10*> x107 =10"'Q O R#X,
For R - C circuit, with

R=1kQ =10°Q
and C=10pF=10x10°F =107°F
_ 1 1 _
So, XC—W—IOQDR—C
For R - L circuit, with
R=1kQ =10°Q
and L=10mH=10x10"H =107 H

X, =100 x10%2=1Q 0 R#X,
Alternate Solution
_XcorX;
R
0 For R-C circuit, we have

. Tt
Since, tan— =1
4

1= ore=—b )
CwR CR
Similarly, for R-L circuit, we have
lz%D o =R ..(11)
R L

It is given in the question that, w =100rad/s

Thus, again by substituting the given values of R, C or L
option wise in the respective Egs. (i) and (ii), we get that
only for option (c),

) N or w =100rad/s

CR 10x107° x10°

. In an AC resistive circuit, current and voltage are in phase.

So, 1= K
R
220

O = —"——sin(100TY ..
0 ( ) (1

0 Time period of one complete cycle of current is
_am_ om 1
w 100t 50

So, current reaches its maximum value at
T 1

=—=—9

4 200
When current is half of its maximum value, then from Eq. (i),
we have

1

I .
I= % =1 e SIN(1007T2, )



0 sin(1007Y, ) = % 0 100m, = L;T

So, instantaneous time at which current is half of maximum
. 1
valueist, = —s
120
Hence, time duration in which current reaches half of its
maximum value after reaching maximum value is
1 1 1

= - = §=33ms
120 200 300

At=t, -t

. Phase difference between 7, andV, i.e. C — R, circuit is given
by

tan @ = Xe 0 tan@=
R, 2
Substituting the given values, we get ;
1 10
tan (p = =___
V3 V3

7>< 107 x 100 x 20

[@ ,, is nearly 90°.
Phase difference between /; andV, i.e. in L — R, circuit is
given by

gy = - Koo Lo
R, R
Substituting the given values, we get
\1/05 x 100 5
tan@, = ————=—+/3
@ 10
As, tan@, = —~/3 O¢ , =120°

Now, phase difference between /; and 7, is
Ap= @ — @=120°-90° =30°
_W ~ W,
0 o,
. R
Here, w; — w, = bandwidth :f

Substituting the values, we get
_wyL
0 R

. . WL . . .
Alternative solution T? is the only dimensionless

quantity, hence it must be the quality factor.

ey o

_ . _Hey |
<P> =€ms lms COS P= %EH%EECOS )

U
(100)(20)c0s- _ 1000

2 V2

Wattless current =7 . sin (pZE L =10A

V2 2

. Impedance, Z = |R> + X2, 1 = V}“S, P =1 R

where, X = El

€olo

=990 cos @= w
5 (0]
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9.

Aswis increased, X~ will be decrease or Z will be decrease.

Hence, 7, or P will increase. Therefore, bulb glows brighter.

As the current 7 leads the emf e by 11/4, it is an R-C circuit.

X

tan  =—

¢ R

R

or tanE:%

4 R

0 w CR =

As w =100 rad/s

The product of C-R should be Fl()s_l
Option (a) satisfy this condition.
In circuit (p) I can’t be non zero in steady state.
In circuit (g) ¥, =0and V, =27 =V (also)
Incircuit (r) V; =X, I =2 fL)/
=2 x50%x6 x107°)/ =1.881

vV, =21

In circuit (s)V; = X, 1 =1.88]

~ 01 O
Vz—XCI—E!TfCEI

u 1 u
=0——————Or=@106l)7
R x 50x3x10 "0
In circuit (7)
¥, = IR =(1000) /
V, = X I=(1061)1
Therefore, the correct options are as under
(A) - 1,8, t B)- q,r,5s,t
(C) - qorp, q D) - q,1,8,t

Vyy =V,sin @)f +2—31T§—V0sin wr

= Vosin@)t + 2—;§+ Vysin(wt + TI)

2 _ T

O =T - =—

¢ 3 3
O V,' = %, cos @g@: V37,
0 Vyy =3V, sin(xt + @)

3

U (VXY )Ims = (VYZ )nns = \/; VO
digzl
dt
O Q:Ildt:J’ (1, cos wt) dt
O Qm:i’:i:leoﬂc

w 500
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Just after switching

-Q,
Q;=1mC} +£
’ A—vaij

R=10Q
In steady state
Qo
L
=== 50V
h arwwvvvj
R=10Q
Att = n or W= m
6w 6

Current comes out to be negative from the given expression.
So, current is anti-clockwise. Charge supplied by source

fromt—Otot—E
6w

M . It
in 500t Fw _ " ¢

H 500 F

Apply Kirchhoff’s loop law, just after changing the switch to

m

Q:IOéT» cos (500¢) dt = =-1mC

position D
50+ =L Q _ IR =0
C
Substituting the values of O,, C and R, we get
I=10A
In steady state O, =CV =1mC

O Net charge flown from battery = 2 mC
11. 100 uF

100 Q

Circuit 1

g 7, =+/(100)* + (100)> = 100v2 Q
-1 B?B 450

=cos
In this circuit, current leads the voltage.
14 20 1
/[ =—=— = A
'z 10042 sf

Vooq = (100) 1} =(100) —= \f V=10/2V

567

Circuit 2
X, :mL:(lOO)(O 5)=50Q

= /(50)* + (50)* =50/2 Q
-1 2 — o
0s BZH—%

In this circuit, voltage leads the current.
v _ 20 _+2
s =—= =— A
Z, 5002 5

0/20

Voo = (50)1, =50 I-0= 1042 V
50 Q ( )2 DSD

Further, /, and 12 have a mutual phase difference of 90°.
O 11 +12 =034

12. Z=\R* + X} = |R* +

In case (b), capacitance C will be more. Therefore,
impedence Z will be less. Hence, current will be more.

Further, = V2 -2 =V’ —(Ry
In case (b), since current / is more.
Therefore, V. will be less.

13. Z=+R*+Xx2% =RJ1.25

OR*+ X2 =125R*or X, :g or

wC

[0 Time constant = CR —E—is—4ms
w 500

Topic 7 Miscellaneous Problems
1. Potential difference between opposite faces of cube is
V' =induced emf=B [ v
where,
B =magnetic field = 0.1 T,
[ = distance between opposite faces of cube

=2ecm=2x10"2 mand v = speed of cube = 6ms ™ '

Hence, ¥V =01x2x10"2x6=12mV

2. For a transformer, there are two circuits which have N » and

N (number of coil turns), /,, and /5 (currents) respectively as
shown below.

+ Ne Is Vs
G - I
- /P NS
Primary coil Secondary caoil

Here, input voltage, V,, = 2300V

Number of turns in primary coil, N = 4000
Output voltage, Vg = 230 volt

Output power, Py =V Uy

Input power, Pp =Vplp



U The efficiency of the transformer is
_ Output (secondary) power

Input (primary) power

0 n= Vs s 100
PP
0 - (230)Uy)
(2300) (5)
230/
(2300) x 5
| Ig =45A

3. Resultant voltage, V'* = V7 +V} O 220 = 80> +V/

Solving, we get

v, =205V
x, =" =25 9050=0
I 10
O L=-2%%_ - g065H
21 % 50

. Remembering based question. Therefore, no solution is
required.

q

1=
i
C

At a general time ¢, suppose charge on capacitor is g and

current in the circuit is 7, then applying Kirchhoff’s loop law,

we have
4 g%
c dt
2
Putting i= _ % and — di__dq

dt dt di

In the above equation, we have

dzq R%@ E_O ()

Comparing this equation with the standard differential

equation of damped oscillation,

2
dX + édl + EX =0
dt> mdt m

~bt
Which has a general solution of amplitude, 4 = 4e 2m

The general solution of Eq. (i) will be
~Rt ~Rt

= 2L 2 _—n2,L
Qmax - QOe or Qmax - QOe
Hence, Q2 versus time graph is exponentially decreasing

graph. Lesser the value of self inductance, faster will be the
damping.
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6. When force exerted on a current carrying conductor

10.

11.

F.. =BIL
Work done
Average power = ————
Tlme taken

2
J' ot - dx = %J’B(x)l[‘ dx
0

2
-1 [37 107702 %10 x 3 dx
5x107 4
i} 10
:9[1—e0-4]:9é——
eMH
=2.967=2.97W

Amplitude decreases exponentially. In 5 s, it remains
0.9 times. Therefore, in total 15 s it will remains (0.9) (0.9)

(0.9) = 0.729 times its original value.

L=2mR
O R=L/2m
2T sin(dB) = F,
For small angles, sin(d0) = d6

0 2T (d8) = I (dL) Bsin 90°
=7 (2R i0) (B
0 r=1rp =2
2m

In uniform magnetic field, change in magnetic flux is zero.
Therefore, induced current will be zero.

Power, P = & /R

Here, e=induced emf= — %pg where, @= NBA
t

e=—-NA é@@
dt

Also, R D%
B
where, R = resistance, »=radius, /= length.
O poN%? 00 D=y
B

When switch S'is closed magnetic field lines passing through
Q increases in the direction from right to left. So, according
to Lenz’s law, induced currentin Q1i.e. I, will flow insucha
direction, so that the magnetic field lines due to /) passes
from left to right through Q.



12.

13.

14.

15.
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This is possible when 7, flows in anti-clockwise direction as
seen by E. Opposite is the case when switch S is opened i.e.
Iy, will be clockwise as seen by £.

The equations of /,(f), 1,(f) and B(¢) will take the following
forms :
I,(t)=K,(1- ¢ ") _ current growth in L-R circuit
B(t)=Ky(1-¢ ™"y L B(t)D1, (1)
L(t)=Kze ™

_e da, _ d O
t)y=—ande, —:e,= — —
(= ande, DL e = M Tl
Therefore, the product 1,(1)B(1)=Ks e *2'(1-e7*2") .
The value of this product is zero at # =0and ¢ =
the product will pass through a maximum value.

corresponding graphs will be as follows :

za)K B (t)%
! A

For understanding, let us assume that the two loops are lying
in the plane of paper as shown. The current in loop 1 will
produce U magnetic field in loop 2. Therefore, increase in
current in loop 1 will produce an induced current in loop 2
which produces [J magnetic field passing through it i.e.
induced current in loop 2 will also be clockwise as shown in
the figure.

@ ‘ (® Perpendicular to
paper outwards

The loops will now repel each other as the currents at the
nearest and farthest points of the two loops flow in opposite
directions.

oo, Therefore,
The

t

) Perpendicular to
paper inwards

The induced current in the ring will interact with horizontal
component of magnetic field and both will repel each other.
This repulsion will balance the weight of ring.

Hence, option (a) is correct.

When switch is closed for a very long time capacitor will get
fully charged and charge on capacitor will be ¢ = CV

Energy stored in capacitor, E- = %CV2 (1)

16.

569

Work done by a battery, W =Vq =VCV =CV?
Energy dissipated across resistance

E,, = (work done by battery) — (energy stored)

Ep=CV* - %CVZ :%CVZ .. (i)
From Egs. (i) and (ii)
Ep = Ec
For process (1)
Charge on capacitor = %
2 2
Energy stored in capacitor = lc VL = %
29 18
2
Work done by battery = o % = CZO
2 2 2
O Heat loss = g _Chy OV
9 18 18

For process (2)

Charge on capacitor = 2Ch

Extra charge flow through battery = T

2
Work done by battery = C;/O grﬁ - 27

3 9
Final energy stored in capacitor = C ng 4CV°
4cvy Cvy 3CV02

Energy stored in process 2 =
& P 18 18 18

Heat loss in process (2) = work done by battery in process (2)
— energy stored in capacitor process (2)
_2CVy _3CV; _CVg
9 18 18
For process (3) Charge on capacitor = CV,

2V, _CV,

Extra charge flown through battery = CV,, —

3 3
2
Work done by battery in this process = %E(VO) = C%

Final energy stored in capacitor = %CVO2
2 2
Energy stored in this process = 1CVO2 _ACly Vg
2 18 18
CVy 5CVy _CVy

Heat loss in process (3) =

18 18
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Now, total heat loss (Ej) =

18 18 6

. . . 1
Final energy stored in capacitor = ECVOZ

So, we can say that £, = % %CVOZQ

17. P=Vi
3
0 j= L 2 00010 _ 500
V4000

Total resistance of cables, R = 0.4 x20=8Q
O Power loss in cables = i”R = (150)*(8)

= 180000 W = 180 kW
This loss is 30% of 600 kW.

. N,_V, 1 _ 4000
18. During step-up, FA = 75 or 0 T
or V., = 40000V
In step down transformer,
N, _V, _ 40000 _ 200
N, v, 200 1

19. The induced electric field is given by,

jSEEﬂl :—d—(p or El=-gs ?@
dt dt

g E(2T[R):—(TIR2)(B)0rE:—%
20. M:g
L 2m
0 M= %@L 0 MDLwherey_g
m

= @2%@(10)): @Z%Q(mzezw): QL;RZ

T
N,

Induced electric field is opposite direction. Therefore,

w=w-o
g2 1= (QER
I mR?
R
_(Q)@%QR o
mR? 2m
a w'—w—Q—BD: w—Q—B

2m 2m
Ow' R? @) OB[R?

M, = = —-="
4 2 © 2m§ 2

cry CVg [ CVe _Cly
18

24,

25.

26.

27.

2pp2
O AM:Mf—M,——QBR
4m
2
11 = - 28R Ly =2F
2 2m

Atw =0, X, = El = oo, Therefore, current is nearly zero.

Further at resonance frequency, current and voltage are in
phase. This resonance frequency is given by
1 1
w, = =
JLC 10 x 107

We can see that this frequency is independent of R.

Further, X; =L, X =L
wC

=10° rad / s

At,® =, =10°rad/s, X, =X..

Forw >w,, X; >X. So, circuit is inductive.

Induced emf e = — d—(p For identical rings induced emf will
t

be same. But currents will be different. Given hy > hy.

o O
Hence, v, > v as [ =20
O 2g0

Ifp, > @, then, I, < ,.In this case given condition can be
fulfilled if m, < my.

If p, <, then IA > ;. In this case given condition can be
fulfilled if m, < my.

Electrostatic and gravitational field do not make closed
loops.

Take the circular tube as a long solenoid. The wires are
closely wound. Magnetic field inside the solenoid is
B =ni
Here, n = number of turns per unit length
U ni = current per unit length

In the given problem ni = %
a B = LOI

L
Flux passing through the circular coil is

o=8s = Hm?)

20

Induced emf e=-— d(p of 0 !

dt D L 0O dt

w0
Induced current, i = £ = BJ*EIILé
R OLR [ dt
Magnetic moment, M = i4 = i’
40

or M = — Bt Gl 0

O LR [Odt
Given, I =1,cos (300¢)
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0O g = - 300/,sin (300¢)
t

Substituting in Eq. (i), we get

2 4 O

v = 2O DR 1 sin (3007)
0 LR O

_ 300 o/t

LR
Substituting the values, we get

_ 300(22/7)* (0.1)*
(10) (0.005)

O N

=5926 or N =6

28. Outside the solenoid, net magnetic field is zero. It can be
assumed only inside the solenoid and equal to [ yn/.

do d )
Induced e = - —=-— nlfa

a - a M )
or le| = (Uonmz)(looocos w)
Resistance of the cylindrical vessel, R = pl_ pQ2TIR)

s Ld
2
O Induced current i = lel _ MoLdna”l,w cos wx
R 2pR

29. (a) Foran elemental strip of thickness dx at a distance x from
left wire, net magnetic field (due to both wires)

B:bi.{.b !

(outwards)
2mx 21 3a-x
_ Mol 0l . 1 O
21 3a - x
ax
——X
(¢
/ O
- @ a !
=l
()
KLN
3a
Magnetic flux in this strip,
dp=Bas =ML H 1 B
21 3a - x
2a 2a

M pla O, 1O
0 Totalﬂux,(p—Ja‘d(p— = -‘[ B;+3a—xE'dx

or o =% 1 2)
U

¢=M(losinwt) ()
Tt
Magnitude of induced emf,

. :E_‘L‘PE: M oal wln (2)C
s

oS = e;cos WY
O dtQd

_ Moal wln (2)
Tt

where, ¢,

Charge stored in the capacitor,

q = Ce = Ce,coswt ...(11)
and current in the loop

._dq .
i=—= Cweysin ¥ ...l
7 0 (iii)

2

i =Cuoe, = Hoal,w Cln(2)
Tt
(b) Magnetic flux passing through the square loop

¢ Usin wr [From Eq. (i)]

i.e. U magnetic field passing through the loop is
increasing at = 0. Hence, the induced current will
produce [0 magnetic field (from Lenz’s law). Or the
current in the circuit at t=0 will be clockwise (or
negative as per the given convention). Therefore, charge
on upper plate could be written as,

q = tgycoswx
_ Hoallwin (2)
Tt

[From Eq. (ii)]
Here, g,=Ce,

The corresponding ¢-¢ graph is shown in figures,

q

QD

%

30. Magnetic field (B) varies with time (¢) as shown in figure.

B(T)
0.8 v ‘
0 02 04 06 08 'O
OB0_ 08 _ 4 1
Odt0 0.2

Induced emf in the coil due to change in magnetic flux

passing through it, e = Ed—(pg: NABZ’—BE
Odt O Odt O

Here, A = Area of coil =5 x 107 m?
N =Number of turns = 100
Substituting the values, we get e=(100) (5 x 107 )(4)=2 V

Therefore, current passing through the coil

i=— or i:£:1.25A
1.6
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31.

NOTE That from 0to0 0.2 s and from 0.4 s to 0.6 s, magnetic
field passing through the coil increases, while during the time
0.2s to 0.4s and from 0.6s to 0.8s magnetic field passing
through the coil decreases. Therefore, direction of current
through the coil in these two time intervals will be opposite to each
other. The variation of current (i) with time (t) will be as follows :

Power dissipated in the coil is
P=iR=(1257 (1.6)=25W
Power is independent of the direction of current through the
coil. Therefore, power (P) versus time (¢) graph for first two
cycles will be as under :
P(W)

25

1
|
1
1
|
1
1

0 08 '®

Total heat obtained in 12,000 cycles will be
H =P.t =(2.5)(12000)(0.4) =12000J

This heat is used in raising the temperature of the coil and the
water. Let 0 be the final temperature. Then

H =m,s,, (0 —30)+ms,.(0—-30)
Here, m,, = mass of water = 0.5 kg

s,, = specific heat of water = 4200 J/kg-K

m, = mass of coil = 0.06 kg
and s, = specific heat of coil = 500 J/kg-K
Substituting the values, we get

12000 = (0.5) (4200) (6 — 30) + (0.06) (500) (B — 30)

or 6 =35.6°C

Given that x> > a.

r

Magnetic field at the centre of the coil due to the bar magnet is
_Mo 2M _po M

Due to this, magnetic flux linked with the coil will be,

32.

Mo M () =
Tlx

2
- - HoMa
¢®=BS = 3

0 Induced emf in the coil, due to motion of the magnet is
e_—dcp_ OMa Dd %g
dt o 2 Ij dt

e’ S’ g de_ g
2

2 ¥ " dt

Therefore, induced current in the coil is

_e_3 qua
R 2 R
Magnetic moment of the coil due to this induced current will be,
4
Mi=iS = 3“°M" v(m?) O M'—37HOT[M4LI Y
Rx* 2 Rx

Potential energy of M' in B will be
U=-M'"Bcosl80°

U= MB_3u0T[Mav% @

i
%
N
0
M (due to magnet)
(of coil)
3p0M2av 1 0 F__de_gu%M%%
4 R X dx 4 R

Positive sign of F' implies that there will be a repulsion
between the magnet and the coil.

U=

Total resistance of the circuit as function of distance x from
resistance Ris R ., = R + 2Ax

Let v be velocity of rod at this instant, then motional emf
induced across the rod, e = Bvd

0 Current i=— = Bvd V:M
et R+ 2Ax Bd
Net force on the rod, F,, = dv 2Nim ( R +2\x) i

@:v:(R+2)\x)z
dt Bd

net — 2)\1 o (R +2)\x)

but

This net force is equal to F' — F,, where F,, = idB

2)\1 m

O F=Fy+F, =2 (R +2\x) +idB
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