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Fill in the Blanks

A uniformly wound solenoidal coil of self inductance
1.8 x 10~ henry and resistance 6 ohm is broken up into two
identical coils. These identical coils are then connected in
parallel across a 15-volt battery of negligible resistance. The
time constant for the current in the circuitis ........... seconds
and the steady state current through the batteryis...............
amperes. (1989 - 2 Marks)
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.............. (1993 - 1 Marks)

True/False

Ane.m.f. can be induced between the two ends of a straight
copper wire when it is moved through a uniform magnetic
field. (1980)
A coil of metal wire is kept stationary in a non-uniform
magnetic field. An e.m.f. is induced in the coil.

(1986 - 3 Marks)
A conducting rod 4B moves parallel to the x-axis (see Fig.)
in a uniform magnetic field pointing in the positive
z-direction. The end A4 of the rod gets positively charged.

y (1987 - 2 Marks)
OO ©)
B
O|1vo O
A
o O O
0 X

C MCQs with One Correct Answer
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Get More Learning Materials Here : &

A thin circular ring of area A4 is held perpendicular to a
uniform magnetic field of induction B. 4 small cut is made in
the ring and a galvanometer is connected across the ends
such that the total resistance of the circuit is R. When the
ring is suddenly squeezed to zero area, the charge flowing

through the galvanometer is (1995S)
BR . AB s @ B4
@ — &% © @ 3

2.

Electromagnetic Induction

and Alternating Current

JEE Advanced/ IIT-)EE

A thin semi-circular conducting ring
of radius R is falling with its plane =
vertical in horizontal magnetic | = = = «

induction B . At the position MNQ

X * b b
the speed of the ring is v, and the i
potential difference developed across | = m %
the ring is % 0
(a) zero

(b) BvrR?/2 and M is at higher potential
(¢) mRBvand Qis at higher potential
(d) 2RBvand Qisat higher potential.
Two identical circular loops of metal wire are lying on a table
without touching each other. Loop-A carries a current which
increases with time. In response, the loop-B

(a) remains stationary (1999S - 2 Marks)
(b) 1is attracted by the loop-A

(c) isrepelled by the loop-A

(d) rotates about its CM, with CM fixed

A coil of inductance 8.4 mH and resistance 6 Q is connected
to a 12 V battery. The current in the coil is 1.0 A at
approximately the time (1999S - 2 Marks)
(@ 500s (b) 25s (¢) 35ms (d) 1ms

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 r from the centre of the circular
region (20008 )

(@

(b) decreases as 1/r

(©
(d) decreases as 1/72
A coil of wire having inductance and resistance has a
conducting ring placed coaxially within it. The coil is
connected to a battery at time ¢ = 0, so that a time-dependent
current 1,(¢) starts flowing through the coil. If L,(?) is the
current induced in the ring, and B(¢) is the magnetic field at
the axis of the coil due to 7;(?), then as a function of time
(¢>0), the product Z,(#) B(?) (20008 )
(a) increases with time

(b) decreases with time

(c) does not vary with time

(d) passes through a maximum

(1996 - 2 Marks)

B(2)

1S Zero

Increases as r
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A metallic square loop ABCD is moving in its own plane
with velocity v in a uniform magnetic field perpendicular to
its plane as shown in the figure. An electric field is induced

: A : :B : (2001S)
L] L] 4 J’_:
C

(@ inAD,butnotinBC  (b) inBC,butnotinAD
(c) neitherin ADnorin BC (d) inboth AD and BC
Two circular coils can be arranged in any of the three

situations shown in the figure. Their mutual inductance will
be (2001S)

= 0
> o> >0
(b) (©

(a)
(@) maximum in situation (a) (b) maximum in situation (b)
() maximumin situation (c) (d) the same in all situations
As shown in the figure, P and Q are two coaxial conducting
loops separated by some distance. When the switch S is
closed, a clockwise current 7, flows in P (as seen by E) and
an induced current / ,, flows in Q. The switch remains closed
for a long time. When S is opened, a current / ., flows in Q.
Then the direction IQ, and 10, (as seen by E%re (2002S)

Battery

(@) respectively clockwise and anti-clockwise

(b) both clockwise

(c) Dboth anti-clockwise

(d) respectively anti-clockwise and clockwise

A short-circuited coil is placed in a time-varying magnetic
field. Electrical power is dissipated due to the current induced
in the coil. Ifthe number of turns were to be quadrupled and
the wire radius halved, the electrical power dissipated would
be (20025 )
(@) halved (b) the same

(c) doubled (d) quadrupled

When an AC source of emf e = E|; sin(100¢) is connected
across a circuit, the phase difference between the emf e and

the current i in the circuit is observed to be /4 , 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 (2003S)
@ R=1kQ,C=10pF | . .
//7’\\ ,7 K
\ / 1o
A} I »
\ /
V

®) R=1kQ,C=1uF
© R=1kQ,L=10H

d R=1kQ,L=1H

12.

13.

14.

15.

Topic-wise Solved Papers - PHYSICS
A small bar magnet is being

slowly inserted with constant EEE—— M\Q
velocity inside a solenoid as

shown in figure. Which graph best represents the
relationship between emf induced with time (2004S)

emf

(@

Time

emf
emf

© Time (d)

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 (2005S)
(a) zero

(b) anticlockwise of the +ve z axis

(¢) clockwise ofthe +ve z axis

(d) along the magnetic field

Find the time constant (in ps) for the given RC circuits in the
given order respectively (2006 -3M,-1)

Time

)
v X,
R f G
R, C T b R,
[
R*,
il A
G
O,
JI})A E‘
LI
i ]
C2
R1=IQ,R2=2Q,C1=4H.F,C2=2MF
184§ 18§4 418§ d4§18
(a) 7?9 (b) ?9? (C) b ?9 ()?97
The figureshows certainwire %« x X X . X X
.. ¢ d
segments joined together to
form a coplanar loop. The X @] x %
loop is placed in a
perpendicular magnetic field X %Al (XX
in the direction going intothe X %
plane of the figure. The
X X X X X X

magnitude of the field
increases with time. /; and Z, are the currents in the segments
ab and cd. Then, (2009)
(@ I,>1,

b <1

(©) 1, isin the direction ba and I, is in the direction cd
(d) 1, isin the direction ab and I, is in the direction dc

GP_3481
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Electromagnetic Induction and Alternating Current

@ p-147

16. An AC voltage source of variable angular frequency ® and

1.

Get More Learning Materials Here : I

fixed amplitude ¥}, is connected in series with a capacitance
C and an electric bulb of resistance R (inductance zero).
When o is increased (2010)
(a) thebulb glows dimmer

(b) the bulb glows brighter

(c) total impedance of the circuit is unchanged

(d) total impedance of the circuit increases

I ) I MCQs with One or More than One Correct

L, C and R represent the physical quantities, inductance,
capacitance and resistance respectively. The combination(s)
which have the dimensions of frequency are (1984- 2 Marks)

(@ 1/RC  (b) RL () UJLC () C/L
A conducting square loop of side L ®
and resistance R moves in its plane ggg %g®® ®
with a uniform velocity v ®®g e
perpendicular to one of its sides. A g® ® ® 8@
magnetic induction B, constant in @®% 58 %%@
time and space, pointing R @ S8
perpendicular and into the plane of ® ®®

the loop exists everywhere. (1989 - 2 Marks)
The current induced in the loop is:

(@) BLV/R clockwise (b) BLW/R anticlockwise
(¢) 2BLv/R anticlockwise (d) zero.

Two different coils have self-inductances L; =8 mHand L,

=2 mH. The current in one coil is increased at a constant
rate. The current in the second coil is also increased at the
same 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,, ¥, and W, respectively.

Then: (1994 - 2 Marks)
i1 i w1 14
@ 3,°7 ®F Oy, "7 @ 3,

A small square loop of wire of side /is placed inside a large

square loop of wire of side L(L>>/). The loops are co-planar

and their centres coincide. The mutual inductance of the

system is proportional to (1998S - 2 Marks)

(@ UL ) 2L () L/l @ L

The ST unit of inductance, the henry, can be written as
(1998S - 2 Marks)

(a) weber/ampere (b) volt-second/ampere

(c) joule/(ampere)? (d) ohm-second

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 (1998S - 2 Marks)

(@) Theentirerod is at the same electric potential.

(b) Thereis an electric field in the rod.

(¢) Theelectric potential is highest at the centre of the rod

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

A series R— C circuit is connected to AC voltage source.
Consider two cases; (A) 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)

@ I§>I} ® I <Ip
© VvAsvE @ vA<vg

In the given circuit, the AC source has ® = 100 rad/s.
Considering the inductor and capacitor to be ideal, the correct

choice(s) is (are) (2012)
100uF 1000
05H 500
A
N\

(@) The current through the circuit, /is 0.3 A.
(b) The current through the circuit, /is 0.3+2A

(c) The voltage across 100 Q resistor = 10/2V

(d) The voltage across 50 Q resistor =10V

A current carrying infinitely long wire is kept along the

diameter of a circular wire loop, without touching it, the

correct statement(s) is(are) (2012)

(@ The emfinduced in the loop is zero if the current is
constant.

(b) The emf induced in the loop is finite if the current is
constant.

(¢) The emf induced in the loop is zero if the current
decreases at a steady rate.

(d) The emf induced in the loop is infinite if the current
decreases at a steady rate.

10. Attimes=0,terminal A in B D

the circuit shown in the |~ y
figure is connected to B
byakeyand an alternating @ 50

current I(f) = I,cos (ot), C=20pF
with 19= 1 Aand =500
rad s starts flowing in it

with the initial direction R=10Q

shown in the figure. At ¢ = Z—n , the key is switched from B
®

to D. Now onwards only 4 and D are connected. A total
charge Q flows from the battery to charge the capacitor fully.
If C=20 pF, R=10 Q and the battery is ideal with emfof 50
V, identify the correct statement(s). (JEE Adv. 2014)
(@) Magnitude of the maximum charge on the capacitor

7
before t=£ is1x103C
(b) The current in the left part of the circuit just before
n . .
t =— is clockwise
60

(c) Immediatelyafter 4 is connected to D, the current in R
15104
d 0=2x103C
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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 10 A s™'. Which of the
following statement(s) is(are) true? (JEE Adv. 2016)

(@) The magnitude of induced emf in the wire is (L;—O)

volt

(b) Ifthe loop is rotated at a constant angular speed about

the wire, an additional emfof (u—;) volt is induced in

the wire
(¢) Theinduced current in the wire is in opposite direction
to the current along the hypotenuse
There is a repulsive force between the wire and the
loop

(d

12. A rigid wire loop of square shape having side of length L

Get More Learning Materials Here : I

and resistance R is moving along the x-axis with a constant
velocity v, in the plane of the paper. Att= 0, the right edge
of the loop enters a region of length 3L where there is a
uniform magnetic field B, into the plane of the paper, as
shown in the figure. For sufficiently large v,. the loop
eventually crosses the region. Let x be the location of the
right edge of the loop. Let v(x), I(x) and F(x) represent the
velocity of the loop, current in the loop, and force on the
loop, respectively, as a function of x. Counter-clockwise
current is taken as positive. (JEE Adv. 2016)

XXXXXXXXXXXXXXXX XX XX XX XXX
XUXAXRXXAXXRXXRXXXXXXXXXXXXXX
HUXXXAX XXX XX XX XX XXXXXXXX
XXXXXXXXAXXXXXXX) XXXXXXX%

= XXXXXXX)SKXXXXXXAXXXXXXX).
RZ KXXXXXX)SXXXXXXXHXXXXXXX)
‘e L %XXXXXXXX EXXXXXXXXXXXXXXX
XXXXXXXXEXXXXX XX AX XX XX XXX
XXXAXRXXXXRXXXXXXXXXXXXX XXX
Vo—>  XXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXX,
I I

0 L 2 3 4L "

Which of the following schematic plot(s) is (are) correct?
(Ignore gravity)

v(X)

Vo
@
| | | |
0 L 2L 3L 4C %

O [T T P

1(x)

0 L' 2iL 3L 4L
F\(x)

@ ’L S T
Subjective Problems

A current from A4 to B is increasing in magnitude. What is
the direction of induced current, if any, in the loop as shown
in the figure? (1979)

A4 B

The two rails of a railway track, insulated from each other and
the ground, are connected to a milli voltmeter. What is the
reading of the milli voltmeter when a train travels at a speed of
180 km/hour along the track, given that the vertical component
of earth’s magnetic field is 0.2 x 10~ weber/m? & the rails are
separated by 1 meter? (1981- 4 Marks)
Three identical closed coils 4, B and C are placed with their
planes parallel to one another. Coils 4 and C carry equal
currents as shown in Fig. Coils B and C are fixed in position
andcoil 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 - 2 Marks)

(A
VAV,

A B C

A square metal wire loop
of side 10 cms and
resistance
1 ohm is moved with a
constant velocity v ina >
uniform magnetic field of
induction B =2 webers/ . .. X% :

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 ohms. Theresistances of the lead wires OS
and PQ are negligible. What should be the speed of the loop
soas to have a steady current of 1 milliampere in the loop ?
Give the direction of current in the loop. (1983 - 6 Marks)

...............

GP_3481
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Electromagnetic Induction and Alternating Current
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Space is divided by the line AD 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 r with centre at O, the plane of
the loop being in the plane of the paper. The loop is now
made to rotate with a constant angular velocity o about an
axis passing through O and the perpendicular to the plane
of the paper. The effective resistance of the loop is R.
(1985 - 6 Marks)

Region-1 Region-1I
4XXXXX
m/" X X X X X

B
X X XPX X
c X X X X X
DXXXXX
X X X X X

(1) Obtain an expression for the magnitude of the induced
current in the loop.
(i) Show the direction of the current when the loop is
entering into the Region II.
(iii) Plot a graph between the induced e.m.fand the time of
rotation for two periods of rotation.
Two long parallel horizontal rails, a distance d apart and
each having a resistance ) per unit length, are joined at
one end by a resistance R. A perfectly conducting rod MN
of mass m is free to slide 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 flows through R.
(1988 - 6 Marks)

x x x M x x x
X x 0x X X % x
X X X |f—s F  x X
R - d
B X % X % x
x ox ox || x X % x

X X X N X ®
(1) Find the velocity of the rod and the applied force F as
function of the distance x of the rod from R.
(i) What fraction of the work done per second by F is
converted into heat ?
A circuit containing a two position switch S is shown in fig.
(1991 - 4 + 4 Marks)

Ry C
wgww { |
- WE o ZR,
R| El : a
it 11
v L |
1 2Q 12V
A |E2 R, B
3 A
3V 2 L
) JQ‘ Ry
10 mH

(@) The switch S is in position ‘1’. Find the potential
difference V', — V', and the rate of production of joule
heatin R,.

(b) Ifnow the switch S is put in position 2 at = 0 find
(1) steady currentin R, and
(i) thetime when current in R, is half the steady value.

Also calculate the energy stored in the inductor L at that time

10.

11.

Arectangular frame ABCD, madeofa A4
uniform metal wire, has a straight X
connection between E and F made of
the same wire, as shown in Fig. AEFD | X
is a square of side 1m, and EB = FC=
0.5m. The entire circuit is placed in
steadily increasing, uniform magnetic
field directed into the plane of the paper and normal to it.
The rate of change of the magnetic field is 1T/s. The
resistance per unit length of the wire is 1QQ/m. Find the
magnitudes and directions of the currents in the segments
AE, BE and EF. (1993-5 Marks)
Two parallel vertical metallic rails AB
and CD are separated by 1 m. They H—'WVW\/—H
are connected at two ends by L 1
resistances R, and R, as shown in
Figure. Ahorizontal metallic bar L of
mass 0.2 kg slides without friction
vertically down the rails under the R;
action of gravity. There is a uniform AW
horizontal magnetic field of 0.6 Tesla B
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 Watt and 1.2 watt respectively. Find the
terminal velocity of the bar L and the values of R, and R,.
(1994 - 6 Marks)
A metal rod O4 of mass ‘m’ and length ‘7’ is kept rotating
with a constant angular speed © in a vertical plane about a
horizontal axis at the end O. The free end 4 is arranged to
slide 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 the figure below. 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 - 10 Marks)

D F C

D

(a) What is the induced emf across the terminals of the
switch?
(b) The switch S'is closed at time = 0.

() 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.

A solenoid has an inductance of 10 henry and a resistance
of 2 ohm. It is connected to a 10 volt battery. How long will
it take for the magnetic energy toreach 1/4 of its maximum
value? (1996 - 3 Marks)
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Topic-wise Solved Papers - PHYSICS

A pair of parallel
horizontal conducting
rails of negligible
resistance shorted at L R
one end is fixed on a
table. The distance
between the rails is L.
A conducting massless | [
rod of resistance R can m
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 - 5 Marks)
(1) the terminal velocity achieved by the rod, a nd
(i) the acceleration of the mass at the instant when the
velocity of the rod is half the terminal velocity.

-

A magnetic field B = B, (y/a)k is into the paper in the
+z direction. B jand 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 see figure) Note
the directions of x and y axes in figure. (1999 - 10 Marks))

® ® &
E F l
¥ [B QY

¥ @ &

>
» X

\ /
Find y
(a) theinduced current in the loop and indicate its direction.
(b) the total Lorentz force acting on the loop and indicate
its direction, and
(c) an expression for the speed of the loop, v(f) and its
terminal value.
An inductor of
inductance L=400 1 __ L
mHand resistorsof £ T R g
resistances R, =2Q
and R, =2 Q are Sﬁ R>
connected to a I
battery of emf E = 12 V as shown in the figure. The internai
resistance of the battery is negligible. The switch S is closed
at time 7 = 0. 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? (2001-5 Marks)
A rectangular loop PORS made from a uniform wire has
length a, width b and mass m. It is free to rotate about the
arm PQ, which remains hinged along a horizontal line taken

as the y-axis (see figure). Take the vertically upward
direction as the z-axis. A uniform magnetic field

B = (37 +4k)B, exists in the region. The loop is held in the
x-y plane and a current I is passed through it. The loop is

16.

17.

now released and is found to stay in the horizontal position
in equilibrium. (2002 - 5 Marks)

z

L

<«<— ph —>R

(@) What is the direction of the current / in PQ?

(b) Find the magnetic force on the arm RS.

(¢) Find the expression for /in terms of B, a, b and m.
A metal bar AB can slide on A
two parallel thick metallic rails

separated by a distance (. A
resistance R and an ¢
inductance L are connected L
to the rails as shown in the
figure. A long straight wire :
carrying a constant current /;
is placed in the plane of the
rails and perpendicular to them as shown. The bar 4B is
held at rest at a distance x,, from the long wire. At 1= 0, it is
made to slide on the rails away from the wire. Answer the
following questions. (2002 - 5 Marks)

o

di
*dt
current in the circuit and ¢ is the flux of the magnetic
field due to the long wire through the circuit.

Itis observed that at time ¢t = T, the metal bar 4B isata
distance of 2x,, from the long wire and the resistance R
carries a current /. Obtain an expression for the net
charge that has flown through resistance R from =0
tor="T.

The bar is suddenly stopped at time 7. The current

. . d .
(a) Find a relation among i and 7? , where i is the

(b)

©
through resistance R is found to be l;’ attime27. Find

L . . .-
the value of 7z In terms of the other given quantities.

A square loop of side ‘a’ with a capacitor of capacitance C
is located between two current carrying long parallel wires
as shown. The value of / in the wires is given as /= [, sinwt.

(2003 - 4 Marks)
a =P — a
1

« a—>
(a) Calculate maximum current in the square loop.

(b) Draw a graph between charges on the upper plate of
the capacitor vs time.

I

GP_3481
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Electromagnetic Induction and Alternating Current

18. Inaseries L-R circuit (L=35mHand R=11 Q), a variable
emfsource (V'=V;sin wt)of ¥, =220V and frequency 50
Hz is applied. Find the current amplitude in the circuit and
phase of current with respect to voltage. Draw current-time
graph on given graph (m=22/7). (2004 - 4 Marks)

4
V="V, sin of
72 370

T/I4 \sz

19. In the figure both cells 4 and B are of equal emf. Find R for
which potential difference across battery 4 will be zero,
long time after the switch is closed. Internal resistance of
batteries 4 and B are r| and r, respectively (r, > r,).

(2004 - 4 Marks)

F Match the Following

20.

m

/e
S
A long solenoid of radius a and
number of turns per unit length n
is enclosed by cylindrical shell of
radius R. thickness d (d << R ) and
length L. 4 variable current i =i
sinot flows through the coil. Ifthe
resistivity of the material of
cylindrical shell is p, find the
induced current in the shell.

— &~ ——

(2005 - 4 Marks)

DIRECTIONS : Each question contains statements given in two columns, which have to be matched.

The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are labelled
p, q, v and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-I1. The appropriate bubbles corresponding to the answers to these questions

have to be darkened as illustrated in the following example :

If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

Pqr s t

caowm>»

0OOO0
®OO®®
QO0OG®
®OOO®

1. 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 II. When a
current I (steady state for DC or rms for AC) flows through the circuit, the corresponding voltage ¥,and V, , (indicated in circuits)

arerelated as shown in Column I. Match the two

Column I Column I1
" V
6mH 3uF
A 1=£0,7;is ()
./
VG
proportional to /
Vi v,
6mH 20

®) 1#0,V,>N @

L/
b4

(2010)
Vi £
6mH 20
© K=0V=V @
)
"y
Vl V. 2
. 6mH
@) I#0,V,is ) " SuE
)
N
proportional to /
VI V2
1kQ 3uF
®
)
NA7
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Topic-wise Solved Papers - PHYSICS

G

Comprehension Based Questions

PASSAGE 1
In the given circuit the capacitor (C) may be charged through
resistance R by a battery V' by closing switch S;. Also when §| is
opened and S, is closed the capacitor is connected in series with
inductor (L).

L/'
II
|
%
C S,
A |
71
555 NS,
L

1. Atthe start, the capacitor was uncharged. When switch §;
is closed and S, is kept open, the time constant of this
circuitis t. Which of'the following is correct

(2006 — 5M, -2)

. i 4

after time interval t, charge on the capacitor is B3
after time interval 27, charge on the capacitor of CV

(1-¢?)

(c) the work done by the voltage source will be half of the

heat dissipated when the capacitor is fully charged

after time interval 271, charge on the capacitor is

CV(l-e)

2. When the capacitor gets charged completely, S, is opened
and S, is closed. Then, (2006 — 5M, -2)
(@) att=0, energy stored in the circuit is purely in the form

of magnetic energy
(b) atanytime ¢ > 0, current in the circuit is in the same
direction
(c)
()]

@
(b)

(d

at ¢ > 0, there is no exchange of energy between the
inductor and capacitor
at any time ¢ > 0, instantaneous current in the circuit

may be V\/g

3. Given that the total charge stored in the LC circuit is 0, for
t > 0, the charge on the capacitor is (2006 — 5M, -2)

t

@ 0=0 COS(§+ «/L_CJ (b) 0=0, cos(%—ﬁ}
1 d’Q
@ 0=~ gt
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

d*Q
S Jopt2
(©Q P

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 resistive and the
transformers are ideal with power factor unity. All the currents
and voltages mentioned are rms values. (JEE Adv. 2013)
4.  Ifthe direct transmission method with a cable of resistance
0.4 Q km! is used, the power dissipation| (in %) during
transmission is
@ 20 (b) 30 (c) 40 (d) 50
5.  Inthe 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 200 V, the ratio of the number
of turns in the primary to that in the secondary in the step-
down transformer is
(@ 200:1 (b) 150:1 (o

PASSAGE 3

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

100:1 () 50:1

. . (&) .
equivalent to a loop carrying a steady current 3—n . A uniform

magnetic field along the positive z-axis is now switched on, which
increases at a constant rate from 0 to B in one second. Assume
that the radius of the orbit remains constant. The application of
the magnetic field induces an emf'in the orbit. The induced emfis
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 .
(JEE Adv. 2013)
6. 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
(@) e (b) > (c) BR (d) 2BR

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

2 2
(a) —BQR2(b) —v BQ2R © 7 BQzR @ yBQR?

H Assertion & Reason Type Questions

1.  Statement-1 : A vertical iron rod has coil of ==
wire wound over it at the bottom end. An
alternating current flows in the coil. The rod ' )
goes through a conducting ring as shown
in the figure. The ring can float at a certain
height above the coil.
Statement-2 : 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. (2007)
(a) Statement-1is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1
(b) Statement-1 is True, Statement-2 is True; Statement-2
is NOT a correct explanation for Statement-1
(©)
(d

—

Statement-1 is True, Statement-2 is False
Statement-1 is False, Statement-2 is True.
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A series R-C combination is connected to an AC voltage of
angular frequency ® = 500 radian/s. Ifthe impedance of the

R-Ccircuitis R+/1.25 , the time constant (in millisecond) of
the circuit is (2011)
A circular wire loop of radius R is placed in the x-y plane
centered at the origin O. A square loop of side a(a<<R)

having two turns is placed with its centre at z= /3R along
the axis of the circular wire loop, as shown in figure. The
plane of the square loop makes an angle of 45° with respect to
the z-axis. If the mutual inductance between the loops is given

2
a
by ZHV(}—ZR' then the value of p is (2012)

Section-B

The power factor of an AC circuit having resistance (R) and
inductance (L) connected in series and an angular velocity
wis

(@ R/OL (b) RI(R2+ w?2L?)12

(c) ®LR (d) RIR2- w?2L?)2

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 and into the plane at the loop exists
everywhere with half the loop outside the field, as shown in

figure. The induced emf'is 12002]
+ +4+++++
+l++++++
+|[++++++
+H |+ ++++ —y
+||++++++
+ ||+ +++++
+|++++++
+ e+

(@) zero (b) RvB

(¢c) VvBL/R (d) vBL

The inductance between 4 and D is 12002

— [T0000)
A 3H 3H 3H D
(@ 3.66H (b) 9H (c) 0.66H (d) 1H

In a transformer, number of turns in the primary coil are 140

and that in the secondary coil are 280. If current in primary

coil is 4 A, then that in the secondary coil is 12002]

(@ 4A (b) 2A (c) 6A (d) 10A.

Two coils are placed close to each other. The mutual

inductance of the pair of coils depends upon [2003]

(a) the rates at which currents are changing in the two
coils

(b) relative position and orientation of the two coils

(c) the materials of the wires of the coils

(d) the currents in the two coils

When the current changes from +2 A to-2A in 0.05 second,

ane.m.f. of § V isinduced in a coil. The coefficient of self -

induction of the coil is 12003]

@ 02H () 04H () 08H  (d)0.1H

18.

JEE Main / GIEEE

7.

10.

11.

12.

Two inductors L; (inductance 1 mH, internal resistance 3
Q) and L, (inductance 2 mH, internal resistance 4 2), and a
resistor R (resistance 12 Q) are all connected in parallel
across a 5 V battery. The circuit is switched on at time t =0.
The ratio of the maximum to the minimum current
/1 drawn from the batteryis (JEE Adv. 2016)

(Imax min)

In an oscillating LC circuit the maximum charge on the
capacitor is Q. The charge on the capacitor when the energy
is stored equally between the electric and magnetic field is

[2003]
Q Q 92
@ 3 (b) NE] © 5 d Q
The core of any transformer is laminated soasto  [2003]

(a) reduce the energy loss due to eddy currents

(b) makeitlight weight

(c) make it robust and strong

(d) increase the secondary voltage

Alternating current can not be measured by D.C. ammeter
because 12004]
(@) Average value of current for complete cycle is zero
(b) A.C. Changes direction

(¢) A.C.cannot pass through D.C. Ammeter

(d) D.C. Ammeter will get damaged.

In an LCR series a.c. circuit, the voltage across each of the
components, L, C and R is 50V. The voltage across the LC
combination will be [2004]

@@ 100V ®) 50V2V (© 50V  (d)0V(zero)

A coil having n turns and resistance RQ) is connected with
a galvanometer of resistance 4RQ. This combination is
moved in time ¢ seconds from a magnetic field ¥, weber to

W, weber. The induced current in the circuit is 12004
", - W) _nW, -)
@ ® 5 Rt
_h-m) n(Wy —W;)
(c) 5 Rnt @ - R

In a uniform magnetic field of induction B a wire in the form
of a semicircle of radius r rotates about the diameter of the
circle with an angular frequency w. The axis of rotation is
perpendicular to the field. Ifthe total resistance of the circuit
is R, the mean power generated per period of rotation is

(Brtm))2 (Brtr2 (0)2
@ 2R ®) 8R
Brnrte (Brtr(o2 )2
© ETE (d TR [2004]
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In a LCR circuit capacitance is changed from Cto 2 C. For
the resonant frequency to remain unchanged, the
inductance should be changed from L to 12004]
@ L2 (b) 2L (c) 4L d) L4
A metal conductor of length 1 m rotates vertically about one
of its ends at angular velocity 5 radians per second. If the
horizontal component of earth’s magnetic field is 0.2x107*T,
then the e.m.f. developed between the two ends of the
conductor is [2004]
(@ SmV () 50uvV () Suv (d) 0mv
One conducting U tube can slide inside another as shown
in figure, maintaining electrical contacts between the tubes.
The magnetic field B is perpendicular to the plane of the
figure . If each tube moves towards the other at a constant
speed v, then the emfinduced in the circuit in terms of B, /

and v where / is the width of each tube, will be [2005]
X A X_X X x
X v ox o ) X
X X X
X x X ©
(@ —-Blv (b) Blv
(¢ 2 Blv (d) zero

The selfinductance of the motor of an electric fanis 10 H. In
order to impart maximum power at 50 Hz, it should be
connected to a capacitance of [2005]

(@ 8uF (b) 4pF () 2pF (d) 1pF
The phase difference between the alternating current and

emfis g . Which of the following cannot be the constituent

of the circuit? [2005]
@ RL (b) Calone (c) Lalone (d) L C
A circuit has a resistance of 12 ohm and an impedance of 15
ohm. The power factor of the circuit will be |2005]
(@ 04 (b) 08 (¢) 0125 (d 125
A coil of inductance 300 mH and resistance 2 () is connected
to a source of voltage 2 V. The current reaches half of its

steady state value in [2005]
(@ 0.1s (b) 005s (¢) 03s (d) 0.15s
12

Which of the following units denotes the dimension Q_ ,

where O denotes the electric charge?

(@ Wb/m? (b) Henry(H)
(¢ Hm? (d) Weber (Wb)
In a series resonant LCR circuit, the voltage across R is 100
voltsand R =1 kQ with C =2uF. The resonant frequency ®
is 200 rad/s. At resonance the voltage across Lis [2006]
(@ 25x102V (b) 40V

(c) 250V (d 4x103V

In an AC generator, a coil with N turns, all of the same area
A and total resistance R, rotates with frequency ® in a
magnetic field B. The maximum value of emf generated in

[2006]

the coil is [12006]
(@ NABRo® (b) NAB
(¢) NABR (d) NABo

23.

24.

25.

26.

27.

28.

The flux linked with a coil at any instant '#' is given by

& =10r% —50¢ + 250

The induced emfat =3sis 12006]
(@ -190V () -10V  (¢) 10V (d 190V
An inductor (L = 100 mH), a resistor (R =100 Q) and a
battery (£ =100 V) are initially connected in series as shown
in the figure. After a long time the battery is disconnected
after short circuiting the points 4 and B. The current in the

circuit 1 ms after the short circuit is 12006]
L
— (00000 ————
§ R
A B
. —| beeees <
E
(@ 1/eA (b) eA (¢) O0.1A d 1A

In an a.c. circuit the voltage applied is £ = E; sin ot. The

resulting current in the circuit is I = /;; sin ((ot - %] . The
power consumption in the circuit is given by [12007]
Eyl,
@ P=+2Ey] ® pP=-2L
040 \/5
Eyl
() P=zero d P= %

An ideal coil of 10H is connected in series with a resistance
of 5Q and a battery of 5V. 2second after the connection is
made, the current flowing in ampere in the circuitis [2007]
@ (- () (I-e) () e (@ e
Two coaxial solenoids are made by winding thin insulated
wire over a pipe of cross-sectional area 4 = 10 cm? and
length = 20 cm. If one of the solenoid has 300 turns and the
other 400 turns, their mutual inductance is |12008]
(H=4mx107TmA™)
(@ 24nx10°H (b) 48nx10*H
(c) 48nx10°H (d 24nx10*H
An inductor of inductance L=400 [E
L
l' R,
g

mH and resistors of resistance R,
=2Q and R, =2Q are connected
to a battery ofemf 12 V as shown
in the figure. The internal
resistance of the battery is
negligible. The switch S'is closed
at £=0. The potential drop across

AMMMA
AAALAALS

L as a function of time is : [2009]
@ % Iy ) 6(1— e—t/O.Z)V
(© 128V (d) 6e3tvV
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29. A rectangular loop has a sliding connector PQ of length /

30.

31.

32.

Get More Learning Materials Here : I

and resistance R Q and it is moving with a speed v as
shown. The set-up is placed in a uniform magnetic field
going into the plane of the paper. The three currents /;, I,

and / are [2010]
lz//
RQ% RO 5, RQ
1
L Q b
@ h=-h=gr 1=22
6 h=h=a0.1=22¢
(©) 11=12=1=BT{V
Bl Bl
@ h=h="p 1=

In the circuit shown below, the key K is closed at = 0. The
current through the battery is [2010]

| r
L R,
T — MW
R,
NVVNVN
VRR, y
(@) R12+R§ att =0and R, att= oo
v V(R +Ry)
(b) R att =0and RR, att= oo
14 VRR,
(©) Eatt=0and /R12+R§ att= oo
V(Rj+Ry) V

RiR, att =0andg atr= o

In a series LCR circuit R = 2002 and the voltage and the
frequency of the main supply is 220V and 50 Hz respectively.
On taking out the capacitance from the circuit the current
lags behind the voltage by 30°. On taking out the inductor
from the circuit the current leads the voltage by 30°. The

power dissipated in the LCR circuit is [2010]
(@ 305w (b) 210W
(c) ZeroW d) 242w

A boat is moving due east in a region where the earth's
magnetic field is 5.0 x 10~ NA~! m~! due north and horizontal.
The boat carries a vertical aerial 2 m long. If the speed of the
boat is 1.50 ms~!, the magnitude of the induced emf in the

wire of aerial is: 12011]
@ 075mV (b) 0.50mV
(© 015mV (d) ImvV

33.

34.

35.

36.

37.

38.

A fully charged capacitor C with initial charge ¢, is
connected to a coil of self inductance L at =0. The time at
which the energy is stored equally between the electric and

the magnetic fieldsis: [2011]
@ SVIC () 2nJIC
© JLc d =nJLC

A resistor ‘R’ and 2pF capacitor in series is connected
through a switch to 200 V direct supply. Across the capacitor
is a neon bulb that lights up at 120 V. Calculate the value of
R to make the bulb light up 5 s after the switch has been
closed. (log,,2.5=0.4) [2011]
(@ 17x10°Q (b) 2.7x10°Q
() 33x10'Q d) 13x10*Q
A coil is suspended in a uniform magnetic field, with the
plane of the coil parallel to the magnetic lines of force. When
a current is passed through the coil it starts oscillating; It is
very difficult to stop. But if an aluminium plate is placed
near to the coil, it stops. This is due to : 12012]
(@) developement of air current when the plate is placed
(b) induction of electrical charge on the plate
(¢c) shielding of magnetic lines of force as aluminium is a
paramagnetic material.
(d) electromagnetic induction in the aluminium plate giving
rise to electromagnetic damping.
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 ofthe string fixed. Ifthere is a vertical magnetic
field ‘B’ in the region, the e.m.f. induced across the ends of

the rod is [JEE Main 2013|
2Bol?

(@) 2 J
3Bw/! : o W“W“w

b

(b) 5
4Bo(?

©

e | |
% S5Bw!

A circula2r loop of radius 0.3 cm lies parallel to amuch bigger
circular loop of radius 20 cm. The centre of the small loop is
on the axis of the bigger loop. The distance between their
centres is 15 cm. If a current of 2.0 A flows through the
smaller loop, then the flux linked with bigger loop is

[JEE Main 2013[
(@ 9.1x10''weber (b) 6x10"!! weber
() 33x10"weber (d) 6.6x 1079 weber
In an LCR circuit as shown below both switches are open
initially. Now switch S, is closed, S, kept open. (q s charge
on the capacitor and T = RC is Capacitive time constant).
Which of the following statement is correct ?

[JEE Main 2013
\"
11
> L
=R L
< SI
1
N
C | Sz
LLIIN
L
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Work done by the battery is half of the energy
dissipated in the resistor

(b) Att=1,q=CV/2

(€) Att=21,q=CV(l-¢€3)

(d) Att=271,q=CV(l-¢)
In the circuit shown here, the point ‘C’ is kept connected to
point ‘A’ till the current flowing through the circuit becomes
constant. Afterward, suddenly, point ‘C’ is disconnected from
point ‘A’ and connected to point ‘B’ at time t= 0. Ratio of the
voltage across resistance and the inductor at t = L/R will be

equal to: |JEE Main 2014]|
A C R
_ L
B

_° b 1
@ 12 (b)

1 9 =°
© - @ —

An inductor (L = 0.03 H) and a resistor (R = 0.15 kQ) 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
att=0, K, isopened and keyK, is closed simultaneously. At

t=1ms, the current in the circuit will be : (&5 = 150)

[JEE Main 2015|
0.03H 0.15 kQ
K,
L
1s5v K
@ 6.7mA () 0.67mA
(¢) 100mA (d) 67mA

41.

42.

43.

An LCR circuit is equivalent to a damped pendulum. In an
LCR circuit the capacitor is charged to Q, and then connected
to the L and R as shown below :

R L

e

If a student plots graphs of the square of maximum charge

(Qﬁdax ) on the capacitor with time(t) for two different values

L, and L, (L; > L,) of L then which of the following represents
this graph correctly ? (plots are schematic and not drawn to

scale) |JEE Main 2015]
2 L I P —
(@) QuMax ) ®) Qu1x] Qo (For both L and L)
L ;
2 L, Qz L2
(C) QMax L2 (d) Max L1
_ ¢ | ;

Two coaxial solenoids of different radius carry current I in the
same direction. E be the magnetic force on the inner solenoid
due to the outer one and F—z be the magnetic force on the
outer solenoid due to the inner one. Then : [JEE Main 2015]

(@ F isradiallyinwardsand E, =0
(b) ﬁ is radially outwards and F—z =0
(©) E = fz‘ =0

(d) E is radially inwards and F—2 is radially outwards

An arc lamp requires a direct current of 10 A at 80 V to
function. If it is connected toa 220 V (rms), 50 Hz AC supply,
the series inductor needed for it to work is close to :

(@ 0.044H (b) 0.065H

(c) 80H (d) 0.08H

GP_3481

@g www.studentbro.in



Electromagnetic Induction and
Alternating Current

Section-A : JEE Advanced/ IIT-JEE

A 1. 03x10%sec,10A 2. Lefttoright
B 1. T 2. F 3.7
C 1. (@O 2. @ 3. (© 4. (d) 5 () 6. (b) 7. (@)
8. @ 9. (d) 10. (b) 11. (a) 12. (¢ 13. (@ 14. (b)
15. (d) 16. (b)
D 1. (ab,c) 2. (d) 3. (a,c,d) 4. (b) 5. (a,b,c,d) 6. (b) 7. (a0
8 (a0 9. (@ 10. (c,d) 11. (a,d) 12. (a,b)
E 1. Clockwise 2. 1mV 3. Yes, opposite direction of A 4.,  0.02 m/s, clockwise direction
1B (R, o 2Aml? ) [1 2xm1(R+2xx)]“
5 @) 2R (ii) anticlockwise 6. (i) V—( 54 )I,F—BId + (Bd)2 (R+2\x), @Gi) |1+ PP
7. (a) -5V,24.5W (b) (i) 0.6 amp. (ii) 1.386 x 103 sec.,4.5 x 104] 8. Zamp,%mp,ﬁamp
2 (R 2 4
9. 1mks,047Q,03Q 10. (@) ZC2 ) 1=Bm’2[1_e (L)'],r=m+ﬂcosmz 11. 3.466 sec
2 2R 4R 2
2 2
12. (i) % (i) g 13. (a) Boav(®) , anticlockwise (b) _Boa—v(t), pward
B’L 2 R
- 2a2t
(©) M[l_e—m ]ﬂ
B "B
14. 12e75t,3e7 1014 clockwise
A ] 1| polof L T
15. (a) PtoQ (b) IbBy(3k—47) (¢) | =6'Z§0 16. (a) %=iR+L% (b) ;[02—,?10&2}}’1 ©  Jlog,2
2 .
poalyw’Cin(2) T 4 _ kona”Ldiyocosot
17. (a)f 18. 20A, 2 19. 3(rl n) 20 1 20R
F 1. A-xs,t;Bq,r,s,t;Cp,q;D-q,1,5,t
G 1. (O 2. @ 3. (© 4. (a) 5 () 6. (b) 7. (b)
H 1. @
I 1. 4 2. 7 3. 8
Section-B : JEE Main/ AIEEE
1. () 2. @ 3. @@ 4. (b) 5 () 6. (d) 7. (¢)
8. @ 9. (@ 10. (d) 11. (b) 12. (b) 13. (@ 14. (b)
15. (¢ 16. (d) 17. (@) 18. (b) 19. (a) 20. (b) 21. (¢)
22. (d) 23. (b) 24. (a) 25. (¢) 26. (@) 27. (d) 28. (¢)
29. (b) 30. (b) 31. ) 32. (¢ 33. (@ 34. (b) 35. (d)
36. (d) 37. (@ 38. (¢ 39. (¢ 40. (b) 41. (¢ 42. (¢)
43. (b)
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I Section-A

A. Fill in the Blanks

The coil is broken into two identical coils.

L L/2xL/2 L 0,45 x 10-4
== —= X
eq L/2+L/2 4 ’ H,
_RI2xR/2_R_ o
e R/2+R/2 4
L —4
Time constant= —2- = 0.45x10 =03 x10%s
L5
Stead t] E 10A
eady current /= —=—=10A.
Y Ry 15

NOTE: As the source is switched off, the current
decreases to zero. The induced current opposes the cause
as per Lenz's law. Therefore, the induced current will direct
from left toright.

B. True/ False

True. A copper wire consists of billions and billions of free
electrons. When the wire is at rest, the average velocity of
each electron is zero. But when the wire is in motion, the
electrons have a net velocity in the direction of motion.
NOTE : A charged particle moving in a magnetic field

experiences a force given by F=q(vxB).

Here also each electron experiences a force and therefore,

electrons will move towards one end creating an emf

between the two ends of a straight copper wire.

NOTE : For induced emfto develop in a coil, the magnetic
flux through it must change.
But in this case the number of magnetic lines of force through
the coil is not changing. Therefore the statement is false.
NOTE : When conduction rod AB B
moves paralle] tox-axisin a uniform B |-
magnetic field pointing in the
positive z-direction, then
according to Fleming’s left hand
rule, the electrons will experience 4+ £
a force towards B. Hence, the end
A will become positive.

C. MCQs with ONE Correct Answer
() The current induced will be

_lel . _1d¢ _4q

CR T T Ra Bty
dg 1do 1 BA
Y2 o (dg==(dp=> g=22
dt R dt Iq RI ¢ q R

(d Induced emfproduced across MNQ will be same as the
induced emf produced in straight wire MQ.

-, e=Bvl{=Byx2R with Q athigher potential.

(¢) When the current in the loop 4 increases, the magnetic
lines of force in loop B also increases as loop A4 is
placed near loop B. This induces an emfin B in such a
direction that current flows opposite in B (as compared
toA4).

@

)

)

JEE Advanced/ lIT-)JEE

Since currents are in opposite direction, the loop B is
repelled by loop 4.

B A
KEY CONCEPT : Using I=1, (1-e")

14
But IO=E and 1=

R
I K(l e RILy 12 [1 _ o 61/8.4x107 ]
R 6
=1(given)
t=0.97x10"3s ~ Ims

—— d dB
BA) =2 (Bcos0?) = 42
)= g (PAsO)I =4,

2 d

B
= EQ2nr)=ma Eforr >a

2
> g=LB gl
2r dt r

KEY CONCEPT : The magnetic field at the centre of
the coil

B(8) = pgnl,.
As the current increases, B will also increase with time
till it reaches a maximum value (when the current
becomes steady).
The induced emfin thering

do d —— d
=——=——(B.A)=—A—(ugnl
e=— dt( ) dt(ﬂo” 1)

The induced current in the ring

le| uond di

L(="=002 21

20=% ="

[NOTE : % decreases with time and hence 7, also
decreases with time. |

Where 1, =1, (1-e™)
The relevant graphs are

B(1)xT,(0)

@

—> time —> time

NOTE : Electric field will be induced, as ABCD moves,
in both 4D and BC. The metallic square loop moves in
its own plane with velocity v. A uniform magnetic field

GP_3481

@ www.studentbro.in



Get More Learning Materials Here : I

® P-S-219

Electromagnetic Induction and Alternating Current

is imposed perpendicular to the plane of the square
loop. AD and BC are perpendicular to the velocity as
well as perpendicular to applied.

® 0,06 000 2 0o
® 06/ 6 & o |0 o
o 6|6 6 6 0|0 o
® | ©¢ & o 8—8&»
® 0/ ¢ & o |0 ©
o 0/ & 6 o |~ O
D C
O » 6 6 0 ¢ 0 o

Clearly the flux linkage is maximum in case (a) due to
the spatial arrangement of the two loops.

1

9. () When switch S is closed, a magnetic field is set-up in
the space around P. The field lines threading Q
increases in the direction from right to left. According

to Lenz's law, I, will flow so as to oppose the cause
and flow in anticlockwise direction as seen by E.

Reverse is the case when § is opened. /p, will be

clockwise.
10. () KEYCONCEPT:
2 2 2 2
pE _ i(ﬂ) = l[i(NBA)Z}
R pl\dt pl | dt
2 2 2.2
- lNZAZ(ﬁ) > pall’
p!l dt L
2,2 4N)*(r/2)?
Casel: R« N; , Case2: B x%
NOTE : When we decrease the radius of the wire, its
length increases but volume remains the same]
Py 1
B
.. Power remains the same.
11. (@ NOTE : Since current leads emf (as seen from the
graph), therefore, this is an R — C circuit.
R
Here ¢=45°
. Xc=R [X; = 0 as there is no inductor]
1
oC = RCo
1 _
RC=—s"

2. @

12. (¢) KEY CONCEPT : Initially, ¢ increases as magnet
approaches the solenoid
. &= — ve and increasing in magnitude. When
magnet is moving inside the solenoid, increase in ¢,
slow down and finally ¢, starts decreasing
emfis positive and increasing.
Only graph (c) shows these characteristic.
13. KEY CONCEPT : For a current to induce in cylindrical
conducting rod,

(a) the conducting rod should cut magnetic lines of force
which will happen only when the conducting rod is
moving. Since conducting rod is at rest, no current will
be induced.

(b) themagnitude/direction of the magnetic field changes.
A changing magnetic field will create an electric field
which can apply force on the free electrons of the
conducting rod and a current will get induced.

But since the magnetic field is constant, no current will

be induced.
A A A AE’
Y
e Vi
14. () KEYCONCEPT:
Time constant of R— Ccircuitist=R, q C, q
@O 7=2+1)2+4)=18ps
L= 2x1)(2x4) 8 s
@ 275 \2+4) 9"
2x1
Y Ty = x(4+2)=4us
(i) T3 (2”) (4+2)=4u
15. (@ The magnetic field is increasing in the downward
direction. Therefore, according to Lenz’s law the current
I, will flow in the direction ab and I, in the direction dc.
|4
16. ® I, = %
R*+ (L)
oC
As o increases, I, . increases. Therefore the bulb glows

brighter.

D. MCQs with ONE or MORE THAN ONE Correct
1. (abye)

1
RC R/L and 1/~ LC have the dimensions of frequency.

NOTE : Since the rate of change of magnetic flux is
zero, hence there will be no net induced emf and hence
no current flowing in the loop.
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i, Ly=8mi i, Ly=2mH

3 @ed) S TTIIT— ST —

Rate of change of current — “li_ = m(say)
t

Induced emf 7} =—Ll%=—8><10'3 X m

r_1

v, 4
Power P=V,i;=8x1073 xmxi,

di .
Rate of change of current = % = m(given)

Induced emf, 7, =—L2%2 =-2x10"3xm
Power P=V,i,=2x1073xmxi,
Since Power is equal

8x 1073 x mi; =2 x10~3 mi,

%) _Z (l)
1., _1
Energle=5Ll,l =5x8x10 le
W2 10 X12 1

s=—x4x4=4 [from (1)]
W, 4x1073 le 4

KEY CONCEPT : The magnetic field due to a current
flowing in a wire of finite length is given by

B= (sm o+ sinf)
41c

Applying the above formula for 4B for finding the field
at O, we get

__ Mol 0 oy _ Moly
B=————(sin45°+5sin45°) =
4n(L/2) J2nL
acting perpendicular to the plane of paper upwards
. The total magnetic field due to current flowing

t'hrough ABCDis
A -, ’ B
KA
EY—AF
L
SH G,
D* 2 C
4uoly _ N2 moly
B= 4B1 = =
J2nL nL
The total flux passing through the square EFGH
¢y =B x> =L2‘011xe2 ()
s

[ £ > L and therefore, B can be assumed

constant for (2]

The flux through small square loop is directly

proportional to the current passing through big square
loop.

Get More Learning Materials Here : I

. ¢y oc I} = ¢= MI where M =Mutual Conductance

22 ol w2
YR ) _2V2pm
1 1 I 1 L
2
> M ocf—_
L
(a,b, ¢,d)
@ L=2 or henry= weber
ampere
di
-1[3)
b) e=-L{~
_ e _ volt —second
 (dildr) ampere
© U=
2U joule
L=" or henry=—"——
i2 (ampere)?

@ U= %Liz =i’Ret

L=R.torhenry =ohm-second.

® % x xAx x xB
X X X|X X X
X X XXX X
X X X|X %X X
x x xBl X x X

A motional emf, e = Blv is induced in the rod. Or we can say
a potential difference is induced between the two ends of
therod AB, with A at higher potential and B at lower potential.
Due to this potential difference, there is an electric field in
the rod.

2
1
(a,c) We know that Z= ,|R? + (—]
wcC

The capacitance in case B is four times the capacitance in
case A
.. Impedance in case B is less then that of case A (Zy <Z,,)

N I—K
ow 7

o jé <I }{. option (a) is correct.
Vi <vE.

= VCA > VCB
[ IfVisthe applied potential difference access

series R-C circuit then J = ,/V,% +72¢]

.. (c) is the correct option.

GP_3481
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8.  (a,c) Impedance across 4B
I
(1Y,
Z, = \/X§+R1 = (E) +Ri
- 2 2 g
= J(100)% +(100)2 =10042 B
®
I, = v__2 [leads emfby ¢, ] g
! Z 100J§ Y4 B
where cos ¢, = R_10 _1 =0 =45° Circular
Zy 10082 2 loop
100 uF When the current is decreasing at a steady rate then
1000 the change in the flux (decreasing inwards) on the right
AP | | AAAA halfofthe wire is equal to the change in flux (decreasing
1, | B outwards) on the left half of the wire such that A¢
through the circular loop is zero.
05H 500 10. (c,d) /=cos 500¢
Co—ammum—ww b '
N
2
() 1
20V

Impedance across CD is

Z,= (X} +R} = (0L)? +R3

= J(0.5x100)% +(50)2 = 5042

L= le = % [leads emfby ¢,]
Il
45° . .
45° 1 26V
I?_
where cos ¢y = ZA;= %= % = ¢y =45°

The current / from the circuit is

I=1,+1, = 0.3A
Emfwill be induced in the circular wire loop when flux
through it changes with time.

_Ae
At

when the current is constant, the flux changing through
it will be zero.

e=

Get More Learning Materials Here : I

>

@ —‘—szouF = 50V
VWW

R=10Q

Tn

60’ the charge will be maximum at I

20

Till t=

n/20

o=
0

sin 500¢ ]" /20

cos500¢ dt = [ 500

0

= Lsin (500 X
500

.. (a) isincorrect

i j=Lc
2x500) 500

From the graph it is clear that just before ¢ = Z—n , the
®

current is in anticlockwise direction.
.. (b) isincorrect
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At t= Z—n , the charge on the upper plate of capacitor
®
is

Tn

60
| cos500tdt=isin(500x Tm j
: 500 6500

1 1

=——x—=-1073C
500 2
Now applying KVL (when A is just connected to D)
107° -
50+ ———-ix10=0 =i=10A
20x10™

.. (¢) is the correct option.
The maximum charge on Ciis Q=CV'=20 x 1076 x 50
=103C
Therefore, the total charge flown =2 x 10-3 C
.. (d) is the correct option.
11. (a,d)
The flux passing through the triangular wire ifi current flows
through the inifinitely long conducting wire

0.1 i
_ lVl—O><21ta'x
0 2mx

Mol _ o0
=—=Mi
¢ 107

M=”_0
10w

di =ﬂx10= Ho

. B Y
Induced emf in the wire 4 10m .

Asthe current in the triangular wire is decreasing the induced
current in ABis in the same direction as the current in the
hypotenuse of the triangular wire. Therefore force will be
repulsive.

BL
12. @b)i= TV — (i) [Counter clockwise direction

while entering, Zero when completely
inside and clockwise while exiting]

2712

R
and exiting and zero when completely inside]
dv BL’v

—mV— —
m dx R

F=ilB= ——" _(ii) [Toward left while entering

212 %
B°L dx

0

fav—-

Get More Learning Materials Here : I

3.
% /\ \

B’I?
B’I’x
. .
0 mR )

[V decreases from x=0 to x=L, remains constant
for x =L tox=3L again decreases from x=3L tox=4L]

From (i) and (iii)
212
_ 2[% _BL x}
R mR

[1decreases from x=0 to x=L i becomes zero from x =L tox =3L
i changes direction and decreases from x =3L to x =4L]
These characteristics are shown in graph (a) and (b) only.

E. Subjective Problems

1.  The magnetic lines of force due to current flowing in wire
AB is shown.
NOTE : As the current increases, the number of magnetic
lines of force passing through the loop increases in the
outward direction. To oppose this change, the current will
flow in the clockwise direction.

A S

S5
rd Cd

B

2. KEY CONCEPT : Thisisbased on motional emf.

180 km/h=50m/s

L o

<+—1m—>

e=VBl =50x0.2x10%x1 =103 volt = 1 milli volt

\
\

\
1
E
/114 /IB /IC
Fixed  Fixed
NOTE : When the coil 4 moves towards B, the number of
magnetic lines of force passing through B changes.
Therefore, an induced emf and hence induced current is
produced in B.
The direction of current in B will be such as to oppose the

field change in B and therefore, will be in the opposite
direction of 4.

GP_3481
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4.
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® P-S-223

XXX XX XXX X!

XXX X X X X X X1

XX X X X X X X X

XX x X x X X x x

N :
XXX XXX XXX,

3Q 3Q

NOTE : The network behaves like a balanced wheatstone
bridge.

The free electrons in the portion MN of the rod have a
velocity v in the right direction. Applying Fleming’s left hand
rule, we find that the force on electron will be towards N.
Hence, M will be + ve and N will be negative. Current will
flow in clockwise direction.

The induced emf developed is given by

e=vBl =vx2x0.1=0.2v ()
Now, e=1IR
e=10"3x4=4x1073 amp i)
From (i) and (ii),
02v=4x1073
-3
y=2107  602mrs
0.2
(1) Induced emf
do d
EFE=———=——(BxA4
dt dt( )
d (1 2] 1 ,do 1
dt[ 2 2Br & 2Brco
E 1B 1 B
I=—=-> = ES—
R 2 R 2 R
Region Lo . Region I
® A
/' X X X X
C X X X X X
X X X X X
XX X X X X
EX X X X X?
D & x x x x %

(i) The loop is entering in the magnetic field and hence
magnetic lines of force passing through the loop is
increasing in the downward direction. Therefore, current
will flow in the loop in such a direction which will
oppose the change. The current will flow in the anti-
clockwise direction.

(iii) Graph between induced emf and period of rotation:
For first halfrotation, (¢ = 7/2), when the loop enters
the field, the current is in anticlockwise direction.

M

(i)

Magnitude of current remains constant at

I=Bor?/2R.

1
Bo)r2 £

2R

~Y

172\ T 372 2T

For next haif rotation, when the ioop comes out of the
field, current of the same magnitude is set up clockwise.
Anticlockwise current is supposed to be positive. The
I-¢t graph is shown in the figure for two periods of
rotation.

A variable force F is applied to the rod MN such that as
the rod moves in the uniform magnetic field a constant
current flows through R. Consider the loop MPQN.
Let MN be at a distance x from PQ.

Length of'rails in loop = 2x

xj\_/[x X X

X X
P
V'
X X X X X X
R X X X X X X
~ — d
B X X X X
X X X X X X
v
X X X — X X X
Q x ¥ N

Resistance of rails in loop = 2xA
Total resistance of loop =R + 2\x
Induced emf= Bvd

Bvd
Induced current (/) = R+ 2
So for constant 7,
(R +2)\x) .
==
Y Bd -

Furthermore, as due to induced current / the wire will
experienceaforce ), = Bld opposite to its motion, the
equation of motion of the wire will be

F-Fy=ma ie, F=F,+ma
But as here F;, = Bld and from equation (i)

_dv_2M dx _2Mv _ 27

=—=——= = R+ 2)\x
=% " Bd d Bd (Bd)z( )
2
So, F = Bld + 2MI2 (R+2)x)
(Bd)

As the work done by force F per sec.

2
W pFv=| B+ 2" (R4 20x) [R+2M.I]
(B Bd

dt d)?
3
ie, P=|I%(R+2)x)+ 27‘3’”13 (R+2)x)?
B°d
and heat produced per second, i.e., joule heat
H =I*(R+2\x)
-1
_H [, 2aml(R+2))
So. 1= <[ 20|
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In this case S and [/ are connected.

7. @ G

2uF

F s )
il

1+Ly 20 %m
i R, E
G— AN > c
2W
Ly 127
Ez [2 RZ
A 3V 20 B

Using Kirchhoff’s law in ABCDGA
+3-L,x2-12+1x2=0
21,-2,=9 (1)

Applying Kirchhoff ’s law in DEFGD
=20 +12-(1;+1,)2=0

= 2I,+1,=6 .(i1)

From (i) and (i1) /; = %amp.

From (ii) /,=~1 amp.
To find potential difference between 4 and B
Vit3-(=1)x2=Vy = V,=Vp==5V
The rate of production of heat in R,
2
=I?R, =(%] x2=24.5W
() (i) When the switch is put in position 2 then the active
circuit will be as shown in the figure.

10mH I

When the steady state current is reached then the
inductor plays no role in the circuit
E,=I(R,*+Ry

= I= % =0.6amp.

(ii)) KEY CONCEPT : The growth of current in L—-R
circuit is given by the expression

R
=1y [1 - e_zt]

Get More Learning Materials Here : I

8.

1, T —Et
When /=-2 | then D_pyl1-e L
2 2

R L -3
= T4=0693=¢=0693~ - 2:6930x10x10
L R (2+3)

when R=R,+R,

= t=1.386x 103 sec. Thus this much time is required
for current to reach half of its steady value.
The energy stored by the inductor at that time is given

2
1., 1 3 (0.6)

by E=—LI* =—x10x107 x| —| _ -4

y B=- 2 5 ) =45x1077

The equivalent circuit is drawn in the adjacent figure.

D 10 F0.5Q

NOTE : As the magnetic field increases in the downward
direction, an induced emfwill be produced in the AEFD as
well as in the circuit EBCF such that the current flowing in
the loop creates magnetic lines of force in the upward
direction (to the plane of paper).

Thus, the current should flow in the anticlockwise direction
in both the loops.

Induced emfin loop AEFD
= _d¢ = —iBA = —Ad—B =-1x1=-1volt
dt dt dt
Induced emfin loop EBCF
dé d dB
=t = T BA'=—A4'— =_ =_
e ” a il 0.5x1=-0.5volt

Let the current flowing in the branch EADF be i; and the
current flowing in the branch FCBE be i,. Applying junction
law at F, we get current in branch FE to be (i, —i,)
Applying Kirchhoff ’s law in loop EADFE

—Ixi=1xip+1-1xi =1(;-i,)=0
= 4ij—i,=1 ()
Applying Kirchhoft's law in loop EBCFE

+0.5i;-0.5+ 1i, + 0.5, — 1(i; —i,) =0

—i;+3i,=0.5 .. (1)

Solving (i) and (i1)

11i;,=35

GP_3481
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7
= ij=35/11=—4

Also11i,=3

6
= =3/114=74

Current in segment AE =j; = 2—72A
. . _ 6
Current in segment BE =i, = ZA

Current in segment EF = (i) —iy) = 2—12A

9. KEY CONCEPT : We can - R,
understand the direction of flow  A|—~MAN—|C
of induced currents by imagining ho
a fictitious battery to be attached B (lhtb)l
between E and F. The direction of e, |
induced current can be found with g [[7 et

e
the help of Lenz’s law. r‘};g Bk

NOTE : P.d. across parallel  p|t<mnv—I1[D
combinations remains the same
Also, Pi=ei;=0.76 W
and Py=ei,=12W

i 176 . 176 )
LoD =2 -..(i)
o 12 12

The horizontal metallic bar L moves with a terminal velocity.
This means that the net force on the bar is zero.
B(i;+iy)=mg
mg 02x9.8 49

= i = —— = = — il 11
W h= B = 0ex1 152 (D)
From (i) and (iii)
L1, %
12272715
.19 0.76
= iy=2amp. = 11=Eamp. = e=m=0.6V
The induced emf across L due tothe movement of bar L in a
magnetic field
e 0.6
=B > vyv,=—=— —=1m/
e A Tyl
Also from (1),
e 0.6 e 06
RR=—=—"-=047Qand R, =—=—=03Q
17 T 19/1s MR T

10. (1)) (a)Letusconsider a small length of metal rod dx at a
distance x from the origin. Small amount of emf (de)
induced in this small length (due to metallic rod cutting
magnetic lines of force) is

de=B(dx)v )
where v is the velocity of small length dx
V=x0 )

The total emf acoss the whole metallic rod O4 is

r x? 1 Brto
e=I Bxwdx=Bo|—| =
0 2
Jdo
(b) The above diagram can be reconstructed as the
adjacent figure. e is a constant. O will accumulate
positive charge and 4 negative. When the switch S is
closed, transient current at any time ¢, when current /is

flowing in the circuit,
1=10 (l_et/t)
Here,
e Bor’
R 2R S
L 0
and 1= 2 R g

Bor? '(5)’
Therefore, [ = R l-e Y1 3L

(i) In steady state,

Bo)r2

R
I= [-+ thas alarge value and e_(f)t - 0]

NOTE : When current flows in the circuit in steady state,
there is a power loss through the resistor.

Also since the rod is rotating in a vertical plane, work needs
to be done to keep it at constant angular speed.

Power loss due to current / will be

2
P=1’R= (B;;‘”j R

If torque required for this power

is 7; then

P=‘Cl(l)

Torque required to move the rod in circular motion against
gravitational field

r
T, = mgxicose

The total torque

=Tt (Clockwise)
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B mgr oL VT
T=——+—2_cosot For the case when velocity is >
4R 2

11.

12.

Get More Learning Materials Here : I

The required torque will be of same magnitude and in
anticlockwise direction. The second term will change signs
as the value of cos @ can be positive as well as negative.

KEY CONCEPT : Let [, be the current at steady state. The
magnetic energy stored in the inductor at this state will be

T
L=10H R=2Q

1
E=ELI§ ..0)

This is the maximum energy stored in the inductor. The
current in the circuit for one fourth of this energy can be
found as

1 1 »
—xE=—LI ii
4>< > ... (1)

Dividing equation (i) and (ii)

| )
E _ELIO
E/4 1,
2

Also, V=1, R

vV 10
I = =—= 5 amp. R I
= l=%=75 p )
The equation for growth of current in L-R circuit is

I=1,[1-e R

I
=7="2

Iy 5§
=—=—=25amp.
> p

1
:> _=1_ —t/5
2 e

= t=5log,2=2x2.303x0.3010=3.466 sec.
KEY CONCEPT : Ifvisthe velocity of the rod at any time
t, induced emfis BvL and so induced current in the rod

_ Inducede.m.f.  BvL

R R

Due to this current, the rod in the field B will experience a
force

= 25=5[1-¢- 210

I

272
F=BIL=

(opposite to its motion) ... (1)

So, equation of motion of the rod will be,
T-F=0xa,ie.,T=F [asrod is massless]
T 272
mg—T=ma >a=g—— =g—B L .2
m mR
So rod will acquire terminal velocity when its acceleration is
zeroi.e.,

2,2
B Lvp . _ mgR
=0 1e. VT—W,

13.

vy mgR
V=—=
2 2822
Substituting this value of velocity in eq. (2) we get

2,2
B°L” 1 mgR 1
a=g——><——§g2 —g--g=%
mR 2 B4 2 2
Supposeatt=0,y=0and¢=¢t,y=y
(a) Total magnetic flux = B. A
— R - Byy-~
where 4 - 42 and B=222%
a
B,
<]>=Ly.a2 = Byya
a
do dy
N f, e=——=—-Byja—=—-Byav(t
etemf, o 0a oav(?)
As total resistance =R
i1 Ll Boan®)
| R R
yy »X
L
y+ay N A
_’FZ..
F,
=
Yv

NOTE : Now as loop goes down, magnetic flux linked with
it increases, hence induced current flows in such a direction
so as to reduce the magnetic flux linked with it. Hence,
induced current flows in anticlockwise direction.

(b) Each side of the cube will experience a force as shown
(since a current carrying segment in a magnetic field
experiences a force).

A

F1=i({xB)= i(—afxmk] = Boy(i x J);
a

Bo(y+a),€

173=i(+afx ]:iBO(y+a)f
a
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NOTE : F3 = —F4 and hence will cancel out each other.

e e A Bzazvt A
Netforce, F = F1+ Fo + F3+F4 =—iByaj = — 0 R ()j
22
(© Totalnetforce=mg}+1?=[mg—BOaTv(t)}ﬁ
22
B,
mﬂ=mg— 04a V(t)
dt R
I . ) IV dv tdt
tegrating it, t, o -
ntegrating it, we get, J, _Bgazv(t) 0
g mR
(vt
o _ Bja*v()
gl & " mR
0 —¢
_ gaz
mR
B2a®w(r) -
Bya“t
or log mR -2
g mR

B3a*v (1) _ e—(Bgazt) mR

1-
or P
B2a%\/mR  B242
or 1—e{ 0 )/m =20% ),
mgR
~(Bga?t) /mR
v(t) = ngli l1-e ( 04 )/m
Boa
When terminal velocity is attained, v (£) does not depend
on ¢
mgR
AV (t) = —_——
Bga2

14. This is a question on growth and rise of current.
GROWTH OF CURRENT : Letatany instant of time t the
current be as shown in the figure.

Applying Kirchoff’s law in the loop ABCDFGA
we get, starting from G moving clockwise

dl, B_5

dt

a

A .
E-L —12R2 =0 jid

I2VTE

R
E -2
or[,=—I|1-e L %

Get More Learning Materials Here : I m

15.

Also we know that the emf (V) produced across the inductor

do d dl,
=_ X - _Z L, 1=-LZ2
i dt
([ =R
= —Li £ l-e L t
dt| R,
Ry,

V=-E e L .Herethenegative sign shows the opposition
to the growth of current.

V=12e 400x10° =12 e Stvolt
DECAY OF CURRENT : When the switch is opened, the
branch AG is out of the circuit. Therefore, the current decays

through the circuit CBFDC (in clockwise direction).
Applying Kirchhoff 's law (&

1

Ldl
- (L2) L
;

a__ (M) dt
1 L
On integrating, R

J‘I ﬂ__(Rl+R2)J'tdt
Iy 1 L 0

_(R+Ry )
I=1,e L
R1+R2_ 2+2 _
L 400x107

E 12
R1+R2=T=

I=3e719 4_clockwise.
Alternatively, you may directly find the time constant

Here, 10

and I,= 3A

T and use the equation j = jje™ /T where i =64

B R1+R2

Let us consider the current in the clockwise direction in
loop PORS. Force on wire OR,

For = 1(0x B) = I[(ai) x (3i +4k) By

= I By[3aixi+4aix k] =IBy[0+4a(— j )]=-4aBylj

Force on wire PS
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Fps =1(Ix B)=I[a(-1) x (3 +4k) By] = 4aByl j
Thus we see that force on QR is equal and opposite to that

on PS and balance each other.
The force on RS is

FRrs =1({xB)=1I[b(~j)x (3i +4k) By]
= IbB, [3k —4i] @)
The torque about PQ by this force is
s =7 x F = (ia)x (3k—4i) IbB,

= IabBy(3)) ...(ii)
The torque about PQ due to weight of the wire PORS is
- a
T= mg( 2) ... (1)

For the wire loop to be horizontal, we have to equate (ii) and
a
(i) 3labB,= mg>

mg .
= [=— .. (v
6bB, ()
Therefore,
(@) The direction of current assumed is right. This is
because torque due to mg and current are in opposite
directions. Therefore, current is from Pto Q.

(b) From (i), Frs = IbBy(3k —4i)

_mg_
6(130

KEY CONCEPT : As the metal bar 4B moves towards
the right, the magnetic flux in the loop ABCD increases
in the downward direction. By Lenz's law, to oppose
this, current will flow in anticlockwise direction as
shown in figure.

(¢) From(iv), I=

16. (a)

N

i
I .

C B

— X

Applying Kirchhoff's loop law in ABCD, we get
o . di

=iR+L= i
a @)
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(b) Let ABbeat a distance x from the long straight wire at
any instant of time ¢ during its motion. The magnetic
field at that instant at AB due to long straight current
carrying wire is

_olo
T 2nx

The change in flux through ABCD in time dt is
do=B(dA)= Bld x

Therefore, the total flux change when metal bar moves
from a distance x, to 2x,, is

= %% 2xg polo
A¢—jx Bldx _cj =

Inl
”" =20 llog, x X0

Iyl
= _“g 9 Jog, 2 ...(ii)

The charge flowing through resistance R in time T'is

T 1 di
q= j idt _JO Rl:Elnduced -L— :ldt [from eq. (1)]

1T L iy . 1 L .
= EIO Einduceddt_EJ‘O di= E(A‘b)_zll

1T gl L
=— log. 2|-=
1 R[ am et | TR

from eq. (it)

(c) When the metal bar 4B is stopped, the rate of change
of magnetic flux through ABCD becomes zero.
From (i),

R—_LE

2T Lcql4di
Iy dt:ij: Tl

L /4
T=-—log, i = £= T
R 2log,2

17. (a) Letus consider a small strip of thickness dx as shown
in the figure.
The magnetic field at this strip
B=B,+By
(Perpendicular to the plane of paper directed upwards)

_Bol Bo I
2n x 2m (Ba—x)

B, =Magnetic field due to current in wire 4

=u_ol[1+ 1 ]
2n|{x 3a-x

B =Magnetic field due to current in wire B

@g www.studentbro.in



Electromagnetic Induction and Alternating Current

dx

IY i

Small amount of magnetic flux passing through the strip

of thickness dx is
_ Molax 3adx
dp=Bxade= 5~

Total flux through the square loop

_J-Za u01><3a2 dx _u01a1n2
“Ja 2 x(3a-x) 7w

aln(2
- Hoa 1) 2 (Zy sin of)

The emf produced

_49
dt
Charge stored in the capacitor

e=

1
= Ho0® (2)coswt
n

Hoalp®

g=Cxe=Cx In(2)cos ot ...(1)

Current in the loop

_dqg_Cx uoalo(oz

In (2)sin ¢
&t (2

i

_ poalgo*Cln(2)

i =
max T

(b) From (i), the graph between charge and time is

N
/o 2n/o ¢
20\  [finl2e
- Qu
Cxppalymin(2)
Here, g, = .
18. Given, V=220V
v=50Hz,L=35mH,R=11Q
Impedance
Z= (oL +R* =11\20
Yo
also, 1,= 7

Get More Learning Materials Here : I

19.

20.

® P-S-229
Vs N2
Vo= Vims V2 Iy= "”2\/_=20A
_R_1 _z
cos = NG (0] 2
graph is given by.
‘ .
il E/:VO sinw?
&l

/1=1, sin(o ¢ n/z’)\_/ t

NOTE : After a long time capacitor will be fully charged,
hence no current will flow through capacitor and all the
current will flow from inductor. Since current is D.C.,
resistance of L is zero.

R R 1 3R
Req= 5+ XS +r +1,= —+r +r,

2 4

—BO00000 ]
|C:
= g+¢g = 2g 2¢g
"Ry Ry GRIMtr+n

Potential drop across 4 is

2¢
p— = =—r
eIn=0 = e R n
4
= r =r,+t3RM4 or R= E(Vl—rz)

KEY CONCEPT : The magnetic field in the solenoid is given
by

B=pyni
——R—»
K-a—
T
! |d}-
|
! I :
i [ HL
: I e
e B et
1
|
—_ !

[
= B=pgniysin ot | [ i=iy=sin ot (given)]
The magnetic flux linked with the solenoid
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G. Comprehension Based Questions

1. () Forcharging of R— Ccircuit, Q= Q,[1- e "] when
the charging is complete, the potential difference

dd 5. between the capacitor plates will be V. The charge

o T lona“iy ™ cos ot stored in this case will be maximum.

Therefore, 0= CV.

0= B.A4 =B A4 cos 90° = (i, niy sin o) (a?)

.. The rate of change of magnetic flux through the solenoid

The same rate of change of flux is linked with the cylindrical
shell. By the principle of electromagnetic induction, the [ ﬂ]
induced emf produced in the cylindrical shell is When =27, 0=CV[1=e <

=CV[l-¢72]

V
N
|
&> %
C S 1
o)
—1
TOP VIEW
do P NI S
e=—-—=-T uonaziococoscot (1) L
dt 2. () Theinstantaneous charge on plates at any time ¢ during
The resistance offered by the cylindrical shell to the flow of discharging is
induced current / will be Q= Q, cos ot
y . Instantaneous current,
R=p—
A 1=%=Q0wsinmt
Here, {=27tR and A=Lxd
_C I
L ) P >
P2 .. (1)
p
The induced current / will be S,
= le| _[= ,uona2i0 wcosot]x Ld
R x2TR 9000990 —
P L
2. ;.
- = Mo Ld iy o cos ot . The magnitude of maximum current
2 PR Imax = QOO‘)
F. Match the Following H =CVand o= b
. . . ere O and ® Jic
1. A-rs,t; B-grs,t; C-p,q; D-q,ns,t
The following are the important concepts which are applied 1 C
in the given situation. A L JiC = T

(1) For DC circuit, in steady state, the current / through

. o : 3. Apply Kirchhoff 's law in the circuit
the capacitor is zero. In case of L-C circuit, the potential (© ApplyKirchhoff's law in the circui

difference across the inductor is zero and that across [ L dl —0> 9_ L al
the capacitor is equal to the applied potential difference. C dt C dt
In case of L-R circuit, the potential difference across
: : . : d( do d*0
inductor is zero across resistor is equal to the applied = 0=LC _(__) S fopuit 4
voltage. de\ dt dr*
(i) For AC circuit in steady state, I . current flows N. V. 0V
. . - S S S
through the capacitor, inductor and resistor. The 4. (@) Forstep up transformer —=— = —=
. . . N 1 4000
potential difference across resistor, inductor and P P
capacitor is proportional to /. s V=40,000V
(iii) For DC circuit, for changing current, the potential N, V

difference across inductor, capacitor or resistor is For step down transformer N_p = Vp
proportional to the current. s s
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40,000 _ 200
200 1
(a) is the correct option.
5. (@) WeknowthatP=V x]

[= P _ 600x1000
V4000
I=150A

Total resistance =0.4 x 20=8 Q
Power dissipated as heat = I?R = (150)? x 8
= 180,000W =180 kW

180
% loss = wx 100 = 30%
(b) is the correct option.

> d d dB
6. ® [ Ed= dt"’ & = (BnR?)=-nR? T

= —R?B

- Ex2nR=—nR?B

—BR

nE=——

(b) is the correct option.
7. (M) GivenM=yL

M =y mmR?2

M=vym (Aw)R? (1)
_ QB

But Ao=— -2)

OB 2 =QR2
2m 2
The negative sign shows that change is opposite to

the direction of B.
(b) is the correct option.

From (1) and (2) AM = —ym[

H. Assertion & Reason Type Questions

1. (@) As shown in the figure the horizontal component of
the magnetic field interacts with the induced current
produced in the conducting ring which produces an
average force in the upward direction. (Fleming's left
hand rule).

Ft 1

/

By

Conducting ring

@

™

®

I. Integer Value Correct Type
Time constant =RC

2
1
mpedance oC

Given impedance = R+/1.25

RJ125 = ,{

2

.. RC= ——XIOOO ms
o

500

. RC=4ms

The magnetic field due to current carrying wire at the
location of square loop is

]40 21tiR }tol
4m (R?2+3R%)3/2 16R

The mutual induction

M—ﬂ_g[”o X a cos45°]
i i | 16R

2
Hoa

M=Z
2

R
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I Section-B

1. () Theimpedance triangle for resistance (R) and inductor
(L) connected in series is shown in the figure.

R
Power factor cosh= m

2. () Theinduced emfis
_—dd _ d(B.A) _-d(BAcos0°)

dt dt dt
x  x[[ x x —V
[

—X—>
X X X X

dd__gdx®) _ _po& _ gy
dt dt dt
3. () These three inductors are connected in parallel. The

equivalent inductance L, is given by

1 1 1 1 1 1 1 3
_=_+—+—=—+—+—=—=l
L, L L, Ly 33 3 3
.‘.Lp=
4. () N,=140,N,=280,1,=44,1
I, N,
For a transformer I_ = 7
I, 140
=4 "m0 T AT

5. () Mutual conductance depends on the relative position
and orientation of the two coils.

A _ AL _ A

6. @ e=-7 At A
Al 4

_L—:>8 Lx
~lel 0.05

8x0.05

= L= =0.1H

7. (c) When the capacitor is completely charged, the total
energyin the L.C circuit is with the capacitor and that

energy is
2
g-19°
2C

JEE Main/ GIEEE

GP_3481

When half energy is with the capacitor in the form of

electric field between the plates of the capacitor we get
2

§=% % where Q'is the charge on one plate of

the capacitor

C1 192 102 5@

' 2 2¢ 2¢C V2
Laminated core provide less area of cross-section for
the current to flow. Because of this, resistance of the
core increases and current decreases thereby
decreasing the eddy current losses.
D.C. ammeter measure average current in AC current,
average current is zero for complete cycle. Hence
reading will be zero.
Since the phase difference between L & Cis w,
.. net voltage difference across LC=50-50=0

Ay _ (7 -M)
At t
Ry, = (R+4R)Q=5RQ
__nd¢ _ —n(W,-W)
R dt 5Rt

(- Wy & W are magnetic flux)
&=B.A; ¢ =BAcosot
_dé

BA .
€= =0BA4sinwt; i= co—smcot
dt R

2
Py = i’R= (%} x Rsin® ot

T T
j > o xdt , sin? wtdt
p 0 _(@B4)° o _ 1 (0BA)®
an T R T s —
jdt j dt 2 R
0 0

2
p (mBnr2 )2 A= -
. avg —_ 8R 2

For resonant frequency to remain same
LC should be const. LC = const

, L
=>LC=L'x2C =L =5

14. ®) (=1m,0=5radls, B=02x107*T

_ Bof*  02x10™x5x1
2 2

=50uV
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15. (o)
16. )
17. (@
18.
19. (@@
20. ()
21. (¢)
22. @
23. )

Get More Learning Materials Here : I

Relative velocity=v+v=2vy
-~ emf =B./(2v)

For maximum power, X
1 1

(2nn)?L  4n? x50x50x10

= X, which yields

 C=01x10°F=1pF

i
Phase difference for R—L circuit lies between (0, 5)

BB 2 03
Z 15 5

KEY CONCEPT : The charging of inductance given
( _Re)

by,i=i0Ll—e LJ

. Rt Re
o _ . A I

Yojl-e Ly=> e L ==
> o( ) 5

Power factor = cos ¢ =

Taking log on both the sides,

=logl-log2

300x1073

L
= t=—log2= 0.69
708 x

= t=0.1 sec.

. ¢ BA
Mutual inductance = T

[Mr~'07'1?)

oy MO

[Henry] =
100

V10 514
R 1000

Across resistor, =

At resonance,

1 1
oC  200x2x10
Voltage across L is

IX] =0.1x2500 =250V

__do_ d(NB.A)

dt dt

X, =2500

=-N %(BA cos®t) = NBAw sin ot
= €max = NBA®
& =102 — 50t + 250

e= —? = —(20¢ - 50)

24. (a)

25. (¢)

26. (a)

27. @

28. (¢)

® P-s-233
Initially, when steady state is achieved,
i E
R

Let E is short circuited at #=0. Then
Att=0,i,= Rz
Let during decay of current at any time the current
flowing is —Lﬂ—iR =0

dt

t

j R
4 Ry fdi =[-—dr
i L i L
lo 0
R
i R o !
=log,—=-—t=i=ipe
A L
-100x10~3
i E 1 2100 igguao 1
R 100 e

KEY CONCEPT : We know that power consumed in
a.c.circuitisgivenby, P=E,, .1, cosd

Here, E= E| sinwt
I=1,sin [wt - E)
2

which implies that the phase difference, ¢ = %

[ cosE = 0]
2

. P=E, .I,ms.cosg =0

([ _R)
KEY CONCEPT : /= IOLl—e LJ

(When current is in growth in LR circuit)

1y PoMiNy A _ dnx 1077 x300x 400 x 100 x 10~
¢ 0.2

=24nx10~*H

Growth in current in LR, branch when switch is closed
is given by

Ryt

=£[1_e—1e2t/L]3 di _E Ry —ryii_E 7]

R2 dt R2 L L
Hence, potential drop across
£ 2
Lo (L —R2t/L)L Ee Rt _ 1y a00x107

=127V

@g www.studentbro.in



GP_3481

P-S-234 ® Topic-wise Solved Papers - PHYSICS '
29. (b) Duetothe movement of resistor R, an emfequal to Blv . 12
will be induced in it as shown in figure clearly, ELiZ = 5%
I1=1 1+ I 2
1
Also, I, =1, Also g =g, cos wf and ® = ——
Solving the circuit, P 0 vLC
we get
5 T Bly On solving 1= LC
v = =
h=h=2¢ R0 0 Esy Sra 34 ) Wehave,V=V,(1-¢'RO)
) 7 1 =001 e~/RC
and /= 2 = 2Bly = 120 200( ¢ )
3R : b = =RCin(2.5)
_ ooQ = R=271x106Q
30. () Atz=0,nocurrentwill flow through Z and R, 35. (@ Because ofthe Lenz's law of conservation of energy.
V 36. () Here, inducede.m.f
.. Current through battery = R ® N
A 2 LV —
tt= o
’ —d
. _ RR, X X
effective resistance, Rop = w0 )
R+ Ry (30’ -(20] _58C0
e= I (ox)Bdx = Bo—————— = 2
V. V@®R+Ry) 3t 2
- Current through battery= p == RR )
eff 112 37. (@ Asweknow, Magnetic flux, ¢ = B.4

31. () When capacitance is taken out, the circuit is LR. 2
Ho(2)(20x1077)

L x (0.3 x1072)?
- tang = ‘”? 2[(02) +(0.15)%]
On solving
= of = Rtan¢=200x == 2% =9.216x10711=92x 10" 'weber
BB 38. (c) Charge on he capacitor at any time t is given by
Again , when inductor is taken out, the circuit is CR. q=CV (I1-¢"
1 att=21
tan¢=ﬁ q=CV(1_e_2)
@ 39. (c¢) Applying Kirchhoff's law of voltage in closed loop
1 1200 - Vr
_=Rtan¢=200><—=— _VR_VC—O = —=—1
= ec NEERNE) Ve
; A, C R
Now, Z:\/R2+(L—ij /
oC
2 — L :/1:

200 200 T
= ,[(200)* +[———J =200Q
Power dissipated = V,,,1,,,,s COS$

V R R _ 15 X 100 _
_ Yms K. == 40. [(0)=——==0.1A
= Vi ;’S.Z(-cow Z) ® 10) 0.15x10°
I(0)=0
PR (22007x200  220x220 -t
T2 T awp T om VW LO=1O-16] e +ier)
32. (0) Induced emf=vB,I=15x5x10"x2=15x107 —t R
=0.15 mV I(t)=0.1 eL/R =( el
1
. . _1. 0.15x1000
33. (a) Energystored in magnetic field 5 Li 1(H)=0.1 e 003 —067mA

. . 1 q2

Energy stored in electric field = - =
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41. (¢) FromKVLatanytimet )

. . . x bdx k
Double differential equation — +——+—x=0
di dt© mdt m
R + dt
> — Rt Rt
MWN——55% Qmax=(;,oe_£=>Q$mx =Qge_f
05 Y Hence damping will be faster for lesser selfinductance.
2. © EFE=F=0
< + | because of action and reaction pair
qg¢ 43. () Here
—-iR-L—=0 1
c dt JR2+X2 VR2 40’12 YR?+4nPv12
2
i=—$=>ﬂ+d—qR+L‘;2q=0 10= 220 [-,-R=X=&=8]
dt e dt 64 +4n%(50)°L I 10
ﬁ+5d_q+i=0 On solving we get
dt2 Ldt Lc L=0.065H
From damped harmonic oscillator, the amplitude is

dt
i —Ae——
given by A o€ >
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