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Chapter

Electromagnetic Induction

Topic-1: Magnetic Flux, Faraday's and Lenz's Law

[ MOQs with One {m'mt Anmer

The figure shows certain wire segments jomed together to
form a coplanar loop. The loop is placed in a perpendicular
magnetic field in the direction going into the plane of the
figure. The magnitude of the field increases with time. 7
and 7, are the currents in the segments ab and ¢d. Then,

[2009)
* s
-~ X
b ¥ % X, ® XK
@ I, >1,
(b) ! < 1

(c) .’ |18 in the direction ba and [, is in the direction cd
(d) 1, isin the direction ab and f is in the direction dc

small bar magnet is being
slowlyinserted with constant

velocity inside a solenoid as

shown in figure. Which graph EEEE—>

best represents the relationship between emfinduced with

time [2004S]
: 2

(@) iy (b Time

(©) Tine (d e

A thin circular ring of area 4 is held perpendicular to a
yniform magnetic field of induction 8. A small cut is made
in the ring and a galvanometer is connected across the
ends such that the total resistance of the circuit is R. When
the ring is suddenly squeezed to zero area, the charge
flowing through the galvanometer is [19958]

5

A rectangular conductmg loop of length 4 cm and width 2
cm is in the xy-plane, as shown in the figure. It is being
moved away from a thin and long conducting wire along

e So i
the direction {ix +Ey with a constant speed v. The

wire is carrying a steady current I = 10 A in the
positive x-direction. A current
of 10 nA flows through the
loop when it is at a distance
d=4 cm from the wire. Ifthe
resistance ofthe loop is 0.1 )L/’
Q, then the value of v is 4cm

ms.
[Adv. 2023] 3 :

d
[Given: The permeability —- JL
of free space o =4n x 107" NA?] I=10A
A series R-C combination is connected to an AC voltage
of angular frequency @ = 500 radian/s. If the impedance of

the R-C circuitis R/1.25 , thetime constant (in millisecond) of the
[2011]

circuit is

In astra lght conducimg wire, a constant currem is ﬁowmg
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 ........ceennen. [1993 - 1 Marks]
5 Trwe / False '

A coil of metal wire is kept stahonary in a non-uniform
magnetic field. An e.m.f. is induced in the coil.

[1986 - 3 Marks]
An e.m f. can be induced between the two ends of a straight
copper wire when it is moved through a uniform magnctic
field. [1980]
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i

. A small circular loop of area 4 ahd reéistancc R is fixedon

 rails separated by a distance

a horizontal xy-plane with the center of the loop always
on the axis ; of a long solenoid. The solenoid has m
turns per unit length and carries current /
counterclockwise as shown in the figure. The magnetic

field due to the solenoid is in j direction. List-1 gives
time dependences of 7 in terms of a constant angular
frequency o. List-I1 gives the torques experienced by the

T ALimlo
circular loop at time £ = P Let a= ——1’121—?———.
[Adv. 2022]
List-I %ﬁ(—)ﬂ Lo
. —l-(sin Wt ] +cos of .{:) TZ‘I 4
V2
an -l-(sin Wt i +cosmt }) Q) 25
NG 4
! ® 27
@ :E[Sin mrf+cosmtk) 4
- . r L6 PN
0%} —J_—z(cos ot j+sinot k] (S) =
- 3o ;
]
M-

Which one of the following options is correct?

@ (1) —(Q); D~ (P); (I —(S); (IV) —>(T)

(b) (D) —(S); (D — (T); (1) - (Q); (IV) - (P)

(© (M —(Q); (I — (P); () — (8); (IV) - (R)

(@) (D —(T); (D)~ (Q); (1) - (P); IV) - (R)

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]

(@) Theemfinduced in theloop is zeroifthe current is constant.

(b) Theemfinduced in theloopis finiteifthe current is constant.

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

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

S

A metal bar A8 can slideon -
two parallel thick metallic 4

£. A resistance R and an
inductance L are connected
to the rails as shown in the
figure. A long straight wire
carrying a constant current
1, is placed in the plane of

12.

13

14.

the rails and perpendicular to them as shown. The bar 4B
is held at rest at a distance x,, from the long wire. At =0,
itis made to slide on the rails away from the wire. Answér
the following questions. {2002 - 5 Marks]

di d .
(a) Find a relation among i, *d—: and _d%‘ where i is the

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

(b) Itis observed that at time ¢ = 7, the metal bar 4B is at
adistance of 2, from the long wire and the resistance
R carries a current i,. Obtain an expression for the net
charge that has flown through resistance R from t =0
tot=T.

(c) The bar is suddenly stopped at time 7. The current

i 5
through resistance R is found to be j at time 27. Find

L, ; Gl
the value of R interms of the other given quantities.

A rectangular frame ABCD, madeofa 4 £ B
uniform metal wire, has a straight SRS
connection between E and F made of s ghot| %
the same wire, as shown in Fig. AEFD | x x |
isa square of side Im, and EB=FC= 5
0.5m. The entire circuit is placed in L il "l
steadily increasing, uniform magnetic O F C
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 100/ m. Find the
magnitudes and directions of the currents in the segments
AE, BE and EF. [1993-5 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 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 - 2 Marks]

A B C
A current from 4 to B is increasing in magnitude, What is
the direction of induced current, if any, in the loop as

shown in the figure? [1979]
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Topic-2: Motional and Static EMI and Application of EMI

@ 1 OO G R

Aregion in the form of an equilateral triangle (in x-y plane)
ofheight L has a uniform magnetic field B pointing in the
+z-direction. A conducting loop PQR, in the form of an
equilateral triangle of the same height L, is placed in the
x-yplane with its vertex P at x =0 in the orientation shown
in the figure. Att= 0, the loop starts entering the region of
the magnetic field with a uniform velocity 7 along the +x-
direction. The plane of the loop and its orientation remain
unchanged throughout its motion.

R

Which of the following graph best depicts the variation of
the induced emf(E) in the loop as a function of the distance
(x) starting from x =07 [Ady. 2024]

@) 0. LgTm 18 &
\L/

A light disc made of aluminium (a nonmagnetic material) is
kept horizontally and is free to rotate about its axis as
shown in the figure. A strong magnet is held vertically at a
point above the disc away from its axis. On revolving the
magnet about the axis of the disc, the disc will (figure is
schematic and not drawn to scale) [Ady. 2020]

(a) rotate in the direction opposite to the direction of
magnet’s motion

(b) rotate in the same direction as the direction of magnet’s
motion

(c) notrotate and its temperature will remain unchanged

(d) not rotate but its temperature will slowly rise

A square frame of side 10 cm and a long straight wire carrying

current | A are in the plate of the paper, Starting from close

to the wire, the frame moves towards the right with a

constant speed of 10 ms™! (see figure). [Adv. 2020)

1}. 1=1A

e— x —>

10 em

The e.m.finduced at the time the left arm of the frame is at
x =10 cm from the wire is:

(a) 2uv (b) 1wV () 075pV (d) 05puVv
Two circular coils can be arranged in any of the three
situations shown in the figure. Their mutual inductance
will be [2001S]

= 0
S i P et e g 5
(a) (b) (c}

(a) maximum in situation (a)

(b) maximum in situation (b)

(c) maxinmum in situation (c)

(d) thesame in all situations

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 [20018]
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11.

: (c) 2BLv/R anticlockwise

£ Bl

(a) inAD,butnotin BC  (b) in BC,butnotin AD
(c) neitherin ADnor in BC (d) inboth AD and BC

A coil of inductance 8.4 mH and resistance 6 Q is
connected toa 12 V battery. The current in the coil is 1.0A

at approximately the time [1999S - 2 Marks]
(a) 500s (b) 25s () 35ms (d) lms

A thin semi-circular conducting

ring of radius R is falling withits | * * _,* ~
plane vertical in horizontal magnetic s B it
induction B . At the position MNQ R
the speed of the ring is v, and the N
potential difference developed | x /AV¥ =\ «x
across the ring is M Q

(@) zero [1996 - 2 Marks]

(b) BvrR?/2 and M is at higher potential

(¢) mRBvand Qisat higher potential

(d) 2RBv and Qis at higher potential.

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 from

the following [1998S - 2 Marks]

(a) Theentirerod is at the same electric potential.

(b) Thereis an electric field in the rod.

(c) The electric 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 small square loop of wire of side / is placed inside a large

square loop of wire of side L(L>>1). The loops are co-planar

and their centres coincide. The mutual inductance of the

system is proportional to [1998S - 2 Marks)

(a) /L & PL © L (d) L1

A conducting square loop of side L 8

and resistance R moves in its plane 3 g@

with a uniform velocity v %g a@e

perpendicular to one of its sides. A & ® 58

magnetic induction B, constant in @e%@, 8%@

timeand space, pointing perpendicular  ® @ 9@@

and into the plane of the loop exists everywhere.

The current induced in the loop is: [1989 - 2 Marks]

(a) BLw/R clockwise

(b) BLv/R anticlockwise
(d) zero.

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 battery
[1989 - 2 Marks]

12.

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 A of the rod gets positively charged.

[1987 - 2 Marks]
OB el
O|¥v0
A
U5 AR SN
0 X

14.

A conducting wire of pambohc shape, mmally y=x"is moving

with velocity 7/ =¥,7 in a non — uniform magnetic field
2 PR
B=B, l+(1-) k , as shown in figure. If /*B, L and B

are positive constants and A¢ is the potential difference
developed between the ends of the wire, then the correct

statement(s) is/are: [ Adv. 2019]
)
oF
L )
:: V= Wyl
o VL X

(2) |Ad| is proportional to the length of the wire projected
on the y-axis.
(b) |Ad| remains the same if the parabolic wire is replaced

by a straight wire, y = x initially, of length /21

© 164=3BFL forp=0

@ (A= SBFL for p=2

A rigid wire loop of square shape having side of length L
and resistance R is moving along the x-axis with a constant
velocity 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. [Adv. 2016]



0000 RE XXX HKHMINLK XX XK NN
fibeedbitiitiviti ittt

JUHXHN XX X 0 AN

be XXX XEANNKHHA] XN ANNX
[XXXRANK pEbiby bedisie
R XRENACXEAXN XX XXX
L —3 Moo ool

AN XX

AAXAXACXXAXNEX KN AN XN XN KA
Vo=  OX0XXXAARKAAXXXKRRAXKAK AN

#mxu#unurqxxux KRN
X

0 L 2L 3L 4L
Which of the following schematic plot(s) is (are) correct?
(Ignore gravity)

I(x)
v(x)

o

15. 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? [Adv. 2016]

o v

(@ Themagnitude ofinduced emyfin the wire is [ PO] volt
(b) Ifthe loop is rotated at a constant angular speed about

the wire, an additional emfof (%) voltis induced in

the wire
(c) Theinduced current in the wire is in opposite direction
to the current along the hypotenuse
(d) Thereis a repulsive force between the wire and the loop
16. The S7unit of inductance, the henry, can be written as
[1998S - 2 Marks]
(a) weber/ampere (b) wvolt-second/ampere
(c) joule/(ampere)® (d) ohm-second

17. Two different coils have self-inductances Z; =8 mH and

L, =2mH. The current in one coil is increased at a constant
raxe 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
areiy, V and W, respectively. Corresponding values for the

B49

second coil at the same instant are i,, , and W, respectively.

Then: [1994 - 2 Marks]
i i w1 W
@ +=Z ® =4 © ,—,,;*ﬁ(d) o

18. A thm conducnng rod MN of mass 20 gm, length 25 cm
and resistance 10 Q is held on frictionless, long, perfectly
conducting vertical rails as shown in the figure. There is
a uniform magnetic field B, =4 T directed perpendicular
to the plane of the rod-rail arrangement. The rod is
released from rest at time t= () and it moves down along
the rails. Assume air drag is

negligible. Match each ®@ @ @® B @
quantity in List-I with an
appropriate value from List- G)M g N -
IT, and choose the correct F"®| @ lg
option. JAdv. 2023]
[Given: The acceleration due ®... ® ©
togravityg=10ms?and @ | @ @ ©
...1 i
b eie 0 o
List-1 List-1I
(P) Att=0.2s, the magnitude (1 007
of the induced emf in Volt
(Q) Att=0.2s, the magnitude (2) 0.14
of the magnetic force in Newton
(R} Att=0.2s, the power (3) 120
dissipated as heat in Watt
(S) The magnitude of terminal @ 012
velocity of the rod in m s

(5) 2.00

(@ P>50-5>2R>38->1
(b) P—>3,Q—>1,R>4,8-5
(c) P>40->3,R>1,85->2
(d P->3Q>4R—>2,8S->5

19. A magnetic field B = B, (W/a)k is into the paper in the
+z direction. B and a are pos:tlve constants. A square loop
EFGH ofside 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]

o

@ ® ®
Epm—F

®H®G®£

® © ®

Find

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

(b) thetotal Lorentz force acting on the loop and indicate
its direction, and

(c) an expression for the speed of the loop, ¥(f) and its
terminal value.



850
20.

21.

22.

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 therails 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]

53

—}d [

m

(i) the terminal velocity achieved by the rod, a nd
(ii) the acceleration of the mass at the instant when the

velocity of the rod is half the terminal velocity.
A metal rod O4 of mass ‘m’ and length " is kept rotating
with a constant angular speed o in a vertical planc 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 § 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 isopen. [1995 - 10 Marks]

L
(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) Inthe steady state, obtain the time dependence
of the torque required to maintain the constant
angular speed, given that the rod O4 was along
the positive X-axis at {=0.

Twoparallel vertical metallicrails A8 4 1
and CD are separated by 1 m. They J_ L I I
are connected at two ends by =
resistances R and R, as shown in
Figure. A horizontal metallicbar L of
mass 0.2 kg slides without friction

vertically down the rails under the 5 ‘Rz
action of gravity. There is a uniform g~ ¥ D

horizontal magnetic ficld of 0.6 Tesla

23.

24,

25.

Physics

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 Wait and 1.2 watt
respectively. Find the terminal velocity of the bar L and
the values of R, and R, [|1994 - 6 Marks]

Space is divided by the line 4D into two regions. Region
Lis field free and the Region IT has a uniform magnetic
field B directed into the plane of the paper. ACD is a
semicircular condueting loop of radius  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-| Region-1I

4| X X X X X

S]] XX kxR
7 ;

X X XPx X

o KX X X X

5 X X X X X

KK M

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

(ii) Show the direction of the current when the loop is
entering into the Region I1.

(iif) Plot a graph between the induced e.m.fand the time
of rotation for two periods of rotation.

A square metal wire loop of side 10 ems and resistance 1

ohm is moved with a constant velocity v, in a uniform

magnetic field of induction B = 2 webers/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. The resistances

of the lead

wires OS and PQ are negligible. What should be the speed
of the loop so as to have a steady current of | milliampere in
the loop ? Give the direction of current in the loop.
[1983 - 6 Marks]
The two rails ofa railway track, insulated from each other and
the ground, are connected to a milli voltimeter. What is the
reading of the milli volimeter when a train travels at a speed of
180 km/hour along the track, given that the vertical component
ofearth’s magnetic field is 0.2 x 10~* weber/m” & the rails are
separated by | meter? |1981- 4 Marks]
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Topic-3: Miscellaneous (Mixed Concepts) Problems

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

(c) clockwise ofthe +ve z axis

(d) along the magnetic field

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 and the wire radius halved, the electrical power
dissipated would be [2002S)
(a) halved (b) thesame

(c) doubled (d) quadrupled

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 /,, flows in P (as seen by E)
and an induced current /,, flows in Q. The switch remains
closed for a long time. %’hen S is opened, a current [
flows in Q. Then the direction /Q, and 1Q, (as seen by
are [20028]

P 0
E
o

Battery

(a) respectively clockwise and anti-clockwise

(b) both clockwise

(¢) both anti-clockwise

(d) respectively anti-clockwise and clockwise

A coil of wire having inductance and resistance has a
conducting ring placed coaxially within it. The coil is
connected to a batteryat time #= 0, so that a time-dependent
current 1,(7) starts flowing through the coil. If L(0) 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 oftime (¢
> 0), the product I,(/) B(r) [2000S]

(a) increases with time

(b) decreases with time

(c) does not vary with time

(d) passes through a maximum

A uniform but time-varying magnetic field B8(7) 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 B(t) [2000S)

(a) iszero P

(b) decreases as 1/r
(c) increases as r
(d) decreases as 1/7%

)6
2

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) is attracted by the loop-A

(c) isrepelled by the loop-A

(d) rotates about its CM, with CM fixed

Along straight wire carries a current, /=2 ampere. A semi-

circular conducting rod is placed beside it on two conducting
parallel rails of negligible resistance. Both the rails are parallel
to the wire. The wire, the rod and the rails lie in the same
horizontal plane, as shown in the figure. Two ends of the
semi-circular rod are at distances 1cm and 4 cm from the
wire. At time t= 0, the rod starts moving on the rails with a
speed v=3.0 m/s (see the figure),

A resistor R = 1.4 ) and a capacitor Cy = 5.0 pF are
connected in series between the rails. At time t= 0, Cyis
uncharged. Which of the following statement(s) is(are)
correct ?

(Mg =4nx 10~7 ST units. Take In 2=0.7]

4
iv

1 B

r—

C.

4

ey

[Adv. 2021]

4em

Ko

(a) Maximum current through R is 1.2 x 10~ ampere

(b) Maximum current through R is 3.8 x 1076 ampere

(¢) Maximum charge on capacitor C, is 8.4 x 10712
coulomb

(d) Maximum charge on capacitor C,, is 2.4 x 10712
coulomb

A source of constant voltage V is connected to a resistance

R and two ideal inductors L, and L, through a switch S as

shown. There is no mutual inductance between the two

inductors. The switch S is initially open. Att =0, the switch

is closed and current begins to flow. Which of the following

options is/are correct? [Adv. 2017]

(@) After a long time, the current through L, will be
N Is
R LI + L2
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(b) After a long time, the current through L, will be
Loty
R Ll o L2

(¢) Theratio of the currents through L, and L, is fixed at
all times (t = 0)

Vv
(d) Att=0, the current through the resistance R is R

A circular insulated copper wire loop is twisted to form
two loops of area A and 2A as shown in the figure. At the
point of crossing the wires remain electrically insulated
from each other. The entire loop lies in the plane (of the

paper). A uniform magnetic field B points into the plane
of the paper. At t = 0, the loop starts rotating about the
common diameter as axis with a constant angular velocity
o in the magnetic field. Which ofthe following options is/
are correct? [Adv. 2017)

XX K oX Ko X M X MU M
oM Mo X M IMT M NG W MIEMN N
R X W X M AN UM

(@) The emf induced in the loop is proportional to the
sum of the areas of the two loops

(b) Theamplitude of the maximum net emf induced due to
both the loops is equal to the amplitude of maximum
emfinduced in the smaller loop alone

(¢) The net emf induced due to both the loops is
proportional to cos ot

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

Attime =0, terminal A

in the circuit shown in the

figure is connected to B by

a key and an alternating

current /(£) = Iycos (wt),

with /,=1 A and 0= 500

rad s™! starts flowing in

50V

R=100

it with the initial direction shown in the figure. At ¢ = z—g- =
the key is switched from B to D. Now onwards only 4 and
D are connected. A total charge O flows from the battery
to charge the capacitor fully. If C=20 uF, R= 10 Q and the
battery is ideal with emf of 50 V, identify the correct
statement(s). [Ady. 2014)

(a) Magnitude of the maximum charge on the capacitor

7
bokre £=—= is 1 X 10°9C
6m

(b) The current in the left part of the circuit just before
Fea
6, | clockwise

{c) Immediately afier 4 is connected to D, the current in R
is104
(d) 9=2x103C
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]

11.

(a) 1/RC
() VJLC

€ I
Passage

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

(b RL
@ CL

equivalent to a loop carrying a steady current % . 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 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 g. [ Adv. 2013]
12. The magnitude of the induced electric field in the orbit at
any instant oftime during the time interval of the magnetic
field change is
BR BR
@ @R RS 2R

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

field change, is

2
(3) ~gBQR? Oy BQZR
2
© vBQf @ 7BOR?

&1 0

14. 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 c
rod goes through a conducting ring as
shown in the figure. The ring can float ata
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]
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(a) Statement-1 is True, Statement-2 is True; Statement-2
isa correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-2
isNOT a correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True.

S 0 b

length n is enclosed by cylindrical shell of radius R,
thickness d (d << R ) and length L. A variable currenti =i
sinot flows through the coil. Ifthe resistivity of the materia

of cylindrical shell is p, find the induced current in the
shell. [2005 -4 Marks]

16. 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
1=, sinwt. [2003 - 4 Marks]

Lo cld
; a~;l e a

“ g >

L

(a) Calculate maximum current in the square loop.
(b) Draw a graph between charges on the upper plate of
the capacitor vs timez.

17. Arectangular loop PORS made from a uniform wire has
length @, 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

? Answer Key

B53

B = (3 + 4k)B, exists in the region. The loop is held in
the x-y plane and a current [ is passed through it. The
loop is now released and is found to stay in the horizontal

position in equilibrium. {2002 - 5 Marks]
4
}
P Qy
a
K S /

et e R

(a) What is the direction of the current / in PQO?

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

(c) Find the expression for /in terms of B, a, b and m.

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 Fis applied to the rod MN such that,

as the rod moves, a constant current flows through R.
[1988 - 6 Marks]

w0 e M el ek

18.

»® X 5 3 Tl ’ *
% % x F L X
R e d
B x ® a3 % X
;] x X & ¥ %
2% x % N * %

() Find the velocity of the rod and the applied force /' 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 ?

Topic-1 : Magnetic Flux, Faraday's and Lenz's Law

L @ 2 (© 3. () 4. 4) 5 @ 7. (False) 8. (True) 9. (a.c) 10. (¢)
1. (@)
Topic-2 : Motional and Static EMI and Application of EMI
1. (- 2 (b 3. (b) 4. @ 5 (@ 6 (@ 7@ 8 (b
12 (True) 13. (a.b,d)14. (a,b) 15. (a,d) 16. (ab,c,d) 17. (a,¢) 18. (d)

Topic-3 : Miscellaneous (Mixed Concepts) Problems

9. (b 10. (d)

1. (@) 2
11. (abe) 12.

(b)
(b)

3. @
13. (b)

4. (b) 5.
14, (a)

(b)

6. (c) 7. (a,c) 8 (ab,c) 9. (b,d)10. (c,d)
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Hints & Solutions

Topic-1: Magnetic Flux, Faraday's
and Lenz's Law

(d The magnetic field is
increasing in the downward
direction. Therefore, according
to Lenz’s law the current /, will
flow in the direction ab and I,
in the direction dc.

X X X X X
X X X

X

(¢) Polarity of emfwill be opposite when the magnet enters
and leaves the coil.
Only graph (c) shows these characteristic.

C t‘dce:dlﬁm:b'f——l—ﬂ

(b) Current indu R R dt
dq dg 1d¢ 1 BA
=t - L=—0— = |dg=—|db .g=—
= W Ak fdg=g]dba=7

(4) Heree.m.f, e=(B,; -B,)bv,

-_i_ﬁ_o‘[L;]b
Curteph A R 2R\ T O igwn)

-7
1084 M[L_L]my

[Given: 1=10A,R=0.1Q,i=10pA= 10 A]
v, =2
y

tanB:Flz:,_]_:i T(_h_bT"y
VX Fitv,
Vy =2\/?_: 1 i
V= vx+v§,= [2J§]2+(2)2 % :
=16 =4ms! :

(4) Time constant, T=RC

2
1
= |R?+ [_]
Impedance Z oC

2 i}
GivenZ = R125 . Ry12 =\/R +(—C—J

®

S RC=4ms

When the source is switched off, the current left to right
decreases to zero. The induced current opposes the cause
or change as per Lenz's law. Therefore, the induced current
will be from left to right.

False. The coil of metal wire is kept stationary in a non-
uniform magnetic field. And for induced emf to develop in
a coil, the magnetic flux through the coil must change.

2 2
. = —=——x1000
L RE L SOOX ms

10.

But in this case magnetic flux linked with the coil is not
changing.

True. when the wire is in motion, the electrons have a
net velocity in the direction of motion.

A charged particle moving in a magnetic field experiences

a force 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.

(a, ¢) If the current is constant, the emf induced in the
loop zero. Emf will be induced in the
circular wire loop when flux

through it changes with time.

L
At

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

Also, if the current decreases at
steady rate, the emf. induced in the loop is zero.

When the current is decreasing at a steady rate then the
change in the flux (decreasing inwards) on the right half of
the wire is equal to the change in flux (decreasing outwards)
on the left half of the wire such that A¢ through the circular
loop is zero.

© O 5=l

(sin wt ]+cns ot k)

V2
5 _ poml
¢=B-A= cos (ot)A
V2
ml
= dq’—usm (ot)
dt J2
e poml A (@)
R 2R
2

- .= pomlwA® . -

So, M=iA= sin (ot) k
V2R
P )

A ¢ >
faMixh= BB AN Loy
e
3 e

2,250 42 >
;- Mom I“oA xl{—l)

2R 4
Azp%mzlzm

-SR-S D So) @

(I Solvingas (I), $=0,e=0,i=0,M =0. So (I[) > P
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11.

12.

B161

Similarly, (IIT) — S
IV)—R 5
(a) To find the relation among i,— dr
Applying Kirchhoff's second law,
d¢ —iR—- L # =0
dt
do _
=iR+ L i
e d (i

t
() Expression for the net charge through R from /=0 to
t=T.
db = iRdt + Ldi(from eq.(i))
Integrating, we get

ﬂ¢=Rﬁq+Lf]
=00 L4 (ii)
- A
a8 23]
e Mo 10 4. Holob
Here, b= & J; £ e = 01 (2)
X=4iXxp

So, from Eq. (ii) charge ﬂown through the resistance upto
time ¢ = T, when current i}, is

(2)—.{4',]

Iyl
Aq=i[#o o
R| 2=

i=ietd
Here, E=%,ED=EI,I=[2T—T]=Tand T 3%

Substituting these values i = i

I T ) P O 8
s TR ma

D 10 F 0.50

The entire circuit is placed in steadily increasing uniform
magnetic field directed into the plane of paper and normal
to it, an induced emf will 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).

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

Induced emf in loop AEFD

do_ d dB

g=——=——PBA=-4— =-1x1=-1V
dt dt dt
Induced emf in loop EBCF
do d dB
s A B & i s
e o ar % o —05x1=-05V

Applying junction law at F, we get current in branch FE

{i] o 12)

13.

14.

1.

Applying Kirchhoff ’s law in loop EADFE

—1xi —-Ixi+1=-1%xi-1@-i)=0

= 4i-i,=1 ()
Applying Kirchhoff 's law in loop EBCFE
+0.5i,-0.5+ 1i,+ 0.5 i, - 1(; - i) =0
—i;+3i,=0.5 ()]
Solving eq. (i) and (ii)

11§, =35 = i;=3.5/11 'EA

Also 11i,=3 = i,=3/114 =—23A

*. Current in segment, AE:EI:E%A; BE=i2=-26—2-.4

1
dEF = (i —iy)=—4A
an (h—-1) )

Yes, When the coil A 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 A. Fixed Fixed
The direction of induced current in the loop as shown
below.

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 as 4 > > B
per Lenz's law.

Topic-2: Motional and Static EMI and
Application of EMI
(@ ForX=0toL

Induced emf, =Bl _gv=B x B

Forx=Lto2L

/\\i"“

L v
. B
i R L
Ly P |

v

«—» Wk

e VI | |
D bl
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2x0

lemf] = By

(5B
~\3Bvxg = Bv{ ~3(x- L)]

BvL

=

E[I_-3x+3L]=EE

B V3

4
At x=—L:>emf=0

[4L - 3x]

Therefore graph option (a) best depicts the variation of
the induced emf(E) as a function of the distance (x)

2.  (b) Due to motion of magnet above the disc, the plate
moves through the magnetic flux, due to which an EMF is
generated in the plate and eddy currents are induced.
These currents are such that it opposes the relative motion
so disc will rotate in the same direction as the direction of
magnet's motion.

This apparatus is called Arago's disk and the effect was
discovered in 1824 by Arago.

3. (b) In the given question,

Current flowing through the wire, I = 1A
Speed of the frame, v = 10 ms™!
Side of square loop, / = 10 cm
Distance of square frame from current carrying wires
x=10cm.
We have to find, e.m.f induced e = ?
According to Biot-Savart’s law
Bz_z_lgldls;nez 4nx107" 1xm~; I 2
T x 4n (l 0_1)
Induced em.f. e=Blv=10%x 107! x 10=1 pv

4. (a) When current flows in any of the coils, the flux linked
with the other coil is maximum when surface area to receive
flux is maximum. Clearly the flux linkage is maximum in case
(a) due to the spatial arrangement of the two circular coils.

%# 1 ‘g ,{ \n * J(

5. (d) Electric field willbe ® o;0 » @ o 5 o
induced, as ABCD moves,in o o[® ® ® oo o
both AD and BC. The o o|le o o oo o
metallic square loop moves o o(® o & o lo—o>
in its own plane with velocity o o|le o © oo @

v in a uniform magneticfield ¢ g¢lo o o o= o
perpendicular tothe plane of ¢ P o o o o o o
the square loop. 4D and BC

are perpendicular to the velocity as well as perpendicular
to field applied.

6. (d) Using current-time equation in L-R circuit,

I=1,(1 %)

V
But ID:E and T=%

9.

10.

11.

12.

-3
I=—:—(l—e'm”‘)=162- = o~61/8.4x10 ]=I(gim]

S 1=097x%1073s =~ 1lms
(d) Induced emf produced across MNQ will be same as
the induced emf produced in straight wire MQ.

. €ynp = €yp = BvL =Bv x 2R with Q athigher potential.
(b) In this case there is an electric field in the rod.

A motional emf, e = Blvis 4 XA X X xB
induced in the rod. Or we can
say a potential differenceis X X X | X X X
induced between the two

X M MR X
ends of the rod AB, with A at ' v
higher potential and Bat X X X | X X X
lower potential. Due to this % %/ %X X X

potential difference, there is
an electric field in the rod.
(b) We know magnetic field due to a current flowing in a
wire of finite length magnetic

B= %{sina+sinﬁ)

Applying the above formula for 4B for finding the magnetic
field at centre O, of the loop

= —-ﬁf—(sm 45°+5in45°) _
4n(L/2)

T_

or B % or,B = K%(K = constant)

Magnetic flux linked with the 4 o g B
smaller loop, ¢ = B.4 = 732 EY £ —~F
And, ¢ = ME e |
where M = Mutual inductance P GN
KI JZ D # ) C

SMI==—P . .
I M «< 3

d
(d) Since the rate of change of magnetic flux -‘}? is zero,

hence induced emf or current in the loop is zero.
The coil is broken into two identical coils and connected
in parallel.

_4
2L12XL,’2=£=1.8X10 ~045% 104H,
“" 1/2+L/2 4 2
_RI2xR/2_R_6_, .o
‘9 R/2+R/2 4 4
i -4
Time constant, T = _"S_=M={}.3 x 104
. g R0 R
E 15
Stmdystatecurrmtthmughﬂ:ebatterjf,1=g=r§=lo.&.

True. According to fleming's left
hand rule, when conductionrod AB  F,,,
moves parallel to x-axis in a uniform

magnetic field pointing in the positive é__, i
z-direction, then the electrons will

experience a force towards B. Hence,

the end A will become positive due a7
to deficiency of electrons at A.

— B

+
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13. (a,b,d) Given:B:Bo[H[-EJ }KV=V01'

We now consider a infinite small length of wire dy at a

distance y from the origin. 4
Emf induced across the length ;| ........ 5
dy |A¢| =B(dy) V, o1
; i v
|A¢|:Bu[l+[%) ]Vody |
0 L X

. Induced emf across the
complete projection

5 ¥ 1
+ L 0 y BUVUL{I-Fﬁ*_I}

Ad| = 2B, V,L. Clearly, |A|cL

L
|A¢| = Bovoj
0

16.

-For =0,

4
For [3 =2 |A¢I i 5 B(]V(]L

For a straight wire of length /7] placed along y = x then
the value of |A¢| will remain the same as its projection of

y-axis is same L as that of previous.

14. (a,b) i= —=—— —(i) [Counter—clockwise direction

e
R R

while entering, Zero when completely

inside and clockwise while exiting]

17.

ir 2

B’L
F=ilB= —R—" — (i) [Toward left while entering

and exiting and zero when completely inside]

o e B’L’v
dx R
j”dV=—BEL2jdX Vo BZLZ
vu ) =V-V, R X
B’L’
V=V,- me ... (i)

[V decreases from x = 0 to x = L, remains
constant for x = L to x= 3L again decreases
from x=3L to x=4L hence graph (a) is correct]
From (i) and (iii)

BL BL’x
T S
R mR

[i decreases from x=0 to x=L i1 becomes zero from x =L to x
= 3Li changes direction and decreases from x=3L tox =4L]
Hence graph (b) is correct.

15. (a,d) 18.

The flux passing through the triangular wire if i current
flows through the inifinitely long conducting wire

Ho
: sl dl e,
M 107 [—-:10AS ‘gwen)
dt
di
Induced emf in the wire, e = ME=B po-Fo v
dt 10w T

There will be no extra induced emf in the wire because
there is no change in the magnetic.

Flux due to rotation of loop.

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

be
(a, b, ¢, d) (a) Inductance, L =$ or henry =~
i ampere
(b) Induced e=—L(£J
nduced emf, dr
oo _e - ey = volt — second
(di/dt) | ampere
(c) Energy, U = > Li?
L= U or henry = Llez
2 (ampere)

i

(@ U =5L£'2 =i*Rt
- L=R.torhenry =ohm-second.
(a,¢)

i L,=8mH i L,=2mH

, : diy

According to question, rate of change of current o
= constant = m(say)
And according to faraday's law,

Induced emf =-L|%=—8x 10~ xm

Vo L 2%10%% 1

WL ogx10® 4
Since Power given to the two coils are equal
~ Wi =hi

|
L=2-— )
!2 V] 4
Energy W:%Liz
1. .M
5 L2ty
# ﬂ=—~—2 =1><4><4=4
AR L,iz 4
5 Lo

(d) From force equation, mg —Bif=ma

mdv___ BBif
BT

=mg—Bil = % = m, i

X =—

dt
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. 1=,§_=%:| ~i= ]ei BO‘:(I) [Anticlock wise]
As loop goes down, magnetic flux linked with it increases,
= mgR =~ mR dv hence induced current flows in such a direction so as to
B2/? B2¢2 dt reduce the magnetic flux linked with it. Therefore, induced
g ! g current ﬂ0\3|.'s in.anticloc_:kwise direction. _

B I dr= .[ (b) Each mfie will experience a force as shown in figure (A
mR 7 D"‘SZ;‘:_‘, current carrying segment in a magnetic field experiences a force).
B - - - 2 ) A A

! Fi=i(IxB)=i —aIxB—E}-k = Byy(ix J);
16x—
or, B‘z'??: O_gﬁ :i: F3 =i[+afo§] =iBy(y+a)]
R 0x10°x10 02 %
-3 F2=-F4 and hence will »X
Now mgR _ 20x10 " x10x10 =) cancel out each other. _h ]‘F’,
b Net force,
116 F=F1+F2+F3+F4 yray 1 o
= 2= i —
N Laa e A =~fBua}=—m—B“aRvm} :
mR  20x107x10 0.2 in upward direction. lf*_
2-v re
So5t= [—fn(:’.-v)}; = -5t= nt:T] (c) Net force on the loop,
v=2(1-¢3) e Bia’w(0) | »
Att=0.2 sec F=mgj+F= Mg—M,':
v=2(1— es XO.E) R
v=2(1- 0.4} 2 2
Att=02s dt R
Induced emfe=Bv/ g dv
Integrating it, we get, _[ T —_{ dt
.E= 4xl2><—-12V0]t Boa i)
mR
Bév . ()i
Magnetic force = Bl /sinf = B x = x £ % sin 90° Be o Bgazv(t) :
1 1 mR
4xdx—x1.3x— 5 2Ty
- = =0.12N ~Bya
10 mR
Power dissipated as heat P =i’R il BQ‘_’ V(1) 2.9 S
R mR Bya't
12x1.2 or fog =
- P= =50 20,144 var 5 iy
At terminal velocity, the net force become zero
i /mR t
;. mg=Bif =>mg=Bx Bow 22 o 1= Bﬂa il {Boa E] el
mgR
2.2
. _mgR _20x107°x10x10 ¥ '(Bo“ 1) e _Bja® Hoa oy
SV = 2.3 1 =2 m/s 2R i
B/ 16 x 16

19.

Given: B = Bg[ ]kands:de of square loop = a
Supposcat:—Oy Oandt=¢y=y
(a) Total magnetic flux$= B.A4

Byy 2
¢=—2-a" = Byya

d
Netemf, e= —?T = -Boa;,ﬂ =—Byav(t)

20.

When terminal velocity is attained, v (f) does not depend on ¢
R
V()=
Oa

(i) Let v be the velocity of the rod at any time ¢,
", Induced emf e = BvL and so induced current in the rod

Inducede.m.f. BvL
e R
Due to this current, thcrogm the field B will experience a force
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21.

F=BIL=B

(opposite to its motion) ... (i)

=

So, net force in the system
T-F=0xa,ie,T=F [-- rodis massless]
252

i B Ly -

= mg-T=ma >a=g—— =g- ... (i)
m m

So rod will acquire terminal velocity when its acceleration

is zero i.e.,

m

BszvT mgR
——=0ie Vp=—7%7;
ST 7
(ii) When the velocity of the rod is half of its terminal velocity
vp  mgR
P=—=
2 I
Substituting this value of velocity in eq. (ii)
R T _Bszxing St St
cceleration, £ ——mR 2_321._2 £ 28’ 5

(@) (i) Letus considera small element of length dx of metal
rod OA at a distance x from the origin. Small amount of emf
induced in this small length due to uniform magnetic field B

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

The total emf acoss the whole metallic rod OA

r x? 4 Brlo
e=j Bxodx=Bw| —| =
0 2 b 2

(b) (i) The above diagram can be reconstructed as follows.
Switch s is a closed at time ¢ = 0. Hence it is a case of
growth of current in L-R circuit. Therefore current at any
time '’

I=1I,(1-¢e™)
Here, I
e Bor’ N
iy =—=== 0
R 2R R
I A
and 1=—
% R
—JiE L
. p=Bor - [L] ]

22.

B165

(ii) In steady state,

er2

R
I= [-- thas a large value and e'[z)’ - 0]

Since the rod is rotating in a vertical plane, work needs to

be done to keep it at constant angular speed.

At constant angular speed, net torque = 0

Power loss due to current J
74

( Brlo)

P=IR= LB"_‘“ J R

Torque of weight (mg) about centre
r

Ty =mg X EcosB

The total torque

t=q (Clockwise)
2.4
B
T= 4 m+ﬂ-g—r-cosmr
4R 2

The required torque will be of same magnitude and in
anticlockwise direction. The net torque will then be zero
and the angular speed of the rod will be maintained constant,
The direction of induced current can be found with the
help of Lenz’s law.
= R a
A —r—\’\/\b— C
1
B +,)!
A
€
C =
ENE w iprif|F

1
B\_—dzw’vvv— D
R, =
Potential difference across
parallel combinations remains
the same
Also, Py =ei, =076 W
and P,=ei,=12W
IR erys g
- F.Q 1.2 | 1.2 2 e
The horizontal metallic bar £ moves with a terminal velocity.
i.e., the net force on the bar is zero.
B(i,+i,)=mg

E__O.ZxQ.B_ﬁ

= it =—————=
B Ty e RS e Rl
From eq. (ii) and (iii)
1%, 4
Tk ™
19 .
= ip,=2A = =—A =ﬂ=0.6V

—A = e

15 19/15

Induced emf across L due to the movement of bar L in a
magnetic field
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23,

24,

e 0.6
B e e T I )5
e s I e e
Also from eq. (i),
e 0.6 e 0.6
B, = et ingig grevaps it 08 D0ninue
1= T 19/15 o shimis 3

(i) Induced emf

dt dt

(1
= _,E.[B L-—rze}} o _iBrZ @ = ——I—Br‘zﬂ) ['.' 0= (l)f}

dt 2 2 dt 2
E 1B 1 Brle
1= == )=
R 28 2R
Regionl Rggign I
m 4 Pl
/ A X X X
C x x o *x x
N SO - T
e ow W o x ox-ox
I
P i M W
Eode -] % pariting _é:’

(ii) When the loop is entering in the magnetic field i.e., in
region—II, magnetic lines of force passing through the loop
is increasing in the downward direction. Therefore, as per
Lenz's law current will flow in the loop in such a direction
which will oppose the change. Hence the current will flow
in the anti-clockwise direction.

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

Magnitude of current remains constant at [ = Bor? /2R.
For next half rotation, when the loop comes out of the
field, current of the same magnitude is set up clockwise.
Anticlockwise current is supposed to be positive. The /-
graph for two periods of rotation as shown below.

Bor? %
2R

~Y

72| T B12| 2T

The network behaves like a balanced wheatstone bridge.
So no current flows through AC.

. Equivalent resistance of the circuit R=3 + 1 = 40)
The emf induced, e = BV,/

IR
e=IR=BV=V,= -

-3
Lo LR 5 (O AT
2x0.1
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.
25. Here, B=02x 10*whim?, I=1m

or, ¥y =

180 km/h=50m/s

L

<+—1m —>

Here emf developed due to motional emf.
e=vBl =50%x02x10%x1 =102=1mv
The reading of milli voltmeter is 1mv.
L,'_ETJ Topic-3: Miscellaneous (Mixed Concepts)
=) Problems
1. (a) As cylinder is kept parallel to an uniform magnetic

field, so no change in magnetic flux and hence induced
current will be zero,

2 2 2 2
2. @) Power, p—£_ _ "”_[i‘l’) = E"—[i(NBA)Q}
R pi\dt pt | dt

[Here, E = induced emfand R = p% ]

2 2 22

or, P=E—N2A2[§] = paolT
pf dt !

When number of turns quadrupled and the wire radius

(AN (r/2)*

haved Power p'x
4/

1 .
. — =— .. Power remains the same.

3. (d) When switch § is closed, a magnetic field is set-up in
the space around P. The field lines threading O increases
in the direction from right to left. According to Lenz's law,

IQ will flow so as to oppose the cause or chnage and
flow in anticlockwise direction as seen by E. Opposite is
the case when S is opened. 1Q2 will be clockwise.

4. (b) A conducting ring is placed coaxially within a coil and
the coil has inductance as well as resistance. The magnetic
field at the centre of the coil
B(t) = pni,.

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

Pl 5 -i(ﬁ.?i) = —A%(ﬂonfl)

dt  dt
Induced current in the ring
le| _ pond di;
L{)=—="——L
T i
dl
[ dt
time. ]
Where [, =1  _(1-e-")
The relevant graphs are as follows.

i I
_.---B(1)

¢ 1,0)B()

““""-—-Ez(f}

=L decreases with time and hence 1, also decreases with

— time

— time

Hence as a function of time (£0) the product I,(1) B(1)

decreases with time.
d

5. ® @E.Eé:fi=z(§.2)=§;(3Acos0°)=A

dt

= EQnr)= mzf“fﬁ;rr 2a

2
= JE'=‘Q—Q:::”E50<:i
2r dt r

dB
dt

Hence magnitude of the induced electric field at a distance

1
r from centre of circular region decreases as —.
=

6. (c) Loop-A carries a current. And hen the current in the
loop 4 increases with time the magnetic lines of force in
loop B also increases as loop A is placed near loop B. This
induces an emf in 8 in such a direction that current flows
opposite in B as compared to 4 hence the loop B is repelled

by loop 4.

7. (a, ¢) EMF developed across the semi-circular rod,

4 J X “
o= [Lol g, Bolvy b _ o
12:1:.?‘ 2n o 2%

411'XI0_?X2><3><0.7
T
=1.6x10°0V

n?=ﬂﬂlu2

m

=24x7x107%

Therefore maximum current through R,

e 1.68x107°

=—==""_"_ -12x10%A

max = 14

And maximum charge on capacitor G
Onax=CoE=5x10"°x1.68x106=8.4x10-12C

10.

(a, b, ¢) At't =0 inductors L, and L, will offer infinite
resistance hence current through circuit is zero.

After a long time the current through the resistor is constant
I will divide into two parts L, and L, which are in parallel
S LL =1L, I=IL+L]

R
‘ R[lﬂ’fﬂ]

and 12=K[ b :'

Also the ratio of currents through L, and L, is fixed at all
times Att=0, [ =0

(b, d) The net magnetic flux through the loops at time ¢
¢ =B.24 cos ot — B4 cos wt =B (24 — A)cos ot = BA cos ot

d
’—i‘ = BwA sin of
dt

dé
dt
The emf induced in the smaller loop,

So, is maximum when ¢ = wt = /2

d
Esmaller = —-EE(BA COS-(DIJ = BwAsin ot

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

di
(¢,d) Formaximum charge on the capacitor, d_? =I=0
I= 1, coswt= cos 500 ¢

50V
—IT:=20;;F ]
WA —

R=100Q
Till = 2 Nelinddeiivie dasiigias .F
'l _—— —_—
6 he charge wi maximum a s
: /2w P ':SiI_ISOOI T/ 2m
Q'= £ cos 500t dt = 500 |

: sin(SOOx

2 b n J_L
500 2x500) 500

; 1 3
i.e., Qmm=§a}-c=2x]0 C

From the graph it is clear that just before ¢ =;—Tc— , the
0]

current is in anticlockwise direction.
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11.

12.

13.

14.

15.

Immediately after 4 is connected to D.

At t= ;"_n‘ the charge on the upper plate of capacitor
®

'.r"n:
1
500¢ dt = ——sin| 500
E[COS soosm[ 6x 500]
S I
500
Now applying KVL
10 :
S50+—————ix10=0 =i=10A
20%107°

The maximum charge on C, 0= CV=20x 105 % 50=103C
Therefore, the total charge flown from the battery=2 > 103 C

(a,b,c) R_IC , R/IL and 1/+/LC have the dimensions of
frequency i.e., [M °L° T
-d¢p d 2 2 dB
—t=——(BnR")=-nR" —
(b)_fEdl = (R =
=-nR’B
- Ex27R =-nR’B
e - BR
N
(b) GivenM=yL
M =ymeR?
M=vm (Aw)R? (D
xB
BulAgs = e
2m
From eq. (i) and (ii)
~yBQR?
AM——Ym[QJRZ —-7BQR”
2m 2

Here —(ve) sign shows that change is opposite to the
direction of magnetic field, B.

(b) is the correct option.

(a) The horizontal component

of the magnetic field By Ft I

interacts with the induced
current produced in the
conducting ring which Bx
produces an average force in

the upward direction. This is

an accordance with Fleming's
left hand rule.

A cylindrical shell of length L, thickness d and radius R
surrounds a coaxial solenoid of radius a. The coil of the
solenoid carries a variable current i = i sin .

Outside the solenoid, the magnetic field is zero.
Magnetic field inside the solenoid, B = p, n i; sin or.

*. Magnetic flux linked with solenoid

Conducting ring

16,

d=BA . —Re—
or ¢ = (uy 1 iy sin ) (na?) P |ean
db 5 e g
S — = Mpgha” igweo ot L
dt | -
!
or &= —Tugn a’iy wcoswt | E
d L =
dt S e
p! I
Resistance of shell, R= 3
x 2mR 2R
. Resistance, K = PL ST Resistance = —Ldp
. Induced current in shell, I
gl = n,uﬁnazimcosmr
= resistance 2nRp
Ld
ponazLd It COS W

". Induced t=
uced curren 2R

(a) Letus consider a small strip of thickness dx at a distance
x from the left wire. As shown in the figure. The magnetic
field at this strip due to both wires B =B, + B,
(Perpendicular to the plane of paper directed upwards)

_ Mol Wy T p.of[l 1 }

2 x 2k Ba—x) 21 | X da—x
Small amount of magnetic flux passing through the strip of
thickness dx

pola x3adx
21 x(3a— x)
Total flux through the square loop

db=B x adx =

- j2a p{]IX3a2 dx
a 2%, XH3ag—x)

_bola, o
n

poaln(2)

or, p= (, sin o)

__@ _ Boalyo
dt

The emf produced e = In(2)cos ot

Charge stored in the capacitor

q:Cxe-_—C‘X “Oajﬂm

In (2) cos wt (i)
Current in the loop
dg _Cx pDaIUmZ

= In(2)sin ¢
dt b @

_ poalge’*Cin(2)
n

(b) From eq. (i), the graph between charge and time (g — 1)
is as shown below

‘Irmx
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17.

9 g
/o 2tlo ¢
120 320
—4q
Charge on upper plate of capacitor, ¢ = g, cos @t
C x ppalymin(2)
Here, 9= oo 1

b1
(a) Let us consider the current in the clockwise direction
in loop PORS i.e., Pto Q in the wire PQ. Force on wire OR,

For = 1(ExB) = I[(ai)x (3i +4k) By
— 1By [3aixi+4aix k] =1B,[0+4a(~ j)]=—4aByl ]

Force on wire PS

Fps = I(£ xB) = I[a(—i) x (3i + 4k) By] = 4aByl
i.e., force on OR is equal and opposite to that on PS and
balance each other.

Force on RS
Frs = I(fx B)=I[b(~])x (3 + 4k) By]
= 1bBy[3k—4i] e (i)

Torque about PQ by this force
trs =7 x F = (ia)x 3k~ 4i) IbB,

= IabBy (3)) ... (i)
Torque about PO due to weight of the wire PORS

(s

(b) Magnetic force on Rs from eq (i), Fg=1b B, [3;E = 4[1
(c) For the wire loop to be horizontal,

a mg
BIaan=ng ==

6bB,

... (iii)

.. (iv)

18.

B169

As because torque due to mg and current are in opposite
directions. Therefore, current is from P to (.

() As shown in figure, 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 MPON.
Let MN be at a distance x from PQ.

Length of rails in loop = 2x

5 = KMK - M
P
x x x X x x
R X X x X % X
. L= F d
B ® x ® ®
x > x x x *

g x X % Nr X % X
e
Resistance of rails in loop = 2xi
Total resistance of loop R, = R + 2Ax

Let ¥ be the velocity of rod at tﬁ:lis instant, then due to the
motion of the rod emf induced, e = Bvd

il oD S i
A s e
R+ 2hx
So for constant , v=%1 (1)

And due to induced current [/ the wire will experience a
force F,, = Bld opposite to its motion, the equation of
motion of the wire

F-Fy=ma = F=FK, +ma

But as here F,, = Bld and‘%mm equation (i)

dv _2M dx _ 2Mv _ 2AI

a=— = % (R+2)x)
dt Bd dt Bd (Bd)?
2
F=BId+2km!2 (R+2)x)
(Bd)

(i) As the work done by force F per second.

2
Y s Brd+27”"‘: (R + 2)x) [R+2h.f]
(Bd)* Bd -

dt

20ml?
Bd®
and heat produced per second,
H=TI*(R+2\x)

f=%=[l+

ie, P= {IZ(R +2)x) + (R+ Zh)z}

2umI(R+ nx)]“
B4}
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