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Electromagnetic Induction

TOPIC1
Magnetic Flux, Faraday’s
and Lenz’s Laws

o1

A coil is placed in a magnetic field B
as shown below.
Induced
Coil current

Acurrentis induced in the coil becauseB

is [2021, 31 Aug Shift-II]

(a) outward and decreasing with time

(b) parallel to the plane of coil and
decreasing with time

(c) outward and increasing with time

(d) parallel to the plane of coil and
increasing with time

Ans. (a)

In the given figure, the magnetic field is

outward, meansN-pole is formed on

outward face and S-pole is formed on

inward (back) face.

As the induced current is anti-clockwise

which is also making N-pole on outward

face.

According to the Lenz's law, the induced

current always opposes the nature by

which it is produced.

Hence, induced currentisin the

direction, so the strength of N-pole is

maintained as it is decreasing.

In the given figure, the magnetic
flux through the loop increases
according to the relation
@g(t)=10t > +20t, where @g is in
milliwebers and t is in seconds.
The magnitude of current through

R=2Qresistoratt =5sis...... maA.
[2021, 20 July Shift-11]

X X X X X
R=2Q
NWY
X X X X X
X X X X X
X X X X X
Ans. (60)

As per question, flux through the loop
increases according to

@ (t)=10t* +20t i)
where, @, isin milliwebers andtin
seconds.

Differentiate Eq. (i) with respect tot, we
get

Induced emf [El = ZL‘P =(20t +20)mV
t

Current,izE ad i=720t+20
R 2
O i=(10t + 10)mA
OCurrent, =(10 x5 +10)mA [i(t=59)]
=(50 + 10) mA,
i =60mA

03 A circular coil of radius 10 cm is

placed in a uniform magnetic field
of 3.0x107°T with its plane
perpendicular to the field initially.
It is rotated at constant angular
speed about an axis along the
diameter of coil and perpendicular
to magnetic field, so that it
undergoes half of rotation in
0.2s.The maximum value of emf
induced (in V) in the coil will be
close to the integer ......... .
[2020, 2 Sep Shift-I1]

Ans. (15)
Flux linked with the coil is

@ =BI[A=BAcoswt
Magnitude of emfinduced in coil

H G 1Bawsinal
o

Maximum value of induced emf

_ B BT
T

_3x107° xx (0. x2m
04

=15x1078 =15V

04 A small bar magnet is moved

through a coil at constant speed
from one end to the other. Which
of the following series of
observations will be seen on the
galvanometer G attached across

the coil?
G

a
1 I<—C1 Magnet
b

Three positions shown describe:
(i) the magnet’s entery (ii) magnet
is completely inside and (iii)
magnet’s exit.

O

[2020, 4 Sep Shift-I]
(iii)

(i) (i)
(D)
(i) (ii) (iii)
(DD
(i) (ii) (iii)
(OO
(i) (i) (i)
(OO



Ans. (b)

At point (i)

The bar magnet enters into the coil, so
the magnetic flux passing through the
loops will change. In order to oppose
that, an emf gets generated and an
induced current starts to flow. So, the
pointer of galvanometer will deflectin a
particular direction.

(We can not be definite about the
direction, as which pole of magnet is
being entered into the coil is not given.)
At point (ii)

The bar magnet is completely inside the
coil, so the flux will not change. No emf
will be generated and no current flows.
So, the pointer will not deflect towards
any side. It will show zero.

At point (iii)

The bar magnet exits from the coil, so
again the flux will change in opposite
manner to what happened at point (i), so
again an opposing emf gets generated
and an induced current starts to flow ina
direction opposite to that when the
magnet was entering.

Sointhis case, the pointer will deflect in
the direction opposite to the case when
magnet was entering.

Looking at the options, following cases
seems to be possible.

@) (if) (iii

D-D-O)

Hence, correct option is(b).

05 A uniform magnetic field B exists in

a direction perpendicular to the
plane of a square loop made of a
metal wire. The wire has a
diameter of 4 mm and a total
length of 30 cm. The magnetic field
changes with time at a steady rate
dB/dt =0.032Ts ™. The induced
current in the loop is close to
(Take, resistivity of the metal wire

=123 x10"% Qm)
[2020, 3 Sep Shift-I1]

(a) 0.6TA (b)0.43 A
(c)0.53 A (d)0.34 A
Ans. (a)

Induced emf in square loop,
£ o B0 2B O EZEUBD
i B - BE T
Here,L =30cm
=30%107%m

9B 03278
dt

0O E=18x107"V

Induced current=%= =E

pL

o
b\h‘m

Here,p=123x10"% Q-m
L=30x%10"2m
A=Tr? =2 X107 =12.66x107° n?
_1.8x107" x1256x10™
123x1078 x30 x1077

Hence, correct option is(a).

So, ! =061A

06 Two concentric circular coils C,

and C, are placed in the xy-plane.
C, has 500 turns and radius of 1cm.
C, has 200 turns and radius of 20
cm.C, carries a time dependent
current [(t)=(5t 2 -2t +3)A, where t
is in secon(d) The emf induced in C,
(in mV), at the instant t =1sis —.
X

The value of xis ...... .

[2020, 5 Sep Shift-I]
Ans. (5)
Given, I(t) = 5t2 -2t +3

a0t 9
dt

Att=1s 2 =8 A/s
d

t
) In, 2
Magnetic flux, :%ﬁm n,)
g @ R I
do _[Hen O o dl
— T = n, —
dj §2R H" "

Given, n, =200, r=1cm=10" m,

n, =500,

R=20cm=20%10"2m and

W, =4mx107

_4mx107 x200 x 1x10™ x500
2x20x1072

=8x10™V =0.8mV

According to question,0.8mV = 4
X

Induced emf, e =

Oe 8

Ox=_— =5
0.8

07 Aloop ABCDEFA of straight edges

has six corner points A(0,0,0),
B(5,0,0), C(5,5,0), D(0,5,0). E(0, 5, 5)
and F(0,0,5). The magnetic field in
this region is B=(3i +4Kk)T. The
quantity of flux through the loop

ABCDEFA(in Wb)is............. .
[2020, 7 Jan Shift-1]

Ans. (175)

If given situation, loop and magnetic
field are given as shown in the figure.

£0.5.5) C5,5,0)
B=(3+4k)
F(0,0,5) ‘
7 B (50,00 y

Flux through loop ABCDEFA =Flux
through part ABCDA + Flux through part
ADEFA =BMA, + B[,

Here, from figure,
A, =25kand A, =25i
So, flux associated with complete loop
= (3 + 4) 25k + (31 +4K) i
=100 +75=175Wb

08 Consider a circular coil of wire

carrying constant current /, forming
a magnetic dipole. The magnetic
flux through an infinite plane that
contains the circular coil and
excluding the circular coil area is
given by . The magnetic flux
through the area of the circular coil
area is given by @, . Which of the

following option is correct ?
[2020, 7 Jan Shift-1]

(@) ¢ > (b) @ <q,
(g =q deo=-¢
Ans. (d)

We are given with following situation,

— Infinitg plane .
containing coil

Coil carrying
current
Field lines

A

From the diagram of field lines, we can
observe that whatever be the number of
field lines emitted from coil, all of them
goes back into the infinite plane only.
So, magnetic flux emanating from coil is
equal and opposite to the flux linked with
infinite plane.

so, ¢ =9



09 A planar loop of wire rotates in a

uniform magnetic fiel(d) Initially at
t =0, the plane of the loop is
perpendicular to the magnetic
fiel(d) If it rotates with a period of
10s about an axis in its plane, then
the magnitude of induced emf will
be maximum and minimum
respectively at  [2020, 7 Jan Shift-II]
(a) 26sand7.5s (b) 2.5sand5.0s
(c) 5.0sand10.0s (d) 5.0sand7.5s
Ans. (b)
Induced emf in the wire loop,

e = BAwsinut
Induced emf is maximum when
sinwt =%1

O mt=lT
2
O ng_m
T 2

Here, T=10s

_10 _

So, t=—=25s

4

and induced emf is minimum when
sinwt =0

O w tIt OI’ZTHDI:TI
a t=E=53
2

10 At time t =0 magnetic field of 1000

gauss is passing perpendicularly
through the area defined by the
closed loop shown in the figure. If
the magnetic field reduces linearly
to 500 gauss, in the next 5 s, then

induced emf in the loop is
[2020, 8 Jan Shift-1]

16 cm
T 2:cm_
4cm
(a) 48V (b)28pV
(c)56uV (d) 3BV
Ans. (¢)

Induced emf in the loop,

__ho_ @Aj _
E=-"F=- (Al @ =BA]
At At@ ¢
DBZ _BWD .
- ()
Hoac o
Here, B, =5006=500 x 107 T,
B,=10006G=1000 x107T,
At =bs

0 A =area of loop
=Area of rectangle — Area of two
triangles

= %16 x4 -2 x% x4 ><2§cm2

=56 x 107 m?
Using Eq. (i), we get
(1000-500) x 107 x56 x10™
5
=56x107° V=56V

E=

1_1 A very long solenoid of radius R is

carrying current [(t) = kte™* (k >0),
as a function of time (t > 0). Counter
clockwise current is taken to be
positive. A circular conducting coil
of radius 2R is placed in the
equatorial plane of the solenoid
and concentric with the solenoi(d)
The current induced in the outer
coil is correctly depicted, as a

function of time, by
[2019, 9 April Shift-11]

(c) t=0 Z;»

/

(d) z=oL

Ans. (d)

Magnetic flux associated with the outer
coilis

(Q)uter = HO TR
:uONnR(kte'“r)
=Cte™

where,

C =pNTRk = constant
Induced emf,

o = Z0®uer —pg-at 4 (—aCte @

dt
=Ce™"(1-at)
e

Resistance
g Att=0,I=-ve

OInduced current, | =

Induced current

OThe correct graph representing this
condition is given in option (d).
Alternate Solution

Given solenoid is shown below as,

At t =0, current in solenoid

=1(t =0) =k(0) e~ =0
Graph of e and kt versus time can be
shown as,

/ e, it

As, | =

Initially, kt>e™

So, current is increasing in magnitude.
Finally, after a short time kt < e®. So,
current is decreasing in magnitude.
Butin both cases, it remains positive or
counter clockwise. So, current induced
is at first anti-clockwise (following Lenz's
law)and then it becomes clockwise and
finally reducestozeroast > o .

So, correct graph of induced current is

Current in
solenoid
reaches maximum

Current of solenoid
reducing and tends
to zero

Current of solenoid grows in
counter clockwise direction

12 A conducting circular loop is made

of a thin wire has area3.5x10™° m?
and resistance 10 Q. It is placed
perpendicular to a time dependent
magnetic field B(t)=(0.4T)sin(0.5 Tt).
The field is uniform in space. Then
the net charge flowing through the
loop duringt =0sandt =10ms s

close to [2019, 9 Jan Shift-1]
(a) BmC (b) 21mC
(c) 7mC (d) 14 mC



Ans. (d)

Since, the magnetic field is dependent
on time, so the net charge flowing
through the loop will be given as
0= change in magnetic flux, Ag,
resistance, R
As, A@,=BA=BAcosb
where, Ais the surface area of the loop
and @ is an angle between B and A.
Here, 6=0[A¢ ,=BA
OFor the time interval,t =0 msto
t=10ms,
:%:A
R R
Substituting the given values, we get
_35x107°
0

(Bfato.m s “Biaw s)

[04sin(0.5)—04sin0]

=35x107"(04sinTt/2)
=1.4x107C=14mC

13 In a coil of resistance 100 Q, a
current is induced by changing the
magnetic flux through it as shown
in the figure. The magnitude of

change in flux through the coil is
[JEE Main 2017]

10

Current
A

f

—>Time(s) 0.5

(a) 225 Wb (b) 250 Wb
(c)275 Wb (d)200 Wb
Ans. (b)
Induced constant, | =€

de

Here, e =induced emf =

dt
- Loy
=1 =

R htOR

de =IRdt

¢ =[IRdt
O Here, Risconstant
O o= Rfldt

J’IlﬂtzArea under/—tgraph
=1 %10 %05 =25
2
O p= Rx 25

=100 x25
=250 Wb

14 A circular loop of radius 0.3 cm
lies parallel to a much bigger
circular loop of radius 20 cm. The
centre of the small loop is on the
axis of the bigger loop. The distance
between their centresis 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]

(a) 9.2x107"Wb  (b) 6 x 107" Wb
(c) 3.3x107"Wb  (d) 6.6 x107% Wb
Ans. (a)

The magnetic field due to the bigger
circular loopis

p[]IR’2
2(><2 + RZ)S/Z

(B
2AU

15 cm—
I=2A,R=20cm=20x10"2m,
x=15cm

=16x1072m
g = Mo x2%(20 x107)°
[(0.2) +(0.15)° 1*"?

Flux linked, @ =BA
where, A is area of small circular loop.

A=1r? = (0.3 x1072)

_Hpx2x(20 X107

20(0.2)” +(0.15)° 1%
®=9.2 x107" Wb

Twooz

Given,

x T1x(0.3x1072)?

F 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
[AIEEE 2012]

(a) development 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

Ans. (d)

According to LenZ's law,
electromagnetic induction takes place in
the aluminium plate due to which eddy
current is developed which oppose the
motion or vibrations of coil.

This causes loss in energy which results
in damping of oscillatory motion of the
coil.

16 The flux linked with a coil at any
instant tis given by
@=10t? 50t +250. The induced
emfatt=3sis [AIEEE 2006]
(a) -190V (b) -10V (c) 10V (d) 190V
Ans. (b)

@=10t> =50t +250
From Faraday's law of electromagnetic

induction,
e =—dq@/dt
O e =-[10 x2t -50]
O eli=3s =—[10 x6 =50] =-10V

17 A coil having nturns and resistance
R Qis connected with a
galvanometer of resistance 4R Q.
This combination is moved for time
t seconds from a magnetic field W,
weber to W, weber. The induced
current in the circuit is [AIEEE 2004]

() Yo~ W (b) - "~ W)
5Rnt 5Rt

(o) - Wm0y e =)

Rnt Rt

Ans. (b)

The rate of change of flux or emf

induced in the coilise = —ng—(tp.

O Induced current,/ =5 = ~ N de ()

R’ R" dt
Given, R'=R+4R=bR,dp=W, -W,,

dt=t
[here, W, and W, are flux
associated with one turn]
Putting the given values in Eq. (i), we get

/:—L(W?_WW)
5R t
TOPIC 2
Motional EMF

and Eddy Current

18 A square loop of side 20 cm and
resistance 1Q is moved towards
right with a constant speedv,. The
right arm of the loop is in a uniform



magnetic field of 5 T. The field is
perpendicular to the plane of the
loop and is going into it. The loop is
connected to a network of
resistors each of value 4Q. What
should be the value of v, so that a
steady current of 2 mA flows in the

loop ? [2021, 1 Sep Shift-1I]
X X X X X
X
4Q 4Q ORONON 0
P L] X XX X
o X X X X
4Q g 40 X X X K X
X X X X
X
VO X X X X X
(a)1m/s (b)1cm/s
(c)10? m/s (d)1072 cm/s
Ans. (b)

According to given circuit diagram,
equivalent resistance between point P
and 0.

_ _8x8
Reg =G +a)4+4)=

=4Q
8+8

The equivalent circuit can be drawn as,
/

4Q§ ——VvoBl, 1Q

Equivalent resistance, R, =4+1=5Q
Magnetic field, B =5T

The side of the square loop,/ =20cm
=0.20m

The steady value of the current,/ =2mA
=2x107° A
Induced emf, e = Byl
Induced current, =&
eq

Substituting the values in the above
equation, we get

2% 1073 = 5xv, x02
5
0 vy =10"m/s=1cm/s

OThe value of vy =Tcm/s so that a
steady current of 2 mA flows in the loop.

19 A constant magnetic field of 1T is

applied in the x>0region. A
metallic circular ring of radius Tm
is moving with a constant velocity
of 1m/s along the X-axis. Att =0s,
the centre of O of the ring is at

x ==1m. What will be the value of
the induced emf in the ring at
t=1s?

(Assume the velocity of the ring

does not change.)
[2021, 27 Aug Shift-1I]

(a)1v
(c)2V
Ans. (¢)

Given, magnetic field, B=1T
Radius of ring, R =Tm
Velocity of ring,v=1m/s
Time taken, t =1s

Letemfbee

Since, €=BlvsinB

a = % 2R ¥ sin90
=2R =2V

E A bar magnet is passing through a

Ut

conducting loop of radius R with
velocity v. The radius of the bar
magnet is such that it just passes
through the loop. The induced emf
in the loop can be represented by
the approximate curve
[2021, 26 Aug. Shift-I]
/

loop v

| i

emf i H !
i iy
i i
H < l‘

IV
emf

(c)

emf

emf

Ans. (¢)

Given, radius of loop is R and velocity of
the bar magnetisv.

According to Faraday's law of
electromagnetic induction, the emf
induced in loop is given by
_Nde

dt

As initially the bar magnet is moving
towards the coil, so the rate of change
of magnetic flux linked with the coil will
increase. Thus, initially the emf induced
in coil will decrease as per Eq. (i)(due to
-ve sign).

When magnet reaches the middle point
in the coil, for that moment the emf
induced will be equal to zero because in
this situation, change in magnetic flux
associated with bar magnet becomes
zero. Now, after that when magnet
moves forward, the magnetic flux again
starts changing but the polarity of
magnetic flux change will be reversed.
So, the emf will now increase in
opposite direction.

The graph for change in emf of coil is
shown below.

D)

e=

emf I

A circular coil of radius 8.0 cm and
20 turns is rotated about its
vertical diameter with an angular
speed of 50 rad s~ ' in a uniform
horizontal magnetic field of

3.0x 107 2T. The maximum emf
induced in the coil will be ......
x1072 V.

(rounded off to the nearest
integer.) [2021, 26 Aug Shift-I]



Ans. (60)
Given, radius of circular coil, r =8.0 cm
=0.08m
Number of turns, N =20
Angular speed of coil,w=50rads™
Magnetic field, B =30 x 1072 T
The maximum emf induced in a coil can
be expressedas € =wNBA
Here, Ais the area of coil.
g =NB w( 1r?)

Substituting the given values, we get

€ =20 x30 x107% x50 x7 0.08)’

=60.3x1072V=60x 1072V

A circular conducting coil of radius

1 mis being heated by the change of
magnetic field B passing
perpendicular to the plane in which
the coil is laid. The resistance of the
coil is 2 uQ. The magnetic field is
slowly switched off such that its
magnitude changes in time as

B="x10"% Q\ _LQT
) 100

The energy dissipated by the coil before
the magnetic field is switched off
completelyisE =...... mdJ.

[2021, 25 July Shift-1]

Ans.

(80) Given,

Radius of coil, r=1Tm

Resistance of coil, R=2pQ =2x107° Q

Magneticfield,g:ixm—s@_ t Q

T 100

As we know that,

Induced emf(g) = O -A@('.‘(P =B[A)
dt dt

where, Z—(p: rate of charge of flux
t

A =area of coil

a8 - rate of change of magnetic field

strength
d 4 -3 t
0 e=—(m?)2="x10 Q\—fﬁ
dt Hr 100
:—ﬂr2 >éx]0'3 xi
T 100
=17 x4x107% = 7 x4 x107°
=4x107°V
IfB=0,

Then,ixm'zg\ —ngo 0 t=100s
T 100

Since, Energy(E) =Power (P)x Time t)

Also, P= é
R

-5)2 2
0 E=F = @x10°F 0 2 16%10

R 2x107 2
=8x107 =0.08=80mJ

Z The arm PQ of a rectangular

conductor is moving from x =0to
X =2b outwards and then inwards
from x =2bto x =0as shown in the
figure. A uniform magnetic field
perpendicular to the plane is
acting from x =0to x =b. ldentify
the graph showing the variation of

different quantities with distance.
[2021, 20 July Shift-1]

P
Q  I—
x=0  x=b x=2b
A
B
x=0 ¢
b 2b b
(a) A-flux, B - power dissipated,
C-emf
(b) A-power dissipated, B - flux,
C-emf
(c) A-flux, B-emf, C-power
dissipated

(d) A-emf, B-power dissipated,
C - flux

Ans. (¢)

As the rectangular conductor moves in
field area, so fluxisincreasing up to
x=b, then flux is generated on return
journey from x =b to x =0. The flux is
shown by plot A of the graph.

As, emf, e = —Z(p, which is shown by
t

curve B.

and power dissipated, P =VI/ which is
shown by

curveC.

24 The magnetic field in a region is

given by B=B, %@2 A square loop

of side d is placed with its edges
along the X and Y-axes. The loop is
moved with a constant velocity
V=vgi. The emf induced in the

loop is [2021, 16 March Shift-I1]

Y
[op4
d
d
X
2
(a) Byvgd (b) Bovqd
2a 2a
2 2
(c) Bovqd (d) Bovyd
a 2a
Ans. (¢)
The given situation can be shown as
Y
D C
VvV = \/0?
A B X

From the above figure, it can be seen
that emfinduced in side DC and AB will
be zero. Itis because vis parallel to
length of conductor along X-axis.

Y
b 9
_ _ i
A B X
X% xX+d

ONetemfinduced=E,. —E,,

_ Bolx+d)vgd _ Byxved _ Boved?
a a a

E A conducting bar of length L is free

to slide on two parallel conducting
rails as shown in the figure




Two resistors Ry and R, are connected
across the ends of the rails. There is a
uniform magnetic field Bpointing into
the page. An external agent pulls the bar
to the left at a constant speedv.

The correct statement about the

directions of induced currents/, and/,

flowing through R, and R, respectively is

[2021, 16 March Shift-1]

(a) bothl, andl, are in anti-clockwise
direction.

(b) bothl,andl, are in clockwise
direction.

(c) I, is in clockwise direction and, is in
anti-clockwise direction.

(d) I;isin anticlockwise direction andl, is
in clockwise direction.

Ans. (¢)

According to Lenz's law, “An induced
current flows in a direction in such a way
that it always opposes the cause that
induced it".

Considering this, it can be concluded
that/, isin the clockwise direction andl,
isin the anti-clockwise direction and the
effective circuit with the directions of
and/, can be shown as follows

26 An aeroplane with its wings spread

10 m, is flying at a speed of 180
km/h in a horizontal direction. The
total intensity of Earth's field at
that part is 2.5 x10™ Wb/m? and
the angle of dip is 60°. The emf
induced between the tips of the

plane wings will be
[2021, 26 Feb Shift-II]

(a)108.25 mV (b)54.125 mV
(c)88.37mV (d)62.50 mV
Ans. (a)

Given, length of aeroplane wing,/ =10 m
Speed of aeroplane,
v=180 km/h =50 ms™
Magnetic flux density,
B=25x10"" Wb/n?
Angle of dip, 8 =602
The emfinduced between the tips of
plane wings,
€ =Blvsin®
=25x107% x 10 x50sin60°
=25x5x1072 x+/3/2

=625 %1732 x1072
=10825%107°
=10825mV

E An infinitely long straight wire

carrying current |, one side opened
rectangular loop and a conductor C

with a sliding connector are
located in the same plane, as

shown in the figure. The connector

has length I and resistance R. It

slides to the right with a velocity v.

The resistance of the conductor

and the self-inductance of the loop
are negligible. The induced current

in the loop, as a function of
separation r between the
connector and the straight wire is

[2020, 5 Sep Shift-II]

One side opened long
c conducting wire loop
v
I R<S— |1
k——r—>
(a) o M () Ho
4TURr 1T Rr
(c) ZHo M (d) Ho M
T Rr 21 Rr
Ans. (d)
Magnetic field due to wire at a distancer
is given by
B:LO/
210
Induced emf, € =Bvl :M

induced

210
Now, induced currentin the loop,
| — smduced :LOILI

induced R 27 Rr
Hence, correct option is(d).

E A solid metal cube of edge length

2 cmis moving in a positive

Y-direction at a constant speed of
6 m/s. There is a uniform magnetic

field of 0.1T in the positive
Z-direction. The potential
difference between the two faces
of the cube perpendicular to the
X-axis is
(@) 2mV (b) 12mV(c) 6mV (d) TmV

[2019, 10 Jan Shift-1]

Ans. (b)
Potential difference between opposite
facesof cubeis

V =inducedemf=Blv
where,
B =magnetic field=0.1T,

| =distance between opposite faces of
cube

=2cm=2x10"> mand
v =speed of cube=6ms".
Hence, V =0.1x2 x107% x6 =12 mV

29 The figure shows a square loop L of

side 5 cm which is connected to a
network of resistances. The whole
setup is moving towards right with
a constant speed of 1cm s At
some instant, apartofLisina
uniform magnetic field of 1T,
perpendicular to the plane of the
loop. If the resistance of L is 1.7 Q,
the current in the loop at that

instant will be close to
[2019, 12 April Shift-1]

v=1cm/s
—_—

(a)60u A (b)170p A
(c)150 u A (d)15R A
Ans. (b)

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

V=BLv (1)
If equivalent resistance of the circuit is

Req: then currentin the loop will be
=V =Btv i)
Req  Req

Now, given network is a balanced
Wheatstone bridge P :BE
B s

So, equivalent resistance of the
Wheatstone bridge is

10 2Q

10 2Q



Again, resistance of conductoris 1.7 Q.

So, effective resistance will be
4 4 17
Req —g+1.7—g+10
L =H0r81_91 g
30 30
By putting given values of Req, Bandvin
Eq. (i), we have
;= (M(5x107%) 107
3
[here,L =5x%1072 m,v=1cm/s
=107% m/s]

1

=1.67x107A

;= bx10™
3

i =167 pA= 170 pA

E A 10 m long horizontal wire extends

from North-East to South-West. It

is falling with a speed of 5.0 ms”'

at right angles to the horizontal

component of the earth’s magnetic

field of 0.3%10™* Wh/ m?. The

value of the induced emf in wire is
[2019, 12 Jan Shift-II]

a) 15x107°V

b) 11x107°V

c)03x107%V

d) 25x107° vV

Ans. (a)

Wire falls perpendicularly to horizontal

component of earth’s magnetic field, so
induced electromotive force (€) = Blv

Substituting the given values, we get
£=03x107 x10 x5=15x107°V

(
(
(
(

3_1 A metallic rod of length | is tied to a

string of length 2/ and made to
rotate with angular speedwon a
horizontal table with one end of the
string fixe(d) If there is a vertical
magnetic field Bin the region, the
emf induced across the ends of the

rod is [JEE Main 2013]

2Bwl® 3Bwl®
(a) 222 (b)

2 2 2 2

(c) 4Bwl () 5Bwl

Ans. (d)

--Induced emf is rate of change of
magnetic flux.

22— ——>

fe——x ——{dx

3_2 A horizontal straight wire 20 m long

extending from East to West is
falling with a speed of 5.0 m/s, at
right angles to the horizontal
component of the earth’s magnetic
field 0.30x107% Wb/m?. The
instantaneous value of the emf

induced in the wire will be
[AIEEE 2011]

(a)6.0mV (b)3mVv
(c)4.5mV (d)1.5mV
Ans. (b)

Induced emf, e =B, Iv
=030 %107 x20 x50
=3mV

§ A boat is moving due Eastin a

region where the earth’s magnetic
field is 5.0x 10°NA™" m™" due
North and horizontal. The boat
carries a vertical aerial 2m long.

If the speed of the boat is

1.50 ms ', the magnitude of the

induced emf in the wire of aerial is
[AIEEE 2011]

(a)0.75mV (b)0.50 mV
(c)0.15mV (d)1TmV
Ans. (¢)

Induced emf,

e =B, Iv=50x10"° x2 x150
=0.15x 1073V =0.15mV

34 A rectangular loop has a sliding

connector PQ of length [ and
resistance R Q and it is moving
with a speed v as shown. The
set-up is placed in a uniform
magnetic field going into the plane
of the paper. The three currents
l.1, and | are [AIEEE 2010]

(a) I, =1, = BIV,I _2Blv
R R
(b) 1, =1, = BIV,I =ZBIV
3R 3R
Blv
(c) I, =1, =1 :?
(d) I1 :/2 = BIV,] :&
6R 3R
Ans. (b)

A moving conductor is equivalent to a
battery of emf =vBI [motion emf]

1

l4 I
Equivalent circuit, I =1, +1, A1)
Applying Kirchhoff's law,
IR+ IR =vBI =0 (D!
l,R+IR —vBl =0 i)
Adding Egs. (ii) and (iii), we get

l\R+IR=VBI+I,R +IR —vBI =0

O LR+1,R+2IR =2vBI =0
O (I +1,)R+2IR =2vBI =0
O 2IR + IR =2vBI [From Eq.(i)]
0 I=2vBl
3R
Subtracting Eq.(iii) from Eq.(ii), we get
LR+IR=VBI =0
LR+_IR-,VBI=_0
L,R=1,R =0
n R(l,=1,) =0
0 I,=l,=0  [R#0]
n =1, Aiv)
From Eq. (i), we get
I=2, Lol =1, ]
0 2, =1
O /] :/, = Bl :LBI
2 2x3R 3R
vBI
O [, =], =—
172 T30

35 In a uniform magnetic field of

induction B, a wire in the form of
semi-circle of radiusr rotates
about the diameter of the circle
with angular frequency w. If the
total resistance of the circuit isR,
the mean power generated per
period of rotation is [AIEEE 2004]



Bl w (B oy

(a) (b)
2R 8R
2 2
(c)(B T o) (d)(B o)
8R
Ans. (b)

The flux associated with coil of area A
and magnetic indiction Bis

1 2 D 2
=BAcosO=— B1r coswt ~ — T[r
¢ 2 B’ 27 8
de_ d [ |
U emduced dicfp__di%B OS(*IH
=1 Bre? wsin
2
0 Power, p= ndwed  [..p=y2/R]
- B?1Pr*dd sint of
4R
Hence, Foqn =<P>
2 4
:78 ' E]L D"< sinzu)t>:lD
s 2 H 2B
_(B’ oy

8R

36 A metal conductor of length Tm

rotates vertically about one of its
ends at angular velocity 5 rad/s. If
the horizontal component of earth’s
magnetic field is 0.2 x 1074T, then
the emf developed between the
two ends of the conductor is

[AIEEE 2004]

(a) 5uv (b) 50pV
(c) 5mV (d) 50 mV
Ans. (b)
The emfinduced between ends of
conductor
pemsomm - >
"'"\‘. _________ >
\-----’, --------- >
*__,4/_ _________ >
?
e=Bol? = x02 x107 x5 (1
2 2
=05x107*V
=6x107°V
=50V

3_7 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 [AIEEE 2002]
x X X X X X x
x x x x x x x
x X x X X x x
x X X x x x X
L —>V
Xlx X X X X X
X X X X X X X
(a) zero (b) RvB (c)% (d) vBL
Ans. (d)

As the side BC is outside the field, no
emfisinduced across BC.Since,

AB and CD are not cutting any flux, the
emf induced across these two sides will
also be zero.

Bx x x x x x x
X Ax X X X X B
xTx[x x x x x
xTx X X X X x
X, x| x x x x x
L —V
x x| x o x x x x
x| x| x x x x x
x| x| x x x x x
x 'Dx x x x x C

The side AD is cutting the flux and emf
induced across this side is BvL with
corner Aat higher potential.
[according to Lorentz force, force on
the charges will be towards Aand on
-ve charges will be towards D].

TOPIC 3
Inductance (Self & Mutual)

38 A small square loop of side a and

one turn is placed inside a larger
square loop of side band one turn
(b>>aq). The two loops are coplanar
with their centres coinciding. If a
current | is passed in the square
loop of side b, then the coefficient
of mutual inductance between the
two loops is [2021, 31 Aug. Shift-I1]

2
Ho a
a)=98y2—
4TT Ib
b)‘LOELE
4TT @

2

(c)“—o&ﬁbf
4T a
(oo 82

4T b
Ans. (a)
Given, side of one square loop=a
Side of 2nd square loop =b

b>>a
Current =i
T ;
b a
l \
Since, @ =Mi
M:Q:Bﬂ

i i
where, M=mutual inductance,
@ =magnetic flux,
B =magnetic field
and A=area.

Mutual inductance by 4 straight
conductor,

4B[A
i

@m

M=

(sm Tt/ 4+ sin n/4§c

O M= @L /ﬁ+/\f)a§

0 M= 4@%1 x2 QD
20
=Haolyg 202§=§LU8 79
%b V2 n[bé

An inductor coil stores 64 J of
magnetic field energy and
dissipates energy at the rate of 640
W when a current of 8A is passed
through it. If this coil is joined
across an ideal battery, find the
time constant of the circuit in

seconds. [2021, 26 Aug. Shift-I]
a.0.4 b.0.8

c.0.125 d.0.2

Ans. (d)

Magnetic energy is stored in an inductor,
whereas energy is dissipated through
resistor.
Given, U,, =64]

i=8Aand P=640 W

As, magnetic energy, U, =%L(2

1

g 64=§><L X B4

O L=2H
Energy dissipated, P =i’R
g 640=64R 0 R=10Q

Time constant of R-L circuit is given by

'[:£ O T:g:l:o.zs
R 10 5



E The time taken for the magnetic

energy to reach 25% of its
maximum value, when a solenoid of
resistance R, inductance L is

connected to a battery, is
[2021, 18 March Shift-1]
L

(a)=1In5 (b)infinite
R

()52 (d) =10
R R

Ans. (c)

The expression of the magnetic energy
stored in the solenoid, U=L/*/2

The maximum value of the magnetic
energy stored in the solenoid,

Ug=LI312

Given, U=25%xU,
2 2

O i:lxﬂ O /:ILJ
2 4 2 2

Therefore, using the formula for the
decay currentin L-R circuit,

I=l,(1-e™ 90 %:tou—e‘“‘)

e T=1/2 0 t=1In2
O t=tin2
R

A coil of inductance 2 Hhaving
negligible resistance is connected
to a source of supply whose
voltage is given by V=3t V (where, t
is in second). If the voltage is
applied whent =0, then the energy
stored in the coil after 4 s'is

[2021, 25 Feb Shift-1]
Ans. (144)

Given, inductance of coil, L =2H

Supply voltage, V =3tV

Let E be the energy stored in the coil.

Since, emf V :L%’L’
f

3t=L9 O 3tdr=Ldl
dt

Onintegrating both sides, we get
2

3L =y
2
Att =45,
§x42 =10 ExE:/
2 2 L
O 24/ =] i)
As, E=1/2LP°
_ 247 .
0 5_1/2LLT [From Eq.(i)]
2 2
=125 2% 4y
2 L 2x2

42 In a fluorescent lamp choke

(a small transformer) 100 V of
reverse voltage is produced when
the choke current changes
uniformly from 0.25Ato Oina
duration of 0.025 ms.The
self-inductance of the choke (in

mH) is estimated to be ...... .
[2020, 9 Jan Shift-I1]

Ans. (10)
From an inductor (choke),
dl
Emduced :LE
- | _Exat
At
Here, E=100V, Al=0.25 A
and At =0.025ms
=0.025x107%
-3
So, L:1OO><O.025><1O

0.25
=100 x10™* =10 mH

E The total number of turns and

cross-section area in a solenoid is
fixe(d) However, its length L is
varied by adjusting the separation
between windings. The inductance
of solenoid will be proportional to
[2019, 9 April Shift-I]

(@uL (B2 )L (d) P
Ans. (a)
Self inductance L, of a solenoid is given
by

Loy =Hon* oL
(Here, n=N/LandL =length of solenoid)
— UUNZWZ
L

or Leor

Clearly, Lol D%

(- All other parameters are fixed)
Note We can determine expression of L as
follows
@=NBA =L
But for a solenoid, B =p,nl, A= 10’
0 Lyl =HnITT?N

2
or Ly =Hon T|r2L=uONT w’

soll

H Two coils P and Q are separated by

some distance. When a current of
3 A flows through coil P, a magnetic
flux of 107> Wb passes through 0.
No current is passed through Q.
When no current passes through P

P and a current of 2 A passes

through 0, the flux through P is
[2019, 9 April Shift-11]

(b) 667x10™* Wb
(d) 367x10™* Wb

(a) 667 x 107> Wh
(c) 367 x 107> Wb
Ans. (b)

As, coefficient of mutual induction is
same for both coils

Q
P
0 Moy =My
0O NP(pPO :NO%P (I)

Here,  Np=N, =1
By =2 @y =107 Wb
Iy =2A 15 =3A
Substituting values in Eq (i), we get

| Ep ? _
_'o"p _ 3
(pPO _Ii_gx][]

P
=0667 x107°

=667 x10™“ Wb

45 The self-induced emf of a coil is 25

V. When the currentinitis
changed at uniform rate from 10 A
to 25 Ain 1s, the change in the

energy of the inductance is
[2019, 10 Jan Shift-II]

(a)437.5J (b)740J
(c)637.5J (d)540J
Ans. (a)

Energy stored in aninductor of
inductance L and current/is given by

E=1pp2
2

When current is being changed from/, to
l,, change in energy will be
T2 1,0 .
AE=E, -E,=—Ll; ——LI7 ..(i)
2 TEIT R To
Asl andl, are given, we need to find value
of L.

Now, induced emfin a coil ise=Lﬂ

dt
Here, =25V,
dl=1l, =1, =(25 -10) =15 Aanddt = 1s
0 25=Lx" or =22 =5/3H
1 15
Putting values of L, I, andl, in Eq. (i), we
get



AE:l 2 x[25% -10%]= !y
2 3

- x525
2

(SN

AE =4375J

46 There are two long coaxial
solenoids of same length I. The
inner and outer coils have radii
r; and r, and number of turns per
unit length ny and n,, respectively.
The ratio of mutual inductance to
the self-inductance of the inner

coil is [2019, 11 Jan Shift-1]
2
(a) 2 (b) 2
mn mn
() 2 (d) M
M m
Ans. (¢)

Mutual inductance for a coaxial solenoid
of radius r, and r, and number of turns n,
and n,, respectively is given as,

M=pynn, T[q2 I(forinternal coil of
radius )

Self inductance for the internal coil,
L =pon, mer
0 M_nmn _m

47 A copper wire is wound on a
wooden frame, whose shape is that
of an equilateral triangle. If the
linear dimension of each side of the
frame is increased by a factor of 3,
keeping the number of turns of the
coil per unit length of the frame the
same, then the self-inductance of
the coil [2019, 11 Jan Shift-1I]
(a)increases by a factor of 3
(b)decreases by a factor of 33
(c)increases by a factor of 27
(d)decreases by a factor of 9
Ans. (¢)

Self-inductance of a coil is given by the
relation L= pOnZAEﬂ
where, nis number of turns per unit
length. Shape of the wooden frame is
equilateral triangle.

V3

0 Area of equilateral triangle, A =Ta

(where, ais side of equilateral triangle)

0 Self-inductance,
0
L= ponz 5—302 o
o4 O

Here, | =3a xN (where, N is total turns)
ad
O L=p0n2|:«h302|j<301\! orL Oa*
o* o
When each side of frame is increased by
a factor 3 keeping the number of turns
per unit length of the frame constant.

Then, a'=3a

O L'O(b ) or L'O(3a)®

or L'027a% or L'=27L

So, self-inductance will becomes 27
times.

48 In the figure shown, a circuit

contains two identical resistors
with resistance R =5Q and an
inductance with L =2 mH. An ideal
battery of 15 V is connected in the
circuit. [2019, 12 Jan Shift-1]

in

15V T

What will be the current through
the battery long after the switch is
closed?
(a)B A
Ans. (a)
After a sufficiently long time, in steady

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

(b)3A  (c)5.56A (d)75A

+
15V — §SQ

49 Two coils are placed close to each
other. The mutual inductance of
the pair of coils depends upon

[AIEEE 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 currentsin the two coils

Ans. (b)

Mutual inductance Mbetween two coils is
given two coils is given byM = pyn,n, 7L
where, n;, n, are number of turns, r; is the
radius of, coiland L is the length. From
the above formula, it is clear that mutual
inductance depends on distance
between the coils and geometry

(1v? =area)of two coils.

50 When the current changes from +2
Ato-2Ain0.05s,anemfof 8Vis
induced in a coil. The coefficient of
self-induction of the coil is

[AIEEE 2003]

(b) 0.4 H

(d) 0.1H

(a) 0.2H
(c) 0.8H
Ans. (d)

e:—Lﬂ:—L(_z_z)

dt 0.05

O 8 :I_ﬂ

005
_8x005

a L =0.1H

5_1 The inductance between AandDis

A T T D
3H 3H 3H
[AIEEE 2002]
(a) 3.66 H (b) 9H
(c) 0.66H (d) TH
Ans. (d)
ALW £ LI

O =+ _+

or
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