Electromagnetic Induction

Questionl

A rectangular metallic loop is moving out of a uniform magnetic field
region to a field free region with a constant speed. When the loop is
partially inside the magnate field, the plot of magnitude of induced
emf (&) with time (¢) is given by
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Answer: B

Solution:
X X
X X
X |x VvV = constant
X X

B = constant

Motional emf : € = Bfv = constant

Question2
Regarding self-inductance:
A. The self-inductance of the coil depends on its geometry.

B. Self-inductance does not depend on the permeability of the
medium.

C. Self-induced e.m.f. opposes any change in the current in a circuit.
D. Self-inductance is electromagnetic analogue of mass in mechanics.

E. Work needs to be done against self-induced e.m.f. in establishing
the current.

Choose the correct answer from the options given below:
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Options:

A.A,B,C, E only



B. A, B, C, D only
C.A,C,D, E only
D. B, C, D, E only
Answer: C

Solution:

Let's analyze each statement:
A. The self-inductance of the coil depends on its geometry.

This is true because the self-inductance of a coil is given by formulas that include its geometrical parameters
(number of turns, cross-sectional area, length, etc.). For example, for a solenoid,

2
L= NOIJ’TNTA7
where N is the number of turns, A is the cross-sectional area, and [ is the length.
B. Self-inductance does not depend on the permeability of the medium.

This is false. The permeability of the medium (represented by p = pou,) directly influences the inductance, as
seen in the formula above. So, any change in the medium’s permeability will affect the inductance.

C. Self-induced e.m.f. opposes any change in the current in a circuit.

This is true, and it is a direct consequence of Lenz's law. The induced electromotive force (e.m.f.) always acts
in a direction such that it opposes the change in current that produced it.

D. Self-inductance is the electromagnetic analogue of mass in mechanics.

This is true. Just as mass resists changes in velocity (inertia), inductance resists changes in current, which is
why it is often compared to the inertial mass in mechanical systems.

E. Work needs to be done against self-induced e.m.f. in establishing the current.

This is true because, when you try to change the current, you must do work to overcome the opposing self-
induced e.m.f., storing energy in the magnetic field of the inductor.

Based on the above reasoning, the true statements are A, C, D, and E.
Thus, the correct answer is:
Option C

A, C, D, E only

Question3

A uniform magnetic field of 0.4 T acts perpendicular to a circular
copper disc 20 cm in radius. The disc is having a uniform angular



velocity of 10 7 rad s”! about an axis through its centre and
perpendicular to the disc. What is the potential difference developed
between the axis of the disc and the rim? (7 = 3.14)
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Options:
A.

0.5024 V

B.

0.0628 V

C.

0.2512V

D.
0.1256 V

Answer: C

Solution:

To determine the potential difference between the center and the rim of the disc (often called a Faraday disc or
unipolar generator), we use the formula for motional EMF in a rotating disc:
V= %BwR2

where:

B is the magnetic field strength,

w 1s the angular velocity,

R is the radius of the disc.

Given:

B=04T,

w = 107 rad/s,

R=20cm = 0.2 m,

we substitute these values into the formula:



First calculate R?:
R?=(0.2m)? = 0.04 m®
Substitute into the formula:

V =1 x 0.4 x (107) x 0.04
Multiply step-by-step:

0.4 x 107w = 4m,

Then, 47 x 0.04 = 0.167,
Finally, multiply by %:

V =4 x0.16w = 0.087
Substitute 7 ~ 3.14:

V ~0.08 x 3.14 =0.2512 V

Thus, the potential difference developed between the axis and the rim is approximately 0.2512 V, which
corresponds to Option C.

Question4

Consider I; and I, are the currents flowing simultaneously in two
nearby coils 1 & 2, respectively. If L; = self inductance of coil 1, My,

= mutual inductance of coil 1 with respect to coil 2, then the value of
induced emf in coil 1 will be :
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Options:

A.

e =-L; 2 M,

dt

B.

dl,

_ dI

C.



_ dI dI
e =-Lig -Mng
D.

_ dI dI.
ey =-Lig -Mng

Answer: D
Solution:

¢1 = Lil; + Mol

_d¢r . dL dI
81__E__1E_ 2
Questions

A coil of area A and N turns is rotating with angular velocity w in a
uniform magnetic field B about an axis perpendicular to B. Magnetic

flux ¢ and induced emf ¢ across it, at an instant when Bis parallel to
the plane of coil, are :
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Options:

A.

¢ =AB, p = NABo

B.

p=A4B,p=0

p=0,e=0
D.
»=0,e=NABw

Answer: D



Solution:

¢ = BAN - cos(wt)
€= —de _ BAw N - sin(wt)
dt
When B is parallel to plane, wt = g

= ¢ =0, =BAwN

Question6
3H
12VT I
MM
R

In the given circuit the sliding contact is pulled outwards such that
electric current in the circuit changes at the rate of 8 A /s. At an

instant when R is 12€), the value of the current in the circuit will be
A.
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Answer: 3

Solution:

To analyze the given circuit, we can use the equation for induced electromotive force (EMF) in an inductor.
The formula is:

e-Ld _T.R=0

For this circuit, we have:

e = 12V (the applied EMF)

L = 3 H (the inductance of the inductor)
% = 8 A/s (the rate of change of current)

Assuming the direction of current is such that the change in current is negative, substitute these values into the
equation:

12—-3x(-8)—-Ix12=0

Solving for I (the current in the circuit):
12424 -12I =0

36 =121

I=3=3A

Thus, the current at the moment when the resistance R is 12 is 3 A.

Question7



A conducting bar moves on two conducting rails as shown in the
figure. A constant magnetic field B exists into the page. The bar starts
to move from the vertex at time t = (0 with a constant velocity. If the

induced EMF is E < t", then value of n is
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Answer: 1

Solution:

E =/¢vB



_ 2z _
E = NG x vBand x = vt

_ 2 2
E = \/ngt

Ext

Question8

Conductor wire ABCDE with each arm 10 cm in length is placed in
magnetic field of —= Tesla, perpendicular to its plane. When

V2
conductor is pulled towards right with constant velocity of 10 cm /s,
induced emf between points A and E is mV .
10 e¢m
13 . A

B= L,_Tc.qla

N 2
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Answer: 10

Solution:



' A 051&45"‘ X

? A
|
|

X

As field is uniform we can replace the bent wire with straight wire from A to B.

So EMF :

€ =Bv gAB

_ L (10sin45%)em
vz oo

e =10mV

Question9

A rectangular loop of length 2.5m and width 2m is placed at 60° to a
magnetic field of 4T. The loop is removed from the field in 10 sec. The

average emf induced in the loop during this time is

[27-Jan-2024 Shift 1]

Options:



-1V

Answer: C

Solution:

Average emf = Change influx _ _ A¢

Time At

__ 0—(4x (25 x2)cos60°)
10

=+1V

Question10

Two coils have mutual inductance 0.002H. The current changes in the
first coil according to the relation i = igsin ot, where iy = SA and ® =

507 rad/s. The maximum value of emf in the second coil is w/a V. The
value of a is

[27-Jan-2024 Shift 1]

Answer: 2

Solution:

¢ =M= Mz sin wt

EMF = -M ? = —0.002(i,e cos 1)
t

EMF___=i(0.002) = (5)(50m)(0.002)

Questionll



A square loop of side 10cm and resistance 0.7() is placed vertically in
east-west plane. A uniform magnetic field of 0.20T is set up across the
plane in north east direction. The magnetic field is decreased to zero

in 1 s at a steady rate. Then, magnitude of induced emf is Vx x 1073V,
The value of xis

[29-Jan-2024 Shift 1]

Answer: 2

Solution:

‘ B =0.2 Tesla
X r

:

.

A =(0.1)7

o 024 02%
= =4 L=

TV

Magnitude of induced emf

e = ‘Il_{t': w:ﬁxlﬂ_z"f
At 1

Question12

A horizontal straight wire Sm long extending from east to west falling
freely at right angle to horizontal component of earth's magnetic field

0.60 x 10" *Wbm 2. The instantaneous value of emf induced in the

wire when its velocity is 10ms ! is x 1073V



[29-Jan-2024 Shift 2]

Answer: 3

Solution:

B,,=0.60 x 107 Wb/m’
Induced emf e = BHrf
=060x10* %105

=3x 107V

Question13

Two insulated circular loop A and B radius ' a' carrying a current of
'1'in the anti clockwise direction as shown in figure. The magnitude

of the magnetic induction at the centre will be :

[30-Jan-2024 Shift 1]

Options:

A.

V’i,unl

ol




2a
C.
Ul
2a
D.
2ud
(¥}
Answer: C
Solution:
By =
B - Vaul
Har Ea
Question14

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

loop of wire of side L (L = ). The loops are coplanar and their
centers coinside. The value of the mutual inductance of the system is

Vx x 1077 H, where x =

[31-Jan-2024 Shift 1]

Answer: 128



Solution:

Flux linkage for inner loop.

¢:Eceul'.r £

gl

=4x (sin 45 + sin 45)&

=82 x100'H
=128 <107'H

x=128

Question15

The magnetic flux ¢ (in weber) linked with a closed circuit of

resistance 8() varies with time (in seconds) as ¢ = 5t — 36t + 1. The
induced current in the circuit at t=2 s is A.

[31-Jan-2024 Shift 2]

Answer: 2

Solution:



e=—( %}=10t—35

at t=2, =16V

16

= _:M
8

1=

£
R

Questionl6

A rectangular loop of sides 12cm and Scm, with its sides parallel to
the x-axis and y-axis respectively moves with a velocity of Scnm/'s in
the positive x axis direction, in a space containing a variable magnetic

field in the positive z direction. The field has a gradient of 103 T/em
along the negative x direction and it is decreasing with time at the

rate of 107>T/s. If the resistance of the loop is 6m{), the power
dissipated by the loop as heat is x 1077W.

[1-Feb-2024 Shift 1]

Answer: 216

Solution:



B
A—>V = Scm/s
| e
{ -
I -
C -
(012, 0) (0,0

B, is the magnetic field at origin

dx 1072

B x
[dB=—[10""dax
B ]

B-B,=-10"x
X
B= (B, &)

Motional emfin AB=0
Motional emfin CD =0
Motional emf in AD = g =B v

Magnetic field on rod BC B

= (B,- (—12;010‘2))

- -2
Motional emfin BC=¢, = (B.:- + % ) £xv

£ =g—z=300x10""V
B 2 1

For time variation

(c,) =A L =60x107V

dt

(Eoet = £aq + (5} =360% 107V

r

(= - _
Power = %=215XIG W

Questionl7



A coil of 200 turns and area 0.20m? is rotated at half a revolution per
second and is placed in uniform magnetic field

of 0.01T perpendicular to axis of rotation of the coil. The maximum
voltage generated in the coil is 27t/P volt. The value of Bis

[1-Feb-2024 Shift 2]

Answer: 5

Solution:

@ = NAB cos{et)

g=— i—§ﬁ=NABmsin {eot)
t

g =NABw

max

=200=02=001=x

= dr_ E1.'4::|1t
10 5
Questionl8

A conducting loop of radius 1—& cm is placed perpendicular to a

uniform magnetic field of 0.5T. The magnetic field is decreased to
zero in 0.5 s at a steady rate. The induced emf in the circular loop at

0.25 s is:
[24-Jan-2023 Shift 1]

Options:
A.emf=1mV
B. emf =100 mV
C.emf=10mV

D. emf=5mV



Answer: B

Solution:

Solution:

EMF= 92 BAZO

dt t

0.1°
T

Aznrzzn(

) =0.01
B=0.5

EMF = —(0-5())((5’-01) ~0.01V =10mV

Question19

A metallic rod of length ' L ' is rotated with an angular speed of ' ® '

normal to a uniform magnetic field ' B ' about an axis passing
through one end of rod as shown in figure. The induced emf will be :

XX X K X X X %X X X X K X X
XX X X X XX X XN X K X X
xox \ XX X X X
XX A Oy x x x
X X X X X X
xox X X X X X
X X XX X X
X x X " X X X X X
X X X X XN X K X X
XX X K X X X %X X X X K X X

XX K X X X %X X X X X X X

[;4-Jan-2023 Shift 2]
Options:

A. {B’Lo

B. 1BL0

C. %BLZ(D

D. 1B’

Answer: C

Solution:



Solution:

[de = B(ox) dx
BoL?

L
e=Bo|xdx=
0

Question20

A wire of length 1m moving with velocity 8m/ s at right angles to a
magnetic field of 2T. The magnitude of induced emf, between the

ends of wire will be
[25-Jan-2023 Shift 2]

Options:
A. 20V

B. 8V

C. 12V
D. 16V
Answer: D

Solution:

Solution:

X X x B=2T




Induced emf across the ends =Bv ({
=2x8x1=16V

Question21

A certain elastic conducting material is stretched into a circular loop.
It is placed with its plane perpendicular to a uniform magnetic field
B = 0.8T. When released the radius of the loop starts shrinking at a

constant rate of 2cm” . The induced emf in the loop at an instant

when the radius of the loop is 10 cm will be mV.
[29-Jan-2023 Shift 1]

Answer: 10
Solution:

Solution:
EMF = 4Bu?)
dt

=2Bnr%=2><n><0.1><0.8><2><10_2

=2n%1.6=10.06 [round off 10.06=10]

Question22

As per the given figure, if % =—1A/ s then the value of V , , at this

instant will be V.
I=2 A

—WM‘—«—J\JW\;—-.&
L=6H R=120Q

:I +B
E=12V

[30-Jan-2023 Shift 1]




Answer: 30

Solution:
Solution:
L=6H
R=12C)
OO A
1=2A
| | B
12V
dt sec
dl

V,TIR-L—12=V,
V,—2x12-6(-1)-12=V,
V,—V,;=36-6=30 volt

Question23

An inductor of 0.5 mH, a capacitor of 20uF and resistance of 20€) are
connected in series with a 220V ac source. If the current is in phase
with the emf, the amplitude of current of the circuit is VxA. The value

of x is -
[31-Jan-2023 Shift 1]

Answer: 242
Solution:
Solution:

X =Xc
So, Z =R =20Q



. 220
= 2=

1l’nS 20

i =11\ =4

max

Ans: 242

Question24

The induced emf can be produced in a coil by

A. moving the coil with uniform speed inside uniform magnetic field
B. moving the coil with non uniform speed inside uniform magnetic
field

C. rotating the coil inside the uniform magnetic field

D. changing the area of the coil inside the uniform magnetic field
Choose the correct answer from the options given below :
[6-Apr-2023 shift 1]

Options:

A. B and D only
B. C and D only
C. B and C only
D. A and C only

Answer: B
Solution:

Solution:

Induced emf can be induced in a coil by changing magnetic flux.

And ¢ = E : ci&

By rotating coil, angle between coil and magnetic field changes and hence flux changes.
By changing area, magnetic flux changes.

Question25

For the plane electromagnetic wave given by E = E  sin (ot —kx) and

B = B sin (ot — kx), the ratio of average electric energy density to



average magnetic energy density is
[6-Apr-2023 shift 1]

Options:
A.2
B.1/2
C.1

D. 4
Answer: C

Solution:

Solution:
In EM waves, average electric energy density is equal to average magnetic energy density.
1 2 1 2
-EE, "= ——B

4 00 4“0 0

Question26

Two concentric circular coils with radii 1 cm and 1000 cm, and
number of turns 10 and 200 respectively are placed coaxially with
centers coinciding. The mutual inductance of this arrangement will

be x10 °H (Take, n° = 10)
[6-Apr-2023 shift 2]

Answer: 4
Solution:

Solution:



Given
a=1000cm
b=1cm
or b<<a
we will take larger coil as primary

B ot N
2a

iN
flux o, = BA = “ZE—xzb’ xn
a

Mutual inductance M = &

1
p

B uONmtb2

T 2xa

4% 107 x200%10xwx 1% 10"
2% 1000 x 10

M

4

or M =

=47 x 10"
or M =4x10% using 7° = 10)

Question27

An emf of 0.08V is induced in a metal rod of length 10 cm held

normal to a uniform magnetic field of 0.4T, when moves with a
velocity of:
[8-Apr-2023 shift 2]

Options:
A.2ms |
B. 20ms '

C.32ms |



D.0.5ms

Answer: A
Solution:

Solution:
¢ =Blv
10

= 0.08 = v x 0.4x 40
v 100

=>v=2m/s

Question28

The energy of an electromagnetic wave contained in a small volume

oscillates with
[10-Apr-2023 shift 1]

Options:

A. double the frequency of the wave
B. the frequency of the wave

C. zero frequency

D. half the frequency of the wave

Answer: A
Solution:

Solution:
double the frequency of the wave
E =Esin (wt —kx)

. 1
Energy density = ESOEnet
1

= EgoEo

- %aOEj(l — cos(2 wt— 2 kx))

2sin 2(wt — kx)

Question29



A 1m long metal rod XY completes the circuit as shown in figure. The
plane of the circuit is perpendicular to the magnetic field of flux
density 0.15T. If the resistance of the circuit is 5(), the force needed to
move the rod in direction, as indicated, with a constant speed of

4m/ s will be 1073N.

TEY.

AN

x ¥
[10-Apr-2023 shift 1]

Answer: 18

Solution:

Solution: .
F=1(B = ( %)EBZ (Bvli)B{i: Bév
BGDEIOETISTTS

=18x10 °=18 Ans.

Question30

A square loop of side 2.0 cm is placed inside a long solenoid that has
50 turns per centimeter and carries a sinusoidally varying current of

amplitude 2.5A and angular frequency 700 rad s '. The central axes
of the loop and solenoid coincide. The amplitude of the emf induced

in the loop is x X 10~*V. The value of x is . (Take, T = % )
[10-Apr-2023 shift 2]



Answer: 44

Solution:
Solution:
B -+
single loop
(N=1)

emf induced in solenoid = BAWN sin (ot), w=700rad/ s
Amplitude = BAWN

Area (A)=2cmXx2cm

_ 2

=4cm
=4x10"m’

(B) solenoid l’lO n

=4 x 10 ' x 5000 x 2.5

=5mx10°
n= 20 turns _ 5000
cm m
i=2.5
Amplitude of emf = (5p x 10 °)(4 x 10~ *)(700)(1)

=5x2_72x4x700x10*7=44x10*4

Question31

The magnetic field B crossing normally a square metallic plate of

area 4m” is changing with time as shown in figure. The magnitude of
induced emf in the plate during t = 2s to t =4s, is mV.

& (Ml

W\
bl = %

£

[11-Apr-2023 shift 1]



Answer: 8

Solution:
Solution:
do
f=499
T
dBA _ AdB
Emf = 424 - AdD
m at at

Emf =4- Slope of B.t curve
:4.[8_4]:4x2
4-2
Emf =8 Volt

Question32

A metallic cube of side 15 cm moving along y-axis at a uniform

velocity of 2ms . Ina region of uniform magnetic field of magnitude
0.5T directed along z-axis. In equilibrium the potential difference
between the faces of higher and lower potential developed because of

the motion through the field will be mV.
- —

5

/i

L
[11-Apr-2023 shift 2]

Answer: 150



Solution:

Solution:
qVB=qE
E=VB

AV =EL=VBL

AV=2x05x 12 = 15 {0y

100 100

=15x10 2 volt
=150 10y

Question33

A coil has an inductance of 2H and resistance of 4(). A 10V is applied
across the coil. The energy stored in the magnetic field after the

current has built up to its equilibrium value will be

[11-Apr-2023 shift 2]

=6.25=625x102J

Answer: 625
Solution:
Solution:
At steady state, inductor will act as a short circuit.
= V_10_5,
R 4 2

_Lpol 5)2_ 25

B=glh= x> ( 2) 4
2H
40

— BHREEE

—> at steady state

x1072J.




Question34

A conducting circular loop is placed in a uniform magnetic field of
0.4T with its plane perpendicular to the field. Somehow, the radius of
the loop starts expending at a constant rate of 1 mm/ s. The
magnitude of induced emf in the loop at an instant when the radius of
the lop is 2 cm will be nv.

[12-Apr-2023 shift 1]

Answer: 50
Solution:

Solution:
B=04T

Rate %: Il mm/ sec Einduced =?

R=2cm
(p=B7rr2 ((p=B.A)

_ do _ dr
e )
€= 3 B0 g

Ein =04xmx4x102x10°
Ein =16mx10°¢
Ein =50pV

Question35

The source of time varying magnetic field may be

(A) A permanent magnet

(B) An electric field changing linearly with time

(C) Direct current

(D) A decelerating charge particle

(E) An antenna fed with a digital signal

Choose the correct answer from the options given below:
[13-Apr-2023 shift 1]

Options:

A. (B) and (D) only



B. (C) and (E) only
C. (D) only

D. (A) only
Answer: C

Solution:

Solution:
Accelerated charge particle produces EMW which has time varying E and B. If E is linear function of
time then B will be constant.

Question36

In the given figure, an inductor and a resistor are connected in series
with a batter of emf E volt. g—;J /s represents the maximum rate at

which the energy is stored in the magnetic field (inductor). The
numerical value of 2 will be

I=4H R=25Q)]

|1
L

E
[13-Apr-2023 shift 1]

Answer: 25
Solution:

Solution:

1; 2
U= LI
2

—t/
I=I(1-¢ "



Rate of energy, P = du

dl
P=LI—=—
dt
2
T
dt dt2 dt

dt

;

dP

)

For maximum rate, I =0

Id_zlz_( ﬂ)z
dt2 dt

_ t/T
[=1,(1-¢"")

g _ I_Oe*t/T
dt 1
d_21 _ ke*t/r
dt® 7
By equation (1),

I
—t/7T 0. —t/1
[(1-e ")x —e
T
Lete Vi=x
)
X—X =X
1

X = —
2
Maximum power,
dl
P=LI=—
dt

2
-1
2
T

—2t/1
(S

Question37

An insulated copper wire of 100 turns is wrapped around a wooden

cylindrical core of the cross-sectional area 24cm’. The two ends of the
wire are connected to a resistor. The total resistance in the circuit is
12Q). If an externally applied uniform magnetic field in the core along
its axis changes from 1.5T in one direction to 1.5T in the opposite
direction, the charge flowing through a point in the circuit during the



change of magnetic field will be mC.
[13-Apr-2023 shift 2]

Answer: 60
Solution:
Solution:

1AQ| = Ao _ 2NBA

R R
_ 2x100x1.5x24x10"*
12

—6x10 %

=60 mc
Question38

A 12V battery connected to a coil of resistance 62 through a switch,
drives a constant current in the circuit. The switch is opened in 1 ms.

The emf induced across the coil is 20V. The inductance of the coil is :
[15-Apr-2023 shift 1]

Options:
A. 8mH
B. 10 mH
C. 12mH
D. 5mH
Answer: B

Solution:

Solution:



20=—L( —0_3)
10
L=10mH

Question39

A 20 cm long metallic rod is rotated with 210 rpm about an axis
normal to the rod passing through its one end. The other end of the
rod is in contact with a circular metallic ring. A constant and uniform
magnetic field 0.2T parallel to the axis exists everywhere. The emf
developed between the centre and the ring is mV. (Take
n=22/7)

[15-Apr-2023 shift 1]

Answer: 88
Solution:

Solution:
A 20 cm long metallic rod is rotated with 210 rpm about an axis normal to the rod passing through its
one end. The other end of the rod is in contact with a circular metallic ring. A constant and uniform
magnetic field 0.2T parallel to the axis exists everywhere. The emf developed between the centre
and the ring is mV. (Take t=22/7)

]

N

O

Question40

A circular coil of 1000 turns each with area 1m” is rotated about its
vertical diameter at the rate of one revolution per second in a uniform
horizontal magnetic field of 0.07T. The maximum voltage

generation will be V.
[24-Jun-2022-Shift-2]



Answer: 440
Solution:

Solution:
\Y% =N ABw

=1000x1x0.07 x 2 x 1)
=440 volts

Question41

The current in a coil of self inductance 2.0H is increasing according to

I=2 sin(tz) A. The amount of energy spent during the period when

current changes from 0 to A is J.
[25-Jun-2022-Shift-1]

Answer: 4
Solution:

Solution:

| )
U= =LI
2

1 2
= 2x2°=4]
2

Question42

The magnetic flux through a coil perpendicular to its plane is varying

according to the relation ¢ = (5t3 +4t% + 2t - 5) Weber. If the
resistance of the coil is 5 ohm, then the induced current through the

coil at t = 2s will be,
[26-Jun-2022-Shift-1]



Options:
A. 15.6A
B. 16.6A
C. 17.6A
D. 18.6A
Answer: A

Solution:

Solution:
p=5C+4+2t—5

o] = 92 = 152 +8t+2

dt
Att=2,]e| =15x22+8x2+2
=e¢ =78V

Question43

A 10€Q), 20 mH coil carrying constant current is connected to a battery
of 20V through a switch. Now after switch is opened current becomes

zero in 100u s. The average e.m.f. induced in the coil is V.
[26-Jun-2022-Shift-1]

Answer: 400
Solution:
Solution:
R=100Q
AN
Vo= 20V — L=20mH




Initially current, I , = % =2A (when initially switch closed) average emf induced in coil = %
_ 20x10°x(2-0)

e 100 x 10°°

Cove ~ 400V

a

=¢e

Question44

Two coils of self inductance L1 and L2 are connected in series

combination having mutual inductance of the coils as M . The
equivalent self inductance of the combination will be :

f{ !} f"h,r

[26-Jun-2022-Shift-2]

Options:

A —+ —+

1,1, 1
L, L, M
B.L1+L2+M
C.L1+L2+2M
D.L1+L2—2M
Answer: D

Solution:

Solution:

Self inductances are in series but their mutual inductances are linked oppositely so equivalent self
inductance

L=L+L,-M-M =L +L,-2M

Questiond45

A metallic conductor of length 1m rotates in a vertical plane parallel
to east-west direction about one of its end with angular velocity



Srads . If the horizontal component of earth's magnetic field is

0.2 x 10_4T, then emf induced between the two ends of the conductor
is:
[26-Jun-2022-Shift-2]

Options:
A.5pvV
B. 50uVvV
C.5mV
D. 50mv
Answer: B

Solution:

Solution:
Emf = %Bml2

- %XO.2><10_4X5><12V

—0.5x10*V
=50uV

Question46

A metallic rod of length 20 cm is placed in North-South direction and
is moved at a constant speed of 20m /s towards East. The horizontal

component of the Earth's magnetic field at that place is 4 x 10T and

the angle of dip is 45°. The emf induced in the rod is mV
[27-Jun-2022-Shift-2]

Answer: 16

Solution:



Solution:
E =Blv
20

=4x10 °x =L x 20 Volts
0100
=16mV

Questiond7

Given below are two statements :

Statement I : The electric force changes the speed of the charged
particle and hence changes its Kinetic energy; whereas the magnetic
force does not change the Kinetic energy of the charged particle.
Statement II : The electric force accelerates the positively charged
particle perpendicular to the direction of electric field. The magnetic
force accelerates the moving charged particle along the direction of
magnetic field.

In the light of the above statements, choose the most appropriate

answer from the options given below :
[29-Jun-2022-Shift-2]

Options:

A. Both Statement I and Statement II are correct.

B. Both Statement I and Statement II are incorrect.
C. Statement I is correct but Statement II is incorrect.
D. Statement I 1s incorrect but Statement II is correct.
Answer: C

Solution:

Solution:
Electric field accelerates the particle in the direction of field (F =qE =ma ) and magnetic field

accelerates the particle perpendicular to the field (F =qvx B =ma )

Question48



A small square loop of wire of side 1 is placed inside a large square
loop of wire L(L.>>1). Both loops are coplanar and their centres
coincide at point O as shown in figure. The mutual inductance of the
system is :

L

[25-Jul-2022-Shift-1]
Options:

2\/EHOL2
il

A.

2
Kol
" 2\2nL

22,
L

2
BoT

D. n-\2ml

Answer: C

Solution:

Solution:
We know ¢ =M i
Let i current be flowing in the larger loop

S0~ | 4x [sin45° +sin45°] ] X Area

Ul
4n(L, /2)
Z\EMOi 12




Question49

Magnetic flux (in weber) in a closed circuit of resistance 20€) varies

with time t(s) at ¢ = 8t* — 9t + 5. The magnitude of the induced
current at t = (0.25s will be mA.
[25-Jul-2022-Shift-2]

Answer: 250
Solution:

Solution:
R=20Q
©=8t"—9t+5

- ‘— %—ﬂ=‘l6t—9‘=‘16(0.25)—9’ =5
i

S 0'235 x 10°A = 250mA

= 2 =025A=
0 10

e

QuestionS0

A velocity selector consists of electric field E=Ekand magnetic field

B = B? with B=12mT . The value of E required for an electron of
energy 728eV moving along the positive x-axis to pass undeflected is :

(Given, mass of electron =9.1 x 107! kg )
[26-Jul-2022-Shift-2]

Options:
A.192kVm
B. 192mVm '
C. 9600kVm '

D. 16kVm '



Answer: A

Solution:

Solution:
— A
E =Ek B=12mT

— A
B =Bj Energy =728¢V
Energy = %mvz

1

728eV = 53 9.1 x 103 x 2

2

728 x1.6x10 P= 2x9.1x10 3 xv

1
2
v=16x10°m/s
E=vB
E=16x10°x12x10"°
E=192x10°V/ m

Question51

A beam of light travelling along X -axis is described by the electric
field E v 900 sin o(t —x/¢).

The ratio of electric force to magnetic force on a charge q moving

along Y -axis with a speed of 3 x 10"ms " will be :

(Given speed of light =3 x10°ms™")
[27-Jul-2022-Shift-1]

Options:
A.1:1
B.1:10
C.10:1
D.1:2

Answer: C

Solution:

Solution:



E =9005in(cot— %)
y C

E, =900

E1

v
B — , X

Z
Fp =qE,
Fy=qvB,
Fp_ By _c_ 3X108=10:1
F, VB, v 3x10
Question52

A conducting circular loop is placed in X —Y plane in presence of

magnetic field B = (3t3§ + 3t21A<) in SI unit. If the radius of the loop is

1m, the induced emf in the loop, at time, t = 2s is ntV. The value of n
is .
[27-Jul-2022-Shift-2]

Answer: 12

Solution:

Solution:

- —
=B - A

A A A

= (3t3j +3¢%) - (=)
(p=3t2n

_ | do| _
SIND_ ’ a = 6tr

att=2,g,,=12



Questions3

A transformer operating at primary voltage 8 KV and secondary

voltage 160V serves a load of 80 kW. Assuming the transformer to be
ideal with purely resistive load and working on unity power factor,

the loads in the primary and secondary circuit would be
[28-Jul-2022-Shift-2]

Options:

A. 800€Q2 and 1.06Q
B. 10€Q and 500€2
C. 800€2 and 0.32Q
D. 1.06Q and 5002

Answer: C

Solution:

Solution:
Vv ' =V212 =80kW

- . _ 80x1000 _
=i, = 10A and i, = === = 500A
M 160
=T 800Q and R, = 7= =0.320
Question54

An aeroplane with its wings spread 10m, is flying at a speed of
180km /h in a horizontal direction. The total intensity of Earth's field

at that part is 2.5 x 10" *W b/m” and the angle of dip is 60°. The emf
induced between the tips of the plane wings will be
[26 Feb 2021 Shift 2]

Options:

A. 108.25mV



B. 54.125mV
C. 88.37mV

D. 62.50mV

Answer: A
Solution:

Solution:
Given, length of aeroplane wing, I = 10m
Speed of aeroplane, v = 180km/h = 50ms '
Magnetic flux density, B=2.5 x 10 *W b/m”
Angle of dip, 6 = 60°
The emf induced between the tips of plane wings,
¢ =B/vsin0

=2.5%10 *x 10 x 50 sin 60°

=25%x5x102x3/2

=6.25%1.732x10 2

=108.25x 10 ° = 108.25mV

Questions5

A coil of inductance 2H having negligible resistance is connected to a
source of supply whose voltage is given by V =3tV (where, tis in
second). If the voltage is applied when t = 0, then the energy stored in
the coil after 4s is ........... J.

[25 Feb 2021 Shift 1]

Answer: 144
Solution:

Solution:

Given, inductance of coil, L =2H

Supply voltage, V =3tV

Let E be the energy stored in the coil.
dl

Since, emfV =L. —
dt



3t=L Y 5 3qt=141
at

3t =L 9L o 3eqe=1d1
dt

On integrating both sides, we get
2
t
3— =LI
2

At t=4s,
At t=4s,
3_16

3x42 =11 > 3x 10
2 2T

24 .

= =1...(

T (i)

As,E =1/2L1°
24?

E =1/2L = [From Eq. (i)]
L

24 _ 24

L 2x2
44]

I N =
—

Question56

The magnetic field in a region is given by B = Bo( g)ﬁ 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 = v i. The emf induced in the loop is

Y

E

@7

» X
[16 Mar 2021 Shift 2]
Options:

2
A B,v, d
) 2a




2
D BOVOd
) 2a

Answer: C

Solution:

Solution:
The given situation can be shown as

Y

o
V= wvpl

A B 'X
From the above figure, it can be seen that emf induced in side DC and AB will be zero. It is because
v is parallel to length of conductor along X -axis.

oy
cl
o ° ¢ T
= _—
A B >X
{_x_’x x+d

~ Net emfinduced =FE E

BC
_ Byxtd)vyd  Bgxvyd

AD

00
a a
_ BOVOd2
- Bl
Questions7

A conducting bar of length L is free to slide on two parallel
conducting rails as shown in the figure

R, > * X R,

W oy
[ |

Two resistors R1 and R2 are connected across the ends of the rails.

There is a uniform magnetic field B pointing into the page. An



external agent pulls the bar to the left at a constant speed v.
The correct statement about the directions of induced currents I, and

I, flowing through R, and R, respectively is
[16 Mar 2021 Shift 1]

Options:

A.both I, and I, are in anti-clockwise direction.

B. both I, and I, are in clockwise direction.

C. I, isin clockwise direction and I , is in anti-clockwise direction.
D. I, is in anticlockwise direction and I , is in clockwise direction.

Answer: C
Solution:

Solution:

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 I, is in the clockwise direction and I, is in the anti-

clockwise direction and the effective circuit with the directions of I, and I ,can be shown as follows

l; I

-

— F
Hé gﬁz

QuestionS8

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

[18 Mar 2021 Shift 2]

Options:



L
A. KInS
B. infinite

L

C. Ean
L

D. ElnlO

Answer: C
Solution:

Solution:

The expression of the magnetic energy stored in the solenoid,
L1’
U= =—"—
2

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

— 0

Y= -

Given, U =25%xU

2 LI’ I
LI 1, =0 41— 20
> 32 Tl
Therefore, using the formula for the decay current in L — R circuit,
_ _ _—t/t
[=I(1-¢""
I . T
702 ol—e 2/)

—t/1 1
= —=t=1ln2
(§ 3 Tin

=>t= L1n2
R

Questions9

In the given figure the magnetic flux through the loop increases
according to the relation ¢,(t) = 106* + 20t, where ¢ is in milliwebers
and tis in seconds.

The magnitude of current through R = 2Q resistor at t = Ss is
mA



R=2Q)

AN
* * ® ¥ ®
- ks 4 S ks
X x E x x

[27 Jul 2021 Shift 2]

Answer: 60
Solution:

Solution:

€| =99 =20t + 20mv
dt

i = €1 = 10t + 10mA
R

att=>5
li| = 60mA

Question60

A circular conducting coil of radius 1m is 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 2u€2. The magnetic field is
slowly switched off such that its magnitude changes in time as

_ 4 -3 —
B=1x107T (1- )

The energy dissipated by the coil before the magnetic field is switched
off completely is E = mJ
[25 Jul 2021 Shift 1]

Answer: 80



Solution:

Solution:
—_ —
6=B .S

=ix10‘3(1—

) .nR2
T

t
100
-4 -3 2(1-_L
¢ <10 X(l)(l 100)
._—do

dt
—d -3 t
—d(4x10 (1——))
dt( * 100
- 1 -5

= 103(—)= 105V
e=4x 00) ~4”
When B=0

t _
t=100sec

€

2
Heat = &+t
R

Heat

—5\2
:wX 100J

2x10°

16 x 10 1% x 100,
2x10°

Heat =0.08J

Heat = 80mJ

Heat =

Question61

The arm PQ of a rectangular conductor is moving from x =0 to x =
2b outwards and then inwards from x = 2b to x = 0 as shown in the
figure. A uniform magnetic field perpendicular to the plane is acting
from x = 0 to x = b. Identify the graph showing the variation of
different quantities with distance :



Q
X= x=b x=2b
: N A
] 1
L [C] B
:
]
] 1
] I
] ]
x=0 _ C
b 2b b

[20 Jul 2021 Shift 1]

Options:

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

Answer: C

Solution:

Solution:

As rod moves in field area increases upto x = b then field is absent and again flux is generated on
return journey from x = b to x = 0. Thus plot A for flux.

=e= —%ﬁ curve B for emf

= Power dissipated = vi = curve C for power dissipated

Question62



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

. Induced
Coil current

A current is induced in the coil because B is
[31 Aug 2021 Shift 2]

Options:

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

Answer: A

Solution:

Solution:

In the given figure, the magnetic field is outward, means N-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 current is in the direction, so the strength of N-pole is maintained as it is decreasing.

Question63

A constant magnetic field of 1T is applied in the x > 0 region. A
metallic circular ring of radius 1m is moving with a constant velocity
of Im/s along the X-axis. At t = (s, 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.)



o
Vs

127 Aug 2021 Shift 2 2]

Options:
A1V
B.2nV
C.2V
D.0

Answer: C
Solution:

Solution:

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

Let emf be ¢

Since,

¢=Blvsin0O

=1x2R x 1 xsin90°
=2R=2V

Question64

A bar magnet is passing through a 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



="

e

loop
A —

[27 Aug 2021 Shift 1]
Options:

A.

emf

v

v

emf




emtf

Answer: C
Solution:

Solution:
Given, radius of loop is R and velocity of the bar magnet is v.
According to Faraday’s law of electromagnetic induction, the emf induced in loop is given by
e=-Ndo )

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.

emf it

[ ]
[
sy

ffv

Question65

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 3.0 x 10 “T. The maximum emf induced

in the coil will be .......... x107°V.
(rounded off to the nearest integer.)
[26 Aug 2021 Shift 2]



Answer: 60
Solution:

Solution:

Given, radius of circular coil, r= 8.0 cm = 0.08 m
Number of turns, N = 20

Angular speed of coil, = 50rads '

Magnetic field, B =3.0 x 10°°T

The maximum emf induced in a coil can be expressed as
e =mnNBA

Here, A is the area of coil.

¢=NB m(nrz)

Substituting the given values, we get
£=20%3.0x 10 % x50 x 1t x (0.08)

=603 %102V

~60x 10 °V

Question66

A small square loop of side a and one turn is placed inside a larger
square loop of side b and one turn (b> > a). 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
[31 Aug 2021 Shift 1]

Options:
A, tog\pe
" 4n b

o832
At a

Moo b’
C. agﬁz

o832

D'47t b

Answer: A

Solution:



Solution:
Given, side of one square loop = a
Side of 2nd square loop = b

b>>a
Current =i
T
s a
!
Since, ¢ = Mi
M=$2-B:4

1 1
where, M = mutual inductance,
¢ = magnetic flux,
B = magnetic field
and A = area.
Mutual inductance by 4 straight conductor,
4B. A

Question67

An inductor coil stores 64J of magnetic field energy and dissipates

energy at the rate of 640W 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.
[26 Aug 2021 Shift 1]

Options:
A.04
B.0.8
C.0.125

D.0.2



Answer: D

Solution:

Solution:

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

i=8Aand

P=640 W

As, magnetic energy, U = %Li2

=64 = % XL x 64

=>L=2H

Energy dissipated, P = i’R

= 64064 =R

R=10Q

Time constant of R-L circuit is given by

Question68

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

magnetic field of ST. 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 4€2. What should be the value of v, so that a

steady current of 2 mA flows in the loop?

X
x

A A A A
A S A A A A A

A A O A A O A
HKopOX M M KX X
HOE XK K K MK xoH
HoOpooH X O MM OX X

O A O O - 4
EA A A A A A A

[1 Sep 2021 Shift 2]
Options:

A.1m/s



B.1cm/s
C.10’m/s

D.10 %2cm/s

Answer: B
Solution:

Solution:
According to given circuit diagram, equivalent resistance between point P and Q.
RPQ =@4+4)||4+4)
_8x8
8+8
The equivalent circuit can be drawn as,
!

+

= 40

4&2§ ——vipBl, 1402

Equivalent resistance, Req =4+1=5Q

Magnetic field, B = 5T
The side of the square loop, | =20 cm = 0.20 m

The steady value of the current, [ =2 mA =2 x 10°A
Induced emf, e = Bv|

Induced current, I = Ri

eq
Substituting the values in the above equation, we get
5% v,x0.2

5
= v,=10 "m/s=1lem/s

2x107° =

~ The value of v, =1 cm/so that a steady current of 2 mA flows in the loop.

Question69

In a fluorescent lamp choke (a small transformer) 100 V of reverse
voltage is produced when the choke current changes uniformly from
0.25 A to 0 in a duration of 0.025 ms. The self- inductance of the
choke (in mH) is estimated to be .

[NA 9 Jan. 2020 I]



Answer: 10
Solution:

Solution:
GivendI =0.25-0=0.25A
dt=0.025ms
Induced voltage
E. , =100v
Self-inductance, L =?

: _Ad _L(0.25-0)
Using, E. =—1t=100=——"——

ind At 025 % 10>

=L=10"H = 10mH

Question70

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:

16 cm »

INA 8 Jan. 2020 I]
Options:
A.56 pV
B.28 uV
C.48 pv
D.36 pV

Answer: A



Solution:

Solution:

According to question, d B = 1000 — 500 = 500 gauss = 500 x 10T
Time dt=15s

Using faraday law

Induced EMF e = ‘—@‘ _A4B

atl dt
dB _ 10002300, 154 — 10T /sec
dt 5

16 ¢cm >

I
[
1
I
I
1
[ EULENLLE DL I B LE LR EUL R LUUR LB LI LI L DU R RELTR UL
1
1
I
1
1
I

Area ,A =ar of O-2 ar of A= (16 x4 —2x Area of triangle )cm2

- (64—2><%><2><4)cm2

=56x10 'm?

. _1.dB| _ —4 2 —6y; _
"Sinduced_’Aa‘ =56x10 %102 =56 10°°V =56uV
Question71

Consider a circular coil of wire carrying constant current I, 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?
[7 Jan. 2020 I]

Options:

A 0. =9,
B. ¢. > ¢,
C. 0, <9,

D. ¢; =4,



Answer: D

Solution:

Solution:

As magnetic field lines form close loop, hence every magnetic field line creating magnetic flux
through the inner region (¢,) must be passing through the outer region. Since flux in two regions are
in opposite region.

“0, =0,

Question72

A long solenoid of radius R carries a time (t) - dependent current
I(t) =1 ,t(1—-t). Aring of radius 2R is placed coaxially near its

middle. During the time interval 0 <t <1, the induced current (I ;)
and the induced EMF (V ) in the ring change as:
[7 Jan. 2020 I]

Options:

A. Direction of I ; remains unchanged and V  is maximum at t = 0.5
B. Att=0.25 direction of I ; reverses and V , is maximum
C. Direction of I , remains unchanged and V , is zeroat t = 0.25

D. Att= 0.5 direction of | g Teverses and V R 1S Zero

Answer: D
Solution:

Solution:



Vr

2

According to question,
[ =1,41-1

Al =Tt—1 ¢

db=B.A

¢ = (uonl) x (R?)
(vB=p,nl and A =nR%)
V= %

V o = ponrR( 21 )

:>VR=0att=%s

~V

Question73

A loop 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 = (3? + 4ﬁ)T . The quantity of flux through the loop ABCDEFA (in
Whb) is .
[INA 7 Jan. 2020 I]



Answer: 175

Solution:
Solution:
}}‘
D (0)5,0)
E(0,5,5) — | >~ (5,5,0)
3i 4&/
—p

}10)\ 5m
(),_5{1
Z/ FKQ’& 6’% ¥

Flux through the loop ABCDEFA,
6=B. A =(37+4k) (257 +25k)
=>¢p=(3x25)+(4x25)=175 weber

Question74

A planar loop of wire rotates in a uniform magnetic field. Initially, at
t = 0, the plane of the loop is perpendicular to the magnetic field. If it
rotates with a period of 10 s about an axis in its plane then the
magnitude of induced emf will be maximum and minimum,

respectively at:
[7 Jan. 2020 II]

Options:
A.25sand 7.5s
B.2.5sand 5.0 s
C.50sand 7.5s
D.5.0sand 10.0 s

Answer: B



Solution:

Solution:
We have given, time period, T =10 s
. 2n _®w
~ Angular velocity, = = = =
gular v ity, ® TG

Magnetic flux, ¢(t) =BAcoswot
Emfinduced, E = %td’ ~BAwsinot = BAosin(ot)

Induced emf, | g| is maximum when ot = g

=>t==2=275s

wila [ola

For induced emf to be minimum i.e zero

ot=n=>t=2=5g
7T

5
~ Induced emf is zero at t = 5s

Question75

Two concentric circular coils, C, and C,, are placed in the XY plane.
C, has 500 turns, and a radius of 1cm . C, has 200 turns and radius
current 20cm . C, carries a timedependent current I (t) = (5t2 —2t+3)
A Where tis in s. The emf induced in C,(in mV ), at the instant t = 1s

is g. The value of x is )
[NA Sep. 05, 2020 (I)]

Answer: 5
Solution:

Solution:
For coil C,, No. of turns N, =500 and radius, r= lcm .

For coil C,, No. of turns N, = 200 and radius, R = 20cm.
[ = (5¢-2t+3) :‘é_lt — (10t-2)



I N
¢small =BA= ( 02R . ) (nrz)

Induced emf in small coil,

2
_d¢_(uoN2) > di_(“oNlsz)
~do_ N 41— 10t—2
T 2 )™ gy 2R ( )

Att=1s
2 2
o ( uN | N 7r ) - 4p0N N ,mr
2R R
_ 4(4m)107 x 200 500 x 10“‘1t
20 1072

=80xm>x10 " x10x 10%x 10 2

—8x10*volt =0.8mV =2 = x=5.
X

Question76

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 ?

()
</

a

~IB G TTERT V00 &=l —-mmagnet
C

Three positions shown describe : (1) the magnet’s entry (2) magnet is
completely inside and (3) magnet’s exit.
[Sep. 04, 2020 (I)]

Options:

A.

(1) (2) 3)

B.



(1) (2)

C.
(1) (2) (3)
D.
(1) (2) (3)
Answer: B
Solution:
Solution:

Case (a): When bar magnet is entering with constant speed, flux ( ¢ ) will change and an e.m.f. is
induced, so galvanometer will deflect in positive direction.

Case (b): When magnet is completely inside, flux ( ¢ ) will not change, so galvanometer will show null
deflection.

Case (c) : When bar magnet is making on exit, again flux(\¢) will change and an e.m.f. is induced in
opposite direction so galvanometer will deflect in negative direction i.e. reverse direction.

Question77

An elliptical loop having resistance R, of semi major axis a, and semi
minor axis b is placed in a magnetic field as shown in the figure. If the
loop is rotated about the x-axis with angular frequency o, the average
power loss in the loop due to Joule heating is :



y
[Sep. 03,2020 (I)]
Options:

A ’a’b’ B0’
) 2R

B. zero

mabBw
C. R

D ’a’b’B’ 0’
) R

Answer: A
Solution:

Solution:




nmfaZbZB2w?
2R
As we know, the induced emf is,

The correct option is A

E=NABwsin(wt) [+ Here, N =1]

The average power Is,

_E?_ A2BZ2w?sin?wt A2B2w?1
<P >= —=< >= (

=)
R R R 2

Therefore, average power loss in the loop due to Joule's heating effect is,

EaEbEBZ 2
<p>z TEDEW (A =mab)
2R
<!--td {border: 1px solid #ccc;}br {mso-data-placement:same-cell;}--> Hence,

(A) is the correct answer.

Question78

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 = 0.032 Ts™' . The induced current in the

loop is close to (Resistivity of the metal wire is 1.23 x 107° Qm)
[Sep. 03,2020 (II)]

Options:

A. 043 A
B.0.61 A
C.034A
D.0.53 A

Answer: B



Solution:

Solution:

Given,

Length of wire, I =30cm

Radius of wire, r=2mm =2 x 10 °m
Resistivity of metal wire, p = 1.23 x 10 *Qm

Emfgenerated, |e| = % = C(11—];53’(A) (*¢=B.A)

Current, i = °
R

But, resistance of wire, R = plX

. [dB[(AY _0.032x fmx2x107}’

=0.61A
dt !l pl 123x10%%x0.3

Question79

A circular coil of radius 10cm is placed in a uniform magnetic field of

3.0 x 10 °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 uV ) in the

coil will be close to the integer
[NA Sep. 02, 2020 (I)]

Answer: 15

Solution:

Solution:
Here, B=3.0x10 °T,R = 10cm =0.1m

) i _— —>
Flux as a function of time ¢ = B . A = AB cos(®t)
Emf induced, ¢ = %‘1’ — ABo sin(ot)

Max. value of E mf = ABo = n1R°Bw

=3.14%0.1%x0.1%x3x10°x -
X X X X ><02

=15%x 10 °V =15V



Question80

An infinitely long straight wire carrying current I, 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 1 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 :

one side opened long
conducting wire loop

C

[Sep. 05, 2020 (IT)]

Options:

Lol vl
D. 21 Rr

Answer: D

Solution:



Solution:
ol

Magnetic field at a distance r from the wire B = 3
r

Magnetic flux for small displacement dr,
¢6=B.A=Bldr[+vA=1drand B.A=BAcos0°]

1
Sé=10 4y
2ar
J.F'"-
=
-
]
-
_,..-"""'
II__,.,.-'-""
==
r dr
_do_moll dr_ Mo Ivl
Emf, e dt 2mr " dt 2n ot
Induce current in the loop, i = £ = =0 1vL
2n  Rr

Question81

A 10m long horizontal wire extends from North East to South West. It
is falling with a speed of 5.0ms_1, at right angles to the horizontal

component of the earth's magnetic field, of 0.3 x 10 *W b/m>. The
value of the induced emf in wire is :
[12 Jan. 2019 II]

Options:

A.15%x10°V
B.1.1x10°V
C.2.5%10°V

D.03x 10V

Answer: A

Solution:



Solution:
Induced emf, € = Bvl

=03x10*x5x%x10
=15x10°V

Question82

There are two long co-axial solenoids of same length 1. The inner and

outer coils have radii r; and r, and number of turns per unit length n,

and n,, respectively. The ratio of mutual inductance to the self-
inductance of the inner-coil is:
[11 Jan. 2019 I]

Options:

A.

D. 2

Answer: D
Solution:

Solution:
The rate of mutual inductance is given by

M = ],tonlnzmrl2 ....... (i)

The rate of self inductance is given by
_ 2 2 .

L=pyn, 7, ... (i)

Dividing (i) by (i) =

Question83



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:

[11 Jan. 2019 IT]

Options:

A. decreases by a factor of 9
B. increases by a factor of 27
C. increases by a factor of 3

D. decreases by a factor of 9V3

Answer: C
Solution:

Solution:

As total length L of the wire will remain constant
L=(3a)N (N =total turns)

and length of winding = (d) N

a

(d = diameter of wire)
self inductance =y n°Al
2

xa’N oca[asN =L/3a=>N océ

Now 'a' increased to '3a’
So self inductance will become 3 times

Question84



A solid metal cube of edge length 2 cm is moving in a positive y-
direction at a constant speed of 6 m/s. There is a uniform magnetic
field of 0.1 T in the positive z-direction. The potential difference
between the two faces of the cube perpendicular to the x-axis, is:
[10 Jan. 2019 1]

Options:
A. 12 mV
B. 6 mV
C.l mV
D.2mV
Answer: A

Solution:

Solution:
Potential difference between two faces perpendicular to x-axis

=1V .B=2x10 %(6x0.1) = 12mV

Question85

An insulating thin rod of length 1 has a linear charge density
p(x) = p,; on it. The rod is rotated about an axis passing through the

origin (x = 0) and perpendicular to the rod. If the rod makes n
rotations per second, then the time averaged magnetic moment of the
rod is:

[10 Jan. 2019 1]

Options:
A.tnp 1’

B.gnpl3

T 3
C.anl



D.np 1°
Answer: C

Solution:

Solution:

Q O

B3 X >dx

Magnetic moment, M = NIA
dQ=pdx
dI =d—Q.co
T
dM =dI xA

1

22.&.an2dx =>M Z&nnf)gdx
2n | | 0

T 3

==.npl

AN

Question86

A conducting circular loop made of a thin wire, has area 3.5 x 10 m?
and resistance 10W. It is placed perpendicular to a time dependent
magnetic field B (t) = (0.4T) sin (50pt). The the net charge flowing
through the loop during t =0 s and t = 10 ms is close to:

[9 Jan. 2019 1]

Options:
A. 14 mC
B. 7mC
C.21 mC
D. [Bonus]

Answer: D

Solution:



Solution:
Net charge Q = %‘b =L

1 -3
AB.-B)=-"Lx35x%10
1o/ Br ~B) = 15
0.4si E—o)

( S1n2

%(3.5 % 107%)(0.4—0)

=14x10"*
No option matches, So it should be a bonus.

Question87

The self induced emf of a coil is 25 volts. When the current in it is
changed at uniiform rate from 10 A to 25 A in 1s, the change in the
energy of the inductance is:

[9 Jan. 2019 II]

Options:
A.7401]
B.437.5])
C. 540
D. 637.51]

Answer: B
Solution:

Solution:

According to faraday’s law of electromagnetic induction,
T

an—25:>L>< 1 250rL 3H

Change in the energy of the inductance,

1,2 .20 1.5 2 2
AE =ZL(0, "~ i) =5 %3 %25~ 10)

x 525 =437.35]

ANl

Question88



A very long solenoid of radius R is carrying current

I(t)= kte_“t(k > (), 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 solenoid. The current induced in the outer coil is correctly

depicted, as a function of time, by:
[9 Apr. 2019 II]

Options:

B.
14
t=0 [\ >
N
C.
A
1/—\
t=0 >




I t
-
=0 N\
Answer: A
Solution:
Solution:
Q=BA
= (1yn)A

= uon(kte_m)A

-_dQ__ 4 (e
e . l,tOnAkC1 t(te )

= —p nAK[t(—1)e ¥ +e ¥ x 1]
= —p nAk[e *(1 - 1)]

_e_ —pOnAk —at,y
1 R R [e "(1—-1)]
Att=0,i= —ve

Question89

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

of 3A flows through coil ‘P’, a magnetic flux of 10~ Wb passes
through ‘Q’. No current is passed through‘Q’. When no current
passes through ‘P’ and a current of 2A passes through ‘Q’, the flux
through ‘P’ is:

[9 Apr. 2019 II]

Options:

A.6.67%10 " Wb
B.3.67x 10 Wb
C.6.67x10° Wb

D.3.67x 10 * Wb



Answer: A

Solution:

Solution:

Qcoil - (N Q) i
So, & = 1—1 =
Q, i

2

orQ, = %Q] =2x107 =6.67x 10 Wb

3
2

Question90

The total number of turns and cross-section area in a solenoid is
fixed. However, its length L is varied by adjusting the separation
between windings. The inductance of solenoid will be proportional to

[9 April 2019 1]
Options:
A.L

B. L’

C.1/1°
D.1/L

Answer: D

Solution:

Solution:

NZ2A
Inductance = Mo 2

Question91

A thin strip 10 cm long is on a U shaped wire of negligible resistance
and it is connected to a spring of spring constant 0.5 Nm™ (see



figure). The assembly is kept in a uniform magnetic field of 0.1 T. If
the strip is pulled from its equilibrium position and released, the
number of oscillations it performs before its amplitude decreases by a
factor of e is N. If the mass of strip is 50 grams, its resistance 10€2 and
air drag negligible, N will be close to :

[8 April 2019 I
Options:

A. 1000

B. 50000

C. 5000

D. 10000

Answer: C

Solution:

Solution:
Force on the strip when it is at stretched position x from mean position is

YA

V
€

> X

€— X—

F =—kx—ilB=—kx 2V
R

x1B

2y 2
F=—ke- 31 x
R

v

Above expression shows that it is case of damped oscillation, so its amplitude can be given
_ bt

by=A=Ae 2m



bt
0

5 : A,
=—=A,e 2m [as per question A = ~
€

2m  _2x50x10°x10
B2 0.01x0.01
(%)

Given, m = 50 x 1073kg

B=0.1T

1 =0.Im

R =10Q

k=0.5N

>t =

Time period, T =2=n % ~2s

so, required number of oscillations,

N = —10(2’00 ~ 5000

Question92

The figure shows a square loop L of side 5 cm which is connected to a
network of resistances. The whole setup is moving towards right with

a constant speed of 1 cm s'. At some instant, a part of Lis in a
uniform magnetic field of 1 T, perpendicular to the plane of the loop.
If the resistance of L is 1.7 &!, the current in the loop at that instant
will be close to :

v=1cm/sec
OO 00 | —
ONOJIOXNO)
B O OleO6
ONOJIONO,
® 00O
5¢cm
[12 Apr. 2019 1]
Options:
A. 60 pA
B. 170 pA

C. 150 pA



D. 115 pA

Answer: B
Solution:

Solution:
Induced emf, e =Bvl=1x10>x0.05=5x10"*V
Equivalent resistance,

4x2 4
R= +1.7==+1.7 =3Q
4+2 3

Question93

A coil of cross-sectional area A having n turns is placed in a uniform
magnetic field B. When it is rotated with an angular velocity w, the
maximum e.m.f. induced in the coil will be

[Online April 16, 2018]

Options:

A.nBAo
B. %nBAoa
C. 3nBAw
D. 2nBAw
Answer: A
Solution:

Solution:
d

S

Induced emfin a coil,e=—=——=NBAsinwt

o

t

Also, e = g,sinot

~ Maximum emf induced, ¢, = nBA®

Question94



An ideal capacitor of capacitance 0.2 pF is charged to a potential
difference of 10V. The charging battery is then disconnected. The
capacitor is then connected to an ideal inductor of self inductance
0.5mH. The current at a time when the potential difference across the
capacitor is SV, is:

[Online April 15, 2018]

Options:
A.0.17A
B. 0.15A
C. 0.34A
D. 0.25A

Answer: A
Solution:

Solution:

Given: Capacitance, C =0.2uF =0.2 x 10 °F
Inductance L = 0.5mH = 0.5 x 10 °H
CurrentI =?

Using energy conservation

1 1 2,1

—Ccv?i=2cv 2+2L1°
2 271 )

x0.2x10 °x10*+0

x 0.2 % 1076 x 5 +% x 0.5 x 10731 2

N —

~1=V3x10"'A=0.17A

Question95

A copper rod of mass m slides under gravity on two smooth parallel
rails, with separation 1 and set at an angle of 0 with the horizontal. At
the bottom, rails are joined by a resistance R.There is a uniform
magnetic field B normal to the plane of the rails, as shown in the
figure. The terminal speed of the copper rod is:



o1

R
0

[Online April 15, 2018]

Options:

A mg}l;(l:(z)s 0
B. mg;zlsizne
C. rngBRz‘lcaznO
D. mg}?};;:gte
Answer: B

Solution:

Solution:
From Faraday’s law of electromagnetic induction,

o_do_dBA) _d(Bl)

dt It dt
_Bdlx1 _ gy
dt
2,2
Also, F =il B = (ﬂ)(lzB):B1 v
R R
At equilibrium
B




Question96

At the centre of a fixed large circular coil of radius R, a much smaller
circular coil of radius r is placed. The two coils are concentric and are
in the same plane. The larger coil carries a current I. The smaller coil
is set to rotate with a constant angular velocity ® about an axis along
their common diameter. Calculate the emf induced in the smaller coil

after a time t of its start of rotation.
[Online April 15, 2018]

Options:

M()I 2 .
A. 2Rcor siIomt

Bl 2
B. AR 07T sinmt

pol

C. ﬁmnrz sinmt

D. pl 4Ror’ sinot

Answer: C

Solution:

Solution:
According to Faraday's law of electromagnetic induction,

eZ—i—? and ¢ =BAcosot =Brr’ cos o t

S>e= —%(nrzB cosmt) = B sin t(®)
Kol

y e=—ncor2sinmt(“ :E)
2R 2R

Question97



In a coil of resistance 100 2, 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

4
10

Current
{amp.)

T

0.5s
— Time

[2017]
Options:
A. 250 Wb
B. 275 Wb
C. 200 Wb
D. 225 Wb

Answer: A

Solution:

Solution:

According to Faraday's law of electromagnetic induction, € = d—dt’

Also, e =iR

.n_do I

#iR = = [do=R[idt

Magnitude of change in flux (d ¢) = Rx area under current vs time graph

or,dd):lOOX%X%XIO ~250Wb

Question98

A conducting metal circular-wire-loop of radius r is placed
perpendicular to a magnetic field which varies with time



asB = Boe_t/r, where B, and tau are constants, at time t = 0. If the

resistance of the loop is R then the heat generated in the loop after a
long time (t — ) is ;
[Online April 10,2016]

Options:

n2r4B 04
© 21R

244 2
anO

B. 2tR

242
anOR

T

244 2
anO
R

Answer: B
Solution:

Solution:

Electric flux is given by
6=B.A

(I) — Bonrze_t/T(...B — Boe_t/ T)

B’ _
Induced E.m.f. ¢ = do _ B v«
dt 7

Question99

When current in a coil changes from S A to 2 Ain 0.1 s average
voltage of S0 V is produced. The self - inductance of the coil is :
[Online April 10, 2015]

Options:
A.6H

B.0.67 H



C.3H
D.1.67TH

Answer: D
Solution:

Solution:
According to Faraday’s law of electromagnetic induction,
Ldi

Induced emf, e = =——
dt

50=L( 52 )

0.1 sec

Question100

Figure shows a circular area of radius R where a uniform magnetic

field B is going into the plane of paper and increasing in magnitude at
a constant rate. In that case, which of the following graphs, drawn
schematically, correctly shows the variation of the induced electric
field E(r)?

[Online April 19, 2014]

Options:

A.



—»

N

—>

Answer: A



Solution:

Solution:
1

Inside the sphere field varies linearly i.e., E « r with distance and outside varies according to E o« 5
r

Hence the variation is shown by curve (a)

Question101

A coil of circular cross-section having 1000 turns and 4 cm’ face area
is placed with its axis parallel to a magnetic field which decreases by

102 Wb m 2 in 0.01 s. The e.m.f. induced in the coil is:
[Online April 11, 2014]

Options:
A. 400 mV
B. 200 mV
C.4mV
D. 0.4 mV

Answer: A
Solution:

Solution:

Given: No. of turns N = 1000
Face area, A =4cm”> =4 x 10 *m?
Change in magnetic field,

AB =10 *wbm *

Time taken, t=0.01s = 10 sec
Emf induced in the coil e = ?

Applying formula,
Induced emf, ¢ = —4¢ =N (A—B)Acose
dt At
) —4
_ 1000 %10 “x4x10 — 400mV

102

Question102



A square frame of side 10 cm and a long straight wire carrying
current 1 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).

—— V

10 cm
The e.m.f induced at the time the left arm of the frame is at x=10 cm

from the wire is:
[Online April 19, 2014]

Options:
A.2 uvV
B.1uV
C.0.75 pVv
D. 0.5 pV

Answer: B
Solution:

Solution:
In the given question,
Current flowing through the wire, | = 1A

Speed of the frame, v= 10ms™’

Side of square loop, I = 10cm

Distance of square frame from current carrying wires x = 10 cm.
We have to find, e.m.finduced e = ?

According to Biot-Savart’s law
B = Moldlsind
dn 2




_4nx107 1x10""
4n (1072

=10"°

Induced e.m.f. e =Blv

=10 °%x10 ' x 10 = lpv

Question103

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 centres is 15 cm. If a current
of 2.0 A flows through the smaller loop, then the flux linked with
bigger loop is

[2013]

Options:
A.9.1x10 " weber
B.6x 10 ' weber
C.3.3x10 " weber

D. 6.6 x 10"° weber

Answer: A

Solution:

Solution:
As we know, Magnetic flux, $ =B . A

1,(2)(20 x 1072
2[(0.2)> +(0.15)]
On solving =9.216x 10" =9.2x 10" weber

x (0.3 x 107%)?

Question104

Two coils, X and Y, are kept in close vicinity of each other. When a
varying current, I(t), flows through coil X, the induced emf (V(t)) in
coil Y, varies in the manner shown here. The variation of I(t), with
time, can then be represented by the graph labelled as graph :



Vir)

—> [

> [

(A) f{r)'\

T !

©) rm\ / D) 1)
- |

[Online April 9, 2013]

Options:
A A
B.C
C.B
D.D

Answer: A

Solution:

Solution:

Induced emfe oc 41
dt

Question105

A metallic rod of length ‘I’ is tied to a string of length 21 and made to
rotate with angular speed ® on a horizontal table with one end of the



string fixed. If there is a vertical magnetic field ‘B’ in the region, the
e.m.f. induced across the ends of the rod is

|

"---

[2013]
Options:

2Bol’
A. 5

3Bol?
B.2

4Bl
C. >

5Bol’
D. >

Answer: D
Solution:

Solution:
Here, induced e.m.f

® A
A
5 i
< » dx
X

e= 3fl (0x)Bdx = Bw[(‘%l)z;—(zl)z]
21

_5Bol’
2

Question106



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 :
[2012]

Options:

A. 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.

Answer: D

Solution:

Solution:
Because of the Lenz's law of conservation of energy.

Length of straignt wire, 1 = 20m Earth's Magneti field, B = 0.30 x 10 *W b/m".

Question107

Magnetic flux through a coil of resistance 10€2 is changed by A¢ in
0.1 s. The resulting current in the coil varies with time as shown in the
figure. Then |[A¢| is equal to (in weber)



i(A)

»1(S)
0.1
[Online May 12, 2012]

Options:
A. 6

B.4

C.2

D.8
Answer: C

Solution:

Solution:
_Ad . N
ASe—KtorRl—Ad)At (e=Ri)

=>Ad =R(i.At)
=Rx area under i—t graph

=IOX%X4XO.1=2weber

Question108

A coil of self inductance L is connected at one end of two rails as
shown in figure. A connector of length 1, mass m can slide freely over
the two parallel rails. The entire set up is placed in a magnetic field of



induction B going into the page. At an instant t = 0 an initial velocity

v, is imparted to it and as a result of that it starts moving along x -

axis. The displacement of the connector is represented by the figure.

B

X-dXI15

[Online May 19, 2012]

Options:
A.
=
L
=
L
(]
<
[
A
- .
Time —»
B.
=
L
=
]
LJ
=
o,
A
E -
Time —»



Displacement—»

Time —»

O

Di Sp]aceme nt —»

V Time —»

Answer: D
Solution:

Solution:

Question109

This question has Statement 1 and Statement 2. Of the four choices
given after the Statements, choose the one that best describes the two
Statements.

Statement 1: Self inductance of a long solenoid of length L, total
u N

number of turns N and radius r is less than
Statement 2 : The magnetic induction in the solenoid in Statement 1

. . RBNI
carrying current I is —

less as we move towards its ends.
[Online May 19, 2012]



Options:
A. Statement 1 is true, Statement 2 is false.

B. Statement 1 is true, Statement 2 1s true, Statement 2 is the correct explanation of
Statement 1.

C. Statement 1 is false, Statement 2 is true.

D. Statement 1 is true, Statement 2 is true, Statement 2 is not the correct explanation of
Statement 1.

Answer: B
Solution:

Solution:

. o N A
Self inductance of a long solenoid is given by L =

BN 1

Magnetic field at the centre of solenoid B =

So both the statements are correct and statement 2 is correct explanation of statement 1

Question110

A boat is moving due east in a region where the earth's magnetic field
is 5.0 times 10 ° N A" m™ ' due north and horizontal. The boat carries

a vertical aerial 2m long. If the speed of the boat is 1.50ms_1, the

magnitude of the induced emf in the wire of aerial is:
[2011]

Options:
A.0.75 mV
B. 0.50 mV
C.0.15mV
D. I mV

Answer: D

Solution:



Solution:
As magnetic field lines form close loop,
hence every magnetic field line creating magnetic flux through the inner region (¢.) must be passing

through the outer region. Since flux in two regions are in opposite region.

T

Questionl11

A horizontal straight wire 20 m long extending from east to west
falling with a speed of 5.0 m/s, at right angles to the horizontal

component of the earth’s magnetic field 0.30 x 10~*Wb/m”. The
instantaneous value of the e.m.f. induced in the wire will be
[2011 RS]

Options:
A.3mV
B.45mV
C.1.5mV
D. 6.0 mV
Answer: A

Solution:

Solution:
Induced, emF , ¢ = Bvl

=03x10*x5x%x20
=3%x107°V =3mV

Question112



A rectangular loop has a sliding connector PQ of length 1 and
resistance Rm 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 1,1, and I are

RQ RQ

[2010]
Options:

__1 - Blv y _2Blv
AT, I, 3 , 1 R

_ _ Blv _ 2Blv
B.I,=1,=2¥ 1=

3R’ 3R
_ _ 71 _ Blv
C.Il—I2—I—T
_|. —Blv | _Blv
DII—I2 6R,I R
Answer: B
Solution:

Solution:
Due to the movement of resistor R, an emf equal to Blv will be induced in it as shown in figure
clearly,



P
LBH*

R o Esv RO

!

> 5
1, Q

I =11+12Also, I,=1,
Solving the circuit,

_y+ _Blv
we getIl—Iz—ﬁ
_ 2Blv

3R

andI=2I1

Question113

Two coaxial solenoids are made by winding thin insulated wire over a

pipe of cross-sectional area A = 10cm” and length = 20cm. If one of
the solenoid has 300 turns and the other 400 turns, their mutual

inductance is (n, = 47 X 10 'TmA™)
[2008]

Options:

A.2.4nx 10 °H
B.4.8nx 10 *H
C.4.8tx 10 °H

D.2.4xx 10 *H

Answer: D
Solution:

Solution:

Given, Area of cross-section of pipe,
A = 10cm’

Length of pipe, 1 =20cm



N N LA
I

_4mx 1077 x 300 x 400 x 100 x 10~

0.2

_ BN NLA

]
=241 x 10 *H

Question114

The flux linked with a coil at any instant 't' is given by

¢ = 10t* — 50t + 250. The induced emf at t = 3s is
[2006]

Options:
A.—-190V
B.-10V
C. 10V
D. 190V
Answer: B

Solution:

Solution:
Electric flux, ¢ = 10t* — 50t + 250

Induced emf, e = —% =—(20t—50)

e _,=—10V

t=3

Questionl115

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 emf induced in the



circuit in terms of B, 1 and v where 1 is the width of each tube, will be

=5

[2005]

Options:
A.—-Blv
B. Blv
C.2 Blv
D. zero

Answer: C
Solution:

Solution:

Relative velocity of the tube of width |,
=v—(—v)v=2v

~ Induced emf. =B.1(2v)

Question116

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 0.2 x 107 T,then the e.m.f.

developed between the two ends of the conductor is
[2004]

Options:
A.5mV
B. 50 uVv

C.5uV



D. 50 mV

Answer: B
Solution:

Solution:

Given, length of conductor I = Im,

Angular speed, o = Srad /s

Magnetic field, B=0.2 x 10"*T

EmF generated between two ends of conductor

o _Bol?_02x10"x5x1
2 2

=50uVvV

Question117

A coil having n turns and resistance R is connected with a
galvanometer of resistance 4R®. This combination is moved in time t
seconds from a magnetic field W, weber to W , weber. The induced

current in the circuit is
[2004]

Options:

_(WZ_WI)

A. o

_n(Wz—W )

B. SRt

_(WZ_Wl)

C. 5Rnt

_n(W,-W))

D. R

Answer: B
Solution:

Solution:

Ag_Wo— W)

At t

R, = (R+4R)Q = 5RQ



ndg _ n(W,-W))
Rtotdt 5Rt
(+2 &W , are magnetic flux )

i:

Question118

Two coils are placed close to each other. The mutual inductance of the
pair of coils depends upon
[2003]

Options:

A. the rates at which currents are changing in the twocoils
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

Answer: B

Solution:

Solution:
Mutual inductance depends on the relative position and orientation of the two coils.

Question119

When the current changes from +2 A to —2A in 0.05 second, an e.m.f.
of 8 Vis induced in a coil. The coefficient of self -induction of the coil
is

[2003]
Options:
A.02H
B.04H

C.0.8H



D.0.1H

Answer: D
Solution:

Solution:
Induced emf,
e:_A_q) _ —A(LI) :_LA_I
At At At
Al
~lel=L2~
le| AL
_ 2—-(=2)]
=8=L L
8=Lx=003
_ 8x0.05

4

=L =0.1H

Question120

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

+ ++++++
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+ +4+++4+++

[2002]

Options:

A. zero

B. RvB

C. vBL/R



D. vBL

Answer: D
Solution:

Solution:

As the side BC is outside the field, no emf is induced across BC. Further, sides AB and CD are not
cutting any flux. So, they will not centribute in flux.

Only side AD is cutting the flux 50 emf will be induced due to AD only.

The induced emf is

— —
e—_do__d (B : A) _—d(BAcos0°

dt dt dt
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* x x »
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