ELECTROMAGNETIC INDUCTION

PREVIOUS YEARS' QUESTIONS

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, ¢ and v, where ( is the width of each tube, will

be- [AIEEE - 2005]
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The flux linked with a coil at any instant 't' is given
by :¢ = 10t2 — 50 t + 250

The induced emf at t = 3s is- [AIEEE - 2006]
(1) - 190 V 2 -10V
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An inductor (L = 100 mH), a resistor (R = 100 Q)
and a battery (E = 100 V) are initially connected
in series as shown in the figure. After a long time
the battery is disconnected after short circuiting
the points A and B. The current in the circuit
1 ms after the short circuit is- [AIEEE - 2006]

(1) 1/e A 2 eA
301 A 4 1A
In an AC generator, a coil with N turns, all of the
same area A and total resistance R, rotates with
frequency o in a magnetic field B. The maximum
value of emf generated in the coil is-
[AIEEE-2006]
(1) NABRo (2) NAB (3) NABR  (4) NABw
An ideal coil of 10 H is connected in series with
a resistance of 5Q and a battery of 5 V.2s after
the connection is made, the current flowing (in
ampere) in the circuit is- [AIEEE - 2007]
(1) 1 -e) (2) e
(3) e 4) 1-el

EXERCISE-II

Two coaxial solenoids are made by winding thin
insulated wire over a pipe of cross-sectional area
A = 10 cm? and length = 20 cm. If one of the
solenoids has 300 turns and the other 400 turns,

their mutual inductance is (uo =4nx107 TmA’l)
[AIEEE - 2008]
(1)2.4 nx 10°H (2)4.8 nx 10°H
(3)4.8 mx 10°H @) 2.4 nx 10°H
An inductor of inductance L = 400 mH and resistors
of resistances Ry = 2Q and R, = 2Q) are connected
to a battery of emf 12V as shown in the figure. The
internal resistance of the battery is negligible. The
switch Sis closed at t = 0. The potential drop across
L as a function of time is:- [AIEEE - 2009]
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In the circuit show below, the key K is closed at
t = 0. The current through the battery is :
[AIEEE - 2010]

(3) 6e5t V @) —e™V
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9.

10.

11.

12.

A rectangular loop has a sliding connector PQ of
length ¢ and resistance RQ and it is moving with a
speed v as shown. The set-up is placed in a uniform
magnetic field going into the plane of the paper.
The three currents I;, I, and [ are :-

[AIEEE - 2010]
b
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A boat is moving due east in a region where the
earth's magnetic field is 5.0x10-°NA-1m-1 due
north and horizontal. The boat carries a vertical
aerial 2m long. If the speed of the boat is
1.50 ms-1, the magnitude of the induced emf in the
wire of aerial is :- [AIEEE - 2011]
(1)050mV 2)0.15mV 3)1mV @0.75mV
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 0.30 x 104 Wb/mZ2. The
instantaneous value of the e.m.f. induced in the wire
will be :- [AIEEE - 2011]
1H6.0mV 23mV (345mV 4)1.5mV
A fully charged capacitor C with intial charge q is
connected to a coil of self inductance L at t = 0.
The time at which the energy is stored equally
between the electric and the magnetic fields is :-
[AIEEE - 2011]

(1) 2nJ/LC (2) VLC

(3) nviC @) gVLc

13.

14.

15.

Which of the field patterns given below is valid for
electric field as well as for magnetic field? [JEE 2011]
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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]

(1) Electromagnetic induction in the aluminium plate
giving rise to electromagnetic damping

(2) Development of air current when the plate is
placed

(3) Induction of electrical charge on the plate

(4) Shielding of magnetic lines of force as aluminium
is a paramagnetic material

This question has Statement 1, Statement 2. Of the

four choices given after the statement, choose the

one that best describes the two statements.

Statement-1 : Self inductance of a long solenoid

of length L, total number of turns N and radius r

u Nr?
is less than Tt .

Statement-2 : The magnetic induction in the

Lo

solenoid in Statement 1 carrying current [ is

in the middle of the solenoid but becomes less as

we move towards its ends.  [AIEEE - 2012 (Online))

(1) Statement-1 is true, Statement-2 is true and
Statement-2 is the correct explanation of
Statement-1.

(2) Statement-1 is true, Statement-2 is true and
Statement-2 is not the correct explanation of
statement-1.

(3) Statement-1 is true, Statement-2 is false

(4) Statement-1 is false, Statement-2 is true
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16.

17.

18.

19.

A circular wire loop of radius R is placed in the
x-y plane centred at the origin O. A square loop
of side a (a<<R) having two turns is placed with

itscenter at z = ﬁ R along the axis of the circular

wire loop, as shown in figure. The plane of the
square loop makes an angle of 45° with respect

to the z-axis. If the mutual inductance between the
2

a
loops is given by 2“"(;—212’ then the value of p is
[JEE 2012]

X
(1) 3 2 7 3) 4 @) 5
A current carrying infinitely long wire is kept along
the diameter of a circular wire loop, without
touching it. The correct statement(s) is (are)
[JEE 2012]
(1) The emf induced in the loop is zero if the current
is constant.
(2) The emf induced in the loop is infinite if the
current is constant.
(3) The emf induced in the loop is zero if the current
decreases at a steady rate.
(4) The emf induced in the loop is finite if the current
decreases at a steady rate.
A metallic rod of length '¢" istied 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 :
[JEE(Main) - 2013]

1) ZB;)K @ SB;M 3) 4B;)£ @ SB;E

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 :-
[JEE(Main) - 2013]
(2) 6 x 1011 weber
4) 6.6 x10-° weber

(1) 9.1 x 1011 weber
(3) 3.3 x 1011 weber

20.

21.

An inductor (L = 0.03 H) and a resistor
(R = 0.15 kQ) are connected in series to a battery
of 15V EMF in a circuit shown below. The key K
has been kept closed for a long time. Then at
t = 0, K; is opened and key K, is closed
simultaneously. Att = 1ms, the current in the circuit
will be (e> = 150) :- [JEE(Main)-2015]

0.03H 0.15kQ
0000 L
#5
—
15V
(1) 6.7 mA (2) 0.67 mA
(3) 100 mA 4) 67 mA

An LCR circuit is equivalent to a damped pendulum.
In an LCR circuit the capacitor is charged to Q, and
then connected to the L and R as shown
below :- [JEE(Main)-2015]

0000

If a student plots graphs of the square of maximum
charge (Q;,,,) on the capacitor with time () for two

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

x| Q, (For both L, and L)
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22.

23.

Consider a thin metallic sheet perpendicular to the
plane of the paper moving with speed 'v' in a uniform
magnetic field B going into the plane of the paper
(See figure). If charge densities o, and o, are induced
on the left and right surfaces, respectively, of the

sheet then (ignore fringe effects) :-
[JEE (Main)-2016 (On Line)]

L
XX d®
XX X®
XX ®®B
X XX
XX @®
G, G,
(1) 6y=€qvB,op=—¢€,0B
_—€,VB & LB
@ o= 0 =" —
€, VB -, VB
(3) of=—">—":% ="

(4) o1 = 05 = €y LB

A fighter plane of length 20 m, wing span (distance
from tip of one wing to the tip of the other wing)
of 15 m and height 5 m is flying towards east over
Delhi. Its speed is 240 ms-1. The earth's magnetic
field over Delhi is 5 x 10> T with the declination

2
angle ~0° and dip of 0 such that sin 0 = 3 If the

voltage developed is Vi between the lower and
upper side of the plane and Vi between the tips
of the wings then Vg and Vi are close to :-

[JEE (Main)-2016 (On Line)]

(1) Vg =40 mV; Vi = 135 mV with right side of
pilot at high voltage

(2) Vg =45mV; Vy = 120 mV with right side of
pilot at higher voltage

(3) Vg =40 mV; Vy = 135 mV with left side of
pilot at higher voltage

@) Vg =45mV; Vi = 120 mV with left side of
pilot at higher voltage

24.

25.

26.

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

(amp.)
—Time 0.5 s:ec
(1) 250 Wb (2) 275 Wb
(3) 200 Wb 4) 225 Wb

A small circular loop of wire of radius a is located
at the centre of a much larger circular wire loop of
radius b. The two loops are in the same plane. The
outer loop of radius b carries an alternating current
[ =1, cos(mt). The emf induced in the smaller inner
loop is nearly : [JEE (Main)-2017 (On Line)]

. T I h

(1) npologmsm(mt) 2) ;—; wcos(ot)
I, a® I b

3) Moo d  sin(ot) @) MOTomcos(cot)

A source of constant voltage V is connected to a
resistance R and two ideal inductors L, and L,
through a switch S as shown. There is no mutual
inductance between the two inductors. The switch
S is initially open. At t = 0, the switch is closed
and current begins to flow. Which of the following
options is/are correct? [JEE Advance-2017]

S

2 R

CV L <L,

(1) The ratio of the currents through L, and L, is
fixed at all times (t > 0)
(2) After along time, the current through L, will

v_L,
b RL,+L,
(3) After a long time, the current through L, will

v_L
be RL,+L,
@) Att =0, the current through the resistance R

Vv
is =

R
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27. Acircular insulated copper wire loop is twisted to | 29. A copper rod of mass m slides under gravity on two
form two loops of area A and 2A as shown in the smooth parallel rails, with separation ¢ and set at
figure. At the point of crossing the wires remain an angle of 0 with the horizontal. At the bottom, rails
elecm:ca/]/f/ insulated from each other. The entire are joined by a resistance R. There is a uniform
loop lies in the plane (of the paper). A uniform magnetic field B normal to the plane of the rails,
magnetic field g points into the plane of the as shown in the figure. The terminal speed of the
paper. At t = 0, the loop starts rotating about the copper rod is :
common diameter as axis with a constant angular [JEE (Main)-2018 (On Line)]
velocity o in the magnetic field. Which of the s
following options is/are correct? B

[JEE Advance-2017]
X X
x X R
0
X : .
mgR sin 6 mgR cot 6
x /% 1% B’I’ BT’
mgR tan 6 mgR cos0
[ Zealok e @ =
X X X X 30. In the figure below, the switches S, and S, are
: closed simultaneously at t = 0 and a current starts
s % | % 5 to flow in the circuit. Both the batteries have the
o C:; same magnitude of the electromotive force (emf)
: and the polarities are as indicated in the figure.
(1) The rate of change of the flux is maximum when Ignore mutual inductance between the inductors.
the plane of the loops is perpendicular to plane The current I in the middle wire reaches its
of the paper maximum magnitude I__ at time t = t. Which of
(2) The net emf induced due to both the lOOpS is the following statement(s) is (are) true?
proportional to cos mt [JEE Advance-2018]
(3) The emf induced in the loop is proportional to
the sum of the areas of the two loops MM%“\_
(@) The amplitude of the maximum net emf
induced due to both the loops is equal to the
amplitude of maximum emf induced in the Vo I =V
smaller loop alone (

28. An ideal capacitor of capacitance 0.2 pF is charged
to a potential difference of 10 V. The charging Sl\' ‘62
battery is then disconnected. The capacitor is then
connected to an ideal inductor of self inductance (1) L. = l @ I, = i
0.5 mH. The current at a time when the potential - 2R 4R
difference across the capacitor is 5V, is : L 7L

[JEE (Main) - 2018 (On Line)] (3) T=—1/n2 (4) T=—"—/n2
(1) 0.34 A (2) 0.17 A R R
(3)0.25 A @) 0.15A

Que. 1 2 3 4 5 6 7 8 9 10

Ans. 4 2 1 4 4 4 2 3 3 2

Que. 11 12 13 14 15 16 17 18 19 20

Ans. 2 4 3 1 1 2 1,3 4 1 2

Que. 21 22 23 24 25 26 27 28 29 30

Ans. 3 3 4 1 3 1,2,3 1.4 2 1 24




