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FARADAY’S LAWS OF ELECTROMAGNETIC INDUCTION :

(i) When magnetic flux passing through a loop changes with time or magnetic lines of force are cut by a
conducting wire then an emf is produced in the loop or in that wire. This emf is called induced emf.
If the circuit is closed then the current will be called induced current.

Vor
magnetic flux = B.ds

(i) The magnitude of induced emf is equal to the rate of change of flux w.r.t. time in case of loop. In case
of a wire it is equal to the rate at which magnetic lines of force are cut by a wire

do
ot
(-) sign indicates that the emf will be induced in such a way that it will oppose the change of flux.
Sl unit of magnetic flux = Weber.

E=

LENZ’'S LAW :

According to this law, the direction of the induced current is such that it opposes the change that has
induced it. The Lenz’s law is based on conservation of energy principle.

MOTIONAL EMF :
emf = Bvlsin®.
t t+dt t+dt

EMF INDUCED DUE TO ROTATION OF THE ROD :

Consider a conducting rod of length | rotating in a uniform magnetic field.

~~ °® ’ e B JT‘ d€ =roBdr
o [
drl [ VEre emf induced
Tr Small Segment in a small
Just like a rod segment

1

SELF INDUCTION :

If current in the coil changes by Al in a time interval At, the average emf induced in the coil is given as

CA(NG) _ A(LD) LAl
At At At

E =

d(N¢) _ d(Ll)  LdI
dt dt  dt
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6. SELF INDUCTANCE OF SOLENOID :

{>>r

=y, n* el

Inductance per unit volume = p n?.

Self inductance is the physical property of the loop due to which it opposes the change in current that
means it tries to keep the current constant.Current can not change suddenly in the inductor.

7. ENERGY STORED IN AN INDUCTOR :

working as a load

e =

i,increasing

Power consumed by the inductor =i L it

di
Energy consumed in dt time =i L it dt

1

- 1
. total energy consumed as the current increases from O to | = IILdI =3 L12
0

1 1
- 1i2 - _ 2
2L| = U 2LI

Note : This energy is stored in the magnetic field with energy density

du_B* _ B’
dvV. 2u 2pgp,

B2
Total energy U = _[2“ " dv
oMr
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8. MUTUAL INDUCTANCE :

Al

emf generated around the second circuitis €, =— Ttl
. . iy AIZ
emf generated around the first circuit is & =— AL

Note that there is no direct physical connection(coupling) between the two circuits: the coupling is
due entirely to the magnetic field generated by the currents flowing around the circuits.

1) M< L

(2) For two coils in series if mutual inductance is considered then
L,=L +L,x2M

9. TRANSFORMER :

Es Ny I Magnetic iron Core
E, N, I l
e [
P —
N, EJ P q_[E
N. = turns ratio of the transformer. (. q p
p L] ]
Primary Secondary
coil coil

E,, NandIare the emf, number of turns and current in the coils.

Ng>N, = E.>E, — step up transformer.
Ng <N, = E.<E, — step down transformer.
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B> Exiros: # | €6 |

PART - 1: OBJECTIVE QUESTIONS

* Marked Questions are having more than one correct option.

Section (A) : Flux and Faraday’s laws of electromagnetic induction

A-1.

A-2

A-3

A-4

A small, circular loop of wire is placed inside a long solenoid carrying a current. The plane of the loop
contains the axis of the solenoid. If the current in the solenoid is varied, the current induced in the loop is :
(A) anticlockwise (B) clockwise (C) zero

(D) clockwise or anticlockwise depending on whether the resistance is increased or decreased.

A conducting loop of radius R is present in a uniform magnetic field B perpendicular the plane of the ring.
If radius R varies as a function of time ‘t’, as R = R+ t. The e.m.f induced in the loop is

X X X X X X X X
X X X X X X X X
X X X X X X X X

(A) 2(R,, + t)B clockwise (B) (R, + )B clockwise
(C) 2n(R, + t)B anticlockwise (D) zero

A closed planar wire loop of area A and arbitrary shape is placed in a uniform magnetic field of magnitude
B, with its plane perpendicular to magnetic field. The resistance of the wire loop is R. The loop is now
turned upside down by 180° so that its plane again becomes perpendicular to the magnetic field. The total
charge that must have flowed through the wire ring in the process is

(A)<AB/R (B)=AB/R (C)=2AB/R (D) None of these.

A rectangular loop of sides 8 cm and 2 cm having resistance of 1.6 Q is placed in a magnetic field of 0.3
T directed normal to the loop. The magnetic field is gradually reduced at the rate of 0.02 T/s. How much
power is dissipated by the loop as heat ?

(A) 1.6x10*W (B) 3.2x107°W (C) 6.4x10°W (D) 12.8x10°8 W
Acircular coil is placed in uniform magnetic field such that its plane is perpendicular T —

to field. The radius of coil changes with time as shown in the fig. Then which
of following graph represent the induced electromotive force in the coil with time

r

O 1 2

L ! I

(A) (B) (C) (D)
O 1 2 O 1 2 )

t(s) — t(s) — t(s) — t(s) —
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Section (B) : Lenz’s Law

B-1

B-3

B-5

Avertical bar magnet is dropped from position on the axis of a fixed metallic coil as shown in fig - I. In fig - 1l the
magnet is fixed and horizontal coil is dropped. The acceleration of the magnet and coil are a, and a, respectively
then

A

S
L Dfixed gLy

fig- 1 fig-1l
(A)a;>g,a,>g (B)a;>g,a,<g
(C)a;<g,a,<g (D)a,;<g,a,>g

Two identical coaxial circular loops carry a current i each circulating in the same direction. If the loops
approach each other

(A) the current in each will decrease

(B) the current in each will increase

(C) the current in each will remain the same

(D) the current in one will increase and in other will decrease

In the arrangement shown in given figure current from A to B is increasing in magnitude. Induced current in

the loop will

A) have clockwise direction

B) have anticlockwise direction

C) be zero

D) oscillate between clockwise and anticlockwise

~ o~~~

Two different loops are concentric and lie in the same plane. The current in the outer loop is clockwise and
increasing with time. The induced current in the inner loop then, is :

(A) clockwise

(B) zero

(C) counter clockwise

(D) in a direction that depends on the ratio of the loop radii.

A square coil ACDE with its plane vertical is released from rest in a

' C
horizontal uniform magnetic field B of length 2L. The acceleration of the I L
E

coil is A
(A) less than g for all the time till the loop crosses the magnetic field
completely

(B) less than g when it enters the field and greater than g when it comes 2L xoxoox X
out of the field

(C)gall the time X x x X
(D) less than g when it enters and comes out of the field but equal to g

when it is within the field
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B-7

B-8

In the figure shown, the magnet is pushed towards the fixed ring along

the axis of the ring and it passes through the ring. \
\
(A) when magnet goes towards the ring the face B becomes south pole 1
S
and the face A becomes north pole A ,'B _
(B) when magnet goes away from the ring the face B becomes north pole ¢+ B&Aareright& left

V2 faces respectively

and the face A becomes south pole

(C) when magnet goes away from the ring the face A becomes north pole
and the face B becomes south pole

(D) the face A will always be a north pole.

There are two coils A and B as shown in fig. What is the
direction of the momentary current induced in coil B,
when switch S is pressed

(A) anticlockwise (B) clockwise
(C) no current is induced (D) alternating current in B.

A system S consists of two coils A and B. The coil A carries a
steady current | while the coil B is suspended near by as shown A
in fig. Now if the system is heated so as to raise the temperature

of two coils steadily then 8
(A) the two coils show attraction
(B) the two coils show repulsion
(C) there is no change in the position of the two coils S
(D) induced currents are not possible in coil B
A negative charge is given to a nonconducting circular loop and the loop is rotated
in the plane of paper about its centre as shown in figure. The magnetic field

. Aty
produced by the loop affects a small magnet placed above the loop in the same '
plane :
(A) the magnet does not rotate S:h\‘
(B) the magnet rotates clockwise as seen from below N
(C) the magnet rotates anticlockwise as seen from below @
(D) no effect on magnet is there A5

Section (C) : Induced EMF in a moving rod in uniform magnetic field

C-1

The figure shows an isosceles triangle wire frame with apex angle equal to n/2.
The frame starts entering into the region of uniform magnetic field B with constant
velocity v at t= 0. The longest side of the frame is perpendicular to the direction of
velocity. If i is the instantaneous current through the frame then choose the
alternative showing the correct variation of i with time.

(A) / (B) (C){ (D) /
t t t t

A thin wire of length 2m is perpendlcular to the xy plane. It is moved with velocity V (2| + 3J + k) m/s

X

X X X
X X X<x X
X X X X X X

O
><><><¢

=0

through a region of magnetic induction B (| + 21) Wb/ m? . Then potential difference induced between
the ends of the wire :
(A) 2 volts (B) 4 volts (C) O volts (D) none of these

rf\
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C-3

C-5

C-6

C-7

Along metal bar of 30 cm length is aligned along a north south line and moves eastward e I

at a speed of 10 ms~'. A uniform magnetic field of 4.0 T points vertically downwards. ]

If the south end of the bar has a potential of 0V, the induced potential at the north end ! °
of the bar is

(A)+12V (B)—-12V

(©ov (D) cannot be determined since there is not closed circuit

A metallic rod of length L and mass M is moving under the action of two unequal forces F, and F, (directed
opposite to each other) acting at its ends along its length. Ignore gravity and any external magnetic field. If
specific charge of electrons is (e/m), then the potential difference between the ends of the rod is steady state
must be

(A) |R,—Fy/mL /eM (B) (F,—F,)mL/eM
(C)[mL/eM]In [F,/F,] (D) None

There is a uniform magnetic field B normal to the xy plane. A conductor ABC has length
AB = |,, parallel to the x-axis, and length BC = |,,, parallel to the y-axis. ABC moves in the xy plane with

velocity V, i+ Vy]. The potential difference between Aand C is proportional to :

(A) vl + vyl2 B) v, + vyl1 C)v = vyl1 D)v = vyl2

When a‘J’ shaped conducting rod is rotating in its own plane with constant angular velocity m, about one of

its end P, in a uniform magnetic field IB directed normally into the plane of paper) then magnitude of emf
induced across it will be

1 1 1
(A)Bo/[2 112 (B) EBcoL2 () EBo)(L2+I2) (D) EBCOIZ

A uniform horizontal magnetic field B exists in the region A B C D. A rectangular loop of mass m and
horizontal side / and resistance R is placed in the magnetic field as shown in fig. With what velocity should
it be pushed down so that it continues to fall without acceleration ?

D C

X X

x

X X X X X
X X X X X
w
X X |~ X X

X
o o]
X X X X X
X X X X X

X

mgR B mg RBI

B2)2 (B) mgR (€) ﬁ (D)m_g
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C-10

1
A wire of length I is moved with a constant velocity U in a magnetic field. A potential difference appears
across the two ends

(A)if ]| 1 ®)if V|| B ©)if 11| B (D) none of these

A conducting rod AB length | = 1 m is moving at a velocity v = 4 m/s making an angle 30° with its
length. A uniform magnetic field B = 2T exists in a direction perpendicular to the plane of motion.
Then-

x x x x x
\
x x x x x
30°
A B
x x x x x

(A)V,—Vg =8V  (B)V,-Vg=4V  (C)Vg—V,=8V  (D)Vg-V,=4V

The two rails of a railway track, insulated from each other and the ground, are connected to millivoltmeter
when a train passes at a speed of 180 km/hr along the track, given that the vertical component of earth's

magnetic field 0.2x1 0~* Wb/m?2and rails are separated by 1 metre.

(A) 1072 volt (B) 10 mV (C) 1 volt (D) 1mV

Section (D) : Circuit Problems with dynamics

D-1

Two parallel long straight conductors lie on a smooth surface. Two other parallel conductors rest on them
at right angles so as to form a square of side a initially. A uniform magnetic field B exists at right angles to
the plane containing the conductors. They all start moving out with a constant velocity v. If ris the resistance
per unit length of the wire the current in the circuit will be

Bv Br
— (B) — (C)Bvr (D)Bv

A) v

A constant force F is being applied on a rod of length ' | ' kept at rest on two parallel conducting rails
connected at ends by resistance R in uniform magnetic field B as shown.

®B

A) the power delivered by force will be constant with time

(

(B) the power delivered by force will be increasing first and then it will decrease
(C) the rate of power delivered by the external force will be increasing continuously
(

D) the rate of power delivered by external force will be decreasing continuously before becoming zero.

r,\
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D-5

D-6

Two infinitely long conducting parallel rails are connected through a capacitor
C as shown in the figure. A conductor of length | is moved with constant J_ T

speed v,. Which of the following graph best depicts the variation of current
through the conductor with time ?

5 5 5 5

(A) £ (B) £ €) 5 (D) &

o O © O
t(time) t(time) =0 "{(time) t(time)

Arectangular loop with a sliding connector of length 10 cm is situated in uniform magnetic field perpendicular
to plane of loop. The magnetic induction is 0.1 tesla and resistance of connector (R) is 1 ohm. The sides
AB and CD have resistances 2 ohm and 3 ohm respectively. Find the current in the connector during
its motion with constant velocity one metre/sec.

A D
2Q 3Q
B RI— I¢
1 1 1 1
—A —A —A —A
(A) 110 (B) 220 () 55 (B) 440

In the circuit shown in figure, a conducting wire HE is moved with a constant speed V towards left. The

complete circuit is placed in a uniform magnetic field B perpendicular to the plane of the circuit directed
in inward direction. The current in HKDE is :

®,® ® ®H® ©
®[®_ ©® ®|l® © |8
8<ete o|le ® |o
R v CcC—
3I® ® | ® ® I8
|l® ® ®o|l® © |8
86 ® ®E® ® Do
(A) clockwise (B) anticlockwise (C) alternating (D) zero

A rod closing the circuit shown in figure moves along a U shaped wire at a constant speed v under the
action of the force F. The circuit is in a uniform magnetic field perpendicular to the plane. If the rate of
heat generation in the circuit is Q then value of F is :

® ® ®-® ® ®
® ® QI8 ® ®
—F
® ® Q|8 ® &
® ® ®  ® ® ®
Q v
(A) F = Qv B) F=" © F=3 (D) F=+Qv
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Section (E) : EMF Induced in a rod or loop in nonuniform magnetic field

E-1

E-2

E-3

E-4

1 X\~
The magnetic field in a region is givenby B = 80[1 +gjk . A'square loop of edge - length d is placed

with its edge along x & y axis. The loop is moved with constant velocity \I/ = V0$ . The emf induced

in the loop is
VOBOd2 VOBOd2 VOBOa2
A —— B) ——— —_— D)N
) 2 (B) 22 (C) q (D) None

A square frame ABCD of side a and a long current carrying conductor PQ are arranged as shown in fig. If
the frame moves towards right with a velocity v , the resultant induced e.m.f. in the loop will be :

Q
iA D c
- X - 0
A B

A uoiazv Hoiav c Hoiav uoiav2
) 2mx(x +a) 21X © 2n(x +a)

The resistanceless wire AB (in figure) is slid on the fixed

rails with a constant velocity. If the wire AB is replaced by X X X X p X X X
a resistanceless semicircular wire, the magnitude of the X X X X X X X
induced current will % —>V

X X X X X X X
(A) decrease B
(B) remain the same X X X X X X X
(C) increase
(

D) increase or decrease depending on whether the semicircle bulges towards the resistance or away from it.

For the situation shown in the figure, flux through the square loop is :

. Infinitely long
8) (Ho'bjln( a j wire
2n 2b-a -—- — _———

f——
(o

(f\
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Section (F) : Induced emf in a rod, Ring, Disc rotating in a uniform magnetic field

F-1

F-3

F-5

F-6

Arectangular coil of single turn, having area A, rotates in a uniform magnetic field B an angular velocity ®
about an axis perpendicular to the field. If initially the plane of coil is perpendicular to the field, then the
average induced e.m.f. when it has rotated through 90° is

oBA oBA oBA 20BA
(B) 5 (C) (D)
T T

A 41 T

Aring of resistance 10Q2, radius 10cm and 100 turns is rotated at a rate 100 revolutions per second about
its diameter is perpendicular to a uniform magnetic field of induction 10mT. The amplitude of the currentin
the loop will be nearly (Take : 72 = 10)

(A) 200A (B) 2A (C) 0.002A (D) none of these

A copper rod AB of length L, pivoted at one end A, rotates at constant angular velocity o, at right angles to
a uniform magnetic field of induction B. The e.m.f developed between the mid point C of the rod and end B
is:

Bol? Bol? 3Bol? 3Bol?
4 2 4 8

(A)

A rectangular coil ABCD is rotated anticlockwise with a uniform
angular velocity about the axis shown in fig., the axis of rotation
of the coil as well as the magnetic field B are horizontal. The
induced e.m.f. in the coil would be maximum when :

(A) the plane of the coil is vertical.

(B) the plane of the coil makes an angle of 45° with the magnetic field.
(C) the plane of the coil is parallel to the magnetic field.

(D) the plane of the coil makes an angle of 30° with magnetic field.

The spokes of a wheel are metallic and their length is 0.5 m. On rotating the wheel at right angles to a
uniform magnetic field of 5 x 10~ tesla, a potential difference of 3.14 mV is produced between the rim and
the axis. The rotational speed of the wheel is

(A) 8 rotations/sec (B) 12 rotations/sec

(C) 16 rotations/sec (D) 20 rotations/sec.

Arod of length 10 cm made up of conducting and non-conducting material (shaded part is non-conducting).
The rod is rotated with constant angular velocity 10 rad/sec about point O, in constant magnetic field of 2
Tesla as shown in the figure. The induced emf between the point A and B of rod will be

(A)0.029 v (B)0.1v (C)0.051v (D) 0.064 v
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F-7

F-8

Two conducting rings P and Q of radii r and 3r move in opposite directions

with velocities 2v and v respectively on a conducting surface S. There ®B v
is a uniform magnetic field of magnitude B perpendicular to the plane  <+— e g
T I | |

of the rings. : s
The potential difference between the highest points of the two rings is
(A) zero (B) 2 Brv (C) 6 Brv (D) 10 Brv

A metal disc rotates freely, between the poles of a magnet in the direction
indicated in figure. Brushes P and Q make contact with the edge of the
disc and the metal axle. What current, if any, flows through R:

L
(A) a current from P to Q
(B) a current from Q to P —
(C) no current, because the emf in the disc is opposed by the back emf ® B Q
| S

(D) no current, because the emf induced in one side of the disc is opposed
by the emf induced in the other side.
(E) no current, because no radial emf is induced in the disc

Section (G) : Fixed loop in a time varying magnetic field & Induced electric field

G-1

G-3

Figure shows a uniform magnetic field B confined to a cylindrical volume and isincreasing at a constant rate. The
instantaneous acceleration experienced by an electron placed at Pis :

(A) zero (B) towards right (C) towards left (D) upwards

A wire loop is placed in a region of time varying magnetic field

which is oriented orthogonally to the plane of the loop as shown B
in the figure. The graph shows the magnetic field variation as / IF\
the function oftime. Assume the positive emf is the one which T P >

drives a current in the clockwise direction and seen by the T bt \|t1 t
observer in the direction of B.

. cA

(A) {\]n !2—|t1 % (B)SI/]t1 iz_|t1 Lo t, |—| R Lot

A cylindrical space of radius R is filled with a uniform magnetic induction B parallel to the axis of the
cylinder. If B changes at a constant rate, the graph showing the variation of induced electric field with
distance r from the axis of cylinder is

(f\
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In a cylindrical region uniform magnetic field which is perpendicular to the plane of
the figure is increasing with time and a conducting rod PQ is placed in the region. If
C is the centre of the circle then

(A) P will be at higher potential than Q.
(B) Q will be at higher potential than P.
(C) Both P and Q will be equipotential.
(D) no emf will be developed across rod as it is not crossing / cutting any line of force.

Section (H) : Self induction, self inductance self induced emF & Magnetic energy density

H-1

H-3

H-5

H-6

Self induction of solenoid is :

(A) directly proportional to current flowing through the coil.
(B) directly proportional to its length.

(C) directly proportional to area of cross section.

(D)

D) inversely proportional to the area of cross section.

A current of 2A is increasing at a rate of 4 A/s through a coil of inductance 2H. The energy stored in the
inductor per unit time is

(A) 2 Js (B) 1 J/s (C) 16 J/s (D)4 Jis

Two identical inductance carry currents that vary with time according to linear laws (as shown in figure). In
which of two inductance is the self induction emf greater?

]

(A)1 (B)2
(C) same (D) data are insufficient to decide

A coil of inductance 5H is joined to a cell of emf 6V through a resistance 10Q2 at time t = 0. The emf across

the coil at timet=1In V2 sis:
(A) 3V (B) 1.5V (C)0.75V (D) 4.5V

A long solenoid of N turns has a self inductance L and area of cross section A. When a current i flows
through the solenoid, the magnetic field inside it has magnitude B. The currenti is equal to:

(A) BAN/L (B) BANL (C) BN/AL (D) B/ANL

Two coils are made of copper wires of same length. In the first coil the number of turns is 3 n and radiusiisr. In
the second coil number of turns is n and the radius is 3 r. The ratio of self inductances of the coils will be :

(A) 3:1 (B)1:3 (B) 9:1 (D)1:9

r,\
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Section (I) : Circuit containing inductance, Resistance & battery, Growth and decay Of

Current in a circuit containing inductor

For L-R circuit, the time constant is equal to

(A) twice the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the
resistance

(B) ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the resistance
(C) half the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the
resistance

(D) square of the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the
resistance

In the adjoining circuit, initially the switch S is open. The switch ‘S’is closed att = 0. The difference between
the maximum and minimum current that can flow in the circuit is

(A) 2 Amp (B) 3 Amp
(C)1Amp (D) nothing can be concluded

The ratio of time constant in build up and decay in the circuit shown in figure is

R
NN———
2R L

(A)1:1 (B)3:2 (C)2:3 (D)1:3

The network shown in the figure is part of a complete circuit. If at a certain instant, the current | is 5A and it
is decreasing at a rate of 103 As™! then V-V, equals

19 T 5mH
Ae—> AMMN— | —1n——e B
1 15V

(A) 20 V (B) 15V (C)10V (D)5V

In above problem, if | is reversed in direction, then Vg -V, equals
(A)5V (B) 10V (C)15V (D)20V

Two resistors of 10 Q2 and 20 Q and an ideal inductor of 10 H are connected to a 2 V battery as shown. The
key K is inserted at time t = 0. The initial (t = 0) and final (t —o0) currents through battery are

10H
AiAiA BiAiA
()15 " 10 ()10 " 15 10Q 200
2 1 1 2 K
© 1A 104 O) 15 A 25 A b
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-7 In the circuit shown, X'is joined to Y for a long time, and then X'is joined to Z. The total heat produced in R, is:

LE? LE? R,
- B) —> 2
X 7
2 L Y
LE? LE°R, A
Q> E
©) 2R R, ®) "2R2 R
1-8 Two inductors L, and L, are connected in parallel and a time varying current i flows as shown. The ratio of
currents i,/i, at any time t is
L,
] 00000
i i
i, L,
L2 L2
(A) L,/L, (B) L,/L, (©) —(L1 L) (D) —(L1 L)
1-9 In the given figure , A, and A, are two ammeters. What will be their readings just after pressing the key K ?
(A i
c R
(4
* %}— ‘J’vK—-——

(A) zero in both ammeters

(B) maximum in both ammeters

(C) zero inammeter A, and maximum in ammeter A,

(D) maximum in ammeter A, and zero in ammeter A, .

1-10 In the circuit shown, the cell is ideal. The coil has an inductance of 4 H and zero resistance. F is a fuse
of zero resistance and will blow when the current through it reaches 5A. The switch is closed at t = 0.
The fuse will blow :

F 10H
fuse
.
| |
[ T2v
(A) just after t = 0 (B) after 2s
(C) after 5s (D) after 10s

(f\
‘_J Arride learning Online E-learning Academy

A-479 Indra Vihar, Kota Rajasthan 324005

arride learning



Section (J) : Mutual Induction & Mutual Inductance

J-1 The mutual inductance between the rectangular loop and the long straight wire as shown in figure is M:

i1l ees Cunsl a

_ _maly. ¢ zu_ob[ﬂ} zmb[ 9}
(A) M = zero (B8) M 71:[1+b} (cyM Py (D) M o 1+C

J-2 Arectangular loop of sides ‘a‘and ‘b ‘is placed in xy plane. Avery long wire is also placed in xy plane such
that side of length ‘a‘ of the loop is parallel to the wire. The distance between the wire and the nearest edge
of the loop is ‘d ‘. The mutual inductance of this system is proportional to:

(A)a (B)b (C)1/d (D) current in wire

J-3 A small coil of radius r is placed at the centre of a large coil of radius R, where R >> r. The coils are
coplanar. The coefficient of mutual inductance between the coils is

2
Ko™l Homr? Womr Womr

2R B —Hr~ ©) r2 D) oR2

(A)

J-4 A long straight wire is placed along the axis of a circular ring of radius R. The mutual inductance of this

system is :
HoR Ho7R Mo
(A) 5 (B) > © 5 (D)0

J-5. A small square loop of wire of side | is placed inside a large square loop of wire of side L(L >>1). The loop
are co-planar & their centres coincide. The mutual inductance of the system is proportional to :

2 L 2
® - © o) L

|
A) —
()L L |

J-6. The mutual inductance of an induction coil is 5 H. In the primary coil, the current reduced from 5 Ato zero
in 103 s. What is the induced e.m.f. in the secondary coil.

(A) 2500 V (B) 25000 V/ (C) 2510 V (D) zero

J-7. Two coils Xand'Y are placed in a circuit such that a current changes by 3 ampere in coil X and the magnetic
flux changes of 1.2 weber occurs in Y. The value of mutual inductance of the coils is

(A) 0.2 henry (B) 0.4 henry (C) 0.6 henry (D) 3.6 henry
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An electric current i, can flow either direction through loop (1) and induced current i, in loop (2). Positive
i; is when current is from ‘a’ to ‘b’ in loop (1) and positive i, is when the current is from ‘c’ to ‘d’ in loop
(2). In an experiment, the graph of i, against time ‘t' is as shown below :

\ loop(1)

\ loop(2)

Which one(s) of the following graphs could have caused i, to behave as given above :

A A

0 o— /
(A) (B) ©) D)

t t | t | t

Section (K) : L C Oscillation

K-1.

(i) When a charged capacitor is connected to an inductor and allowed to discharge, the charge starts
oscilliating sample harmonically. The differential equation of these oscillations is:

d’q_ (.1 )
at - (E a
(if) As in normal SHM, kinetic energy and potential energy remains constant. In the oscillations of charge %

Liz + % CV? = constant.

Comparing the L-C oscillations with the oscillations of a spring block system (force constant of spring = k
and mass of block = m), the physical quantity m/k is similar to :

(A)CL (B) 50 © (D)

ol

A capacitor of capacity 2uF is charged to a potential difference 12 V. It is then connected across an inductor
of inductance 0.2 mH. At an instant when potential difference across the capacitor is 6 V:
(A) current in the circuitis 10 A (B) magnetic energy in the magnetic field is 108 p J

(C) current in the circuit is 20 A (D) angular freuquency of the circuit is 2.5 x 10* %

A capacitor is charged to a potential of V. It is connected with an inductor through a switch S. The switch
is closed at time t = 0. Which of the following statement(s) is/are correct?

(A) The maximum current in the circuit is VO\/%

(B) Potential across capacitor becomes zero for the first time att = n+/LC.
(C) Energy stored in the inductor at time t = % LC is %CVO2

(D) Maximum energy stored in the inductor is CV?
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K-4.  AnLC circuit has capacitance C, = C and inductance L, = L. Asecond circuithas C, = C/2 and L, = 2L and

a third circuithas C, =2Cand L, = % All the three capacitors are charged to the same potential V and

then made to oscillate. Then :

(A) angular frequency of oscillaltion is different for all three circuits
(B) maximum current is greatest in first circuit

(C) maximum current is greatest is second circuit

(

D) maximum current is greatest in third circuit

PART - Il : MISLLANEOUS QUESTIONS

COMPREHENSION
COMPREHENSION # 1

A rectangular loop of wire with dimension shown above is coplanar with a long wire carrying current I. The
distance between the wire and the left side of the loop is r. The loop is pulled to the right as indicated.

r
<—>
N
a
1. What are the directions of the induced current in the loop and the magnetic forces on the left and the right
sides of the loop due to long wire only as the loop is pulled ?
Induced current Force on left side Force on right side
(A) Counter clockwise To the left To the right
(B) Counter clockwise To the right To the left
(© Clockwise To the right To the left
(D) Clockwise To the left To the right
2. What is the magnitude of the net force on the loop when the induced current in the loop is i ?
i i i i1
A uollln r+a B) uollln r HoiI b b ol ab
2n r 2n r+a 2n a 2n r(r+a)
3. The magnitude of induced emf in the loop at the instant shown if the uniform velocity with which loop is
pulledisv.

Mo I 1 1 Mol 1 1 nolb r+a uola r+a
—bv|-——— ——av|--——— ——=vin|— ——=vin|—
A) 2n V[r r+aj (B) 2n V[r r+b ©) 2n aV a ) 2n bV a
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COMPREHENSION # 2 :
According to Faraday’s law, induced emf can be expressed as

e 2%1% is the magnetic flux.

dt

We know that emf (potential difference) can be expressed as line integral
of electric field strength.

[line integral has been taken around a closed path in which emf is induced as a result of change of
magnetic flux]

Faraday’s law, expressed as above, leads to a more general statement — ‘A changing magnetic field
results in an electric field'. Electricﬂeld produced by a changing magnetic field is called ‘Induced Electric
Field'. Arly induced electric field E is as real as an electric field produced by charges. Both exert a

force g E on a charge 'q’

Consider a uniform external magnetic field I§ that is perpendicular to the plane of paper. The field is
directed into the plane of paper and fills a cylindrical volume of radius R = 15 cm. A conducting ring
of radius
a = 6 cm is placed in the field as shown in figure. If the strength of magnetic field is increased at a

dB
constant rat gt 0.1 T/s, magnetic flux will change at a constant rate and an induced current will

appear in the ring. It implies that there must be an electric field along the ring. This is the induced electric
field produced due to change of magnetic field or magnetic flux.

4. Direction of induced current in the ring will be :

(A) clockwise (B) counter clockwise

(C) uncertain (D) along the radii and directed towards the centre
5. Electric lines of force of the induced electric field can be represented as :

(C) @ (D) @

6. Magnitude of induced electric field strength at points on the circumference of the conducting ring will be:
(A) 10 x 1073 V/m (B) 7.5 x 1073 V/m (C) 4.5 x 1073 V/m (D) 3 x 1073 V/m
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Magnitude of induced electric field strength at points which are outside the magnetic field and at radial
distance r = 20 cm from the centre of the cylindrical cross-section will be nearly

(A) 8.7 x 103V/m  (B)14.4x 103 V/m (C)5.6 x10°V/m (D) 2.2 x 103 V/m

If the ring is removed from the magnetic field and the field is still increased at the same rate
(A) induced electric field will disappear

(B) induced electric field will be the same as in the presence of ring

(C) induced electric field will be there but its magnitude will increase, direction remaining the same
(D) induced electric field will be there but its direction will change, magnitude remaining the same

If instead of the conducting ring, we place a non conducting ring of same radius and increase the magnetic
field at the same rate

(A) induced electric field will disapper

(B) replacing the conducting ring by a non conducting one will have no effect on induced electric field
and it will be invariant

(C) induced electric field will be there but its magnitude will increase, direction remaining the same

(D) induced electric field will be there but its direction will change, magnitude remaining the same

COMPREHENSION # 3

10.

1.

12.

In an L - C circuit shown in figure. C=1F, L =4 H. At time t = 0, charge in the capacitor is 4C and it is

increasing at a rate of J5 Crs.

q
+ 1=
11
C
L
——— 5600050 ———

Maximum charge in the capacitor can be :
(A)6C (B)scC (G)10C (D)12C

Charge in the capacitor will be maximum after time

(A) 2sin (%) (B) 2cos™ (%) (C) 2tan™ (%) (D) None

Choose the correct option :

(A) Maximum current in the circuit is 4A

(B) When current in half its maximum value, charge in capacitor is less than half is maximum value
(C) Both (A) and (B) are correct

(D) Both (A) and (B) wrong
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MATCH THE COLUMN

13. A circular loop of conducting wire, carrying a current | in anticlockwise sense, lies in x-y plane as shown in

figure. In each statement of column-I1, a external constant magnetic field is given, which exist in space

containing the loop. The term B_ given in column-l is positive constant. With the given magnetic field in

each situation of column-1, match the results given in column-II.

Column-l

A

(D

Column-Il

Resultant magnetic force due to external magnetic field on the loop is zero

Magnitude of torque due to external magnetic field on loop is non zero

Magnetic potential energy of current carrying loop in presence of external magnetic

field is nonnegative.

Magnetic force on the loop has tendency to expand the loop

14. Magnetic flux in a circular coil of resistance 10 Q) changes with time as shown in figure. ® direction

indicates a direction perpendicular to paper inwards. Match the following table :

&(Wb)a
10
-10
Column-l
A)
B)

(%]

arride learning

At 1 s induced current is
At 5 s induced current is
C) At 9 s induced current is

D) At 15 s induced current is

X X X X
X
X
X X X
X X X X
Column-lI
clockwise

anticlockwise
zero
2A

None of above
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| B> Exirisi #2 & |

PART - 1 : MIXED OBJECTIVE

* Marked Questions are having more than one correct option.

1.* AB and CD are smooth, parallel and horizontal rails on which a conductor T can slide. A cell E, drives
current | through the rails and T?
(A) The current in the rails will set-up a magnetic field over T
(B) T will experience a force to the right
(C) T will experience a force to the left
(D) T will not experience any force

2* A solenoid is connected to a source of constant e.m.f. for a long time. A soft iron piece is inserted into it.
Then
(A) self-inductance of the solenoid gets increased
(B) flux linked with the solenoid increases; hence, steady state current gets decreased
(C) energy stored in the solenoid gets increased
(D) magnetic moment of the solenoid gets increased

3. If B and E denote induction of magnetic field and energy density at the midpoint of a long solenoid carrying
a current |, then which of the following graphs is/are correct

B E E E
(A) i (B) i (C) i (D) i
T T B B

4> A vertical conducting ring of radius R falls vertically in a horizontal magnetic field of magnitude B. The
direction of B is ®. When the speed of the ring is v
(A) no current flows in the ring
(B) Aand D are at the same potential
(C) C and E are at the same potential
(D) the potential difference between A and D is 2BRv, with D at a higher potential

5.* A constant current i is maintained in a solenoid. Which of the following quantities will increase if an iron
rod is inserted in the solenoid along its axis ?
(A) magnetic field at the centre (B) magnetic flux linked with the solenoid
(C) self-inductance of the solenoid (D) rate of Joule heating

6.* In which of the following cases with a bar magnet and the solenoid, an induced emf is generated :
(A) when magnet is withdrawn from the solenoid

(B
(C
(D

when magnet is inserted into the solenoid
when solenoid is moved towards or away from the magnet.
when both the solenoid and magnet are moved in the same direction with the same speed

~— ~— ~— ~—

7% Which of the following factors are responsible for deciding the mutual inductance of two coils?
(A) the number of turns of each coil (B) the shape of each coil
(C) current through each caoil (D) separation between the coils
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8.*

9.

10.*

1.*

12.*

13.*

14.*

Eddy currents produced in a conductor are responsible for :
(A) damping (B) heating (C) sparking (D) loss of energy

Which of the following statements are correct :

(A) an emf can be induced by moving a conductor in a magnetic field

(B) an emf can be induced by changing the magnetic field

(C) induced emf produced in a conductor is directly proportional to its velocity in the magnetic field
(D) none of the above

A conducting loop is placed in a uniform magnetic field with its plane perpendicular to the field. An emf
is induced in the loop if :

(A) it is translated (B) it is rotated about a diameter

(C) it is rotated about its axis (D) it is deformed

Arectangular loop is drawn from left to right across a uniform magnetic field perpendicular into the plane
of paper, with its plane always perpendicular to the magnetic field. Then :

LD P @ere pQ@eple® -

A) the direction of current in the position 1 is clockwise

B) the direction of current in the position 2 is anticlockwise
C) the direction of current in position 3 is anticlockwise

D) the direction of current in position 4 is clockwise

(
(
(
(

The switches in circuits shown figure are closed at time t = 0 and reopened after a long time at t =
t,- Then:
(A) the charge on C just after t = 0 is EC

C R L R

(B) the charge on C long after t = 0 is EC
c — —wWw—

(C) the current in L just before t = t; is R

N ||
K [

AN

(D) the current in L long after t = t; is R
Two solenoids have identical geometrical constructions but one is made of thick wire and the other of
thin wire. Which of the following quantities are different for the two solenoids :

(A) self-inductance

(B) rate of joule heating if the same current goes through them

(C) magnetic field energy if the same current goes through them

(D) time constant if one solenoid is connected to one battery and the other is connected to another battery

Two identical circular coils M and N are arranged coaxially as shown M N
in figure. Separation between the coils is large as compared to their [\ [\
radii. The arrangement is viewed from left along the common axis. U U

The sign convention adopted is that currents are taken to be positive when they appear to flow in clockwise
direction. Then :

(A) if M carries a constant positive current and is moved towards N, a positive current is induced in N
(B) if M carries a constant positive current and N is moved towards M, a negative current is induced in N
(C) if a positive current in M is switched off, a positive current is momentarily induced in N

(D) if both coils carry positive currents, they attract each other
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15.*

16.*

17.*

18.*

19.*

A small magnet M is allowed to fall through a fixed horizontal conducting ring

R. Let g be the acceleration due to gravity. The acceleration of M will be : M
(A) < g when it is above R and moving towards R ”
(B) > g when it is above R and moving towards R

R
(C) < g when it is below R and moving away from R }_CD
(D) > g when it is below R and moving away from R

The conductor ABCDE has the shape as shown in figure. It lies in the
y-z plane, with A and E on the y-axis. When it moves with a velocity z

v in a magnetic field B, an emf e is induced between A and E, then: B

(A) e = 0, if v is in the y-direction and B is in the x-direction 0 n Ea < - E >y
(B) e = 2Bav, if v is in the y-direction and B is in the x-direction / \D/

(C) e = BAy, if v is in the z-direction and B is in the x-direction e A sreees

(D)

D) e = BAv, if v is in the x-direction and B is in the z-direction

A square loop ABCD of edge a moves to the right with
a velocity v, parallel to AB. There is a uniform magnetic
field of magnitude B, directed into the paper, in the region

P:® ® ® ® ® ® ® ®:R
between PQ and RS only. I, Il and I1 are three positions B
Vie ® @ ® ® ® ® ®
of the loop. A— B A_— B A —B
H ol @[ ®] © [®
al 1 I} ]

RN ® @ |® B Q|

D® ®C® ®D® ®C® =

(A) the emf induced in the loop has magnitude Bav in all

v

(@)

three positions ®

QI® ® ® ® ® ® ® © iS
(B) the induced emf is zero in position Il

(C) the induced emf is anticlockwise in position |

(D) the induced emf is clockwise in position Il

Avertical conducting ring of radius R falls vertically in a horizontal magnetic field

of magnitude B. The direction of B is perpendicular to the plane of the ring. When c
the speed of the ring is v :

(A) no current flows in the ring A B Dl
(B) A and D are at the same potential

(C) C and E are at the same potential E

(D) the potential difference between A and D is 2BRv, with D at a higher potential

A long wire carrying a steady current | lies in the plane of a circular conducting loop placed at a certain
distance from the wire. There will be an induced current in the loop if it is :

(A) moved parallel to the wire

(B) rotated about an axis perpendicular to the plane of the loop, passing through the centre of the loop
(C) rotated about an axis parallel to the wire passing through the centre of the loop
(

D) moved away from the wire
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20.*

21>

22

23

A uniform magnetic field B fills a cylindrical volume of radius R. A metal rod
of length | is placed as shown in figure. If B is changing at the rate (dB/dt),
the emf that is produced by the changing magnetic field is e. (Here, p =

I 2
R?—| = :
(2) )- Then:

1 dB
(A) the magnitude of electric field created is 5 r ot

1 dB
(B) the magnitude of the electric field component along the length of the rod is 5 p ot

(C) the magnitude of the electric field component L to the rod is zero

D) the induced emf i 1Ip@
(D) the induced em |32 ot

A conducting disc of radius r spins about its axis with an angular velocity o.

There is a uniform magnetic field of magnitude B perpendicular to the plane X * X
of the disc. C is the centre of the ring. Then : B \m
(A) no emf is induced in the disc x x
(B) the potential difference between C and the rim is % Brlm

(C) C is at a higher potential than the rim x x x
(D) current flows between C and rim

The possible values of inductances which can be obtained from two coils of self-inductances L, and
L, and mutual inductance M between them are :

L,L, L,L, —M?
(A) L,+L, + 2M B)L, +L, © [ 41, ©) T o1, —2m

Two straight conducting rails form a right angle where their ends are joined. A conducting bar in contact
with the rails starts at the vertex at time t = 0 and moves with constant velocity v along them as shown

in figure. A magnetic field B is directed into the page. The induced e.m.f. in the circuit at any time t
is proportional to-
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24>

25

26.*

27>

A flat coil, C, of n turns, area A and resistance R is placed in a uniform magnetic field of magnitude
B. The plane of the coil is initially perpendicular to B. If the coil is rotated by an angle 6 about the axis
x-y, charge of amount Q flows through it. If :

X
»>B
C

y
BAN BAN
= ° QZ_ = ° Q:—
(A) 0 = 90°, = (B) 6 = 180°, =

(C) 0 =180°,Q =0 (D) 6 = 360°, Q = 0

A conducting rod of length | is hinged at point O. It is free to rotate in a vertical plane. There exists

a uniform magnetic field B in horizontal direction. The rod is released from the position shown. The
potential difference between the two ends of the rod is proportional to :

RS
S
SR
~~~~~
~,

N

OGS

.,

DN
DN
OO
O #
NS
DY
~~~~~
s

(A) 1972 (B) 12 (C) sin 0 (D) (sin0)'2

A conducting rod AC of length 41 is rotated about a point O in a uniform magnetic field B directed
into the paper as shown in fig. AO = | and OC = 3l. Then

Bol? 9
(A) VA _VO = ® (B) VO _VC :_B(,OI2
X X X x2 x§ 2
XAO: Ox : iC
X X X X X 9
C)V, -V, = 4Bol* (D) Ve -V, =EBco|2

The magnetic field perpendicular to the plane of a conducting ring of radius a changes at the rate of
a, then-

(A) all the points on the ring are at the same potential

(B) the e.m.f. induced in the ring is © a’a.

(C) electric field intensity E at point on the ring is zero

aa
() E==>
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28. A conducting rod PQ of length L = 1.0 m is moving with a uniform speed v = 20 m/s in a uniform magnetic
field B = 4.0 T directed into the paper. A capacitor of capacity C = 10 uF is connected as shown in

figure. Then:
® ® ® ® ® ®
P
® | © [@ ® ®
A
B W® ® BBV ® B
B
® |®8 ® [® ® ®
» ® o9 & o
(A) gy = + 800 uC and gz = — 800 uC
(B) g4 = — 800 uC and gqg = + 800 uC
(C)ay=0=qg

(D) charged stored in the capacitor increases exponentially with time

29.*  Analuminium ring B faces an electromagnet A. The current A B
i through A can be altered :
(A) if i increases, A will repel B

(B) if i increases, A will attract B
(C) if i decreases, A will attract B H | i
I

(D) if i decreases, A will repel B +

30.*  The conductor AD moves to the right in a uniform magnetic field directed into
® ®.® ®

the paper : D
(A) the free electrons in AD will move towards A ® ®)He 9
(B) D will acquire a positive potential with respect to A ®B®|IV>®

(C) if D and A are joined by a conductor externally, a current will flow from A ¥ ®pA® @

to D in AD
(D) the current in AD flows from lower to higher potential

31. The adjoining figure shows two different arrangements in which two square wire frames of same resistance
are placed in a uniform constantly decreasing magnetic field B.The value of magnetic flux in each case is
given by

X X X X X X X X h>< X X X

X 9 X X f X e X X Ke X }( X

X < X X j X X X K X X X

X < X X % X X X KX X X X

< g o S xaﬂ—’&bx

x X ¥ X X x x x x ¥} x x
I 1

(A) Case I: ® = (L2 + |1?)B; Case II: ® = (L2 - 1?)B
(B) Case I: ® = n(L? + 1?)B; Case II: ® = (L% + I1?)B
(C)Case l: ® = (L2 + 1?)B; Case Il: ® = (L> - 1?)B

(D) Case |: @ = (L + 1)?B; Case Il: ® = (L — 1)?B.

(f\
‘_J Arride learning Online E-learning Academy

. . A-479 Indra Vihar, Kota Rajasthan 324005
arride learning



32.*

33.*

34.*

35.*

36.

Figure shown plane figure made of a conductor located in a magnetic field along the inward normal to the
plane of the figure. The magnetic field starts diminishing. Then the induced current

P
(A) at point P is clockwise (B) at point Q is anticlockwise
(C) at point Q is clockwise (D) at point R is zero

A bar magnet is moved along the axis of copper ring placed far away from the magnet. Looking from the
side of the magnet, an anticlockwise current is found to be induced in the ring. Which of the following may
be true?

(A) The south pole faces the ring and the magnet moves towards it.

(B) The north pole faces the ring and the magnet moves towards it.

(C) The south pole faces the ring and the magnet moves away from it.

(D) The north pole faces the ring and the magnet moves away from it.

Two circular coils P & Q are fixed coaxially & carry currents |, and |, respectively

A) ifl, =0 &P moves towards Q, a current in the samedirection as |, is induced in Q

(
(B)if 1, =0 & Q moves towards P, a current in the opposite direction to that of |, is induced in P.
(C)when I, #0and I, = 0are in the same direction then the two coils tend to move apart .
(D) when I, # 0 and I, # 0 are in opposite directions then the coils tends to move apart.

AB and CD are smooth parallel rails, separated by a distance I, and inclined to the horizontal at an angle
0. A uniform magnetic field of magnitude B, directed vertically upwards, exists in the region. EF is a
conductor of mass m, carrying a current i. For EF to be in equilibrium,

(A) i must flow from Eto F (B) Bil=mgtan 6
(C)Bil=mgsin©0 (D) Bil = mg

In above question, if B is normal to the plane of the rails

(A)Bil=mgtan 6 (B) Bil =mgsin 0

(C) Bil =mg cos 6 (D) equilibrium cannot be reached

r,\
;J Arride learning Online E-learning Academy

arride learning

A-479 Indra Vihar, Kota Rajasthan 324005



37.

38.*

39.

40.*

41

42,

43.

The e.m.f. induced in a coil of wire, which is rotating in a magnetic field, does not depend on
(A) the angular speed of rotation (B) the area of the coil
(C) the number of turns on the coil (D) the resistance of the coil

Current growth in two L-R circuits (b) and (c) as shown in figure (a). Let L,, L,, R, and R, be the
corresponding values in two circuits. Then

(A)R, >R, (B)R, =R, ©C)L,>L, D)L, <L,

A circuit element is placed in a closed box. At time t=0, constant current V(volts)
generator supplying a current of 1 amp, is connected across the box.
Potential difference across the box varies according to graph shown in
figure. The elementin the box is :

(A\) resistance of 2Q (B) battery of emf 6V
(C) inductance of 2H (D) capacitance of 0.5F

8

o

3 (s)

The symbols L, C, R represent inductance, capacitance and resistance respectively. Dimension of frequency
are given by the combination

1

(A)1/RC (B)R/L (C)F (D)C/L
c R L R

The switches in figures (a) and (b) are closed att =0
(A) The charge on C just aftert =0 is EC.
(B) The charge on C long aftert =0 is EC. _ ]
(C) The current in L just aftert = 0 is E/R.
(D) The currentin L long aftert = 0 is E/R. (@) ®)

For L — R circuit, the time constant is equal to

(A) twice the ratio of the energy stored in the magnetic field to the rate of the dissipation of energy in the
resistance.

(B) the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the resistance.

(C) half of the ratio of the energy stored in the magnetic field to the rate of dissipation of energy in the

resistance.

(D) square of the ratio of the energy stored in the magnetic field to the rate of dissipation energy in the
resistance.

An inductor L, a resistance R and two identical bulbs B, and B, are connected to
a battery through a switch S as shown in the figure. The resistance of coil having
inductance L is also R. Which of the following statement gives the correct
description of the happenings when the switch S is closed?

A) The bulb B, lights up earlier than B, and finally both the bulbs shine equally bright. E 8
B) B, light up earlier and finally both the bulbs acquire equal brightness.
C) B, lights up earlier and finally B, shines brighter than B,,.

(
(
(
(D) B, and B, light up together with equal brightness all the time.
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44,

45.

46.*

In figure, a lamp P is in series with an iron-core inductor L. When the switch S is

closed, the brightness of the lamp rises relatively slowly to its full brightness

than it would do without the inductor. This is due to S
(A) the low resistance of P (B) the induced-emfin L BI—/
(C) the low resistance of L (D) the high voltage of the battery B

Two coil Aand B have coefficient of mutual inductance M = 2H. The magnetic flux passing through coil A
changes by 4 Weber in 10 seconds due to the change in current in B. Then

(A) change in current in B in this time interval is 0.5 A

(B) the change in currentin B in this time interval is 2A

(C) the change in currentin B in this time interval is 8A

(D) a change in current of 1Ain coil A will produce a change in flux passing through B by 4 Weber.

Two different coils have self inductance 8mH and 2mH. The currentin one coil is increased at a constant
rate. The current in the second coild is also increased at the same constant. At a certain instant of time,
the power given to the two coils is the same. At that time the current, the induced voltage and the energy
stored in the first coil are |, V, and W, respectively. Corresponding values for the second coil at the same
instant are 1,,, v, and W, respectively. Then:

1 W2_4 VZ_l
N1, =2 B) =4 © w, ~ Oy =4

PART - Il : SUBJECTIVE QUESTIONS

A plane loop shown in figure is shaped as two squares with sides a = 20 cm and b = 10 cm and is
introduced into a uniform magnetic field at right angles to the loop’s plane. The magnetic induction varies

with time as B=B, sin (»t , where B, =10 mT and ® =100 s~1.The amplitude of the current induced in the
loop is n/6 if its resistance per unit length is equal to p =50x10°Q/m. The inductance of the loop is to

be neglected. then find value of n. \

In the middle of a long solenoid there is a coaxial ring of square cross-section, made of conducting
material with resistivity p . The thickness of the ring is equal to h, its inside and outside radii are equal to

2 2
— h
‘a’and ‘b’ respectively. The current induced in the ring is | = (b"-a"jph n?) B if the magnetic induction produced

by the solenoid varies with time as B = 3 t, where 3 is a constant. The inductance of the ring is to be

neglected. Then find value of n.

A plane spiral with a great number N of turns wound tightly to one another is located in a uniform magnetic field
perpendicular to the spirals plane. The outside radius of the spirals turns is equal to a. The magnetic induction
varies with time as B = B, sin ot, where B, and o are constants. Then the amplitude of induced emf in the

spiral is equal to (%nNaZBO(D) Volt .Then find value of n.
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4, Arectangular frame ABCD made of uniform metal wire has a straight connection between E and F made
of the same wire as shown in figure. AEFD is a square of side 1 m and EB = FC = 0.5 m. The entire circuit
is placed in a steadily increasing uniform magnetic field directed into the plane of paper and normal to it.
The rate of change of magnetic field is 1T/ s. The resistance per unit length of the wire is 1 Q/m.The

magnitude of the current in the segments AE, BE and EF are XA, LA ZA .Then

22" 22" 22
find x,y,z.
E
Ae—1m—e05m>pg
X X X| X X
B
X X X| X X
b X X X| X X o
F
5. A copper wire in the form of a square of side a = 5m lies on a rough horizontal surface. The mass of the

wire is m = 4 kg. A uniform magnetic field B = 2T is in the horizontal plane parallel to one of the sides of the
square. What is the minimum current that should pass through the wire to make one end lift off the table.
Assume friction is sufficient to prevent slip

of the other edge (take g = 10 m/s?).

. |
)
E—
6. A equilateral triangle of side a is placed in the magnetic field with one side AC along a diameter and its

center coinciding with the centre of the magnetic field as shown in the figure. If the magnetic field varies
withtimeas B =kt;

The induced emf in side AB is equal to Vg =§azk . Then the value of n is?
XB®
x x X x
% X x@ X X
A9x0 x C,
X
x 'E
X X
X a.
x X /
x B
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7. The north pole of a magnet is brought down along the axis of a horizontal circular coil (figure )As a
result the flux through the coil changes from 0.4 Weber to 0.9 Weber in an interval of half a second.
Find the average emf induced during this period. Is the induced current clockwise or anticlockwise as
you look into the coil from the side of the magnet?

8. The flux of magnetic field through a closed conducting loop of resistance 0.4 Q changes with time
according to the equation ® =0.20t? + 0.40t + 0.60 where t is time in seconds. Find (i) the induced
emf at t = 2s. (ii) the average induced emfin t =0 tot =5 s. (iii) charge passed through the loop in t
=0tot=>5s(iv) average currentin time intervalt =0to t=5s (v) heat produced int =0 to t = 5s.

9. A heart pacing device consists of a coil of 50 turns & radius 1 mm just inside the body with a coil of
1000 turns & radius 2 cm placed concentrically and coaxially just outside the body. Calculate the
average induced EMF in the internal coil, if a current of 1A in the external coil collapses in 10
milliseconds.

10. Figure illustrates plane figures made of thin conductors which are located in a uniform magnetic field
directed away from a reader beyond the plane of the drawing. The magnetic induction starts dimin-
ishing. Find how the currents induced in these loops are directed.

(a) (b) () (d)

1. A metallic wire of length 1 cm moves with a velocity of 2 m/s in a direction perpendicular to its length
and perpendicular to a uniform magnetic field of magnitude 0.2 T. Find the emf induced between the
ends of the wire. Which end will be positively charged.

Q
®p

\
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12.

13.

14.

15.

16.

A right angled triangle abc, made from a metallic wire, moves at a uniform speed v in its plane as
shown in the figure. A uniform magnetic field B exists in the perpendicular direction. Find the emf
induced (a) in the loop abc, (b) in the segment bc, (c) in the segment ac and (d) in the segment ab.

Cc

B®

A metallic metre stick translates in a direction making an angle of 60° with its length. The plane of
motion is perpendicular to a uniform magnetic field of 0.1 T that exists in the space. Find the emf
induced between the ends of the rod if the speed of translation is 0.2 m/s.

A square frame of wire abcd of side 1 m has a total resistance of 4 Q. It is pulled out of a magnetic field
B = 1T by applying a force of 1 N (figure). It is found that the frame moves with constant speed. Find (a) this
constant speed, (b) the emf induced in the loop, (c) the potential difference between the points a and b and
(d) the potential difference between the points c and d.

X X X X
b C
X X X X
—> F
X X X X
a d
X X X X

Consider the situation shown in figure. The wire CD has a negligible resistance and is made to slide on the
three rails with a constant speed of 50 cm/s. Find the current in the 10 Q resistor when the switch S is
thrown to (a) the middle rail (b) bottom rail.

x X x x x 100 x  x

2cmx X X X X X x | x
S

2 cm X x x x x x | x

-7 B=01T

x D x x X X X x X

Figure shows a smooth pair of thick metallic rails connected across a battery of emf ¢ having a negligible
internal resistance. A wire ab of length | and resistance r can slide smoothly on the rails. The entire system
lies in a horizontal plane and is immersed in a uniform vertical magnetic field B. At an instant t, the wire is
given a small velocity v towards right. (a) Find the current in the wire at this instant. (b) What is the force
acting on the wire at this instant. Show that after some time the wire ab will slide with a constant velocity.
Find this velocity.

—
x x Bx x Xp X
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17. A conducting rod slides on a pair of thick metallic rails laid parallel to an infinitely long fixed wire carrying a
constant current i. The center of the rod is at a distance 31/2 from the wire. The ends of the rails are
connected by resistor of resistance R. (a) What force is needed to keep the rod sliding at a constant speed
v, as shown in figure ? (b) In this situation what is the current in the resistance R ? (c) Find the rate of heat
developed in the resistor. (d) Find the power delivered by the external agent exerting the force on the rod.

¢v

3412

Bo

18. The magnetic field in a region is given by é = RT x where Lis a fixed length. A conducting rod of length

L lies along the X-axis between the origin and the point (L, 0, 0). If the rod moves with a velocity \r/ =Vq ] ,

find the emf induced between the ends of the rod.

19. A metal rod of length 15 x 102 m rotates about an axis passing through one end with a uniform
angular velocity of 60 rad s~'. A uniform magnetic field of 0.1 Tesla exists in the direction of the axis
of rotation. Calculate the EMF induced between the ends of the rod.

20. In the figure there are two identical conducting rods each of length ‘a’ rotating with angular speed ® in
the directions shown. One end of each rod touches a conducting ring. Magnetic field B exists
perpendicular to the plane of the rings. The rods, the conducting rings and the lead wires are
resistanceless. Find the magnitude and direction of current in the resistance R.

21, A closed coil having 50 turns is rotated in a uniform magnetic field B = 2 x10 -* T about a diameter
which is perpendicular to the field. The angular velocity of rotation is 300 revolutions per minute. The
area of the coil is 100 cm 2 and its resistance is 4 Q. Find (a) the average emf developed in half a turn
from a position where the coil is perpendicular to the magnetic field, (b) the average emf in a full turn,
(c) the net charge flown in part (a) and (d) the emf induced as a function of time if it is zero at t=0 and
is increasing in positive direction.(e) the maximum emf induced. (f) the average of the squares of emf
induced over a long period

22, A uniform field of induction B is changing in magnitude at a constant rate dB/dt. You are given a mass
m of copper which is to be drawn into a wire of radius r & formed into a circular loop of radius R. Show
that the induced current in the loop does not depend on the size of the wire or of the loop. Assuming

m dB

—— , where pis the resistivit
Ampd dt P y

B perpendicular to the loop prove that the induced current i =
and & the density of copper.

23. Find the energy stored in the magnetic field inside a volume of 1.00 mm? at a distance of 10.0 cm from a
long wire carrying a current of 4 A.
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24,

25.

26.

27.

28.

The network shown in Fig. is a part of a complete circuit. What is the potential difference V, - V,,
when the current I is 5A and is decreasing at a rate of 103 (A/s)?

A 1Q 18V
._>_/vwwvx%.|

5mH B
1

A solenoid has an inductance of 10 Henry and a resistance of 2 Q. It is connected to a 10 volt battery.
How long will it take for the magnetic energy to reach 1/4'" of its maximum value?

An inductor-coil of inductance 20 mH having resistance 10 Q is joined to an ideal battery of emf 5.0 V. Find
the rate of change of the magnitude of induced emf at (a) t= 0, (b) t =10 ms.

Consider the circuit shown in figure. (a) Find the current through the battery a long time after the switch S
is closed. (b) Suppose the switch is opened at t = 0. What is the time constant of the decay circuit? (c) Find

the current through the inductor after one time constant.
R,

The average emf induced in the secondary coil is 0.1 V when the current in the primary coil changes from
1t02Ain 0.1 s. What is the mutual inductance of the coils.

= Excrcs: #3 &8 |

PART-I IIT-JEE (PREVIOUS YEARS PROBLEMS)

* Marked Questions are having more than one correct option.

Two infinitely long parallel wires carrying currents I = I sin wt in opposite directions are placed a distance
3a apart. A square loop of side a of negligible resistance with a capacitor of capacitance C is placed in the
plane of wires as shown. Find the maximum current in the square loop. Also sketch the graph showing the
variation of charge on the upper plate of the capacitor as a function of time for one complete cycle taking

anticlockwise direction for the current in the loop as positive. [ JEE-2003 (Mains), 4/60 ]
Q(t)
A 4 A
cC_—
Ol T T T 't
T4 T2 T 2 2

3a
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2, An infinitely long cylindrical conducting rod is kept along + Z direction. A constant magnetic field is also

present in + Z direction. Then current induced will be : [JEE 2005 (Scr.) 3/84, —1]

(A)O (B) along +z direction

(C) along clockwise as seen from + Z (D) along anticlockwise as seen from + Z
COMPREHENSION

The capacitor of capacitance C can be charged (with the help of a resistance R) by a voltage source V, by
closing switch S, while keeping switch S, open. The capacitor can be connected in series with an inductor
‘L by closing switch S, and opening S,.

l YWYV

"]
1]

3. Initially, the capacitor was uncharged. Now, switch S is closed and S, is kept open. If time constant of this
circuit is 1, then [ JEE 2006, 5/184, -2 ]
(A) after time interval t, charge on the capacitor is CV/2
(B) after time interval 21, charge on the capacitor is CV(1 —e™?)
(C) the work done by the voltage source will be half of the heat dissipated when the capacitor is fully
charged

(D) after time interval 21, charge on the capacitor is CV(1 —e™)

4. After the capacitor gets fully charged, S, is opened and S, is closed so that the inductor is connected in

series with the capacitor. Then, [ JEE 2006, 5/184, -2 ]
(A) att =0, energy stored in the circuit is purely in the form of magnetic energy

(B) at any time t > 0, current in the circuit is in the same direction

(C) att >0, there is no exchange of energy between the inductor and capacitor

C
(D) at any time t > 0, instantaneous current in the circuit may V\/;

5. If the total charge stored in the LC circuit is Q,, then fort >0

s t
Horic () = —t—
(A) the charge on the capacitor is Q = Q, cos (2 ’_LCJ

I t
(B) the charge on the capacitor is Q = Q, cos (2 \/EJ

d’Q

(C) the charge on the capacitor is Q = -LC e
L 1 d%Q
(D) the charge on the capacitor is Q = — JC a2
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COMPREHENSION

Modern trains are based on Maglev technology in which trains are magnetically elevated, which runs its
EDS Maglev system.

There are coils on both sides of wheels. Due to motion of train current induces in the coil of track which
elevate it. This is in accordance with Lenz’s law. If trains lower down then due to Lenz’s law a repulsive
force increases due to which train gets uplifted and if it goes much high then there is a net downward force
due to gravity.

The advantage of maglev train is that there is no friction between the train and the track, thereby reducing
power consumption and enabling the train to attain very high speeds.

Disadvantage of maglev train is that as it slows down the electromagnetic forces decreases and it becomes
difficult to keep it elevated and as it moves forward according to Lenz law there is an electromagnetic drag

force.

6. What is the advantage of this system ? [JEE 2006, 5/184, -2]
(A) No friction hence no power consumption (B) No electric power is used
(C) Gravitation force is zero (D) Electrostatic force draws the train

7. What is the disadvantage of this system ? [JEE 2006, 5/184, -2]

(A) Train experiences upward force according to Lenz’s law
(B) Friction force create a drag on the train

(C) Retardation

(D) By Lenz’s law train experience a drag

8. Which force causes the train to elevate up ? [JEE 2006, 5/184, -2]
(A) Electrostatic force (B) Time varying electric field
(C) Magnetic force (D) Induced electric field

9. Column I gives certain situations in which a straight metallic wire of resistance R is used and Column II

gives some resulting effect. Match the statements in Column I with the statements in Column I1.
[IT-JEE 2007, 6/162 ]

ColumnI ColumnIl
(A) A charged capacitor is connected to the (p) A constant current flows through
ends of the wire the wire
(B) The wire is moved perpendicular to its () Thermal energy is generated
length with a constant velocity in a uniform in the wire

magnetic field perpendicular to the
plane of motion.

(© The wire is placed in a constant electric field (r) A constant potential difference
that has a direction along the length develops between the ends
of the wire. of the wire.

(D) A battery of constant emf is connected (s) Charges of constant magnitude appear
to the ends of the wire. at the ends of the wire.
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10.

1.

12.

STATEMENT -1
Avertical iron rod has a coil of wire wound over it at the bottom end. An alternating current flows in the coil.

The rod goes through a conducting ring as shown in the figure. The ring can float at a certain height above
the coil. [JEE 2007 3/162, —1]

)

\AAN/

because

STATEMENT - 2

In the above situation, a current is induced in the ring which interacts with the horizontal component of the
magnetic field to produce an average force in the upward direction

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

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1
(C) Statement-1 is True, Statement-2 is False

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

The figure shows certain wire segments joined together to form a coplanar loop. The loop is placed in a
perpendicular magnetic field in the direction going into the plane of the figure. The magnitude of the field
increases with time. 1, and L, are the currents in the segments ab and cd. Then, [JEE 2009, 3/160, 1]

(A) I1 > 12 X X X X X
X X
B)I, <1,
X X
(C) 1, isin the direction ba and 1, is in the direction cd y y
X X X X X

(D) 1, is in the direction ab and L, is in the direction dc

Two metallic rings A and B, identical in shape and size but having different resistivities p, and pg, are kept
on top of two identical solenoids as shown in the figure. When current I is switched on in both the solenoids
in identical manner, the rings A and B jump to heights h, and hg, respectively, with h, > hg. The possible
relation(s) between their resistivities and their masses m, and mg is(are) : [JEE 2009 4/160, —1]

(A) pp > pgand m, =mg (B) py <pgandm, =mg
(C) ppa>pgand m, > my (D) pp <pgand m, <mg
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13.

14.

15.

Paragraph for Question Nos. 13 to 14

Electrical resistance of certain materials, known as superconductors, changes abruptly from a nonzero
value to zero as their temperature is lowered below a critical temperature T(0). An interesting property of
superconductors is that their critical temperature becomes smaller than T (0) if they are placed in a
magnetic field, i.e., the critical temperature T (B) is a function of the magnetic field strength B. The
dependence of T, (B) on B is shown in the figure. [JEE - 2010 3x3/163, —1]

T.(B)

T:(0)

In the graphs below, the resistance R of a superconductor is shown as a function of its temperature T for
two different magnetic fields B, (solid line) and B, (dashed line). If B, is larger than B,, which of the
following graphs shows the correct variation of R with T in these fields? [JEE -2010' 3x3/163, —1]

R N R N 82 //'
r’ B,
A B | B (B)
O T O T
R N R N

A superconductor has T (0) = 100 K. When a magnetic field of 7.5 Tesla is applied, its T decreases to 75

K. For this material one can definitely say that when : [JEE - 2010 3x3/163, —1]
(A)B=5Tesla, T, (B) =80 K (B)B=5Tesla, 75 K< T (B) <100 K
(C)B=10Tesla, 75 K< T (B) < 100 K (D)B=10Tesla, T (B)=70K

Along circular tube of length 10 m and radius 0.3 m carries a current I along its curved surface as shown.
A wire-loop of resistance 0.005 ohm and of radius 0.1 m is placed inside the tube with its axis coinciding
with the axis of the tube. The current varies as I = I, cos (300 t) where I is constant. If the magnetic
moment of the loop is N p, I, sin (300 t), then ‘N’is : [IT-JEE 2011; 4/160 conducted by IIT Kanpur]
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16.

17.

18.

19.

20.

Which of the field patterns given below is valid for electric field as well as for magnetic field?
[IT-JEE 2011; 4/160 conducted by IIT Kanpur]

(A) AIL (B) —\:L/— ©) ‘ (D)
N m

A current carrying infinitely long wire is kept along th e diameter of a circular wire loop, without touching it.
The correct statement(s) is(are) : [JEE 2012 (4, 0)/136] [conducted by IIT Delhi]
(A) The emf induced in the loop is zero if the current is constant.

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

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

(D) The emfinduced in the loop is finite if the current decreases at a steady rate.

Acircular wire loop of radius R is placed in the x-y plane centered at the origin O. A square loop of side a (a <<R)
having two tumns is placed with its center at z= /3 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

H,@°

2°?R

loop is given by thenthe value of pis : [JEE 2012 (4, 0)/136] [conducted by IIT Delhi]

Paragraph for Questions 19 and 20

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

w
be considered as equivalent to a loop carrying a steady current 2— . A uniform magnetic field along the
V3

positive z-axis is now switched on, which increase at a constant rate from 0 to B in one second. Assume
that the radius of the orbit. The induced emf is defined as the work done by an induced electric field in
moving a unit positive charge around a closed loop. It is known that, for an orbiting charge the magnetic
dipole moment is proportional to the angular momentum with a proportionality constant

The change in the magnetic dipole moment associated with the orbit, at the end of the time interval of the
magnetic field change, is :

BQR? BQR?
> (C)r >

The magnitude of the induced electric field in the orbit at any instant of time during the time interval of the
magnetic field change is :

BR BR
- (B) — (C) BR (D) 2BR

(A) -yBQR? (B) —r (D) yBQR?

(A)

r,\
‘_J Arride learning Online E-learning Academy

arride learning

A-479 Indra Vihar, Kota Rajasthan 324005



PART-Il AIEEE (PREVIOUS YEARS PROBLEMS)

arride learning

If the electric flux entering and leaving an enclosed surface respectively is ¢, and ¢,, the electric charge
inside the surface will be : [AIEEE 2003, 4-300]

(1) (¢2 - ¢1)80 (2) (¢1 + ¢2)/80 (3) (¢2 - ¢1)/80 (4) (¢1 + ¢2) 80

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

(1) the rates at which currents are changing in the two coils [AIEEE 2003, 4/300]
(2) relative position and orientation of the two coils

(3) the materials of the wires of the coils

(4) the currents in the two coils

When the current changes from +2 A to -2 A in 0.05 second, an emf of 8 V is induced in a coil. The
coefficient of self-induction of the coil is: [AIEEE 2003, 4/300]
(1)0.2H (2)0.4H (3)0.8H (4)0.1H

In an oscillating LC circuit the maximum charge on the capacitor is Q. The charge on the capacitor when

the energy is stored equally between the electric and magnetic field is : [AIEEE 2003, 4/300]
(1)Q/2 (2)Q/\/3 (3)Q/ 2 4)Q
The core of any transformer is laminated so as to : [AIEEE 2003, 4/300]

(1) reduce the energy loss due to eddy currents (2) make it light weight
(3) make is robust and strong (4) increase the secondary voltage

In an LCR series a.c. circuit, the voltage across each of the components. L, C and Ris 50 V. The voltage
across the LC combination will be : [AIEEE 2004, 4/300]

(1) 50 V (2) 5043 s (3) 100 V (4) 0V (zero)

A coil having n turns and resistance R Q is connected with a galvanometer of resistance 4RQ. This combi-
nation is moved in time t seconds from a magnetic field W, Weber to W, Weber. The induced current in the

circuit is : [AIEEE 2004, 4/300]
W, - W, _ n(W, - W) (W, -Wy) _ n(W, - W)
(1) 5Rnt (2) 5Rt (3) Rnt (4) Rt

In a uniform magnetic field of induction B, a wire in the form of semicircle of radius r rotates about the
diameter of the circle with angular frequency . If the total resistance of the circuit is R, the mean power

generated per period of rotation is : [AIEEE 2004, 4/300]
Brlo (Bm’zo))2 Brre)? (B1tr(o2 )2
(1) ) T (3) B @) BT
2R 8R 2R 8R

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 10 T, then the emf developed
between the two ends of the conductor is : [AIEEE 2004, 4/300]

(1) 5 v (2) 50 puV (3) 5mV (4) 50 mV
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10.

1.

12.

13.

14.

15.

16.

17.

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 1 is the width

of each tube, will be : [AIEEE 2005, 4/300]

(1)Blv (2)-Blv (3) zero (4)2BIlv

A coil of inductance 300 mH and resistance 2Q) is connected to a source of voltage 2V. The current reaches

half of its steady state value in : [AIEEE 2005, 4/300]
(1)0.05s (2)0.1s (3)0.15s (4)0.3s

The self inductance of the motor of an electric fan is 10 H. In order to impart maximum power at 50 Hz, it
should be connected to a capacitance of : [AIEEE 2005, 4/300]
(1) 4uF (2) 8uF (3) 1uF (4) 2uF

Which of the following units denotes the dimensions ML? /Q? , where Q denotes the electric charge?
[AIEEE 2006, 3/180]
(1) Weber (Wb) (2) Wb/m? (3) Henry (H) (4) H/m?

Inan AC generator, a coil with N turns, all of the same area A and total resistance R, rotates with frequency
® in a magnetic field B. The maximum value of emf generated in the coil is : [AIEEE 2006, 3/180]
(1)N.A.w.B (2)N.AB.R.® (3)N.A.B (4)N.AB.R

The flux linked with a coil at any instant ‘'t is given by [AIEEE 2006, 3/180]
¢ = 10t — 50t + 250

The inducedemfatt=3sis :

(1)190V (2)-190V (3)-10V 4)10V

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, 4'/2/180]
L
R
A | | B
E
(1A (2)1/e A 3)eA 4)0.1A

A thermocouple is made from two metals, Antimony and Bismuth. If one junction of the couple is kept hot
and the other is kept cold then, an electric current will : [AIEEE 2006, 3/180]

(1) flow from Antimony to Bismuth at the cold junction

(2) flow from Antimony to Bismuth at the hot junction

(3) flow from Bismuth to Antimony at the cold junction

(4) not flow through the thermocouple
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18. Two coaxial solenoids are made by winding thin insulated wire over a pipe of cross-sectional area A
=10cm? and length = 20 cm. If one of the solenoids has 300 turns and the other 400 turns, their mutual
inductance is (u, = 4n x 107 TmA™): [AIEEE 2008]

(1)4.8xx10%H  (2)4.8nx 10°H (3)24nx10*H (4)24nx10° H

19. An inductor of inductance L =400 mH and resistors of resistances R, =2 Q and R, = 2 Q are connected to
a battery of emf 12 V as shown in the figure. The internal resistance of the battery is negligible. The switch
S is closed at t = 0. The potential drop across L as a function of time is : [AIEEE 2009]

‘m }I;‘
Y

12 _
(1) eV (2) 61-et/02) v (3)12 et V (4)6 et V
20. Arectangular loop has a sliding connector PQ of length 1 and resistance R Q and it is moving with a speed
v as shown. The set-up is placed in a uniform magnetic field going into the plane of the paper. The three
currents I, I, and I are : [AIEEE 2010, 8/144, -2]
Pe /!
L/
< < <L
ROZ ROz Y, ERQ
" YL
a N —
L Q
Blv 2Blv Blv 2Blv
(1)11'_12‘?11‘ R (2)11_12_3_R’I_3_R
Blv Blv Blv
@)L =1 =1="g" WL =1=gr 1= 35
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21.

22,

23.

24.

In the circuit shown below, the key K is closed at t = 0. The current through the battery is :

v K
I —
L R,
ST AVWA [AIEEE 2010, 4/144, —1]
R,
NV
VRR Vv Vv
(1) 5 — att=0and - att=ow 2) - att=0and YR1*R2) Siio
R7 +Rj R2 R, RR
(3) v tt=0and 2 ey (4)—V(R1+R2) tt=0and v tt
5 att=0and 77— att=x att=0ana 5 att=
R, R2 +R3 RiR; R2 *

Afully charged capacitor C with initial charge q, is connected to a coil of self inductance Latt=0. The time
at which the energy is stored equally between the electric and magnetic fieldsis: [AIEEE 4/120 2011]

QENTS @) 4iic (3)2n4LC ONIS

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; itis very difficult to stop. But if an aluminium plate
is placed near to the coil, it stops. Thisis due to : [AIEEE 4/120 2012]

(1) developement of air current when the plate is placed.

(2) induction of electrical charge on the plate

(3) shielding of magnetic lines of force as aluminium is a paramagnetic material.

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

A metallic rod of length ‘I’ is tied to a string of length 21 and made to rotate with angular speed w 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 road is : [JEE Mains 2013]
; 2Bol? ) 3Bl 3 4Bwl? 4 5Bol?
(1) 5 (2) 5 (3) 5 (4) 5
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| B Excrcis: 4 & |

NCERT QUESTIONS

1. predict the direction of induced current in the situations described by the following fig. (a) to (f).

-""'."H“'if"l”""l 1.0 Al
""" [l -

WAL ) L
e et < o f A,‘i-,.,a,.,‘....._.!,..“..... Y]
Wk P RN

+
(=) (b)
L) :
M C 4
| ) [ ! [ .
| | Comimon axis | | Common axis
e SR
(. I ] - .1
\i o Rht:&*"slal setling
PERPRI Ky JnT clased) being changed
() (]
\ | N |/ |
[ (L] . (1] [+ —— —
x Y 1
¥, ‘ # Current () decreasing at
i— ; a steady rate
(Tapping key just released)
(=) (]
2, Use Lenz’s law to determine the direction of induced current in the situations described by :

(a) A wire of irregular shape turning into a circular shape;
(b) A circular loop being deformed into anarrow straight wire.

# # " - = T w ;"'-,{\ - ]
/ : b
. . = ! o fe e WW e 4 B e
'rl"!l C : ..':... .'.:‘ .....III.
L ".‘T\._E'_\_ T:.-lr\"\ _.l‘ 1'} t‘hl- & & . " fl-l & {1
] I S— - | [« + he * |:'-| s F e
Y,
1_\h_ ", , A
¥ -\. " " - Ea .jfl_i L] L] L]

r,\
‘_é/ Arride learning Online E-learning Academy

. . A-479 Indra Vihar, Kota Rajasthan 324005
arride learning



10.

A long solenoid with 15 turns per cm has a small loop of area 2.0 cm? placed inside normal to the axis
of the solenoid. If the current carried by the solenoid changes steadily from 2Ato4 Ain 0.1s, what is
the induced voltage in the loop while the current is changing.

A rectangular loop of sides 8 cm and 2 cm with a small cut is moving out of a region of uniform
magnetic field of magnitude 0.3 T directed normal to the loop. What is the voltage developed across
the cut if the velocity of the loop is 1 cm s2 in a direction normal to the (i) longer side (ii) shorter side
of the loop? For how long does the induced voltage last in each case?

A 1 m long conduction rod rotates with an angular frequency of 400 s=' 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 magnetic field of 0.5 T parallel to the axis everywhere. Calculate the emf developed between
the and the ring.

A circular coil of radius 8.0 cm and 20 turns rotates about its vertical diameter with an angular speed
of 50 s in a uniform hofizontal magnetic field of magnitude 3 x 102 T. Obtain the maximum and
average emf induced in the coil. If the coil forms a closed loop of resistance 10 Q3 , how much power

is dissipated as heat? What is the source of this power?

A jet plane is travelling west at the speed of 1800 km/h. What is the voltage differnce developed
between the ends of the wing 25 m long, if the Earth’s magnetic field at location has a magnitude of
5 x10~* and the dip angle is 30°.

Suppose the loop in Exercise 7.10 is stationary but the current feeding the electromagnet that prodeces
the magnetic field is gradually reduced so that the field decreases from its initial value of 0.3 T at the
rate of 0.02 T s If the cut is joined and the loop as heat ? What is the sourece of this power?

A square loop of side 12cm with its sides parallea to X and Y axes is moved with a velocity of
8 cm s7" in the positive x-direction in an environment containing a magnetic field in the positive z-
direction. The field is neither unifrom in space nor constanty in time. It has a gradient of 10 T s~
Determine the direction and magnitude and magnitude of the induced current in the loop if its resistance

is4.5mq .

It is desired to measusre the magnitude of field between the poles of a powerful loud speaker magnet.
A small flat search coil of area 2 cm? with 25 closely wound turns, is positioned normal to field
direction, and then quickly snatched out of the field region. Equivalently , one can give it a quick 90°
turn to bring its plane parallel to the field direction. The total charge flown in the coil (measured by a
ballistic galvanometer is 0.50 () . Estimate the field strength of magnet.
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1.

12.

13.

14.

Figure shows a metal rod pq resting on the rails AB and positioned between the poles of a premanent
magnet. The rails, the rod, and the magnetic field are in three mutual perpendicular cirecdtion.A
galvanometer G connects the rails through a switch K. Length of the rod = 15 cm, B = 0.50 T,
resistance of the closed loop containing the rod = 9.0 m

& ™ // ”\._\.
[ P\‘ \
3 LY 1
Ko | wiln p \) |
4 = _.

| G l—:_,f:ﬂ:s | |
L = { 4

| £

5

(a) Suppose K is open and rod moves with a speed of 12 cm s~ in the direction shown. Give the

polarity and magnitude of the induced emf.

(b) Is there an excess charge built up at the ends of the rods when K is open ? What if K is closed?

(c) With K open and the rod moving uniformly, three is no net force on the electrons in the motion of

the rod. Explain.

(d) What is the retarding force on the rod when K is clsoe?

e) How much power is required (by an external agent ) to keep the rod moving at the same speed

=12cm s ) when K is closed? How much power is required when K is open?

f) How much power is dissipated as heat in the closed circuit? What is the source of this power?

g) What is the induced emf in the moving rod when the permanent magnet is rotated to a vertical
position so that the field parallel to the rails?

(
(
(
(

An air-cored solenoid with length 30 cm, area of cross-section 25 cm? and number of turns 500,
carries a current of 2.5 A. The current is suddenly switched off in a brief time of 10® s. How much is
the average back emf induced across the ends of the open switch in the circuit? Ignore the variation
in magnetic field near the ends of the solenoid.

(a) Obtain an expression for the mutual inductance between a long straight wire and a square loop of
side a as shown in Fig.

(b) Evaluate the induced emf in the loop if the wire carries a current of 50 A and the loop has an

instantaneous velocity v= 10 m s at the location x = 0.2 m, as shown . Take a = 0.1 m and assume

that the loop has a large resistance.

2

A line charge ), per unit length is pasted uniformly onto the rim of a wheel of mass M amd radius R.
The wheel has light non-conductiong spokes and is free to rotate about a vertical axis as shown in
Fig. A uniform magnetic field extends over a radial region given by,

B=-Bk (r<a;a<R) =0 (otherwise)
What is the angular velocity of the wheel when this field is suddenly switched off ?
Bra’) )

mR K
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Exercise # 1
PART-I

A1l. (C) A2 (C) A3 (C) A4 (C) A5 (B B4 (C) B2 (A
B3 (A B4 (C) B5 (@O B6 () B7 (A B8 (B) B9 (B
c1 (O ©¢€2 (A ©€3 (A C4 (A C5 (C) €6 (C) C7 (A

c (O <¢€9 B c©€10 (O D1 (A D2 (D) D3 (C) D4 (B)

D5 (@O D6 (B E1 (A) E2 (A E3 B E4 (C) F1 (D)
F-2 (B) F-3 (D) F-4 (C) F-5 (A) F-6 (C) F-7 (D) F-8 (A)
G-1 (B) G2 (C) G-3 (A G4 (B) H-1 (C) H-2 (C) H-3 (A)
H4 (A H5 (A H6 (A M. (A 2 C 18. (B 14 (B
5. () 1. (A . (A 18 (B 9. (D) I1M0. (D) J1. (D)
J2. (A J3. (B J4 (D) J5 (B J6. (A) J7. (B J8 (D
K1. (A) K2. (B) K3. (D) K4. (D)

PART-II
1. (D) 2, (D) 3. (A) 4. (B) 5. (A) 6. (D) 7. (C)
8. (B) 9. (B) 10. (A) 1. (B) 12, (D)
13. A-p,q,r B-p,q,r, C-p,s D-p,q,r 14. A—q ; B-r; C—p; D—q

Exercise # 2

PART-I
1*  (AB) 2*  (ACD) 3* (ABC) 4* (CD) 5* (ABC) 6*  (ABC) 7.* (ABD)
8*  (ABD) 9  (ABC) 10.* (BD) 11.* (BD) 12* (BC) 13* (BD) 14.* (BCD)
15* (AC) 16.* (ACD) 17.* (BCD) 18* (CD) 19.* (CD) 20.* (ABCD)21.* (BC)
22* (AD) 23* (BD) 24* (ABD) 25* (AD) 26 (BC) 27.* (ABD) 28. (A
29 (AC) 30 (ABCD)31 (C) 32* (ACD) 33* (BC) 34* (BD) 35* (AB)
3. (B) 37. (D) 38* (BD) 39. (D) 40* (ABC) 41* (BD) 42. (A)
43. (A) 44. (B) 45. (B) 46> (ACD)

PART-II
1. n=3 2. n=4 3. n=6 4. x=7,y=6,z=1
5. n=2 6. n=38
7. 1.0 V ,anticlockwise
8. (i) 1.2 Volt (ii) 1.4 volt (iii) 17.5 C (iv) 3.5 A (v) 86/3 joule.
9. 493 uv
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14.
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16.
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18.

19.

20.

21.
22,

23.
24,
25.
26.

27.

28.
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(a) In the round conductor the current flows clockwise, there is no current in the connector; (b) in the
outside conductor clockwise; (c) in both round conductors, clockwise; no current in the connector,

(d) in the left-hand side of the figure eight, clockwise.

SACICIOS

(a) zero (b) vB (bc), positive atb (c) vB(bc), positive at a (d) zero

4mV, Q

J3x1072V
(@)4m/s (b)4 V(c)3V (d)1V.
(a) 0.1 mA (b) 0.2 mA

1 IB €
(a) T (e—vBIl), from b to a (b) - (e — vBI) towards right (c) Bl

2
@ R(ZOI'”J (b) ;,i'; (c) R(“;'Vm] (d) same as (c)

BovoL
2

67.5mV

Bwa?

from CtoD

(a) 2.0 x 102V (b) zero (c) 50 puC (d) nx 10-3sin (10xt)

m=nar?ld 0]
Here L=27R
I :} _R[LTE _ 12 a8
ESTN T T l2n) dt T 4n dt
£ £ e2nR

~ Resistance izfrjks~ pnr?
After solving,

. m dB
i= ?péia
2.55 x 10 J

15V
t=(L/R)In2=3.47s

(a)—2.5x 10° V/s (b)-2.5x 10° x &5 /s

&R, +R,) e
@7RrR, ®RIR, ©Re

0.01H
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Exercise # 3
PART-I

att)

a“OIo(chln 2

VTM 1712 % N 2. (A) 3. (B) 4. (D)

(C) 6. (A) 7. (A) 8. D)  9.(A)—(a); (B)—>(rs)(C)—(s); (D)~ (p). (a). (r)
)y M. ©O 1. (®BD) 13. (A) 14 (B) 15. 6 16. (C)
(AC) 18. 7 19. () 20. (B)

PART-II
1 2 2 3. 4) 4 3) 5. (1) 6. 4) T 2)
2 9 2 10. @) 1 2 12 @) 13 @3 14 (1)

2) 23. (4 24. (4)
Exercise # 4

(a) Along pq (b) Along gp,along xy
(d) Along zyx (e) Along xy
(f) No induced current since field lines lie in the plane of the loop.

(c) Along xyz

(a) Along adcb (flux into increases during shape change, so induced current produces flux out.)
(b) Along adcb (flux out decteases during shape change, so induced current produces flux out.)

7.6x108V

(1) 2.4 x 10* V, lasting 2 s. (2) 0.6 x 10* V, lasting 8 s.

100 V

Flux through each turn of the loop = nr?B cos (wt)

e=N o nr’Bsin (ot)
€.m=--NonrnrB
=20x50x n x64x10*x 3.0 x 102=0.603 V

e .. Iszerooveracycle

| .. =0.0603A

power loss = (1/2) ¢ 1 =0.036 W
The induced current causes a torque opposing the rotation of the coil. An external agent (rotor)
must supply torque (and do work) to counter this torque in order to keep the coil ratating uniformly.

Thus, the source of the power dissipated as heat in the coil is the external rotor.
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7. Vertical component of B.
= 5.0 x 10+ sin 30°
=25x104T
1=25m
£=500x 2.5 x10%*x 25
=31V
The direction of the wing is immaterial (as long as it is horizontal ) for this answer.

8. Induced emf=8x2x 10#4x0.02=3.2x 10°V
Induced current=2x105A
Power loss = 6.4 x 10"°W
Source of this power is the external agent responsible for changing the magnetic field with time.

9. Rate of change of flux due to explicit time variation in B

=144 x 10*m2x 103 T s

=1.44 x 10 Wb s
Rate of change of flux due to motion of the loop in a non-unuform B,

=144 x 10*m?x 103Tcm'x 8 cm s

=11.52 x 10°Wb s
The two effects add up since both cause a decrease in flux along the positive z-direction. Therefore,
induced emf =12.96 x 10-°V; induced current = 2.88 x 102 A. The direction of induced current os such
as to increase the flux through the loop along positive z-direction. If for the observer the loop moves
to the right, the current will be seento be anti-clockwise. A proper proof of the procedure above is as
follows:

do de dB(x,t)

at @) dt
using,
d8_ 2B oBdx
dt ot ox dt
oB oB
ot OX
we get
a
d_cp= aJ.dX {8B(x,t)Jrv aB(x.t)}
dt 5 ot OX
oB oB
=|—+tV—
ot OX
where A a?

oB 0B
The last step follows because (E ).(& ) and v are given to be constants in the problem.Even if you

do not understand this understand this formal proof (which requires good familiarity with calculus,)
you will still appreciate that flux change can occur both due to the motion of the loop as well as time
variations in the magnetic field.
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12.

13.

14.

%

pol =4
[ —
(o}
S
pol b4

(do, @)

forN=25R=0.500,Q=7.5x10°C,
®=0,A=20x10*m? @, =1.5x 10* Wb,
B= &, /A=075T

le= vBI=0.12x0.50=9.0m V;

p positive end and Q negative end.

(b) Yes, When K is colsed, the excess charge is maintained by the continuous flow of current.
(c)Magnetic force is cancelled by the electric force set up due to the excess charge of opposite signs
at the ends of the rod.

. ImV
(d)Retarding force = IBI = 9mO

=75x10% N.

(e) Power expended by an external agent against the above retarding force to keep the rod moving
uniformly at 12 cm s

=75x10%x12x102=9.0x 103W
When K is open, no power is expended.
HIPR=1x1x9x10°=9.0x 10°W
The source of this power is the power provided by the external agent as calculated above.
(g) Zero; motion of the rod does not cut across the field lines. [ Note:length of PQ has been considered
above to be equal to the spacing between the rails.]

x0.5Tx0.5m

g _ Mol
I
(Inside the solenoid away form the ends.)
®= kA
HoNA
I
(Ignoring end variations in (B).

d
[f= 4N ),

Total flux linkage =N @ I

|s| .~ total change in flux
total time

47x107 x25x107*
d,,= 40 3x10°-3 x (500)2 x 2.5

=6.5V

_M 1+1j
T 2n 1n[ a

£=1.7x10%V
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