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CHAPTER

ELECTROMAGNETIC
INDUCTION

Induction may be defined, the operation of discovering and proving
general propositions.

“JOHN STUART MILL”

INTRODUCTION

rom previous chapters, we know that current produces magnetic field. Is reverse
possible i.e. can magnetic field produce electric current ? The answer is “yes’. It is
found that currents were induced in closed coils when subjected to changing mag-
netic fields.

The phenomenon in which electric current is generated by changing magnetic fields
is known as electromagnetic induction. The current so produced is known as in-
duced current.

If current is produced in the circuit, this must be due to some emf produced in the
circuit. This emf produced in the circuit. This emf produced as a result of change in
magnetic field is known as induced emf.

The phenomenon of electromagnetic induction (EMI) is the basis of working of
power generators, dynamos, transformers etc.
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Eddy Currents (or Focalt's currents)
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@) Eddy currents are basically the induced currents set up inside the body of conductor whenever the magnetic flux
linked with it changes.
(ii) Eddy currents tend to follow the path of least resistance inside a conductor. So they from irregularly shaped loops.

However, their directions are not random, but guided by Lenz's law.

(iii) Eddy currents have both undesirable effects and practically useful applications.

Applications of eddy currents

@) Induction furnace (ii) Electromagnetic damping
(iii) Electric brakes (iv) Speedometers
) Induction motor (vi) Electromagnetic shielding
(vii) Inductothermy (viii) Energy meters

ETOOS KEY POINTS

@) These currents are produced only in closed path within the entire volume and on the surface of metal body.
Therefore their measurement is impossible.

(ii)  Circulation plane of these currents is always perpendicular to the external field direction.
(iii)  Generally resistance of metal bodies is low so magnitude of these currents is very high.
(iv)  These currents heat up the metal body and some time body will melt out (Application : Induction furnace)

(v)  Due to these induced currents a strong eddy force (or torque) acts on metal body which always apposes the
translatory (or rotatory) motion of metal body, according to lenz.

(vi)  Transformer

Cause : Transformer core is always present in the effect of alternating magnetic field (B = B sinwt). Due to this
eddy currents are produced in its volume, so a part of magnetic energy of core is wasted as heat.

Remmady : To minimise these losses transformer core should be laminated. with the help of lamination process,

circulation path of eddy current is greatly reduced & net resistance of system is greatly increased. So these

currents become
\_ _J

LC Oscillations

Consider an LC circuit in which a capacitor is connected to an inductor, as shown in Figure.
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Etoos Tips & Formulas

Magnetic Flux :

¢ = B.A =BA cos0 for uniform 3.
o= jﬁdz = for non uniform .

FARADAY'S Laws of Electromagnetic Induction :
@) An induced emfis setup whenever the magnetic flux linking that circuit changes.
(V)] The magnitude of the induced emf in any circuit is proportional to the rate of change of the magnetic

flux linking the circuit, ¢ o ‘cll_‘P .
t

Lenz's Laws :
The direction of an induced emf is always such as to oppose the cause producing it.

do
Law of EMI : e =&

The negative sign indicates that the induced emf oppose the change of the flux.

EMF Induced in a Straight Conductor in Uniform Magnetic Field :
E=BLvsinf
where  B=flux density
L =length of the conductor
v = velocity of the conductor
0 = angle between direction of motion of conductor & B.

EMF Induced in a Rod Rotating Perpendicular to Magnetic Field

) @B
[ & 1

I E=%Bm£3

etoosindia.com

O

Study with Best Etoos Faculties of Kota
IIT-JEE | PRE-MEDICAL | CBSE | FOUNDATION



ELECTROMAGNETIC INDUCTION

Ex. 1

Sol.

Ex.2

Sol.

Ex.3

SOLVED EXAMPLE

A circular coil of radius R is moving in a magnetic
field B with a velocity v as shown in the figure.

TV ®B

Find the emfacross the diametrically opposite points
A andB.

emf= BVI1 =2RvB

effective

Find the emf induced in the rod in the following
cases. The figures are self explanatory.

W

—y T

(@) (h) @B

() \

(a) here V||B So vxB=0

emf= /-(VxB)=0
() here v ||_é

So emf= ?(vxE) =0
(¢c) here B¢

So emf= ?(vxE) =0
Find the emf across the points P and Q which are
diametrically opposite points of a semicircular
closed loop moving in a magnetic field as

shown.Also draw the electrical equivalent circuit
of each branch.

e T
fll./ @ B \"'II
—
P a Q

_—
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Sol. Here v || 7

Soemf= /-(¥xB)=0
Induced emf=0

Pe—/\\\—=Q P /h r\ Q

Figure shows a rectangular loop moving in a uniform
magnetic field .Show the electrical equivalence of
each branch.

Ex. 4

= R

Sol.

Ex.5  Find the emf across the points P and Q which are
diametrically opposite points of a semicircular
closed loop moving in a magnetic field as shown.

Also draw the electrical equivalence of each branch.

W
VR
~—a
Sol. Induced emf=2Bav
2Bav

-
/“"h

A rod of length 1 is rotating with an angular speed
o about its one end which is at a distance ‘a’ from
an infinitely long wire carrying current i. Find the
emf induced in the rod at the instant shown in the
figure.

pe—/\W\\— —=Q

2Bav

Ex. 6
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Exercise # 1 [

1.

v/ A

In electromagnetic induction, the induced e.m.f. in
a coil is independent of

(A) Change in the flux
(B) Time
(C) Resistance of the circuit

(D) None of the above

Lenz’s law is consequence of the law of
conservation of

(A) Charge
(C) Mass

(B) Momentum
(D) Energy

In electromagnetic induction, the induced charge
in a coil is independent of

(A) Change in the flux
(B) Time
(C) Resistance in the circuit

(D) None of the above

The magnetic flux through a circuit of resistance R
changes by an amount A¢ in time A;, Then the

total quantity of electric charge Q , which passing

during this time through any point of the circuit is
given by

A A
(A)Q:A(f (B)Q:AfXR
A A
©Q=-3+k  mO=F

A cylindrical bar magnet is kept along the axis of a
circular coil. If the magnet is rotated about its axis,
then

(A) A current will be induced in a coil
(B) No current will be induced in a coil
(C) Only an e.m.f. will be induced in the coil

(D) An e.m.f. and a current both will be induced in
the coil

10.
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A metallic ring is attached with the wall of a room.
When the north pole of a magnet is brought near
to it, the induced current in the ring will be

.

N

-

(A) First clockwise then anticlockwise
(B) In clockwise direction

(C) In anticlockwise direction

(D) First anticlockwise then clockwise

A coil having an area 4, is placed in a magnetic

field which changes from B;to 4B, in a time

interval ¢. The e.m.f. induced in the coil will be

3A4,B 44,B
) 2 el
3B, 4B,

© 4 ™

The magnetic flux linked with a coil is given by an
equation ¢ (in webers) = g;2 , 37,5 . The induced
e.m.f. in the coil at the fourth second will be

(A) 16 units (B) 39 units

(C) 67 units (D) 145 units

The current flowing in two coaxial coils in the same
direction. On increasing the distance between the
two, the electric current will

(A) Increase

(B) Decrease

(C) Remain unchanged

(D) The information is incomplete

A copper ring is held horizontally and a bar magnet

is dropped through the ring with its length along

the axis of the ring. The acceleration of the falling

magnet while it is passing through the ring is

(A) Equal to that due to gravity

(B) Less than that due to gravity

(C) More than that due to gravity

(D) Depends on the diameter of the ring and the
length of the magnet
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Exercise # 2 [

1.

v/ 4

An inductor coil stores energy U when a current i is
passed through it and dissipates heat energy at the
rate of P. The time constant of the circuit when this
coil is connected across a battery of zero internal
resistance is :

e B~
@) ®) 3

2U 2P
© = )G

A metal rod of resistance 20 Q is fixed along a
diameter of conducting ring of radius 0.1 m and lies

in x-y plane. There is a magnetic field B = (50T) k.

Thering rotates with an angular velocity =20 rad/
s about its axis. An external resistance of 10 Q is
connected across the centre of the ring and rim.
The current through external resistance is

A lA B lA
O ®) 5

1
(C)EA (D) zero

Two inductor coils of self inductance 3H and 6H
respectively are connected with a resistance 10Q2
and a battery 10 V as shown in figure. The ratio of
total energy stored at steady state in the inductors
to that of heat developed in resistance in 10 seconds
at the steady state is(neglect mu

tual inductance between L, and L, ):

L,=3H

HETL T

L, = GH

II‘“JU P ]
A 1 B 1
( )10 ( )100

1

© 1000 )1

—C
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A non conducting ring of radius R and mass m
having charge q uniformly distributed over its
circumference is placed on a rough horizontal
surface. A vertical time varying uniform magnetic
field B = 4t? is switched on at time t=0. The
coefficient of friction between the ring and the table,
if the ring starts rotating at t =2 sec, is :

A) 4gmR B) 2qmR
© 3R o) 2
mg 2mg

A conducting wire frame is placed in a magnetic
field which is directed into the paper. The magnetic
field is increasing at a constant rate. The directions
of induced currents in wires AB and CD are :

x Cx
- < -
f:_‘; <
1 < 0 .
.. .|:| .
(A)BtoAandDtoC (B)AtoBandCtoD
(C)AtoBandDtoC (D)BtoAandCtoD

When the current in the portion of the circuit shown
in the figure is 2A and increasing at the rate of
1 A/s, the measured potential difference V -V, =
8V. However when the current is 2A and decreasing
at the rate of 1A/s, the measured potential difference
V —V, =4V.Thevalues of Rand L are :

|

@
-

[i)]
wud

o
L\.ﬁ.ﬂ.ﬁr{_‘- X
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Exercise 73

1. Asquare loop of conducting wire is placed symmetrically near a long straight current carrying wire as shown. Match the
statements in column-I with the corresponding results in column-II.

Column-I
(A) Ifthe magnitude of current I is increased
(B) Ifthe magnitude of current I is decreased
(C) Ifthe loop is moved away from the wire

(D) Ifthe loop is moved towards the wire

|

&

Column-IT
(P) Current will induce in clockwise direction in the loop
(Q) Current will induce in anticlockwise direction in the loop
(R) wire will attract the loop
(S) wire will repel the loop

(T) loop will rotate when current changes.

The magnetic field in the cylindrical region shown in figure increases at a constant rate of 10.0 mT/s Each side
of the square loop abcd and defa has a length of 2.00 cm and resistance of 2.00 Q . Correctly match the
current in the wire 'ad' in four different situations as listed in column-I with the values given in column-II.

Column-I
(A) the switch S, is closed but S, is open
(B) S, is open but S, is closed
(C) both S, and S, are open
(D) both S, and S, are closed.

____C

India’s No. 1
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Column-II
(P) 5x107A,dtoa
(Q)5x107A,atod
(R) 2.5x10%A,dtoa
(S) 2.5x10%A,atod

(T) No current flows
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Exercise # 4 /

1.

/-

7

In an inductor of self-inductance L = 2 mH, current
changes with time according torelationi=t’¢™. At

what time emfis zero ? [CBSE AIPMT 2001]
(A)4s (B)3s
(0)2s D)1s

The magnetic flux through a circuit of resistance R
changes by an amount A¢ in a time At. Then the
total quantity of electric charge q that passes any
point in the circuit during the time At is represented

by [CBSE AIPMT 2004]
_1.A _Ad
(A) 4= R A B a=7
_Ao _r.A9
©9=% (D) a=R At

As aresult of change in the magnetic flux linked to
the closed loop shown in the figure, an emf'V volt is
induced in the loop. The work done (joule) in taking
a charge q coulomb once along the loop is

[CBSE AIPMT 2005]
A)qV (B) zero
qVv
(©)2qv (D) B3

Two coils of self-inductances 2 mH and 8 mH are
placed so close together that the effective flux in
one coil is completely linked with the other. The
mutual inductance between these coils is

[CBSE AIPMT 2006]
(A) 10mH (B)6mH
(C)4mH (D) 16mH

A long solenoid has 500 turns. When a current of
2 Ais passed through it, the resulting magnetic flux
linked with each turn of the solenoid is4 x 10 Wb.
the self-inductance of the solenoid is

[CBSE AIPMT 2008]
(A)2.5H (B)2H
(O)1H (D)4H

10.
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A circular disc of radius 0.2 m is placed in ac uni-

form magnetic field of induction l(Wb/ m’) in
T

such a way that its axis makes an angle of 60° with
B. The magnetic flux linked with the disc is

[CBSE AIPMT 2008]
(A)0.02 Wb (B)0.06 Wb
(C)0.08 Wb (D)0.01 Wb

A conducting circular loop is placed in a uniform
magnetic field 0.04 T with its plane perpendicular to
the magnetic field. The radius of the loop starts
shrinking at 2 mm s™'. The induced emfin the loop
when the radiusis2 cmis [CBSE AIPMT 2009]
(A)32nuv (B)4.8 Vv
(©)0.8TuVvV D) L.6mTuv

A rectangular, a square, a circular and an elliptical
loop, all in the x y-plane, are moving out of a uni-

form magnetic field with a constant velocity, v =vi .
The magnetic field is directed along the during the
passage of these loops, out ot the field region, will
not remain constant for  [CBSE AIPMT 2009]
(A) the rectangular, circular and elliptical loops
(B) the circular and the elliptical loops

(C) only the elliptical loop

(D) any of the four loops

A conducting circular loop is placed in a uniform
magnetic field, B=0.025 T with its plane perpen-
dicular to the loop. The radius of the loop is made
to shrink at a constant rate of 1 mms™. The induced
emfwhen the radius is 2 cm, is

[CBSE AIPMT 2010]
(A)2mpuvV B)ymuv
i
(©) Y D)2 pV

The current i in a coil varies with time as shown in
the figure. The variation of induced emf with time
would be [CBSE AIPMT 2011]

T4 12314 T
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EE Qs

1. In the figure shown a square loop PQRS of side 'a' and resistance 't' is placed near an
infinitely long wire carrying a constant current I. The sides PQ and RS are parallel to
the wire. The wire and the loop are in the same plane. The loop is rotated by 180° about

STRAIGHT OBJECTIVE TYPE

an axis parallel to the long wire and passing through the mid points of the side QR and Q RT
PS. The total amount of charge which passes through any point of the loop during | T
rotation 1s : =
Ia uola i
(A) 2o o (B) == /2
2mr
uola2 . . .
© ) (D) cannot be found because time of rotation not give.
nr
2. A wooden stick of length 3/ is rotated about an end with constant angular velocity m in a uniform magnetic

field B perpendicular to the plane of motion. If the upper one third of its length is coated with copper, the
potential difference across the whole length of the stick is

9Bw!> 4B/ - W I Soaling
coating
A (B) % x
W= 2 %
5Bo/? Bw/? ’ JL .
C D
© 5 (D) 5 _
3. PQ is an infinite current carrying conductor. AB and CD are smooth conducting rods on which a conductor EF
moves with constant velocity V as shown. The force needed to maintain constant speed of EF is.
2 r P ApaaRamC
1 v b v b)|1
A) ——| = fn(—j ®) | B =en | 2 ||
VR| 2n a | 2m a/|R i E: ] F
W
s _
v A" v b =
(©) “O—fn(hj g (D) “O—Zn[—j :
2n a R L 21 a a P le o
4. Rate of increment of energy in an inductor with time in series LR circuit getting charge with battery of e.m.f. E is best
represented by: [ inductor has initially zero current ]
au | /N du
dt J A E f‘ml
(4) . (B) dt|/ |
| i ¥ | t n *
du
dt du
(C) (D) dt \\h_

| t

—
h J
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