CHAPTER 6

Electromagnetic Induction

Syllabus

o Electromagnetic induction and eddy current: Introduction, Faraday’s law, Magnetic flux, Lenz’s law and
conservation of energy, Fleming’s right hand rule; Eddy current, application of eddy current.

o Inductance: Introduction, Mutual inductance, Self-inductance, Motional electromotive force.

o AC generator: Introduction; Principle, Construction and working.

ELECTROMAGNETIC INDUCTION

Electromagnetic Inductance AC Generator

Induction and
Eddy Current

Construction and Working
(Alternating voltage may be
generated by rotating a coil

in the magnetic field or by

rotating a magnetic field within
a stationary coil)

Principle
(Works on the principle of
electromagnetic induction)

Mind Map 1: Electromagnetic Induction at a Glance



Faraday’s Law
» First Law: When a conductor is placed in varying magnetic field an emf is induced
* Second Law: Induced emf is equal to the rate of change of flux linkage

Induced emf: e = —d—¢
dt

» Faraday’s law: e=—N % where N is the number of turns of coil

Magnetic Flux
(Number of lines of magnetic field passing through a circuit) d¢ = B.dA

Lenz’s Law and Conservation of Energy
(Direction of induced emf or current in a circuit is such that it opposes the cause due to
which it is produced)

ELECTRO
MAGNETIC
INDUCTION
AND EDDY
CURRENT

Fleming’s Right Hand Rule
(Induced current in a coil rotted in uniform magnetic field),
— _NBAwsinwt _e N d¢

[=rioio— - =
R R R dt

N
Induced charge dg = Idt = X d¢

Eddy Current

— (Localised electric current induced in a conductor by a varying magnetic field)

Application of Eddy Current
Electromagnetic damping
Induction furnace
Magnetic brakes
Electric power meter

Mind Map 2: Electromagnetic Induction and Eddy Current at a Glance

INDUCTANCE

Mutual Inductance

e Flux linked to a coil,
Nopocl
N¢ =MI

where M is the
coefficient of mutual
inductance
e Coefficient of mutual
inductance between
two long solenoids
UN/N,A
l

M=

Self-Inductance
e Flux linked to a coil,

N oc 1
N¢=LI
where L is the coefficient of self-
inductance
e Coefficient of self induction for a
2
solenoid L= BN"A

Motional Electromotive Force
Motional emf, e = vBI

In vector, e = (;.E) x1

Metallic rod of length I rotating about one
of its ends in a plane perpendicular to the
magnetic field

Bol®

Emf, e = = BAv

@

Mind Map 3: Inductance at a Glance
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RECAP

Electromagnetic Induction and Eddy Current

Introduction

o When ever there is a change in magnetic field, an electromotive force (emf) is generated. This phenomenon is
called Electromagnetic Induction.

o The emf generated is called induced emf and the current that flows in a closed circuit due to the induced emf is
called induced current.

o The working of power generators, dynamos, transformers, etc. are based on the phenomenon of electromagnetic
induction.

o Electromagnetic induction is based on the law of conservation of energy in which mechanical energy changes to
electrical energy.

Faraday'’s Law

o First Law: When a conductor is placed in varying magnetic field an emf is induced, called induced emf. In a
closed conductor circuit a current is also induced, called induced current.
o Second Law: Induced emf is equal to the rate of change of flux linkage.

d
Induced emf: e __% .
dt
Here, negative sign indicates the direction of magnetic flux ¢.
L d
o Faraday’s law is written as: e=— d_q:

where, e is the induced emf and A is the number of turns of the coil.
o Induced emf:
= In rotating coil:
+ e=2nvBNAsinwt

= In a straight conductor in translational motion:
¢+ e=Blv

= In a straight conductor in rotational motion:
1
+ e=Bvnl’= EBlza)

= Peak value:
¢ e, =2nvBNA

Magnetic Flux

o The number of lines of magnetic field passing through a circuit is called Magnetic flux. It is denoted by ¢.
o SI unit of Magnetic flux is Weber (Wb) and Maxwell in CGS unit. Its dimensional formula is: [M'LT'TA™]

o The scalar product of field vector (E ) and area vector (d;{) gives the magnetic flux crossing certain area and is

given as:
d¢ = B.dA
= For uniform magnetic field:

¢=B
¢ =BAcos6



[n}

+ When
0=0
= cosf =1
¢ =BA
+ When
0 =90° cos90°=1
.~ ¢=BAcos90°=0
Magnetic Flux Density:
= Magnetic flux is given by: d¢ = B.dA

« For Bparallel to dA , we have
d¢ = B(dA)cos0°= B(dA)
=
dA

= Magnetic induction is equal to the magnetic flux density. In other words, magnetic field may be measured in
terms of the magnetic flux density.
= From above equation,

Unit of B = JRitofdo
Unit of dA
orT= W—Zb
m

i.e., Tesla = Weber per square metre

Lenz’s Law and Conservation of Energy

o

Fleming’s Right-Hand Rule

o

Eddy Current

[n}

Lenz’s law states that the direction of induced current is always such that it opposes the

change in the circuit or the magnetic field which produces it. \4/
: : o dp
The expression for the emf induced by the electromagnetic induction is given by e = —d—(f . (@
Where negative sign shows that induced emf opposes the cause due to which it is produced. .
Lenz’s law gives the relation between current and magnetic field. ¥
It is based on the law of conservation of energy and Newton’s third law. )
Positive e shows decrease in flux and negative e shows increase in flux. Figure: Illustration
The value of e is equal to the negative slope of ¢-¢ curve. of Lenz’s Law

Fleming’s right-hand rule is used for generators to shows the direction of induced current
when a conductor attached to a circuit moving in a magnetic field. According to Fleming’s
right hand rule, when we stretch the forefinger, central finger and thumb of our right hand in
mutually perpendicular directions such that the forefinger points along the direction of the
magnetic field and the thumb is set along the direction of motion of the conductor, then the

Figure: Fleming’s

. o . . . right hand rule
central finger gives the direction of the induced current or emf. The direction of the induced &
current given by Lenz’s law is same as the direction given by Fleming’s ~ ‘ ‘
. Coil's magnetic
right hand rule. Coil field

Eddy current's
Eddy currents are induced in a closed loop by changing the magnetic iy magnetic field
fields, perpendicular to the magnetic fields. current
Eddy currents are produced in the cores of transformer, in induction
coil, electric motor, electromagnet, etc.

Lenz’s law or Fleming’s right hand rule give the direction of eddy currents. : ) )
Figure: Eddy current due to magnetic field

Conductive
material

@
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o Magnetic brakes in train: Electrically powered trains are fitted with strong electromagnets. Eddy currents are
induced in the rails when electromagnets are activated which opposes the motion of the train. No mechanical
linkage provides smoothness to the braking effect.

o Electromagnetic damping: If we take a nonmagnetic metallic hollow cylinder and drop a magnet through the
cylinder, we see that the magnet comes out slowly through the other side of the cylinder. This is due to the eddy
current produced in the cylinder which opposes the motion of the magnet.

Application of Eddy Current

Inductance

Introduction

o Inductance is the property of an electric circuit by which an emf is induced in the circuit or neighbouring circuit
when a varying current passes through it.
o A device used for storing energy in a magnetic field is known as an inductor. A coil or solenoid is used as

inductor. It is denoted by,

Figure: Symbol of
inductor
o The energy stored in the inductor is in the form of magnetic energy. It is given by:

U:lLI2
2

Mutual Inductance

o Mutual inductance is the property by which an induced emf is produced in the coil when a varying current passes
through the neighboring coil.
o The flux linked to the coil of NV turns is proportional to the current passing through the coil, i.e.

NpocI
N¢=MI

where, M = coefficient of mutual induction of the coil.
o Let, the instantaneous current in the circuit /. The magnetic flux linked with the secondary coil is ¢. Then the
magnetic flux is proportional to the current. That is,

gocl
= ¢=MI

where, M = constant of proportionality.
o Constant of proportionality is also called coefficient of mutual induction.
» The induced emf in the secondary coil is given by,
do M dl

e=——"—=—

dt dt

o The negative sign in the above equation states that the induced emf in the secondary coil opposes the variation of
current in the primary coil. It is according to the Lenz’s law.

o Coefficient of mutual induction is the ratio of induced emf in the secondary coil to the rate of change of current
in the primary coil.

o The unit of mutual induction is Henry (H) in SI system and Stat Henry in CGS system.

o Mutual inductance is also measured in Wb/A or volt second/ampere. Its dimensional formula is: [M'L'T*A™]

o Coefficient of coupling (K): A measure of the coupling between the two coils is called coefficient of coupling is
and is given by

M

JLL,

where, L, and L, are coefficient of self induction of the two coil and M is the mutual inductance of the two coil.

@

K=




o

The coefficient of mutual inductance of two long coaxial solenoids, each of length / and area of cross section A4,
wound on the core is,

UN N, A
)

where, 4 is the permeability of the material, N; and N, are the total number of turns of the two solenoids.
Mutual Inductance:
= Two concentric coplanar circular coils:

_ i, N,N,r’
2R

M:

M

= Two solenoids:
Mo pu,N,N,A
= Two concentric coplanar square coils:
JY 22N N, 1
nL

Mutual inductance for two coils in series:

L=L +L,+2M
Mutual inductance for two coils in parallel:
_ LL,-M
"L +L,+2M

Self-Inductance

o

An emf is induced in a single isolated coil due to the change in flux through the coil by passing a varying current
in the same coil. This phenomenon is called Self-Inductance.
The flux linked to the coil of N turns is proportional to the current passing through the coil, i.e.
N oc
N¢=LI
where, L = coefficient of self induction or self-inductance of the coil.
Let, the instantaneous current in the circuit is /. The magnetic flux linked with the solenoid is ¢. Then,
pocl
= ¢=1LI
where, L is constant of proportionality called the coefficient of self induction.
The induced emf in the coil is given by
do__ dI
dt dt

The negative sign in the above equation states that the induced emf opposes the variation of current in the coil.
Self-inductance is the ratio of induced emf in the circuit to the rate of change of the current in the circuit.

The coefficient of self induction of a coil is said to be one Henry if induced emf equal to 1 V is produced in the
coil, when the current in it changes at the rate of one ampere per second.

The unit of self induction is Henry (H) in SI system and stat Henry in CGS system.

Self-inductance is also measured in Wb/A or volt second/ampere. Its dimensional formula is: [M'L'T?A”]

Self-inductance:
= For a circular coil:

1, tN*r
2

L=

od
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= For a solenoid:

_ MM N'A _ uN’A
I )

w(H=Ru,)

L

« For a toroid:
L= Ml
2
= For a square coil:
Z\Ep.ON ‘a
= —

L

= For a coaxial cylinder:

R 2.303 R
L:ﬁlo e T 1, log,, —
2nr r 2nr r

o Self-inductance for two coils in series:
Li=L +L,

o Self-inductance for two coils in parallel:
1 1 1

- =4
L, L I,

P

Motional Electromotive Force

o Ifarod of length / moves perpendicular to a magnetic field B with a velocity v, then the induced emf produced
across it is given by, & =vBI

In general, we have E = (¥.B)x1

o If a metallic rod of length / rotates about one of its ends in a plane perpendicular to the magnetic field, then the
induced emf produced across its ends is given by,

B 2
&= C;)I = BAv

Here, @ = angular frequency of rotation,
A = n/? = area of circle and
v = frequency of rotation
o If a metallic disc rotates about its own centre in a plane perpendicular to the magnetic field B, then the induced
emf is produced between the centre and the edge. The induced emf is given by,

_ Bor®

P = BAv

Here, w = angular velocity of rotation,

A = nr? area of disc and
v = frequency of rotation

Mustration 1

A long solenoid of length 1 m, cross sectional area 10 cm?, having 1000 turns has wound about its centre a small
coil of 20 turns. Calculate the mutual inductance of the two circuits. What is the emf in the coil when the current
in the solenoid changes at the rate of 10 A/s?
Soln.

Let N, = number of turns in solenoid

®



N, = number of turns in coil

A, and A4, be their respective areas of cross-section.

(4, = A, in this problem)

Flux ¢, through coil created by current /, in solenoid is ¢, = N,(B/A,)
¢, =N,(u,I,N, /DA,

Or, ¢, =(u,N,N,A, /DI,

Comparing with ¢, = M1, we get,

Mutual inductance,

[4mx107 x1000x20x10x107*]
1

M=p,NN,A, /= =2.51x10" H

So, magnitude of induced emf,
dl,

E, =M|—
dt

2

AC Generator

Introduction Magnetic poles

[n}

[n}

Principle

o

. . Sy . Magnetic flux
An electrical machine which is used to convert the mechanical R —

energy to electrical energy is known as A.C. generator/alternator.
If the electric current produced varies in direction alternatively, it
is called alternating current.

. Wire loo
L . . Slip rings AV P
It works on the principle of electromagnetic induction i.e., when prme (the conductor)

a coil is rotated about an axis perpendicular to the direction of Cbon
uniform magnetic field, an induced emf is produced across it. Axis of brushes
rotation
Construction and Working Figure: Circuit diagram of AC generator

o

The A.C. generator consists of an armature coil (having N turns) of insulated copper wire wound over a soft iron core, a
strong permanent magnet or an electromagnet whose poles (N and S) are cylindrical in shape in a field magnet.

The armature coil rotates between the pole pieces of the field magnet. The uniform magnetic field provided by the
field magnet is perpendicular to the axis of rotation of the coil.

Two brass slip rings R, and R, are connected to the two ends of the armature coil. These rings rotate along with
the armature coil.

Two carbon brushes (B, and B,), are pressed against the slip rings. The brushes are fixed while slip rings rotate
along with the armature. These brushes are connected to the load through which the output is obtained.

When the armature coil rotates in the magnetic field provided by the strong field magnet, it cuts the magnetic lines
of force. Thus, the magnetic flux linked with the coil changes and hence induced emf is set up in the coil. The
direction of the induced emf or the current in the coil is determined by the Fleming’s right hand rule.

The current flows out through the brush B, in one direction of half of the revolution and through the brush B, in the
next half revolution in the reverse direction. This process is repeated. Therefore, emf produced is of alternating nature.

_Ndg
dt
Where, e = NBA®

e= = NBAwsinot = e, sinwt

=5 =%sinot= I sinot
R R

Where, R is the resistance of the circuit.

od
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PRACTICE TIME

(¢) Magnetising a soft iron piece by placing inside
a current carrying solenoid

Electromagnetic Induction and Eddy
Current

(d) Charging a storage battery

9. The magnetic flux (¢) linked with a coil due to its
A moving conductor coil in a magnetic field pro- own magnetic field is related to the number (V) of
duces an induced emf. This is in accordance with: turns of the coil as:
(a) Lenz’s Law (b) Coulomb’s Law (@) ¢cN* (b) pcN™'
(c) Faraday’s Law (d) Ampere’s Law
The force between two current carrying parallel () ¢xN (d) gocN”
wires is due to:
(a) magnetic effect of electric current 10. In electromagnetic induction, the induced charge is
(b) electrostatic Interaction independent of: .
(c) electromagnetic induction EE)) Zijrslta:(;; Efl;he coil
(d) electric effect of magnetic field ©) timeg (d) None of these
An induced emf'is produced when a magnet is plunge 11. A current carrving solenoid is approaching a con-
into a coil. The strength of the induced emf is inde- ducti fryme . PP gace
ucting loop as shown in the figure. The direction
?ae)ndzrllltrr(:lf:er of turns of coil of induced current as observed by an observer on the
(b) speed with which the magnet is moved other side of the loop will be:
(c) the strength of the magnet
(d) the resistivity of the wire of the coil () % % % % % % % % > @
The magnetic flux through a coil is inversely propor- v
tional to: /{\ \}/
(a) magnetic field (b) number of turns
(c) area (d) none of these (a) clockwise (b) anti-clockwise
Faraday’s laws are consequences of conservation of: (c) east (d) west
(a) energy and magnetic field 12. A copper rod moves parallel to the horizontal direc-
(b) energy tion. The induced. emf devgloped across its ends due
(c) magnetic field to earth.’s magnitlc field will be.max1mltm at the:
(d) charge (a) latitude 30 (Z) latitude 60
A coil of insulated wire is connected to a battery. If 13 Elf: ) . equator . .( ) po. es. . )
it is taken to galvanometer, its pointer is deflected, + Toinducean e@fln a coil, the linking magnetic flux:
because: (a) must remain constant
(a) the number of turns in the coil of the galvanom- (b) can either increase or decrease
eter are changed (¢) must increase
(b) the coil acts like a magnet (d) must decrease
(c) the induced current is produced 14. The magnetic ﬂu.x linked With a coil of N turns of
(d) none of these area of cross section 4 held with its plane parallel to
Lenz’s law gives: EZ; ﬁj\lrig 5 (b) Zero
(a) the direction of the induced current
(b) the magnitude of the induced emf (c) NAB (d) NAB
(c) the magnitude of the induced current 2 4
(d) both the magnitude and direction of the induced  15. Flux of magnetic field through an area bounded by a

current

Which of the following phenomena makes use of
electromagnetic induction?

(a) Magnetising an iron piece with a bar magnet
(b) Generation of hydroelectricity

closed conducting loop can be changed by changing:
(a)

(b)
(©

(d)

magnetic field B

area of the loop —
angle between area vector and B

All of the above



16.

17.

18.

19.

20.

21.

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

_A¢ _ A
(a) Q——R (b)) Q R_At

_1A¢ _A¢
© Q_R At @ Q At

A coil has 200 turns and area of 70 cm’. The mag-
netic field perpendicular to the plane of the coil is
0.3 Wb/m? and take 0.1 s to rotate through 180). The
value of the induced emf will be:

(a) 84V (b) 42V
(c) 84V (d) 42V
The expression for the induced emf contains a nega-

tive sign [e = —Z—q:j . What is the significance of the

negative sign?
(a) The induced emf is opposite to the direction of
the flux.

The induced emf is produced only, when the

magnetic flux decreases.

(b)
(¢) The induced emf opposes the changes in the
magnetic flux.

(d) None of the above

In a coil of resistance 10 Q, the induced current
developed by changing magnetic flux through it, is
shown in figure as a function of time. The magnitude
of change in flux through the coil in Wb is:

I(amp)

4

0 01" 1)
(@) 2 (b) 4
(©) 6 ) 8

Lenz’s and Faraday’s law is expressed by the follow-
ing formula (here e=induced emf, ¢=magnetic
flux in one turn and N = number of turns):

() e= N (b) e=N—
_ dN __d )
(© o= dt @ e= dt(NJ

A rectangular coil of 100 turns and size 0.1 m x 0.05
m is placed perpendicular to a magnetic field of 0.1 T.
If the field drops to 0.05 T in 0.05 s, the magnitude of
the emf induced in the coil is:

(@) 05 (b) 3

() 2 (d) 6

22.

23.

24.

25.

26.

27.

28.

The magnetic flux associated with a conductor
increases from zero to 0.8 Wb in 0.2 s. The induced
emf is:

1

(a) 3 (b) 2
1

(©) Z (d) 4

A coil of area 10 cm? has 200 turns. Magnetic field
of 0.1 Wb/m? is perpendicular to the coil. The field is
reduced to zero in 0.1 s, the induced emf in the coil
is:

(a) Zero (b) 02V

(o 1V (d 2V

A loop of wire is placed in a magnetic field
B =0.02i T.Then the flux through the loop if its area
vector A =30i +16j+23k cm? is:

(a) 30 uWb (b) 46 uWb

(¢c) 60 uWb (d) 138 uWb

Fig shown below represents an area 4 = 0.5 m?
situated in a uniform magnetic field B = 2.0 Wb/m?
and making an angle of 60° with respect to mag-
netic field.

The value of the magnetic flux through the area
would be equal to:

() 3 Wb

(c) 0-5Wb (d) 2 Wb

A square coil of 1072 m? area is placed perpendicular
to a uniform magnetic field of intensity 103 Wb/m?.
The magnetic flux through the coil is:

(a) 10° Wb (b) 10 Wb

(c) 100 Wb (d) 10° Wb

Magnetic Flux linked with a coil is ¢ = 52 + 2¢ +
3, where ¢1is in s and ¢ is in Wb. At time 7 =1 s, the
value of induced emf is:

(a) 12V (b) 6V

(o) 12V (d) 14V

A copper disc of radius 0.1 m is rotated about its cen-
tre with 20 revolutions per second in a uniform mag-
netic field of 0.2 T with its plane perpendicular to the
field. The emf induced across the radius of disc is:

(b) \/3/2Wb

2+

= b) 4nx107 V
(a) o (b) 4n

# 2
(©) EV (d) 2nx107° V



29.

30.

31.

32.

33.

When strength of eddy currents is reduced, as dissipa-
tion of electrical energy into heat dependsonthe A
of the strength of electrical energy into heat depends on
the A ofthe strength of electric current heat loss is
substantially B . Here, A and B refer to:

(a) square, reduced

(b) cube, increase

(c) inverse, increased

(d) inverse, decreased

A rectangular coil of size 10 cm x 20 cm has 60 turns.
It is rotating about one of its diagonals in magnetic
field 0.5 Wb/m? with a rate of 1800 revolution per
minute. The induced emf in the coil can be:

(1) 111V (ii) 112 V (iii) 113 V (iv) 114 V

(a) (i) and (ii) are correct

(b) (i) and (iii) are correct

(c) (ii) and (iv) are correct

(d) (i), (i1) and (iii) are correct

An aircraft with a wingspan of 40 m flies with a
speed of 1080 km/hr in the eastward direction at a
constant altitude in the northern hemisphere, where
the vertical component of the earth’s magnetic field
1.75 x 1073 T. Then the emf developed between the
tips of the wings is:

(a) 2.1V (b) 0.21V

() 034V (d) 0.5V

The variation of induced emf (¢) with time (¢) in a
coil if a short bar magnet is moved along its axis with
a constant velocity is best represented as:

(a)

e
IAM

(b) 18
t

() f
Mr

(d) e]

An electron moves along the line AB, which lies in
the same plane as a circular loop of conducting wires
as shown in the diagram. What will be the direction
of current induced if any, in the loop?

34.

35.

36.

37.
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A—»—>—B

(a) The current will change direction as the elec-
tron passes by

(b) The current will be anticlockwise
(c)
(d)
A coil of resistance 400 Q is placed in a magnetic
field. If the magnetic flux ¢ (WD) linked with the coil
varies with time ¢ (sec) as ¢ = 5072 + 4. The current in
the coil at =2 s is:

(a) 0.1A (b) 1A

() 05A (d 2A

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:

The current will be clockwise
No current will be induced

4
(a) In clockwise direction
(b)
(c)
(d)
A conducting square frame of side a and a long
straight wire carrying current / are located in the
same plane as shown in the figure. The frame moves
to the right with a constant velocity v. The emf
induced in the frame will be proportional to:

In anticlockwise direction
First clockwise then anticlockwise
First anticlockwise then clockwise

:_'»V
—=
@ — (b) ﬁ
© —— (@ :

2x—a)’ 2x—a)2x+a)

Which of the following statements are correct?

(i) A permanent magnet is used in a small dynamo.

(i) The current produced by an AC generator
changes in direction only.

(iii) The direction of the current produced by elec-
tromagnetic induction is given by Lenz’s law.

(iv) Generators work on the principle of electro-
magnetic induction. @



38.

39.

40.

41.

42.

43.

44.

45.

(a) (i) and (iii) (b) (i) and (iv)

(c) (iii) and (iv) (d) (i), (ii) and (iii)

A 100 turns coil of area of cross section 200 cm? hav-
ing 2 Q resistance is held perpendicular to a magnetic
field of 0.1 T. If it is removed from the magnetic field
in one s, the induced charge produced in it is:

(a) 0.1C (b) 0.2C

(o 1C (d 2cC

A circular coil of mean radius of 7 cm and having 4000
turns is rotated at the rate of 1800 revolutions per min-
ute in the earth’s magnetic field (B = 0.5 gauss), the
maximum emf induced in coil will be:

(a) 029V (b) 0.58V

(o) 1.158V (d) 5.8V

Eddy currents may be reduced by using:

(a) thick piece of cobalt

(b) thick piece of nickel

(c) laminated core of steel

(d) laminated core of soft iron

When a small piece of wire passes between the mag-
netic poles of a horse-shoe magnet in 0.1 s, emf of
4 x 1073 Vis induced in it. The magnetic flux between
the poles is:

(a) 4x10*Wb (b) 4 %1072 Wb

(c) 4x1073 Wb (d) 4x10°Wb

A metal disc of radius 100 cm is rotated at a constant
angular speed of 60 rad/s in a plane at right angles to
an external field of magnetic induction 0.05 Wb/m?.
The emf induced between the centre and a point on
the rim will be:

(@ 9V (b) 6V

(o 3V (d 15V

The magnetic flux lines of 3 x 10™* Wb are passing
through a coil of 100 turns. If the emf induced in the
coil is 1.5V, the time interval will be:

(@) 0.1s (b) 0.02s

(¢) 045 (d) Is

A metal plate can be heated by:

(a) placing in a space varying magnetic field, but
does not vary with time

(b)
(c)

placing in a time varying magnetic field
passing either a direct or alternating current
through the plate

(d) both (b) and (c) are correct

A solenoid has 2000 turns wound over a length
of 0.3 m. Its cross-sectional area is 1.2 x 1073 m?.
Around its central section a coil of 300 turns is
wound. If an initial current of 2 A flowing in the
solenoid is reversed in 0.25 s, the emf induced in
the coil will be:
(@) 24x102V
(c) 48x102V

(b) 2.4 x 1074V
(d) 4.8 x 104V

46.

In the given table, column I contains terms and col-
umn II contains their SI units.

Column I Column IT
(Term) (SI Unit)
A Electromotive (1) Weber (WD)
force
B Magnetic Flux (i) Henry (H)
C Magnetic field  (iii) Volt (V)
D Inductance (iv) Tesla (T)

Match column I and column II and choose the cor-
rect combination from the given options.

(a) A-(iv), B-(iii), C-(i), D-(ii)

(b) A-(iii), B-(i), C-(iv), D-(ii)

(c) A-(iii), B-(ii), C-(iv), D-(i)

(d) A-(ii), B-(i), C-(iv), D-(iii)

Inductance

47.

48.

49.

50.

51.

52.

When current changes from 13 A to 7 Ain 0.5 s
through a coil, the emf induced is 3 x 10~* V. The
coefficient of self induction is:

(a) 25x10°H (b) 25x10° H

(c) 25x10* H (d) 25x10° H

If a current of 3 A flowing in the primary coil is
reduced to zero in 0.01 s then the induced emf in
the secondary coil is 1500 V, the mutual inductance
between the two coils is:
(a) 05H

(c) 5H

(b) 1.5H
(d) 10H

Magnetic flux of 10 uWb is linked with a coil, when
a current of 2 mA flows through it. What is the self-
inductance of the coil?
(a) 20 mH
(¢) 15mH

For two coils with number of turns 500 and 200 each
of length 1 m and cross-sectional area 4 x 107* m?,
the mutual inductance is:
(a) 0.5uH

(c) 5uH

(b) 10 mH
(d) SmH

(b) 0.5H
(d) 0.05 mH

When current / passes through an inductor of self-
. o1 L
inductance L, energy stored in it is ;LI ?. This is
stored in the

(a) electric field
(c) wvoltage

(b) magnetic field
(d) current

What is the minimum value of inductance that can
be obtained with the help of three inductances of
2 H, 3 H, and 6 H?



53.

54.

5S.

56.

57.

58.

1
(b) EH

H (d 11H

[Hint: Connect in parallel.]

A small coil of N, turns, /, length is tightly wound
over the centre of a long solenoid of length /,, area of
cross-section 4 and number of turns N,. If a current /
flows in the small coil, then the flux through the long
solenoid is:

N N AI
(a) Zero (b) M
l,
2
(c) OCOI\III Al (d) Infinite

1

Which of the following is not a factor to determine
the mutual inductance of the two coils?

(a) Current through each coil

(b) The number of turns of each coil

(c) Separation between the coils

(d) The shape of each coil

A coil of wire of radius R has 200 turns and a self-
inductance of 108 mH. The self-inductance of a sim-
ilar coil of 500 turns will be:

(a) 375 mH (b) 675 mH

(¢) 527 mH (d) None of these

A circular coil of radius 5 cm has 500 turns of a
wire. The approximate value of the coefficient of self
induction of the coil will be:

(@) 25x 1073 mH (b) 25 mH

(c) 50x103H (d) 50 x 103 mH

[Hint: Magnetic field at the centre of circular coil
carrying current is given by, B :%l ~M]

T r
A coil is wound on a frame of rectangular cross-
section. If all the linear dimensions of the frame are
increased by a factor two and the number of turns per
unit length of the coil remains the same, self-induct-
ance of the coil increases by a factor of:
(a) 16 (b) 12
(c) 8 (d) 4

Two circular coils can be arranged in any of the three
situations shown in the figure. Their mutual induct-
ance will be:

o 0

o 0
(1) (i1) (iii)
(a) The same in all situations
(b) Maximum in (i)

59.

60.

61.

62.

63.

64.

65.

66.

Electromagnetic Induction [@ETIi=IE | 6 | -

(¢) Maximum in (ii)
(d) Maximum in (iii)

A long solenoid has 1000 turns. When a current of
4 A flows through it, the magnetic flux linked with
each turn of the solenoid is 4 x 1073 Wb. The self-
inductance of the solenoid is:

(@ 1H (b) 2H

(c) 3H (d) 4H

Mutual inductance of two coils can be increased by:
(a) winding the coils on wooden cores

(b) decreasing the number of turns in the coils

(¢) increasing the number of turns in the coils

(d) none of these

The coefficient of self-inductance of a solenoid is
0.18 mH. If a core of soft iron of relative permeabil-
ity 900 is inserted, then the coefficient of self-induct-
ance will become nearly:
(a) 0.0002 mH

(c) 5.4 mH

(b) 0.006 mH
(d) 162 mH

The mutual inductance between two coils depends
upon
(a)
(b)
(c)
(d)

A gramophone disc of brass of diameter 30 cm
rotates horizontally at the rate of 100/3 revolutions
per minute. If the vertical component of the earth’s
magnetic field be 0.01 Wb/m?, then the emf induced
between the centre and the rim of the disc will be:
(@) 3.9x10*V (b) 2.32x 1074V

(c) 7.065x 1074V (d) None of the above

medium between the coils
separation between coils
neither A nor B

both A and B

If the magnetic flux linked with a coil through which
a current is x A is set up is y Wb, then the coefficient
of self-inductance of the coil is:

@ ~H (b) xy H
y
() x-yH ) %H

The mutual inductance between two coils is 1.25 H.
If the current in the primary changes at the rate of
80 A/s, then the induced emf in the secondary is:

(a) 0.0l6V (b) 125V

(c) 640V (d) 100.0V

A copper disc of radius 0.1 m rotates about its centre
with 10 revolutions per second in a uniform magnetic
field of 0.1 T. The emf induced across the radius of

the disc is:
(a) 10t mV (b) 20r mV
(¢) 2m/10V (d) ©/10V

@



67

68.

69.

70.

71.

72.

73.

74.

Self-inductance when the number of turns of a
coil is doubled.

(a) ishalved

(b) is doubled

(c) becomes four times

(d) becomes one quarter

Self induction of a solenoid is:

(a) inversely proportional to area of cross section

(b) directly proportional to area of cross section

(c) directly proportional to its length

(d) directly proportional to current flowing through
the coil

Two solenoids of same cross sectional area have
their lengths and number of turns in ratio of 1:2 both.
The ratio of self-inductance of two solenoids is:

(@) 1:2 (b) 2:1

(c) 14 (d) I:1

A 50 Hz AC current of crest value 1 A flows through
the primary of a transformer. If the mutual induct-
ance between the primary and secondary be 0.5 H,
the crest voltage induced in the secondary is:

(a) 100V (b) 150V

(¢) 200V (d) None of the above

A coil of wire of a certain radius has 600 turns and a
self-inductance of 108 mH. The self-inductance of a
second similar coil of 500 turns will be:

(a) 77 mH (b) 76 mH

(¢) 75mH (d) 74 mH

The inductance of a closed-packed coil of 400 turns
is 8 mH. A current of 5 mA is passed through it. The
magnetic flux through each turn of the coil is:

(a) 0.do, Wb (b) —p, Wb
2n
1 1

() —u, Wb (d) —n, Wb
3n 4r

For perfect coupling of two coils of inductance L, and
L, their mutual inductance M should be given by:

@ M=JIL, ) M=

© M:[i—l] @  M=LL,

The equivalent inductance of two inductors is 2.4
H when connected in parallel and 10 H when con-
nected in series. The difference between the two
inductances is:
(a) 4H
(c) 2H

(b) 3H
) 5H

75.

76.

77.

78.

79.

80.

81.

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

[Hint: p,=4n x 107" TmA™']
(@) 24nx10%H  (b) 487 x 104H
(© 24nx10°H  (d) 48t x 105 H

In an inductor of inductance L = 100 mH, a current of
I=10 A is flowing. The energy stored in the inductor
is:
(a)
(c)

The total inductance between A and D in the given fig-
ure is:

1000 J
10J

(b) 1007
(d) 57

D
——n S1322

A 3H 3H m
(a) 0.66 H (b) 0.99 H
() 1H (d) 9H

The figure shows a wire sliding on two parallel con-
ducting rails placed at a separation /. A magnetic
field B exists in a direction perpendicular to the plane
of the rails. The force required to keep the wire mov-
ing at a constant velocity v will be:

X X X X X

X X X
X[ X X
X _X>V><

(a) Zero (b) Blv
B
(c) _}tlonlv (d) evB

What will be the self-inductance of a coil of 100
turns if a current of 5 A produces a magnetic flux of
5% 107 Wb?
(a) 1uH
(¢) ImH

If the current 30 A flowing in the primary coil is
made zero in 0.1 s. The emf induced in the second-
ary coil is 1.5 V. The mutual inductance between
the coil is:
(a) 0.1H

(¢) 0.05H

(b) 10 uH
(d) 10 mH

(b) 02 H
(d) 1.05H

The physical quantity which is measured in the unit
of WbA™! is:

(a) magnetic flux (b) self-inductance

(¢) mutual inductance (d) both (b) and (¢)



82.

83.

84.

85.

86.

87.

88.

89.

A square frame of side 10 cm and a long straight wire
carrying current 1 A are in the plane of the paper.
Starting from close to the wire, the frame moves
towards the right with a constant speed of 10 ms™!
(see figure). The emf induced at the time the left arm
of the frame is at x = 10 cm from the wire is:

I=1A
X
—>V
10 cm
(a) 0.5uv (b) 0.75 uv
(¢) 1uv (d) 2 pv

The self-inductance of two coils of a transformer is
20 mH and 30 mH. What is the resistance between
them?

(a) Infinite
(c) 1.5Q

The coefficient of mutual inductance of two coils is
6 mH. If the current flowing in one is 2 A, then the
induced emf in the second coil will be:

(a) Zero (b) 2mV

(¢) 3mV (d 3V

(b) Zero
(d) 600 Q

An emf of 12 V is induced in a given coil when the
current in it changes at the rate of 48 A/min. The
inductance of the coil is:
(a) 9.6H

(c) 025H

(b) 15H
d 1.5H

The mutual inductance of a pair of coils is 0.75 H. If
current in the primary coil changes from 0.5 A to zero
in 0.01 s, find average induced emf in secondary coil:
(a) 225V (b) 12.5V
(c) 255V (d) 375V

An air cored solenoid is of length 0.3 m, area of cross
section 1.2 x 1073 m? and has 2500 turns. Around its
central section, a coil of 350 turns is wound. The sole-
noid and the coil are electrically insulated from each
other. Calculate the emf induced in the coil if the ini-
tial current of 3 A in the solenoid is reversed in 0.25 s.
(a) 0.1056 V (b) 0.1056 x 103V

(¢) 2.1056V (d) 2.1056 x 103V

The induced emf in a coil is proportional to:

(a) product of magnetic flux and area of the coil
(b) magnetic flux through the coil

(c) area of the coil

(d) rate of change of magnetic flux through the coil

A 100 mH coil carries a current of 1 A. Energy stored
in its magnetic field is:
(a) 057
(c) 0.17J

(b) 0.057J
@ 11

90.

91.

92.

93.

94.

95.

96.

97.
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A circular coil X of radius 0.02 m and turns 100 is
placed co-axially at the centre of another circular coil ¥
of radius 0.2 m and turns 1000. The mutual inductance
of the coils when current in Y changes from 7 Ato 5 A
in 4 x 1072 s and the emf induced in X are respectively.
(@) 69.44 x 107 H; 17.70 mV

(b) 69.44 x 103 H; 17.70 V

(c) 39.44 x 107 H; 19.72 mV

(d) 3944 x103H;19.72V

In an inductor, having a self-inductance of 10 H,
the current changes from 10 A to 5 A in 0.2 s. The
induced emf in a inductor is:

(a) 25V (b) 10V

() 25V (d) 250V

Two coils have a mutual inductance 0.005 H. The
current changes in first coil according to equation
I=1I,,sin ot where /,= 10 A and ® = 100 radian/sec.
The max value of emfin s coil is:

(a) =w (b) 5m

(¢) 4nm (d) 2n

Two inductors each of inductance L are joined in par-
allel. What is their equivalent inductance?

(a) L2 (b) L

(o) 2L (d) Zero

Energy stored in a coil of self-inductance 40 mH car-
rying a steady current of 2 A is:

(a) 81J (b) 0.081J

(c) 087 (d) 801J

The equivalent inductance between A and B is:

4H
Al B
4 H 4H 4 H
(a) 0.8H (b) 1H
(c) 4H (d) 16 H

The mutual inductance of an induction coil is 5 H. In
the primary coil, the current reduces from 5 A to zero
in 1073 s. What is the induced emf in the secondary

coil?
(a) Zero (b) 2500V
(c) 2510V (d) 25000 V

An air core solenoid has 1000 turns and is one meter
long. It cross-sectional area is 10 cm?. Its self-induct-

ance 1s:
(a) 0.1256 mH (b) 1.256 mH
(¢) 12.56 mH (d) 125.6 mH

@



AC Generator

98.

99.

The working of dynamo is based on principle of

(a) electromagnetic induction
(b) heating effect of current

(c) magnetic effect of current
(d) chemical effect of current

The output of a dynamo using a splitting commutator
is:

(a) D.C.
(b) fluctuating D.C.

(c) half-wave rectified voltage
(d A.C.

100.A generator of 220 V having internal resistance

r =10 Q and external resistance R =100 Q. What is
the power developed in the external circuit?

(a) 369W (b) 400 W

(c) 441'W (d) 484 W

101.A generator has an emf of 440 V and internal resist-

ance of 400 Q. Its terminals are connected to a load
0f 4000 Q. The voltage across the load is:
(a) 200V (b) 220V

(c) 400V (d) 440V

HIGH-ORDER THINKING SKILL

The current varies as [ = [,cos(3007) where I, is
constant. If the magnetic moment of the loop is

Electromagnetic Induction and Eddy

Current Ny J,sin(300¢). then N is:
(@) 6 (b) 3
1. Two different coils have self-inductance L, = 8 mH, (c 4 (d 5

, =2 mH. The current in one coil is increased at a
constant rate. The current in the second coil is also
increased at the same rate. 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 /,, V, and W, respectively. Then:

@ -1 ®) Sy
v, 4 W,
L_1 & b_ygg

© @ 1=

[Hint: Use Faraday's law.]

A long circular tube of length 10 m and radius 0.3 m
carries a current / along its curved surface as shown.
A wire-loop of resistance 0.005 Q and of radius 0.1
m is placed inside the tube with its axis coinciding
with the axis of the tube.

i

N A

A conducting rod of length 2 / is rotating with con-
stant angular speed ® about its perpendicular bisec-

tor. A uniform magnetic field B exists parallel to the
axis of rotation. The emf induced between two ends
of the rod is:

BT Q()

'
Jo
'
'
T
'
'
'
'
'
'
'
'
'
'
T
'
'
'
'

(a) Zero (b) Bol’

1 1
~ Bol? d) —Bol’
(C)Zw ()860

A uniform but time-varying magnetic field B(¢) exists
in a circular region of radius @ and is directed into the
plane of the paper, as shown. The magnitude of the
induced electric field at point P at a distance » from
the centre of the circular region:

X
B
X
X
X
X
X
X




1
(a) Decreasesas —  (b) Increases as r
r

1
(¢) Decreases as — (d) Is zero
r

[Hint: Construct a concentric circle of radius r.]

Inductance

A small square loop of wire of side / is placed inside
a large square loop of wire of side L (L > /). The loop
are coplanar and their centre coincide. The mutual
inductance of the system is proportional to:

@ = ) L
I

© L @ L
L L

What is the mutual inductance of a two-loop system
as shown with centre separation /?
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u,ma*

p,ma’
—_ d
(0 (d) o

6l°

[Hint: Magnetic field of the coil.]
How much length of a very thin wire is required to
obtain a solenoid of length /; and inductance L?

4Ll 8nLl
(a) 0 (b) [
Ho Hy
2nLl 4Ll
(0 | @ =
My Mo

Find the inductance of a unit length of two long
parallel wires, each of radius a, whose centers are a
distance d apart and carry equal currents in opposite
directions. Neglect the flux within the wire.

(a) ﬁln[d;“] (b) ﬁln[d_“J

T a 31 a
(c) ﬁln("l_“j (d) %h{d‘”j
2m a T a

AC Generator

The armature coil of an AC generator has 1000 turns,
each of area 2 m2. It was rotating in a uniform mag-
netic field of B = 0.2 T at an angular speed of 60
rad/s. It was found that in a certain position of the
coil, the current in the circuit became zero. What was
the flux in the coil?
(a) 200 Wb

() 150 Wb

(b) 400 Wb
(d) 300 Wb

NCERT EXEMPLAR PROBLEMS

Electromagnetic Induction and Eddy
Current

A square of side L m lies in the x-y plane in a region,
where the magnetic field is given by,
1§=B0 (2i+3j+4k) T, where B is constant. The
magnitude of flux passing through the square is:

(a) 2B’ Wb (b) 3B,L* Wb

(c) 4B,> Wb (d) 29B,I* Wb

A loop, made of straight edges has six corners at
A(0,0,0), B(L,0,0), C(L,L,0), D(0,L,0), E(0,L,L), and

F(0,0,L). A magnetic field B=B, (;+ lAc)T is present

in the region. The flux passing through the loop
ABCDEFA (in that order) is:

(@ BL Wb

(b) 2B’ Wb

(c) 2BI> Wb

(d) 4B,I’ Wb

A cylindrical bar magnet is rotated about its axis as
shown in the figure. A wire is connected from the

axis and is made to touch the cylindrical surface
through a contact. Then:

@



(b) there is a varying current in A

axis (c) there is no current in A
A (d) there is a constant current in the counter clock-
— N wise direction in A
bar __ — 5. Sameas problem 4.except the CQiI A is made to rotate
magnet (0] about a vertical axis as shown in the figure. No cur-

rent flows in B if A is at rest. The current in coil A,
when the current in B (at = 0) is counter clockwise
and the coil A is as shown at this instant, # = 0, is:

A
' B
S ;
(a) adirect current flows in the ammeter A.
(b) no current flows through the ammeter A.
(c) an alternating sinusoidal current flows through
the ammeter A with a time period T =271/ o.
(d) a time varying non-sinusoidal current flows (a) constant current clockwise
through the ammeter A. . )
(b) varying current clockwise
4. There are two coils A and B as shown in the figure. (c) varying current counter clockwise
A current starts flowing in B as shown, when A is (d) constant current counter clockwise

moved towards B and stops when A stops moving.
The current in A is counter clockwise. B is kept sta-
tionary when A moves. We can infer that: Inductance

A B

6. The self-inductance L of a solenoid of length / and
\% area of cross section A4, with a fixed number of turns
N increases as:
(a) [and 4 increase.
(b) [ decreases and 4 increases.
(c) !Iincreases and 4 decreases.

(a) there is a constant current in the clockwise (d) both / and A decrease.

direction in A

ASSERTION AND REASONS

Directions: In the following questions, a statement of assertion is followed by a statement of reason. Mark the
correct choice as:

(a) If both assertion and reason are true and reason is the correct explanation of assertion.

(b) If both assertion and reason are true but reason is not the correct explanation of assertion.

(c) Ifassertion is true but reason is false.

(d) If both assertion and reason are false.

Electromagnetic Induction and Eddy Reason: Induced emf always opposes the change in
Current magnetic flux responsible for its production.

3. Assertion: Two identical loops, one of copper and

1. Assertion: Faraday’s laws are consequence of another of aluminium are rotated with the same speed

conservation of energy. in the same magnetic field. The emf induced in both

Reason: In a purely resistive AC circuit, the current the loop will be same.

lags behind the emf in phase. Reason: The magnitude of induced emf is directly
proportional to the rate of change of magnetic flux

2. Assertion: Lenz’s law violates the principle of ’ . i
linked with the circuit.

conservation of energy.

@



Assertion: An aircraft flies along the meridian, the
potential at the ends of its wings will be the same.

Reason: Whenever there is change in the magnetic
flux emf induces.

Assertion: An induced current will be developed in
a conductor, if it is moved in a direction parallel to
magnetic field.

Reason: Whenever there is relative motion between
loop and magnet an induced current is produced in the
loop.

Assertion: Eddy currents are produced in any metallic
conductor when magnetic flux is changed around it.

Reason: Electric potential determines the flow of charge.

Assertion: An artificial satellite with a metal surface
is moving above the earth in a circular orbit. A current
will be induced in satellite if the plane of the orbit is
inclined to the plane of the equator.

Reason: The current will be induced only when the
speed of satellite is more than 8 km/sec.

Assertion: An induced emf'is generated when magnet
is withdrawn from the solenoid.

Reason: The relative motion between magnet and
solenoid induces emf.

Assertion: Only a change in magnetic flux will
maintain an induced current the coil.

Reason: The presence of large magnetic flux through
a coil maintains a current in the coil if the circuit is
continuous.

Electromagnetic Induction [@ETIi=IE | 6 | -

Inductance

10. Assertion: Mutual inductance of a pair of coils
depends on their separation as well as their relative
orientation.

Reason: Mutual inductance depend upon the length
of the coil only.

11. Assertion: In the phenomenon of mutual induction,
self induction of each of the coil persists.

Reason: Self induction arises due to change in current
in the coil itself. In mutual induction current changes
in both the individual coil.

12. Assertion: The self-inductance of a long solenoid is
proportional to the area of cross-section and length of
the solenoid.

Reason: Self-inductance of a solenoid is independent
of the number of turns per unit length.

13. Assertion: When two coils are wound on each other,
the mutual induction between the coils is maximum.

Reason: Mutual induction does not depend on the
orientation of the coils.

14. Assertion: Inductance coil are made of copper.

Reason: Induced current is more in wire having less
resistance.

AC Generator

15. Assertion: An ac generator is based on the
phenomenon of electromagnetic induction.

Reason: In single coil, we consider self-induction only.
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High-Order Thinking Skill

I ® 2 @ 3 (@ 4 (© 5 (© 6 (@ 7 (d 8 (@ 9 (b
NCERT Exemplar Problems

I (9 2 (® 3 (b 4 @ 5 @ 6 (b

Assertion and Reason

I ® 2 (@ 3 (@ 4 ( 5 d 6 ® 7 @ 8 @ 9 (o 10 (c¢)
11 (¢) 12 (¢) 13 (@ 14 (b) 15 (b)

HINTS AND EXPLANATIONS

Practice Time

1(c) Faraday’s law of induction is a basic law of elec- _d¢
tromagnetism predicting how a magnetic field ¢= at
will interact with an electric circuit to produce an where ¢ = NBA

2 (a)
3(d)

4(d)

5(b)

6 (c)

7 (a)

8 (b)

9 (a)

electromotive force.

Electric current also produces magnetic effect.
When the conductor is moved in a stationary mag-
netic field to procure a change in the flux linkage,
the emf is statically induced.

The magnetic flux through some surface is pro-
portional to the number of field lines passing
through that surface.

Faraday’s laws involve conversion of mechanical
energy into electric energy. This is in accordance
with the law of conservation of energy.

The galvanometer shows deflection in the oppo-
site direction indicating the direction of induced
current in the reversed direction.

Lenz’s law states that an induced electric current
flows in a direction such that the current opposes
the change that induced it.

Hydroelectric plant uses mechanical energy of
water to move a magnetic field past coils of wire
to generate voltage.

Since,

¢=NB-Aand Bc N’

10 (¢) We know that,

@

11 (b)

Thus, ¢ is independent of resistance of the coil.
The direction of current in the solenoid is clock-
wise. On displacing it towards the loop a current
in the loop will be induced in opposite sense so as
to oppose its approach. Therefore the direction of
induced current as observed by the observer will
be anticlockwise.

12 (d) Atthe poles, the magnitude of vertical component

of the earth’s magnetic field, is maximum.

13 (b) Emfis induced when there is change in magnetic

flux in the coil.

14 (b) Magnetic flux linked with a coil

15 (d)

16 (a)

¢ =NBAcosf

Since the magnetic field B is parallel to the area A,
ie, =90

So¢9=0

The magnetic flux (often denoted ¢ or ¢,) through

a surface is the surface integral of the normal com-

ponent of the magnetic field B passing through
that surface.

Since,



A
—¢:8
At

=IR

= A =(IA)R’
=QR

_A¢

:QR

17 (¢) As we know that,
Change in flux = 2BAN
2x0.3x200x70x10™*
0.1

.. Induced emf = V=84V

18 (¢c) The negative sign gives the direction of the
induced emf.

19 (a) The charge through the coil = area of current-time
(i-t) graph

1
=—><0.1><4
1 2

=02C ..(0)

_A¢
R
A¢

= 02=—
10

q ( Change in flux, A¢ =g x R)

...(By using (i)
Ap =2 Wb

d

20 (a) Induced emf e=—-N I where N is the number

of turns of the coil.
21 (a) Here, area of coil.
A=0.1mx0.05m
=5x10" m’
N =100
Initial flux linked with the coil,
¢, = BAcosO
=0.1x5%x107 cos0’
=5x10" Wb
Final flux linked with the coil,
¢, =0.05x5x107 cos0’
=25x10" Wb
=2.5x10" Wb
The magnitude of induced emf in the coil is,
At
N |¢2 ~ ¢1|

t
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100[2.5%10™ —5x10*‘|
B 0.05
- 100x2.5x107"

0.05
=05V

22 (d) Induced emf = rate of change of magnetic flux
_os
0.2
=4V
23 (b) The induced emf in the coil is,

e= d_¢

dt

d(BA)
dt

- 2]
dt

e=200><(10><10*4)><

=N

0.1-0
0.1

=02V
24 (¢) Magnetic flux,
¢=B.A
= (0.02i)- (307 +16i + 23k) x 10
=0.6x10" Wb
=60 uWb
25 (¢) Magnetic flux,
¢ =BAcos6
=2.0%0.5%cos60’

~2.0x0.5

2
=0.5Wb

26 (b) As we know that,
¢ =BA
=10’ x107 Wb
=10 Wb
27 (¢) Since,

do . .
e =—— (in magnitude
I ( g )
=10t+2
whent=1s,thene=12V
28 (b) Emf induced,

1
e=—Br'em
2

1
=ZBr’(2mn)
5 (



=§xuzxm1fcnxzm

:§x0.2x0.01x40n

=41x107 V
29 (a) P = I’R when I becomes half, then P becomes one
fourth, heat per unit time depends on square of /.
When 7 is reduced P is substantially reduced.
30 (d) Given,
area =10x20 cm’
=200x10"* m’
B=05T
N =60
®=21x1800/60
__d(Ng)
dt
d
=—N—(BAcoswt)
dt
= NBAwsinot
e, =NABw
~ 60x2x107* x0.5x27x1800
60
=113V
Hence, induced emf can be 111 V, 112 V and
113 V.
31 (b) Emf developed between the tips of the wing is,
B
e=—
v
=1.75x10"" x40 x 300
=021V

32 (d) The polarity of emf will be opposite in the two
cases while the magnet enters the coil and while
the magnetic leaves the coil. Only in option (d)
polarity is changing.

33 (a) If electron is moving from left to right, the flux
linked with the loop (which is into the page) will
first increase and then decrease as the electron
passes by. So, the induced current in the loop will
be first anticlockwise and will change direction as
the electron passes by.

34 (¢) According, to Faraday’s law of induction,

Induced emf,

__db__
e~ (100¢)

Induced current / at =2 s,
e

R
100x2

I=

+0.5 A

35 (b) Asitis seen from the magnet side induced current
will be anticlockwise.

36 (d)

I

—x+2i— 1+ »
2 1

Emf induced in the frame is given by,
€pqrs
= €pg T g
= cw(B1 - Bz) ( e= Blvsin@)

1 1 21

o =x-2
CavpI| 1 1 )
2 a a a
X—== X+ rL=x+—
2 2 2
Cavp Il 2 2
2n [ (2x—a) (2x+a)

_2a2vu01{ 1 }
- s 2x—-a)2x+a)

1

[le T E—
2x—a)2x+a)

PQRS

37 (d) Permanent magnet is used in AC generator. Cur-
rent produced by an AC generator is alternate in
nature. Lenz’s law gives the direction of the cur-
rent produced by electromagnetic induction.

38 (a) Initial magnetic flux linked with the coil is,
¢, = BAcos0O
=0.1x200x10"* x cos0’
=2x10" Wb

Final magnetic flux linked with the coil is q)f: 0
Therefore, by Faraday’s law,
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45 (a) Given,
N(¢, -¢.
L__NAG__ (¢ -9) N
At At n= 7
=100x2x 1073 2000
=02V - 0.3
=202 _o4a _ 20000
R 2 3
g=IAt=0.1C e=di(NBA)
39 (b) We know that, t B
e,= WNBA =NA—
dt
= (27w)NB(1rr2 ) .
, ) Since B = nu0nl,
=2n"vNBr
dl 20000 2
==, NAn)— =47 x107 x300 N2x10 -3 x ——x —
=2x(3.14)2xmxzxooow.sxlo“‘x(7x10*2)2 by )dt 3
60 =004V
=0.58 V . . . _
40 (d) To reduce eddy current, the resistance of the core 46 (b) Sl unit of electromotive force is Volt (V). SI unit of
should be increased. magnetic flux is Weber (Wb). SI unit of magnetic
field is Tesla (T). SI unit of Inductance is Henry (H).
41 (a) We know that,
d 47 (a) Coefficient of self induction is given by,
Tt s
or dp =—edt dt
or g =4x107 x0.1 L L=-X
¢ dl
=4x10" Wb it
42 (d) Induced emf produced between the centre and a 300x10°° x0.5
point on the disc is given by, = _W
1 _ —6
¢ =~ wBr =25x10" H
2 48 (c) Since,
Putting the values, Y dI
® =60 rad/s €=- dr
_ 2 _
B=0.05 Wb/m 1500:_M(0 3)
r=100 cm=1m 0.01
We get, yp = 1300x001
1 3
e:Ex60><0.05><(1)2:1.5V =5H
49 (d) We know that,
43 (b) Since, we know that, ¢=LI
Nd¢
e =—- — ¢
dt =1L=7
dt:z\ralqszloowxlo*1 _10x10°°
¢ L5 2x10°
dt=2x10"s —5mH
=0.02s

50 (d) From the formula,
44 (d) When a metal plate is getting heated, it may be

: . Kon,n A
due to the passage of direct current, alternating M=—""
current or even induced current through the plate. ! 4
As time varying magnetic field produces induced 4mx107 x500%200x —
current in the plate, so both (b) and (c) are correct. = .

1



=160mx1077
=0.05x10" H

51 (b) Inductor is used to store magnetic field.

52 (a) Minimum inductance is obtained, when they are
connected in parallel. Therefore,

1 1 1 1 1 11

i i E

L, L L L 2 3 6

P 1 2
. L,=1H

53 (b) If we try to find field of the small coil and then

calculate flux through long solenoid, the problem

becomes very difficult. So, we use the following
fact about mutual inductance.

3

M, =M,
b _¢
I I

1 2

Thus, if I current flows in long solenoid, then flux
¢, through small coil is the same as the flux ¢, that
is obtained when / current flows through the small
coil. Therefore,

¢2 =¢1

= (Field at small coil) x (area) x (turns)

2 2

54 (a) Mutual inductance of two coils is
u,N,N,A

Thus, M is independent of current passing through
each coil.
55 (b) We know that,

L= uo N
2
Nonr
and, L, = o
L

2
L_[N
Ll Nl
2
NZ
or,L,=L|—
Nl

2
L, =108x 200 =108x6.25
200

=675 mH
56 (b) Magnetic flux,
= ¢=LI
= NBA=LI

Since magnetic field at the centre of circular coil
carrying current is given by,

@

B_h.ZTCNI
4m r
N 20N g
47 r
- el

Hence self-inductance of a coil,

_ 41x107 x500x 500 x 70x0.05
2

57 (¢) Self-inductance,

=25 mH

=p,n*AL=pn*(Ixb)x L

So, when all linear dimensions are increased
by a factor of two. The new self-inductance
becomes L' = 8L.

58 (b) The mutual inductance between two coils depends
on their degree of flux linkage, i.e., the fraction of
flux linked with one coil which is also linked to
the other coil. Here, the two coils in arrangement
(i) are placed with their planes parallel. This will
allow maximum flux linkage.

59 (a) Given,
N =1000
I=4A
¢=4x10" Wb
Therefore, total magnetic flux linked with sole-

noid = N¢
Self-inductance,

L:NT¢ (¢=LI)

I 1000x4x107° _
4
60 (¢) As we know that,
u,N,N,A
l

i.e., M can be increased by increasing the number
of turns in the coils.

61 (d) Self-inductance,

1H

M:

L=p,nl
L
e B ( nand I are same)
Lu,
v L=l
=900x0.18
=162 mH
62 (d) Mutual inductance of two coils is,
H N, N, A



63 (a) Magnetic flux passing through the disc is,
¢=BA

=0.01WE’
m

=7.065x10"" Wb

The line joining the centre and the circumference
of the disc cuts 7.065 x 107* Wb flux in one round.
So, the rate of changing flux (i.e. induced emf)

x3.14x(15x10 m)’

= flux x number of revolutions per second

=7.065x107* x 100
60x3
=3.9x10" V
64 (d) Since,
¢=LI
Hence, L = Q
I
4
X
65 (d) We know that,
e= Mﬂ
dt
=1.25x%80
=100V

66 (a) The induced emf between centre and rim of the
rotating disc is,

E= lBa)r2
2

1
=E><0.1><21t><10><(0.1)2

=10mx107° V
=10t mV
67 (¢) We know that,
2
oy

68 (b) We know that,

L= _“01\17 A

69 (a) We know that,

l N
_lzl and’ _lzl
L 2 N, 2

2 2

From,
2 2
RECH .

We get,
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1.,
9
1
2
_1
2
70 (a) Given,
di=1-(-1)
=2A
dt :[Lj
100
M=05H
dl
e=M—
dt

=0.5 2 =0.5x2x100
1/100

=100V
71(¢c) " o oc N?
We know that,

2
=L, =(%) x108
=75 mH

72 (d) As we know that,
N¢=LI

LI

e N
_ 8x107° x5x107°
- 400
=10~

—Howp
47

73 (a) Since coefficient of coupling is given by,
M

V Ll LZ

74 (¢) According to question,

K=

L =L +L,
~10H (@)
_ LILZ
"L+l
—24H (i)



On solving (i) and (ii),
LL =24 ...(iii)
Also, (L, ~L,) =(L,+L,) —4LL,
(L,~L,)’ =(10)* —4x24 ...(By using (iii))
=4
L-L=2H
75 (a) Mutual inductance,
M — l"'OI\]II\]214
l
_ 4nx107 x300x400x10x10™"
0.2
=24nx10" H
76 (d) Energy stored,

1
U==Li
2

1
=5><100><10*3><(10)2

77 (¢) The three inductors are connected in parallel.
Hence,
1
L

1

11
_+__
L L, L
11 1
=—t—+—
3 33

= L=1H

3

78 (a) No change in flux, hence no force required.
79 (¢) Self-inductance,

_N¢

g
~100x5%x10°7°
B
=10" H

80 (c) We know that,

L

e=M—

dt
:1.5=M><2
0.1

© M=005H
81 (d) Inductance is measured in WbA ™!,

82 (¢) In the given question.
Current flowing through the wire, /=1 A
Speed of the frame, v= 10 ms™!
Side of square loop, /=10 cm
Distance of square frame from current carrying
wires
x=10cm.

According to Biot-Savart’s law,
_ Y, Idlsin 0

dn X

_4nx107 1x107"

47 (10*1 )2
=10"°

Induced emf,
e=Bly

=10°x10" %10
=1uv

B

83 (a) The two coils of a transformer are insulated from
each other.
84 (a) In secondary, emf induces only when current
through primary changes.
85 (b) Since,
dl

E=L=—
dt

Hence, L = Eﬁ

dl

=12 x@
48

=15H

86 (d) Given,
M=0.75H
dl_0.5-0
dt 0.01

=50 A/s

Therefore, average induced emf in secondary
coil,

e=M—
dt

=0.75x50
=375V
87 (a) Given,
dl=-3-(3)
=—6A
dt=025s

_ —471x107 x2500x350x1.2x107(~6)
0.3x0.25

.. e=0.1056 V

88 (d) Induced emf in the circuit is given by,
=A%
At



89 (b) Energy stored U is given by,
U= lLi2
2

1 Sy
=—x(100x10")(1)" =0.05
x( )W J

90 (¢) Magnetic field at the centre of coil,

B — MOI\IZI
2r,

2

Magnetic flux linked with X,
¢:[“0N2[XA1 ijl

2r,

As, p=MI
uoNlNzAl
2r,

2

41x1077 x100x10007(0.02)
- 2x0.2
=39.44x10"° H

(7-5)

-2

e= Mﬂ =39.44x107°
dt 4x10

e=19.72x10" V
=19.72 mV
91 (d) Here,

L=10H
dl=10-5=5A
dt=0.2s

LdI
e=——o
dt
_10x5

0.2
=250V
92 (b) We know that,
dl

e=M—
dt

=0.005x 1, coswt x @
e =0.005xI x®=0.005x10x1007

=5m
93 (a) When the inductors are connected in parallel, then
the equivalent inductance is given by,

1 1 1
e
L L 1L,
Here, L, =L
, =L
1 1 1
— =4
L L L
_2
L
L
= L=—
2
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94 (b) Energy stored in a self-inductance coil is given
by,

1
E=—-LI
2

1
:5x40><10’3><4:0.08]

95 (a) The equivalent circuit diagram is as shown in the

figure.
4H

AL
4H
A1

S|
AR
JH

A1

A B

Here, all the inductors are connected in parallel.
Hence, the equivalent inductance between A and

B is,
1 1 1 1 1 4
—=—+t—+—+—=—=1
L, 4 4 4 4 4
orL,,=1H
96 (d) Since,
’i —
e:—Md—:—Sx( 53):25000V
dt 10~

97 (b) Self-inductance of solenoid coil having N number
of turns, length / and area of cross-section 4 is
given by,

2
L=y, NTA
Here, N =1000,
A=10 cm’
or, A=10x10"* m’
and,/=1m

Substituting these values in the above equation,
we get,

x10x107*

2
L=47x107 x —(10(1)0)

= L=1.256 mH

98 (a) Rotation of magnet in the dynamo creates the
variable flux which in turn produces the induced
current.

99 (b) Commutator converts AC into fluctuating DC.

100 (b)According to question,
V=200V
r=10Q
R'=10+100
R'=110Q ..(1)
1%

I=—
Rl



220
100

I=2A ..(i)

P=I’R ..(By using (i) and (ii))
=4x100
=400 W

High-Order Thinking Skill

101 (c) We know that,

e=1IR
(4000 +400) 10

Therefore, voltage across the load,

V=IR=%><4000=400V

1(b) From Faraday’s Law, the induced voltage V o« L
rate of change of current is constant.

V:—Lﬂ
dt
_ n_L_ 2
Vi L 8
V.
- 2L
vV, 4
Power given to the two coils is same, i.e.,
Vil =V,I,
- L.V
L, Vv
I 1
—=— ...(i1), (By using (i
L (ii), (By using (i))
Energy stored,
W:lLI2
2
2
IZ . .
T ...(by using (ii))
1

MfZ L2
wele]
1
= (Z)(4)2
=4
L/
W, 4
2 (a) From Ampere’s circuital law,

_ Bl
L
where, L is the length of the tube.
Flux linked with the wire loop is ¢ = Brr?
where r is the radius of the loop.

Bl
=" qr
¢ L
_ Mymr’l, cos300¢

L

Induced emf in the loop is,

_%
dt
d
=—— b1tr210 cos300¢
dt\ L
u,mr’1,300sin300¢
L

Induced current in the loop is,

=%
R

~300p,7r’ I, sin300¢
LR

where, R is the resistance of the loop.
Magnetic moment of the loop,

M = Inr’
~3007*r”p, I, sin300¢
LR
Substituting the given values, we get,
2 = 300x10x (0.1

10x0.005 Holosin30%
( Take 7’ = 10)
= 6,1, sin300¢
M =Np,I sin300¢

~N=6

3 (a) Potential difference between O and A s,

1
V,-V,==Blw
2
Potential difference between O and B is,
1
Vo=V, = EBlza)

So, V, -V, =0

A S0

——— T

A [} B
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7 (d) Suppose the solenoid has N turns, each of radius
4 (¢) Construct a concentric circle of radius ». The and length of wire is /.
induced electric field (E) at any point on the circle i

is equal to that at P. For this circle, @/ﬁm
N

It’s self-inductance,

- u,N>A
dr E lo

_ pN'mr?

dEdl = Z—¢ ly
tdB Also, length of the wire,
= o I=Nx2mr

lZ

2.2
or, Ex(2nr) =ma’ - ‘;—I:‘ =N T4

_a’|dB From above equations,
2r| dt

E I /41rLlO
1
= EOC— “0

r

8 (a) According to question the wires are parallel, so
5(c) Magnetic field produced due to large loop, these two wires can be considered as a closed rec-
tangle of infinite length and breadth equal to d.
Flux through the strip of area /dr, due to current
flowing in one wire is given by,

_ el
¢_f 2nr(ldr)

5 Mo 821
4n L

Flux linked with smaller loop,

¢=B()
Il -
u, 8nll’ =Lln(uj
= 4_7'c_L 2T a
¢=MI The other wire produces the same result, so the
¢ total flux through the dotted rectangle is,
=M==
I b = w Il In d-a
B ﬁ . 8\/512 total T a
‘;2“ L The total inductance of length /,
=M oc— ¢
L L= total
I
6 (a) Magnetic field at the location of coil (2) produced wl (d-a
due to coil (1), = —Oln( ]
T a
B, = LS 2_3m L
an | Inductance per unit length = 7
where, m = magnetic dipole moment flux linked m d—a
with coil (2), = —Oln( J
T a
¢, =B/A, 9 (b) For the A.C. generators,
Flux
2I(ma’ 2
=Z—°¥x(naz)...(':m=NlA) ¢ = NABcoswt
T
Also, ¢, = MI and, I =1, sinot
U ma* When, I =0
= M= "213 sinwt =0
or, wt =0



Then,

¢ = NABcos0°

=NAB

NCERT Exemplar Problems

=1000x2x0.2
=400 Wb

1(c)

2(b)

Given,

B=B,(2i+3]j+4k)T

Area of square,

A=k m®

;. ¢=BA

=B,(2i+3j+4k)- 'k =4B,I> Wb

In this problem first we have to analyse area vec-
tor, loop ABCDA lies in x-y plane whose area

vector A, = Ik whereas loop ADEFA lies in y-z

plane whose area vector A, = L*i .
And the magnetic flux is,

¢, =B-A
A:Afh&:(ﬁ§+ﬁa

and, B=B,(i+k)

= 06+£y(ﬁk+1§)

Y
A (0,L,0)
€ (L.L.0)

(0,0, 0)
X B » X
(L. 0,0

F
X@&m

Assertion and Reasons

3 (b)

4(d)

5 (a)

6 (b)

L

When cylindrical bar magnet is rotated about its
axis, no change in flux linked with the circuit
takes place, consequently no emf induces and
hence, no current flows through the ammeter A.
Hence the ammeter shows no deflection.
Due to variation in the flux linked with coil B an
emf will be induced in coil B. Current in coil B
becomes zero when coil A stops moving, it is pos-
sible only if the current in coil A is constant. If
the current in coil A would be variable, there must
be some changing flux and then there must be an
induced emf. Hence an induced current will be in
coil B even when coil A is not moving.
When the current in coil B (at # = 0) is counter
clockwise and the coil A is considered above it.
The counter clockwise flow of the current in coil B
is equivalent to north pole of magnet and magnetic
field lines are eliminating upward to coil A. When
coil A starts rotating at £ = 0, the current in A is
constant along clockwise direction by Lenz’s rule.
For a solenoid of length / and area of cross section
A with fixed number of turns A, the self-induct-
ance L is given by,
_u,N’A

)

So, L increases when / decreases and A4 increases.

1(b)

2 (a)

3(a)

688

According to Faraday’s laws, the conversion of
mechanical energy into electrical energy. This
is in accordance with the law of conservation of
energy. It is also clearly known that in pure resist-
ance, the emf is in phase with the current.

Lenz’s Law is based on conservation of energy
and induced emf opposes the cause of it i.e.,
change in magnetic flux.

Since, both the loops are identical (same area and
number of turns) and moving with a same speed
in same magnetic field. Therefore, same emf is

4(9)

induced in both the coils. But the induced current
will be more in the copper loop as its resistance
will be lesser as compared to that of the alumin-
ium loop.

As the aircraft flies, magnetic flux changes
through its wings due to the vertical component
of the earth’s magnetic field. Due to this, induced
emf is produced across the wings of the aircraft.
Therefore, the wings of the aircraft will not be at
the same potential.



5(d)

6 (b)

7 (¢)

8 (a)

9 (c)

Induced current will not be developed in a con-
ductor, if it is moved in direction parallel to mag-
netic field. It is because, in this case, the Lorentz
force on free electrons in the conductor is zero.
The induced emf is produced only when the mag-
netic flux linked with the loop changes.

When a metallic conductor is moved in a magnetic
field; magnetic flux is varied. It disturbs the free
electrons of the metal and set up an induced emf in
it. As there are no free ends of the metal i.e. it will
be closed in itself so there will be an induced cur-
rent.

When the satellite moves in inclined plane with
equatorial plane (including orbit around the
poles), the value of magnetic field will change
both in magnitude and direction. Due to this, the
magnetic flux through the satellite will change and
hence induced currents will be produced in the
metal of the satellite. But no current will induced
if satellite orbits in the equatorial plane because
the magnetic flux does not change through the
metal of the satellite in this plane.

Emf is induced when there is change in magnetic
flux.

Presence of magnetic flux cannot produce current.

10 (c)

11 (¢)

12 (c)

13 (a)

14 (b)

15 (b)
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The mutual inductance in case of a medium of
relative permeability present is,

2
— :urHOnanTCTI

I

The self-inductance of a solenoid is given by,

M

L=ppmnAl

The manner in which the two coils are oriented,
determines the coefficient of coupling between
them.

M=K*-LL,.

When the two coils are wound on each other, the
coefficient of coupling is maximum and hence
mutual inductance between the coil is maximum.

The inductance coils made of copper will have
very small ohmic resistance. Due to change in
magnetic flux a large induced current will be
produced in such an inductance, which will offer
appreciable opposition to the flow of current.

Self-inductance of a coil is its property virtue of
which the coil opposes any change in the current
flowing through it.

According to electromagnetic induction when-
ever the magnetic flux changes an emf will be
induced in the coil.



