UNIT - IV _ CHAPTER
Electromagnetic

Induction and
Alternating
Currents

Syllabus

»  Electromagnetic induction; Faraday'’s laws, induced emf and current; Lenz’s Law.
» Eddy currents, Self and mutual induction.

Chapter Analysis

List of Topics 2016 2017 2018
D OD D OD D/OD

Magnetic flux and
faraday’s laws 1Q 1Q
(2marks) | (1 mark)

Eddy currents, self and 1Q
Mutual induction and 1Q 1Q 1Q (2 marks)
Generation (3 marks) | (5 marks) | (3 marks) 2Q

(3 marks)

TOPIC-1

Magnetic Flux and Faraday’s Laws

Revision Notes

(a) Concept Notes

Electromagnetic induction TOPIC - 1

» Electromagnetic induction is the process of generating electric current Magnetic Flux and Faraday’s Laws

with a magnetic field. ...P.170
» It takes place whenever a magnetic field is changing or electric TOPIC - 2

conductor moves relative to one another when they are in each others Eddy Currents, Self and Mutual
L Induction and AC Generator ....P. 182
magnetic field.

> The current produced by electromagnetic induction is more when the

magnet or coil moves faster. When magnet or coil moves back and forth repeatedly, then alternating current is
produced.

Magnetic Flux :

» Magnetic flux through an enclosed area is the amount of field lines cutting through a surface area A defined by unit
area vector.

» The units for magnetic flux is weber, where, 1 Wb=1 T/m>.
Magnetic flux ¢y is related to number of field lines passing through a given area.
» If magnetic field is changing, then changing magnetic flux will be ¢y= NBA cos 6, where angle 0 is the angle

A\

between magnetic field and normal to the plane.



ELECTROMAGNETIC INDUCTION [ 171

0=0° = 6=90° IB|
B R i = = S
[B] - A IB| |B|
A
- = . . B perpendicular to A (¢=90°) :
B parallel to A (0= 0°) Bat an angle ¢with the perpendicular to A: magnetic flux ¢, = 0.
magnetic flux ¢, = BA. magnetic flux ¢, = BAcos0 ’
Magnetic flux density
» The change in magnetic flux per unit change in area is c_a)lleg magnetic flux density.
> Magnetic flux is given by : do = B-dA.
—

For E parallel to dA , we have
dd = B(dA)cos 0° = B(dA)

d .
B = d% Q)

i.e., magnetic induction is equal to the magnetic flux density. In other words, the magnetic field may be measured
in terms of magnetic flux density. From equation (i), we find :

Therefore,

Unit of B = Unit of do
Unit of dA
Or T = M;
m
ie., Tesla = weber per square metre.

Faraday’s Laws of Electromagnetic Induction
> The induced emf in a closed loop due to a change in magnetic flux through the loop is known as Faraday’s law.
> Faraday’s First Law of Electromagnetic Induction states that whenever a conductor is placed in varying magnetic
field an emf is induced which is known as induced emf and if the conductor circuit is closed, current is also
induced which is called induced current.
> Faraday’s Second Law of Electromagnetic Induction states that the induced emf is equal to the rate of change of
flux linkage where flux linkage is nothing but the product of number of turns in the coil and flux associated with

the coil.
€= A%
dt
op is magnetic flux through the circuit as 05 = Jgd A

With N loops of similar area in a circuit and ¢ being the flux through a loop, then emf is induced in every loop
making Faraday law as

e=-N A
At
where, € = Induced emf [V], N = number of turns in the coil
Ad= change in the magnetic flux [Wb], At = change in time [s]
The negative sign means that € opposes its cause.
> If there is no change in magnetic flux, no induced emf is induced.
Induced emf and current
» A changing magnetic flux induces an electric field which induces a current in the circuit
» A wire moving in the field induces a current which acts same as current created by a battery
» Changing magnetic flux and induced electric field are related to induced emf as per Faraday’s law.
» The induced EMF is related to the magnetic field as E = B.l.usin 6
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Induced Current
> When a conductor moves across flux lines, magnetic forces on the free electrons induce an electric current.

» When a magnet is moved towards a loop of wire connected to ammeter, in such case, ammeter shows current
induced in the loop.

" é
o<
> When a magnet is held stationary, there will be no induced current in the loop, if also the magnet is inside the

loop.
=

Motional Emf
> The relationship between an induced emf € in a wire moving at a constant speed v through a magnetic field B is
given by :
05 = Blx
g = ~90 _ j(le)
dt dt

= —Blﬂ

dt

&_
= Blv T

p—
X X X X X X x |x
X X X X X X__. X X
B —V L
XU X X X X x X |x
X X X X X X X X
b—

> Aninduced emf from Faraday’s law is created from a motional emf that opposes the change in flux.
» Magnetic and electric forces on charges in a rod moving perpendicular to magnetic field is given as :

At equilibrium Fr =Fp
gE = quB
E =B
v =oB [Here, E:K ]
l l
V = Bul
X X X _>S X X
5 v
< FB = quB FB = gE %
fee——— b
X X x T x X X
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Lenz’s Law
> Lenz’s law is used to determine the directions of induced magnetic fields, currents, and emfs.
» The direction of an induced emf always opposes the change in magnetic flux that causes the emf.

> It explains about the negative sign in Faraday’s flux rule, &= _dL;LtB showing that the polarity of induced emf

tends to produce a current that opposes the change in magnetic flux that produced it.

> As per conservation of energy, induced emf opposes the cause which produces it making mechanical work to
continue with the process which gets converted into electrical energy.

> Slide wire containing induced current, magnetic field and magnetic force :
X X X T X X X X

x

X. X .X X. . X

?B induced
X X X X X —X

— (4
L) L] F - | —
X X X induced X

X o~

x[| x® x O »® x

Electric Generators and Back Emf

> Electric generator rotates a coil in a magnetic field inducing an emf which is given as a function of time
€ = NBAwsin (wt).

>
where, A = area of N-turn coil rotated at constant angular velocity ® in uniform magnetic field B .
> The peak emf of a generator is, €)= NBA®

» Any rotating coil produces an induced emf. In motors, it is known as back emf as it opposes the emf input to the motor.

Know the Terms

> Electric generator : Device for converting mechanical work into electric energy that induces an emf by rotating a
coil in magnetic field.

Induced electric field : Field created due to changing magnetic flux with time.

Induced emf : It is a short-lived voltage generated by a conductor or coil moving in a magnetic field.
Magnetic damping : It is a drag which is produced by eddy currents.

Magnetic flux : It is the amount of magnetic field lines that is measured through a given area.
Motional induced emf : Voltage produced by movement of conducting wire in a magnetic field.
Peak emf : It is the emf produced by a generator.

VVVYVYVYYVY

Know the Formulae

- -
» Magnetic flux : ¢, = | B.dn
> Faraday’s law : e = _NWu
dt
» Motional induced emf : € = Blv
> Motional emf around a circuit : €= gSE,dl =— djm
t
» emf produced by an electric generator € = NBAsin ot

?j Objective Type Questions (1 mark each)

Q. 1. A square of side L meters lies in the x-y plane number of magnetic lines of force passing normally
in a region where the magnetic field is given by through an area placed in a magnetic field and is
B Y atial . equal to the magnetic flux linked with that area.
B=B,(2i+3j+4k) Tesla, where B, is constant. Souare lies in 1o plane in B so A< %
The magnitude of flux passing through the square is q yP
(a) 2B,L*Wh. (b) 3B,L’Wh. Q=84
(c) 4B,L*W. (d) V29B,I°Wb = B,(2i + 3]+ 4k)(I2h)

[NCERT Exemplar] =B,[2xik+3x jk+4xkk]
Ans. Correct option : (c) =B,L[0+0+4]

Explanation : Magnetic flux is defined as the total =4B,L'Wb.
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Q. 2. 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, (i+k) Tesla
is present in the region. The flux passing through
the loop ABCDEFA (in that order) is

(a) BoL>Wh. (b) 2B,L*Wh.
(c) V2B,I> Wb - (d) 4B,L> Wh.
[NCERT Exemplar]

Ans. Correct option : (b)
Explanation : The loop can be considered in two
planes :
y
A0, L, 0)
D L Lo
O L L) K
©,0,0) »X

A B (L, 0, 0)
/F
7 ©,0,L)

(i) Plane of ABCDA is in X-Y plane. So its vector A is
in Z-direction. Hence,

A =|Alk="Lk
(ii) Plane of DEFAD is in Y-Z plane
SoA, =|Ali=I%
A=A+A,=L(@+k)
B=B,(i+k)

So, Q=B.A
=B, (i+k).I2(i +k)
=BI? [ii+ik+ki+kk]
=B,L’[1+0+0+1] (-~ cos 90°=0)
=2B,’Wb

Q. 3. A cylindrical bar magnet is rotated about its axis in
the figure. A wire is connected from the axis and
is made to touch the cylindrical surface through a
contact. Then

axis
(N

bar —>
magnet

~7

(a) a direct 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 27/w.

(d)a time varying non-sinusoidal current flows
through the ammeter A. [NCERT Exemplar]

Ans. Correct option : (b)

Explanation : The phenomenon of electromagnetic

induction is used in this problem. Whenever

the number of magnetic lines of force (magnetic

flux) passing through a circuit changes (or a

Ans.

Ans.

moving conductor cuts the magnetic flux) an emf
is produced in the circuit (or emf induces across
the ends of the conductor) is called induced emf.
The induced emf persists only as long as there is a
change or cutting of flux.

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.

. There are two coils A and B as shown in figure. A

current starts flowing in B as shown, when A is
moved towards B and stops when A stops moving.
The current in A is counter clockwise. B is kept
stationary when A moves. We can infer that

A B

(a) there is a constant current in the clockwise
direction in A.

(b) there is a varying current in A.

(c) there is no current in A.

(d) there is a constant current in the counter
clockwise direction in A. [NCERT Exemplar]

Correct option : (d)

Explanation : When coil A moves towards coil

B with constant velocity, so rate of change of

magnetic flux due to coil B in coil A will be

constant that gives constant current in coil A in

same direction as in coil B by Lenz’s law.

. Same as problem 4 except the coil A is made to

rotate about a vertical axis figure. No current flows
in B if A is at rest. The current in coil A, when the
current in B (at t = 0) is counter-clockwise and the
coil A is as shown at this instant, t = 0, is

me B

(a) constant current clockwise.
(b) varying current clockwise.
(c) varying current counter-clockwise.
(d) constant current counter-clockwise.

[NCERT Exemplar]
Correct option : (a)
Explanation : In this case the direction of the in-
duced electromotive force/induced current is deter-
mined by the Lenz’s law. According to the Lenz’s
law the direction of induced emf or current in a
circuit is such as to oppose the cause that produces
it. This law is based upon law of conservation of en-
ergy.
When the current in coil B (at ¢t = 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 emanating upward to coil A. When
coil A starts rotating at ¢t = 0, the current in coil A is
constant along clockwise direction by Lenz’s rule.
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?iVery Short Answer Type Questions

(1 mark each)

Q. 1. In the figure given, mark the polarity of plates A
and B of a capacitor when the magnets are quickly
moved towards the coil.

[O.D. Comptt. III 2017]
Ans. Accept both the answers :
A: +ve; B; —ve 1
orA:-ve; B, + ve 1
[CBSE Marking Scheme 2017]

Detailed Answer :

From the figure, both magnets move towards the
coil. Flux where induced current is in anticlockwise
direction, if observed from left side and its direction
clockwise as observed from right side. Hence,
the direction of induced current is in clockwise
direction which shows that plate A of the capacitor
is at higher potential as compared to plate B of the
capacitor, so plate B will be negative while plate A is
positive.

Q. 2. A solenoid is connected to a battery so that a steady
current flows through it. If an iron core is inserted
into the solenoid, will the current increase or

decrease ? Explain. [SQP II 2017]

Ans. On inserting the iron core, the magnetic flux
linked with the solenoid will increase and an
induced e.m.f. will be produced. According to
Lenz’s law, the induced e.m.f. will act in a manner
so as to oppose the cause, which has produced
it thereby opposing an increase in magnetic flux
which happens due to decrease in current.

OR
As per Lenz’s law, direction of induced emf/
current in a circuit will oppose the cause which
produces it. If an iron core gets inserted in a
solenoid having current, it will increase the
magnetic field as a result of magnetization of iron
core which increases the flux. Hence, emf induced
in the coil should oppose the flux increase which
induces the current in the coil in the direction
opposing the increasing magnetic field by
decreasing in current. 1

[CBSE Marking Scheme 2017]

Commonly Made Error

e Students make probable errors while applying the
applications of Lenz’ law in questions.

Answering Tip

e Student should remember while answering the
questions that current should be marked in such a
way to oppose the increase or decrease of flux.

Q. 3. What are the directions of induced currents in metal rings 1 and 2 when current I in the wire is increasing steadily ?

[O.D. Set I, II, III 2017]

()

o

Ibern coasent & encacazeng s voagnetd oo {cor::H:;cffb_

B dcie 1o Che ent

Marne ancl 13 ocd of the
Qrane . ZJcnce fte > Cheacoseds dezecleorn o éodlaceol

al ux: So €he SEmdeteed cuksent ehepe

dereettdn - | &ce on antéelosk:

Ans.
ehe eao codls also  dacreogey- The
|_£Cme.D£_UD__a 8 _cnto €bhe
cngent .ds mbm__.?uch.-.ﬁba.é ene @ dere to el ca alposcte
Jloop 1 & b clockende
_1._C3}_CS_C.__C1_{‘_A!_CLLQ.D. =

[Topper’s Answer 2017]
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Q. 4. Figure shows a current carrying solenoid moving Q. 7. A magnet is moving towards a coil with a uniform

towards a conducting loop. Find the direction of speed v as shown in the figure. State the direction
the current induced in the loop. of the induced current in the resistor R.
[U] [Delhi I, II, III 2015] [CBSE SQP 2013]

L AAMAAA——

Ans. From X to Y. 1

[CBSE Marking Scheme 2013]

Ans. From an observer, the direction of current in
the solenoid is anti-clockwise. On displacing
it towards the loop, current in the loop will get As seen from the side of the approaching magnet
induced in a dlreqtlon 16} or(.:ler Fo oppose the the current inside the coil should be clockwise so
approach of solenoid, hence direction of induced
current as seen by the observer will be clockwise. 1

Detailed Answer :

that the induced magnetic pole on the right side

[CBSE Marking Scheme 2015] of the coil will be ‘south” which tends to repel the
Q. 5. A conducting loop is held above a current approaching magnet, hence magnet’s field inside
carrying wire ‘PQ’ as shown in the figure. Depict the coil points from right to left which induces

the direction of the current induced in the loop clockwise current to flow from left to right.
when the current in the wire PQ is constantly (. 8. The electric current flowing in a wire in the
increasing. [OD. L, 11, 111 2014] direction from B to A is decreasing. Find out the

direction of the induced current in the metallic
loop kept above the wire as shown.

P - - Q <
A B

Ans. It is observed that an increasing magnetic field [O.D. 1, I, 1T 2014]
in the loop due to wire PQ is perpendicular to - - T
the plane, so the direction of an induced current Ans. Clockwise. [CBSE Marking Scheme 2014] 1
in the loop will be such that it tends to produce  [BI]Q.9. A bar magnet is moved in the direction indicated
an inward magnetic field making the current by the arrow between two coils PQ and CD. Predict
induced in the loop in the clockwise direction. 1 the directions of induced current in each coil.

[CBSE Marking Scheme 2014]

Q. 6. Two spherical bobs, one metallic and the other of P Q /1 G D
glass, of the same size are allowed to fall freely N S
from the same height above the ground. Which of A A

the two would reach earlier and why ?
[O.D. I, II, III 2012]

[Delhi I, II, 111 2014]
. Ans. Clockwise in both coils or the direction of current
Ans. Glass, . /2 is from P — Q and C — D. %+ %
In glass, there is no effect of electromagnetic )
induction, due to the presence of the Earth’s [CBSE Marking Scheme 2012]
magnetic field, unlike in the case of metallic bob.>
[CBSE Marking Scheme 2014]

‘;i Short Answer Type Questions-I (2 marks each)

®

Q.1. A long straight current carrying wire passes
normally through the centre of circular loop. If the
current through the wire increases, will there be

an induced emf in the loop ? Justify.
[R [Delhi L, II, III 2017]

Ans. No, %
As the magnetic field due to current carrying
wire will be in the plane of the circular loop, so
magnetic flux will remain zero. V2
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Alternatively,
[Magnetic flux does not change with the change
of current.] 1

[CBSE Marking Scheme 2017]

Detailed Answer :

No, there will not be an induced emf occur in the
loop as magnetic flux doesn’t change linked with
the circular loop because magnetic field lines are
parallel to the plane of the loop.

As, induced emf (¢) is proportional to the rate of
change of magnetic flux (¢5)

and 0 = B-A = BAcos 6

Here, Bl A= ¢p=BAcos90° =0
So, induced emf = 0

Hence, a change in current of wire will not create

any emf in the loop.

Q. 2. A rectangular frame of wire is placed in a

uniform magnetic field directed outwards, normal
to the paper. AB is connected to a spring which is
stretched to A’B’ and then released at time ¢ = 0.
Explain qualitatively how induced e.m.f. in the
coil would vary with time. (Neglect damping of
oscillations of spring) [CBSE Comptt. I 2018]

oCo o o o o o|Ao

o o o o o o A'lo| o
o o o o o o o o E
o o o o o o o o

) o o o o o o o

oDo o o o o B'[olBo

Ans. SHM nature of oscillation of the wire AB 1

Expression for instantaneous magnetic flux 72
Expression for instantaneous induced emf 1

Qualitative explanation Y2
The wire AB would oscillate in a simple harmonic
way V2
We can write
X = —acos ot

as x=-aatt=0
Therefore Instantaneous magnetic Flux )

o(t) = Blx (I=AB)
Instantaneous induced emf

e(t) = _% = aBlwsin ot Y

The induced emf, therefore varies with time
sinusoidally. V2
[CBSE Marking Scheme 2018]

Alternate Answer :

Arm AB executes SHM under the influence of
restoring force developed in the spring, consequently
and induced emf is produced across the ends of
moving arm AB which varies sinusoidally.)

Ans.

(Given full credit for the above part if the student
explains qualitatively without using mathematical
equations)

. A wire in the form of a tightly wound solenoid is

connected to a dc source and carries a current. If
the coil is stretched so that there are gaps between
successive elements of the spiral coil, will the
current increase or decrease ? Explain.

[SQP I 2017] [NCERT Exemplar]
Lenz’s law allows the emf to induce in spirals that
opposes and lead to decrease in magnetic flux by
increasing the current. This is because when the
coil is stretched and air gaps are created between
successive elements of the spiral coil, magnetic
flux will leak through the gaps. As magnetic
flux decreases, current increases to oppose the
decrements of flux. 2

. State Lenz’s Law. A metallic rod held horizontally

along east-west direction, is allowed to fall under
gravity. Will there be an emf induced at its ends ?

Justify your answer. [Delhi I, II, III 2013]

Ans. The polarity of induced emf is such that it tends

to produce a current which opposes the change in
magnetic flux that produced it. 1
Yes, as the magnetic flux due to vertical component
of Earth’s magnetic field keeps on changing as the
metallic rod falls down. B+

[CBSE Marking Scheme 2013]

Q. 5. Describe a simple experiment (or activity) to

show that the polarity of emf induced in a coil
is always such that it tends to produce a current
which opposes the change of magnetic flux that

produces it. [Delhi I, II, IIT 2014]

Ans.

&/

(a)

(b) 1
When a bar magnet is brought close to the coil
(fig a), the approaching North pole of the bar
magnet increases the magnetic flux linked to it.
This produces an induced emf which produces (or
tends to produce, if the coil is open) an induced
current in the anticlockwise direction. The face of
the coil, facing the approaching magnet, then has
the same polarity as that of the approaching pole
of the magnet. The induced current, therefore, is
seen to oppose the change of magnetic flux that
produces it. 1

[CBSE Marking Scheme 2014]

Ve

Q. 6. A metallic rod of length ‘L’ is rotated with angular

frequency of ‘@’ with one end hinged at the centre
and the other end at the circumference of a circular
metallic ring of radius R, about an axis passing
through the centre and perpendicular to the plane
of the ring. A constant and uniform magnetic
field B parallel to the axis is present everywhere.
Deduce the expression for the emf between the
centre and the metallic ring. U] [Delhi I, II, III 2012]
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Ans. X x X x x Xx x X x

X QX (X X,
' Metallic ring
X X

£

‘?j Short Answer Type Questions-I|

The magnitude of the emf, generated across a
length dr of the rod, as it moves at right angles to
the magnetic field, is given by

de = Bodr
Therefore,

BoR?

€= d;ds::?Bvdr = ?B(x)rdr: 1
0 0

[CBSE Marking Scheme 2012]

(3 marks each)

Q. 1. State Lenz’s law. Explain, by giving examples that
Lenz’s law is a consequence of conservation of

energy. [Delhi Comptt I, II, ITI 2017]
Ans. Statement of Lenz’s Law 1
Explanation (with example) 2

[CBSE Marking Scheme 2017]
Detailed Answer :
Try yourself similar to Q. 4 of short Answer Type
Questions-I 1
Explanation :

1

When the north pole of a bar magnet is pushed
towards the close coil, the magnetic flux through
coil increases and the current is induced in the coil
in such a direction that it opposes the increase in
flux. This is possible when the induced current in
the coil is in the anticlockwise direction. Opposite
will happen when the north pole is moved away
from the coil. 7
In either case, it is the work done against the force of
magnetic repulsion/attraction that gets ‘converted’
into the induced emf. ¥

Q. 2. A metallic ring of mass m and radius / is falling
under gravity in a region having a magnetic field.
If z is the vertical direction, the z-component
of magnetic field is B, = B, (1 + Az). If R is the
resistance of the ring and if the ring falls with a
velocity v, find the energy lost in the resistance.
If the ring has reached a constant velocity, use the
conservation of energy to determine v in terms of
m, B, A and acceleration due to gravity g.

[CBSE SQP 2016]
Ans. Rate of change of flux = Z—T = (nl%) By %

=R %
I = (nA) B, 1% 1

2
Energy lost per second = I* R = (n/*A)? B> % Y

Rate of change in P.E. = mg % = mgu 7
2
mgo = (n*L)? By = %
mgR

V= —>S—— b2
(nl*)A)* B,?

[CBSE Marking Scheme 2016]

Q. 3. Figure shows a metallic rod PQ of length
I, resting on the smooth horizontal rails AB
positioned between the poles of a permanent
magnet. The rails, the rod, and the magnetic field
are in three mutual perpendicular directions. A
galvanometer G connects the rails through a switch
K. Assume the magnetic field to be uniform. Given
the resistance of the closed loop containing the rod
is R.

v
S

(i) Suppose K is open and the rod is moved with a
speed v in the direction shown. Find the polarity
and magnitude of induced emf.

(ii) With K open and the rod moving uniformly, there
is no net force on the electrons in the rod PQ even
though they do experience magnetic force due to
motion of the rod. Explain.

(iii) What is the induced emf in the moving rod if the
magnetic field is parallel to the rails instead of
being perpendicular ?

[CBSE SQP 2017-18] [NCERT Exemplar]

Ans. (i)
P is positive end
Qs negative end 1
(ii) Magnetic force gets cancelled by electric force that
generates due to extra charge of opposite sign at
rod ends.

|e| = Bul
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(iii) Induced emf is zero as motion of rod not cutting

Q.4.

Ans.

field lines 1
[CBSE Marking Scheme 2017]

The magnetic field through a single loop of wire,
12 cm in radius and 8.5 Q resistance, changes with
time as shown in the figure. The magnetic field
is perpendicular to the plane of the loop. Plot
induced current as a function of time.
I I I
| | |
I I I
T 20 J-—c=== R [ N
I I I
— I I I
L—/ I I I
ST E— ’ S
1 } I
I I I
I I I
I I I
! ! !
0 2.0 4.0 6.0
t(s) —>
[CBSE SQP 2015]
e=-12
dt
__nr2x 9B
dt
= —gx(o.u)2 XX
7 2
e =-0.023V,
= £
R
= - 2.7 mA for 0<t<2s. 1
Similarly :
0<t<2s 2<t<4s 4<t<6s
e (V) -0.023 0 +0.023
I (mA) -2.7 0 +2.7
I I I I 1
3l Looo- L 27 mA |
T +27-1 ! ! !
1 I I I I
2 —+ I I I
(mA) 1 1 1 1
1 | | |
I I I I
| | | |
0 2,0 410 6:0 1
-4 | | L
—24 | | |
227 | i
- | |

-4

Q. 5. A rectangular conductor LMNO is placed in a

uniform magnetic field of 0.5 T. The field is directed

perpendicular to the plane of the conductor.

% —
X x B x X X X X
L M
X X X X X X X
X X X X X X X
V< /
X X X X X X X
X X X X X X X
0 N
X X X X X X X

Ans.

Q.6.

Ans.
Q.7.

Ans. -.-

When the arm MN of length of 20 cm is moved
towards left with a velocity of 10 ms™, calculate
the emf induced in the arm. Given the resistance
of the arm to be 5 Q (assuming that other arms
are of negligible resistance) find the value of the
current in the arm. [O.D. I, II, 111 2013]
Let ON be at some point x.
The emf induced in the loop = ¢
e = —d9 _ —d(Blx) _
dt dt
=05x02x10=1V 1

. Current in the arm,

Blv 1

=21 _p2a 1
R 5

A rectangular loop PQMN with movable arm PQ
of length 10 cm and resistance 2 Q is placed in a
uniform magnetic field of 0.1 Tesla perpendicular
to the plane of the loop as shown in the figure.
The resistances of the arms MN, NP and MQ are
negligible. Calculate the (i) emf induced in the
arm PQ and (ii) current induced in the loop when

arm PQ is moved with velocity 20 m/s.
X N X X X X P X X
X| X X X X X X
X| X X X X X X
— v
X| X X X X X X
X| X X X X X X
X| X X X X X X
X M X X X X QX X

Try yourself Similar Q. 5 in SAT Question-II
A wheel with 8 metallic spokes each 50 cm long
is rotated with a speed of 120 rev/min in a plane
normal to the horizontal component of the earth’s
magnetic field. The earth’s magnetic field at the
place is 0.4 G and the angle of dip is 60°. Calculate
the emf induced between the axle and the rim of
the wheel. How will the value of emf be affected if
the number of spokes were increased ?
[CBSE O.D. I, II, III 2013]
H = Bcos 6 = 0.4 cos 60°
=02G=02x10"T
This component is parallel to the plane of the wheel.
Thus, the emf induced is

e = %leco, where, ® = 2nf
1
= - HRQxf)
2
1
e=7 x 0.2 X 10-4 x (0.5)2

2x3.14x120
X —

60
€=314x10°V 3
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? Long Answer Type Questions

Q.1.
(ii)

(5 marks each)

(i) State Faraday’'s laws of electromagnetic
induction.

The magnetic field through a circular loop
of wire 12 cm in radius and 85 Q resistance,
changes with time as shown in the figure. The
magnetic field is perpendicular to the plane of
the loop. Calculate the induced current in the
loop and plot it as a function of time.

2

B(T)
1

0 2 £ 6 t(

(iii) Show that Lenz's law is a consequence of

Ans.

conservation of energy. [Rl [Foreign I, II, ITI 2017]

(i) Faraday’s Laws of Electromagnetic Induction :
Faraday’s First Law of Electromagnetic Induction
states that whenever a conductor is placed in
varying magnetic field emf is induced which is
known as induced emf. If the conductor circuit
is closed current is also induced which is called
induced current.
Faraday’s Second Law of Electromagnetic
Induction states that the induced emf is equal
to the rate of change of flux linkage where flux
linkage is nothing but the product of number of
turns in the coil and flux associated with the coil.

¢ = —9%8

dt

€p ismagnetic flux through the circuitas ¢p = IE dA

With N loops of similar area in a circuit and ¢p
being the flux through a loop, then emf is induced
in every loop making Faraday law as
_N2¢

At

€=

where, € = Induced emf [V],
N = number of turns in the coil
A¢ = change in the magnetic flux [Wb],
At = change in time [s] 2
* The negative sign means that € opposes its cause.

(ii) Try yourself similar Q. 4 of Short Answer Type

Questions-II 2

(iii) Try yourself similar Q. 5 of Short Answer Type

Q.2.

Questions-II 1
[CBSE Marking Scheme 2017]

(i) A metallicrod of length / is moved perpendicular
to its length with velocity v in a magnetic field B
acting perpendicular to the plane in which rod
moves. Derive the expression for the induced emf.

(ii) A wheel with 15 metallic spokes each 60 cm long,

is rotated at 360 rev/min in a plane normal to the

horizontal component of earth’s magnetic field.
The angle of dip at that place is 60°. If the emf
induced between rim of the wheel and the axle
is 400 mV, calculate the horizontal component of
earth’s magnetic field at the place. How will the
induced emf change, if the number of spokes is
increased ? [O.D. Comptt. I, II, III 2017]

Ans. (i) Derivation of induced emf 2%

(ii) Numerical 2%
[CBSE Marking Scheme 2017]

Detailed Answer :

(i) x X X X
X x X x
X x X x
X X X X 1
X < ST x
X X X X
X X X X
X X X X
0 = Blx b2
_ —dop .
€= 7 Ya
_ dx p
Bl dt 7
= Blv ”

® = 360 x %g =12n rad/s %

e = %BHZZ(D b7

400 x 107 = %.BH x(60x1072)? x 127 14
B, = 2 =006T 1
o ’

No change in emf if no. of spokes is increased. V2

Q. 3. (i) State Lenz’s law. Use it to predict the polarity

of the capacitor in the situation given below :

A
B

S N

[RI [0.D. I, I, IIT 2014]

(ii) A jet plane is travelling towards west at a speed of

1800 km/h.

(a) Estimate voltage difference developed
between the ends of the wing having a span
of 25 m if the earth’s magnetic field at the
location has a magnitude of 5 x 10 T and dip
angle is 30°.

(b) How will the voltage developed be affected
if the jet changes its direction from west to
north ? [0.D. 1, 11, 11 2015]
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Ans.

(ii) (a)

(i) Try Yourself, Similar Q. 4 of SAT questions-I 2
In the above situation, north pole is approaching
the magnet, so induced current in the face of the
loop seen from left side will flow in such a way that
it will behave like north pole, hence south pole gets
developed in the loop as seen from right hand side
of the loop. In such case the flow of induced current
is clockwise, so A has positive polarity while B has
negative polarity. i

V = Blv Yo+ Y2
Here, B = vertical component of Earth’s mag-
netic field Y

B = (5x10"*sin 30°) T
=25x104T

1800 x10°

V= |25x107* x25x
60 x 60

Va

=3125V i

(b) Now B’ = horizontal component of Earth’s
magnetic field Va

B’ = Bcos 30° = % 1A
2

V' =BV 1%
V' = 3V = 1.732 x 3.125 volt
=5.4volt 14

Q. 4. State the law which relates to generation of

Ans.

induced emf in a conductor being moved in a
magnetic field.

Apply this law to obtain an expression for the
induced emf when one ‘rod’” of a rectangular
conductor is free to move in a uniform, time
independent and ‘normal’ magnetic field.

Apply the concept of the Lorentz (magnetic) force
acting on a moving charge to justify the expression
[RI [A] [CBSE SQP 2014]

Faraday’s law of electromagnetic induction : It

obtained.

states that the induced emf is equal to the rate of
change of magnetic flux.

In region PQRS as shown in figure, a uniform
magnetic field B which is perpendicular to the
plane of paper is directed outwards as shown by
dotted lines. In this, a rectangular loop of wire
KLMN is held partially in magnetic field inside the
plane of paper with KL = [. If x is the portion on the
loop inside the field at instant ¢, then on moving
loop with velocity v in plane of paper, the loop area
linked with magnetic field changes. With this, an
induced emf is set up in the wire which is observed
through deflection in galvanometer G which is
connected in the loop. 1

P S
| * ke x%: N
| T |
: ° ° .G . : —>vVv 1
1 1
1 T
1 1

To calculate the emf induced, suppose in a small
time At, the loop is moved out of magnetic field
through a small distance Ax.

.. Decrease in area of the loop

= —IAx Y
Decrease in magnetic flux linked with the loop
do = - BlAx
As induced emf, € = —dd/dt
.= BlAx _ Blo "

v

We see that it is possible to show the motional emf
expression using Lorentz force that acts on the
free charge carriers of conductor KL. If an arbitrary
charge g inside conductor KL, moves with speed v
in magnetic field B, then as per Lorentz force, the
charge will be guB in magnitude on. Here all charges
will have similar force resulting in magnitude and
direction irrespective of their position in rod KL.

ie.,

The work done in moving the charge from K to L

is, W =quB X I
Since emf is the work done per unit charge,
_ W
e = __
q
€ = Blv
This equation gives emf induced across the rod
KL. 2

Q.5. A metallic rod of length [/ and resistance R is
rotated with a frequency v, with one end hinged at
the centre and the other end at the circumference
of a circular metallic ring of radius I, about an axis
passing through the centre and perpendicular
to the plane of the ring. A constant and uniform
magnetic field B parallel to the axis is present
everywhere.

(i) Derive the expression for the induced emf and the
current in the rod.

(ii) Due to the presence of the current in the rod and
of the magnetic field, find the expression for the
magnitude and direction of the force acting on this
rod.

(iii) Hence obtain the expression for the power
required to rotate the rod.

[O.D. Comptt. I, II, III 2014]
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Ans. (i) In one revolution
Change of area, dA = nl?
change_)of magnetic flux

do= B .dA = B.dAcos 0°

= Bnl? A
(a) Induced emf, ¢ = Brl%T = Bnl’v Y
2
(b) Induced current in the rod, [ = %: nvlfl 1
(ii) Force acting on the rod, F = IIB Y
273
_ nvi 1 "

The external force required to rotate the rod
opposes the Lorentz force acting on the rod/
external force acts in the direction opposite the

Lorentz force. )
(iii) Power required to rotate the rod Y2
Power = Force X velocity
P=FXxv Ya
273
p= nvB°l <o v
R

[CBSE Marking Scheme, 2014]

Detailed Answer :
(i) In a revolution, change in Area = /2

Given, Magnetic field = B
- >
: do = B-dA
or do = B-nl? cos 0°
or do = Brl?

TOPIC-2

Now, induced emf

_ dp
&=
Bri?
or e= ——
T
1
d s = =
an T Y
€ = Brl>vd 1
€
induced current = R
Bri?v
=~ 1
(ii) F=1IB
2
_ Bl le
R
_ B’ L
" R

According to law, the external force acts in the
direction opposite toe lorentz force.
(iii) Power = Force X velocity
B’y
= X0
R
B Py
R

Eddy Currents, Self and Mutual Induction and AC Generator

Revision Notes
Eddy Currents

» Current loops induced in moving conductors are called eddy currents. They can create significant drag, called as

magnetic damping.

» Eddy currents give rise to magnetic fields that oppose any external change in the magnetic field.

» Mathematically, i=f

R

> Eddy currents are induced electric currents that flow in a circular path

Wire loop

No force is needed to
pull the loop when
the wires are outside
the magnetic field.

Induced current

[
- g

I:puII

A pulling force is
needed to balance
the magnetic force
on the induced
current.

> Eddy currents flowing in a material will generate their own secondary magnetic field that opposes the coil’s

primary magnetic field.
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Mutual Induction

» The production of induced emf in a circuit, when the current in the neighbouring circuit changes is called mutual
induction.

When the circuit of the primary coil is closed or opened, deflection is produced in the galvanometer of the
secondary coil. This is due to the mutual induction.

» The mutual induction between two coils depends on the following factors :
e The number of turns of primary and secondary coils.
e The shape, size or geometry of the two coils. i.e., the area of cross-section and the length of the coils.
Coefficient of mutual induction :

> Suppose, the instantaneous current in the primary coil is I. Let the magnetic flux linked with the secondary coil
be ¢. It is found that the magnetic flux is proportional to the current. i.e.,

o<l or ¢ =MI N0
where, M is the constant of proportionality. It is called coefficient of mutual induction.
The induced emf € in the secondary coil is given by
YL (i)

dt dt

The negative sign is in accordance with the Lenz’s law i.e., the induced emf in the secondary coil opposes the variation
of current in the primary coil.
From the equation (ii), we find

€
M= ar/an
. \4 4
Therefore, Unitof M = Al =VA's
s

If ny, n, be the number of turns in primary and secondary coils permit length and r be their radius, then
coefficient of mutual inductance is given as
M = mpx,xmrl
Self-Induction :

» The production of induced emf in a circuit, when the current in the same circuit changes is known as self-
induction.
Suppose the instantaneous current in the circuit is I and if the magnetic flux linked with the solenoid is ¢, then it
is found that :

¢l org =LI (i)
where, L is the constant of proportionality. It is called coefficient of self-induction.
The induced emf € in the coil is given by
€ = —d—(b:—Lﬂ -..(ii)
dt dt
The negative sign is in accordance with the Lenz’s law i.e., the induced emf opposes the variation of current in the coil.
From the equation (ii), we find :
L =g/ (dl/dt) ...(1ii)

Then, the coefficient of self-induction is the ratio of induced emf in the circuit to the rate of change of the current
in the circuit.
Unit of L : The unit of self-induction is also called henry (symbol H).
From equation (ii), we find that if dl/dt =1AStande =1V,
then L=1H= Unitof H=VA™s

> If arod of length [ moves perpendicular to a magnetic field B with a velocity v, then the induced emf produced
across it, is given by

€ =vBl
- 5 o
In general, we have, €= B.(ux1)

> If a metallic rod of length I 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

_ Bol* _B2nfl?
2 2
Here, » = angular velocity of rotation, A = ni/? = area of circle and f = frequency of rotation.
» Inductance in the electrical circuit is equivalent to the inertia (mass) in mechanics.
> When a bar magnet is dropped into a coil, the electromagnetic induction in the coil opposes its motion, so the
magnet falls with acceleration less than that due to gravity.
» The inductance of a coil depends on the following factors :

e area of cross-section,
e number of turns

€

= BAf

o permeability of the core.
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»  Unit of induction, H = & = E =Qs
A A
» The inductance of a circular coil is given by :
27NI
L= BAN_1 @mND_ N [-.-B:LL ]
I I 4 7l it v
2 2
L= BN BN 2
2r 2r
or L= 7HN21W
2
» The inductance of a solenoid of length [ is given by
L= $_BAN _(UNTHAN [.,.BzLM]
I I I I l
2
or L= L\Il A wn* Al = un®v [ n= #]

Here, n = N/I = number of turns per unit length and V = Al = volume of the solenoid.
» If two coils of inductance L, and L, are coupled together, then their mutual inductance is given by

M = kLiL,
where, k is called the coupling constant.
> The value of k lies between 0 and 1.
For perfectly coupled coils, k = 1, it means that the magnetic flux of primary coil is completely linked with the
secondary coil.
» Eddy currents do not cause sparking.
» Ifacurrent I is set up in a coil of inductance L, then the magnetic field energy stored in it is given by
1
Uy = 5 LI
AC Generator
» It converts mechanical energy into electrical energy.
» Itis based on the principle of mutual induction. It has mainly three components :
® Rotator Coil : It can rotate about an axis on a shaft.
® Stator Coil : It provides magnetic field.

® Commutator : It is pair of slip rings and carbon brushes. It will facilitate flow of current between moving coil
and stationary circuit.

0 = B.Acos 6 or BAcos wt 6 = o)
—_n%s
e =-N it
- N d(BA cosmt)
dt
€ = NBAw sin ot
Maximum value of emf, gy =NBA® (when sin ot = 1)
: € = gysin ot
Coil A—— Axle
N S

Slip ®

rings 4 Alternating emf

Carbon
brushes
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Know the Terms

> Back emf : emf generated by a running motor due to coil that turns in a magnetic field which opposes the voltage
that powers the motor.
» Inductor : It is a device used to store electrical energy in a from of magnetic field when electric current flows.

> emf produced by an electric generator : € = NBAwsin (wt)

Know the Formulae

> For Self Inductor e = a4 =_ Lﬂ
dt dt
» For Mutual Inductor e = a9 _ _ Mﬂ
dt dt
» The inductance in series is given by Ly =L+ L+ L3+...
1 1 1 1
> The inductance in parallel is given by I t—t—t..
4 L L, I

» Mutual Inductance of two coils is given by

M = Mo, NpNeAp _ Mok, NpNsAg
Ip Ip

where, |, is the permeability of fee space (4n x 107)
L, is the relative permeability of the soft iron core
Ny is number of turns is secondary coil.
Np is number of turns is primary coil.
Ap is the cross-sectional area of primary coil in m?.
Ay is the cross-sectional area of secondary will in m?.
Iis the coil current.

> For A.C. Generator € = g;sinwt or € = g, sin2nvt

?jObiective Type Question (1 mark)

Q. 1. The self-inductance L of a solenoid of length I and As L is constant for a coil,
area of cross-section A, with a fixed number of 1
. Le< AandLoec =
turns N increases as 1
(a) I and A increase.
(b) I decreases and A increases.
(c) I increases and A decreases.
(d) both  and A decrease. [NCERT Exemplar]
Ans. Correct option : (b)
Explanation : As we know that,
N?A
l

As W, and N are constant here so, to increase L
for a coil, area A must be increased and [ must be
decreased.

Important point : The self and mutual inductance of
capacitance and resistance depend on the geometry
of the devices as well as permittivity/permeability
of the medium.

L= HV“'O

?j Very Short Answer Type Questions (1 mark each)

Q. 1. An iron-cored solenoid has self-inductance 2.8 28
H. When the core is removed, the self inductance r T o——— V2
. . o 2:0x10
becomes 2 mH. What is the relative permeability
= 1400 %

of the core used ? [Delhi Comptt I, II, I1I 2017]
Ans. Relative permeability

[CBSE Marking Scheme 2017]

L Q. 2. A metallic piece gets hot when surrounded by
= IR a coil carrying high frequency alternating current.
0 Why ? [Delhi Comptt. I, 11, I1I 2014]

Ans. Due to the heating effect of eddy currents set up in
the metallic piece. [CBSE Marking Scheme 2014] 1
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‘,;z Short Answer Type Questions-I

(2 marks each)

Q. 1. A light bulb and a solenoid are connected in
series across an ac source of voltage. Explain, how
the glow of the light bulb will be affected when an
iron rod is inserted in the solenoid.

[Foreign I, 11, 111 2017]

Ans. Effect on brightness Ya
Explanation Y
Brightness decreases %

Explanation : Self inductance of solenoid
increases; this increases the impedance of the
circuit and hence current decreases. b2
(Even student just writes self inductance increases,
award this 1 mark.)

[CBSE Marking Scheme 2017]

Detailed Answer :
(i) Brightness will decrease when an iron rod is
inserted in the solenoid.

(ii) When an iron rod is inserted in the solenoid with a
velocity, the iron rod will cut the magnetic field lines
of an inductor, so as per Kirchhoff's and Faraday’s
Laws, cutting of magnetic field will tend to induce
a current inside the inductor which opposes the
direction of it's cause. So when the current is
being induced by the moving rod, it opposes the
flow of existing current in the circuit, causing the
bulb’s brightness to go down as there is less current
passing through it.

Q. 2. Define self-inductance of a coil. Show that
magnetic energy required to build up the current

I'in a coil of self-inductance L is given by % LI~

[R| [Delhi I, 1, ITI 2014]

Ans. Self-Inductance is the property by which an
opposing induced emf is produced in a coil due to
a change in current, or magnetic flux, linked with
the coil.

OR
Self-inductance of a coil is numerically equal to
the flux linked with the coil when the current
through the coil is 1 A.

OR
Self-inductance of a coil is equal to the induced
emf developed in the coil when the rate of change
of current in the coil is one ampere per second. 1
Energy stored in an inductor :
Consider a source of emf connected to an inductor
L. As the current starts growing, the opposing
induced emf is given by

_ di 3

ST ~
If the source of emf flows a current i through the
inductor for a small time dt, then the amount of
work done by the source, is given by

dW = |e|idt

=Li di dt
dt
= Lidi
Hence the total amount of work done (by the
source of emf) when the current increases from its
initial value (i = 0) to its final value (!) is given by

I [ 1-21 1,
_ 1 [ —7 | =] ==LI
W—(J;dez—L.gzdl —L[Z]O ) 1,

This work done gets stored in the inductor in the
form of magnetic energy.

u=Lrp
2

[CBSE Marking Scheme 2014]

Q. 3. Starting from the expression for the energy

W= % LI? stored in a solenoid of self-inductance

L to build up the current I, obtain the expression
for the magnetic energy in terms of the magnetic
field B, area A and length [ of the solenoid having
n number of turns per unit length. Hence show
that the energy density is given by B%/2m,.
[Delhi Comptt. I, II, ITI 2013]
Ans. Given :

1

Energy W= > LP

A solenoid having magnetic field B, area A, & length
I and having #n numbers of turns per unit length. %
Self-inductance of the solenoid is given by :

L = mn?lA
W= % my?lAP ..()
But, B = pynl
B = won’l® (i)
V = Al (volume) ..(iii) ¥2
From equation (i), (i), (iii), we have
= w=_L pv
21,
w B
Energy density = — = —
& Y 1% 20 1
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?z Short Answer Type Questions-I|

(3 marks each)

AI] Q. 1. Define mutual inductance between a pair of coils.
Derive an expression for the mutual inductance of
two long coaxial solenoids of same length wound
one over the other. [RI[O.D. I, I, ITI 2017, 2014]

Ans. Definition of mutual inductance 1
Derivation of mutual inductance for two long
solenoids 2

(i) Mutual inductance, is numerically equal to the
induced emf in the secondary coil when the
current in the primary coil changes by unity.
Alternatively,

Mutual inductance in numerically equal to the
magnetic flux linked with one coil/secondary coil
when unit current flows through the other coil/
primary coil. 1

(ii)

¥

n, turns

Let a current I, flow in the secondary coil

.. Flux linked with the primary coil
_ KN 2N Ay
I
= M12i2 1/2
Hence, My, = %
= oy Ayl

I
[CBSE Marking Scheme 2017]

N N
(=2, 2]

Q. 2. Define self-inductance of a coil. Obtain the expression for the energy stored in an inductor L connected across

a source of emf.

Ans. Try yourself, Similar to Q. 2, Short Answer Type Questions-I

OR

[RI[O.D. LILIII 2017]
3
[CBSE Marking Scheme 2017]
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[Topper’s Answer 2013]

Q. 3. (i) Define the term ’self-inductance’ and write its
S.I. unit.
Obtain the expression for the mutual inductance
of two long co-axial solenoids S; and S, wound one
over the other, each of length L and radii r; and
r, and n; and n,, number of turns per unit length,
when a current I is set up in the outer solenoid S,.
[RI[Delhi L, II, III 2017]
Ans. (i) Try yourself, Similar to Q. 2 (a), Short Answer

(ii)

(i) L=25mH L=15mH

= —>

Type Questions-L. —>
The S.I. unit of self-inductance is Henry (H). 112 1 Li2
(ii) Try yourself, Similar to Q. 1 (ii), Short Answer Type u 5 1 v,
Questions-II 1% u, 1. ., 2
Q. 4. The current through two inductors of self- ELZIZ
inductance 15 mH and 25 mH is increasing with ) )
time at the same rate. Draw graphs showing the But &1 = &l i
variation of the (++ power dissipated is same)
(i) emf induced with the rate of change of current i e L
(ii) energy stored in each inductor with the current ; = gzL_l b2

flowing through it.
Compare the energy stored in the coils, if the
powers dissipated in the coils are same.

[O.D. Comptt. IT 2017]

ﬂ is same and € = —Lﬁ
dt dt

2
Ans. Graph of emf % u  LifL
Graph of energy stored Y u, LlL
Ratio of energy stored 2
(i) dr Ly _ 2 167 1
a__—> S L 15 %
[CBSE Marking Scheme 2017]
e Q. 5. The current through two inductors of self-
inductance 12 mH and 30 mH is increasing with
I(L = 15 mH) time at the same rate. Draw graphs showing the
variation of the
v II (L = 25 mH) 1 (i) emf induced with the rate of change of current in

each inductor
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(ii) energy stored in each inductor with the current
flowing through it.
Compare the energy stored in the coils, if the
powers dissipated in the coils are same.

[R/ [O.D. Comptt. I, III 2017]

Ans. Try yourself, Similar to Q. 4 Short Answer Type
Questions-II. 3

Q. 6. (i) Define mutual inductance.

(ii) A pair of adjacent coils has a mutual inductance
of 1.5 H. If the current in one coil changes from 0
to 20 A in 0.5 s, what is the change of flux linkage
with the other coil ? [R| [A] [Delhi I, II, III 2016]

Ans. (i) Magnetic flux, linked with the secondary coil
due to the unit current flowing in the primary coil,
b, = MI, 1
[Alternatively,
Induced emf associated with the secondary coil, for a
unit rate of change of current in the primary coil.
— _mh
e, = M e
[Also accept the definition of Mutual Induction, as
per the Hindi translation of the questions]
[i.e., the phenomenon of production of induced emf
in one coil due to change in current in neighbouring

1

coil]
(i) Change of flux linkage
d¢ = Mdl 1
=15x (20-0) W
= 30 weber

[CBSE Marking Scheme, 2016]
Detailed Answer :
(i) Try yourself, Similar to Q. 1 (a), Short Answer Type
Questions-II
(ii) Given :
Mutual inductance of a pair of coils, u = 1.5 H

Initial current, I, =0A
Final current I, =20A
Change in current will be :

Al =1,-1

20-0 =20A

and we know,

A = MAI,
where,
A¢ is change in magnetic flux

Ad =15 % 20

=30 Wb

Hence, change in the flux linkage will be 30 Wb.

EH_II Q. 7. Define the term self-inductance of a solenoid.
Obtain the expression for the magnetic energy
stored in an inductor of self-inductance L to build
up a current I through it.  [RI[O.D. L, II, III 2014]

Ans. Try yourself, Similar to Q. 2, Short Answer Type
Questions-I 3
Q. 8. (i) Define self-inductance of a coil and hence write
the definition of "Henry’.
(ii) Write any two factors each on which the following
depends :
(a) Self-inductance of a coil.
(b) Mutual inductance of a pair of coils.
[R [U] [Foreign 2016]

Ans. (i) The self inductance, L, of a coil equals the
magnetic flux linked with it, when a unit current

flows through it. ¥

One henry is the self inductance of a coil which
the magnetic flux, linked with it, due to a current

of 1 A, flowing in it, equals one weber. Y2
[NOTE : Also accept these two definitions based
oneg=-L d—l ]

dt

(ii) (a) Self inductance of a coil dependson %2 + %
(a) Its geometry (area and length of a coil)

(b) Number of turns

(c) Number of turns in each coil.

(d) Nature of medium in the intervening space.

(Any two)
(b) Mutual inductance of a given pair of coils depends
on Yot 2

(a) Their geometries
(b) Their distance of separation
(c) Number of turns in each coil.
(d) Nature of medium in the intervening space.
(Any two)
[CBSE Marking Scheme 2016]

Q. 9. Define the term ‘mutual inductance’ between
the two coils. Obtain the expression for mutual
inductance of a pair of long co-axial solenoids
each of length [ and radii r; and r, (r, >> r,). Total
number of turns in the two solenoids are N; and N,
respectively. [O.D. I, II, III 2014]

Ans. Try yourself, Similar to Q. 1, Short Answer Type
Questions-II

Q. 10. The current flowing through an inductor of self-
inductance L is continuously increasing. Plot a
graph showing the variation of

(i) Magnetic flux versus the current
(ii) Induced emf versus dl/dt
(iii) Magnetic potential energy stored uversus the
current. [Delhi I, II, III 2014]

Ans. (i) Magnetic flux versus current :

|

Magnetic
Flux

Current —> 1

(ii) Induced emf versus %

dl
dt

Induced
emf

|
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Alternatively,
a__
dt
0
Induced
emf
When I is increasing at constant rate. 1
(iii) Magnetic energy stored versus the current :
1LP
T 2
Magnetic
energy
Sloied Current ——>
1

[CBSE Marking Scheme 2014]

Q. 11. Derive the expression for the magnetic energy
stored in a solenoid in terms of magnetic field
B, area A and length [ of the solenoid carrying a
steady current I. How does this magnetic energy
per unit volume compare with the electrostatic
energy density stored in a parallel plate

capacitor ?
Ans. Rate of work done,
i eli
dl
dW = | LI = 1
(1) y
dW = L1dI
Total amount of work done,
Jlaw = JL1ar
W = % LI? 1

For the solenoid :
Inductance, L = uOnZAl; also B = pynl 1

?_3 Long Answer Type Questions

1

W=Ug=~ LP %
2
2
= 1 2 Al i
B (ugn°Al) Hont
_ Bl )
24 ”
2
Magnetic energy per unit volume = I
0
Also, Electrostatic Energy Stored Per Unit Volume
1
= ) EOEZ 1

Q.12.The currents flowing in the two coils of self-
inductance L; = 16 mH and L, = 12 mH are
increasing at the same rate. If the power supplied
to the two coils are equal, find the ratio of (i)
induced voltages, (ii) the currents (iii) the energies
stored in the two coils at a given instant.

[Foreign 2014]

Ans. (i) Induced emf (voltage) in a coil,
dl
e=-L = bz
dt :

dl
L, —
& Tar Ly _4

il =_1_= 14
1) L a1, 3
dt
(ii) Power supplied P =c¢l P
As power is same for both coils
gl; = &l
I
I g 4
(iii) Energy stored in a coil,
u= %LIZ iz
1, 2
—LI 2
u 1 L7 3
Y1 _ 2 11 _ 2 14

LIZ - 1L21% LZI% 4

[CBSE Marking Scheme 2014]

(5 marks each)

Q. 1. (a) State the principle of an ac generator and
explain its working with the help of a labelled
diagram. Obtain the expression for the emf induced
in a coil having N turns each of cross-sectional
area A, rotating with a constant angular speed ‘o’
in a magnetic field B, directed perpendicular to
the axis of rotation.

(b) An aeroplane is flying horizontally from west to
east with a velocity of 900 km/hour. Calculate the
potential difference developed between the ends

of its wings having a span of 20 m. The horizontal
component of the Earth’s magnetic field is 5 x 107
T and the angle of dip is 30°. [Ul[CBSE SQP 2018]

Ans. (a) Principle of ac generator Y2
working 1
mark Labelled diagram 1

Derivation of the expression for induced emf 172
(b) Calculation of potential difference 1%
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(@) Coil A—— Axle

Slip ®

rings ¢ Alternating emf

®

Carbon

brushes
The AC Generator works on the principle of
electromagnetic induction. b2
When the magnetic flux through a coil changes,
an emf is induced in it. V2

As the coil rotates in magnetic field the effective
area of the loop, (i.e., A cos 8) exposed to the
magnetic field keeps on changing, hence
magnetic flux changes and an emf is induced. %

~. The induced emf, e = - N Z—q) Y2
t

=-NBA L (cos ot)
dt

e = NBAwsin ot Y2
(b) Potential difference developed between the ends
of the wings e = Blv Y2
Given: Velocity, v = 900 km/hour
= 250 m/s
Wing span, I =20m
Vertical component of Earth’s magnetic field
B, = Bytan &

= 5x10~* (tan 30°) tesla %
.. Potential difference,
£ =5%10"*(tan30°) X 20 X 250
_ 5x20x250x107*
=7

= 1.44 volt b2
[CBSE Marking Scheme 2018]

Answering Tips

e While answering the question related to ac generator
always remember to make a proper and labelled
diagram following with explanation of principle,
construction and working of generator.

Detailed Answer :

(a) A.C. generator :
A.C. generator is a device which converts
mechanical energy into electric energy.
Principle : It works on the principle of
electromagnetic induction. Y2
Working : It consists of

(i) Armature coil of large number of turns of copper
wire wound over soft iron core soft iron core is used
to increase magnetic flux.

ii) Field magnets are used to apply magnetic field
g ppLy g
in which armature coil is rotated with its axis
perpendicular to field lines.

(iii) Slip rings used to provide movable contacts of

armature coil with external circuit containing load.
(iv) Brushes are the metallic pieces used to pass an
electric current from armature coil to the external
circuit containing load. Y2

14

Theory :
Consider a coil PQRS free to rotate in a uniform

magnetic field B. The initial flux through the coil is
maximum i.e., = BA but as the coil is rotating with
angular velocity o, at any instant ‘t’ the flux is given
by

¢ = BAcos 6 = BAcos wt

)
As the coil rotates, the magnetic flux linked with it
changes. An induced emf is set up in the coil which
is given by,

s:d—q):—i(BAcos ot) = 0BAsin ot Y

dt  dt

If the coil has N turns, then the total induced emf
will be

e = NBAwsin t. 1
Thus, the induced emf varies sinusoidally with time
't'. The value of induced emf is maximum when
sin ot = 1 or sin ot = 90°, i.e., when the plane of the

coil parallel to the field B. Denoting this maximum
value by g, we have
€y = NBAw

€ = gysin ot = sin 2nft where f is the frequency of
rotation of the coil.
We consider the following special cases :

(i) When ot = 0°, the plane of the coil is perpendicular
to B, sin ot = sin 0° so thate = 0

(ii) When ot =n/2, the plane of coil is parallel to field

B, sinmt=sinn/2=1, sothat e=¢,
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(iii) When ot=m,
perpendicular to B, sinwt =sint=0 so that e=0

the plane of the coil is again

(iv) When ot = 37“, the plane of the coil is again parallel
. . 3w
to B, sinwt — sm? =-1 so that e=—¢,

(v) When ®=2m, the plane of the coil again becomes
perpendicular to B after completing one rotation,
sinot =sin2n=0 so that e=0.

As the coil continues to rotate in the same sense the
same cycle of changes repeats again and again. Such
an emf is called sinusoidal or alternating emf. Both
the magnitude and direction of this emf changes
regularly with time.

® The fact that an induced emf is set up in a coil when
rotated a magnetic field forms the basic principle of
a dynamo or a generator.

® The electric current produced varies sinusoidally
with time, so is known as “alternating current” and
hence the generator is known as ‘A.C. generator’.

(b) As

B _ tan &
H
BV = BHtal’l 8 1/2
=5 X 10~ tan 30°

5x10™

NE]

e=Blv

_ 5x107*

V3
=144V V2
Q. 2. Define ‘self-inductance’ of a coil. Obtain an
expression for self inductance of a long solenoid
of cross sectional area A, length L having n turns
for unit length. Prove that self inductance is the
analogue of mass in mechanics. [R|[SQP II 2017]
Ans.Try yourself, Definition : Similar to Q. 2, Short

Answer Type Questions-I 5
[CBSE Marking Scheme 2017]

)

x 20 x 250

Expression :
Consider a long solenoid of length I, area of cross-
section A with N number of closely wound turns.
If I is the amount of current flowing through the
solenoid, then magnetic field B inside the solenoid
will be :

_ MoNI

I

Now magnetic flux through each turn of solenoid is :

B b2

2
o= BA=7HOI\Z Al Y
Since o =1LI
2
LI = 7’“‘01\; Al v
2
Hence, L= M 1

I

If a coil of wire with few turns around metal core
carries a charge is passed through. The current will
create a magnetic field that runs through the center
of the coil pointing downward. If the current is
stopped suddenly, then the magnitude of magnetic
field tends to be zero.

It is known that changing magnetic fields will
influence the charges in loops of wire. If magnitude
of magnetic field in the coil approaches to zero,
it induces a voltage in the coil which creates the
magnetic field. So as per Lenz's law, voltage
induced by changing magnetic field gives rise to a
current which counteract the changes.
Mathematically, voltage across the inductor, the

loop of coil, is

dl
Via = L—, 1
Ind dt
The above expression looks similar to expression of
force :
F = m@
dt
Now,
1.2
Elnd = ELI 1
L
EKinetic = Emv

From the above description, there appears an
analogy between mechanical motion and flow of
electricity. Here, self-inductance L and mass m,
both provide inertia that will resists in changing the
current I or velocity v suddenly. 1

Q. 3. Define mutual inductance of a coil. On what
factors it depends ? [RI[SQP 1I 2017]
Two concentric circular coils, one of small radius
r; and the other of large radius r,, such that r; <<
r,, are placed co-axially with centers coinciding.
Obtain the mutual inductance of the arrangement.

Ans. Try yourself, Definition : Similar to Q. 2, Short

Answer Type Questions-II. 2

Try yourself, Factors : Similar to Q. 8 (ii) b, Short

Answer Type Questions-IL 1
Expression :

If a current I, flows through the outer circular coil of
radius r,, the magnetic field at the centre of the coil
will be,
_ Molp
27 2n

Va

As 1 << 1, so field B, will be considered to be
constant over the entire cross-sectional area of inner
coil with radius r;. Hence, magnetic flux linked with
the smaller coil will be :

91 = BA4
Kol 2
= 2 xmr 1
2r, ! Ve
From the definition :
01 = ML,

Hence, mutual inductance will be,

0; _pomry
27 2 v
2 )
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But My, =My =M

. Mutual inductance, M = (ﬁE,dl = _dd% 1

Q.4. (i) Explain the meaning of the term mutual
inductance. Consider two concentric circular coils,
one of radius r; and the other of radius r, (r; < r;)
placed co-axially with centres coinciding with
each other. Obtain the expression for the mutual
inductance of the arrangement.

(ii) A rectangular coil of area A, having number of
turns N is rotated at ‘f revolutions per second
in a uniform magnetic field B, the field being
perpendicular to the coil. Prove that the maximum
emf induced in the coil is 2nfNBA.

[O.D. 1, II, III 2016]

Ans. (i) Mutual Inductance is the property of a pair of
coils due to which an emf induced in one of the
coils due to the change in the current in the other

coil. . ¥
Mathematically, €, = Nlel 1
e
M=-—2 Vs
diy / dt :
Let a current I, flows through the outer circular
coil. Then
B, = FZLZ 1%
i
2
umr
¢; =B, = L) = Myl
B
i
Thus M, = Trl = My, v
2
(ii) Coil Axle
1
N S

Slip ‘®

rings Alternating emf
®
Carbon
brushes
Flux at any time t".
¢0g = BAcos 8 = BAcos ot Y2
From Faraday’s Law, induced emf
e = — % = NBAi(cosmt)
At dt
b2

Thus the instantaneous value of emf is
e = NBAwsin wt
For maximum value of emf sin of = *+1
ie., ey = NBAw = 2nfNBA )
[CBSE Marking Scheme 2016]

Q. 5. (i) Define mutual inductance and write its S.I. unit.
(ii) Derive an expression for the mutual inductance of
two long co-axial solenoids of same length wound

one over the other.

(iii) In an experiment, two coils C; and C, are placed
close to each other. Find out the expression for
the emf induced the coil C; due to a change in the
current through the coil C,.

[5] [Delhi I, II, III 2015]

Ans. (i) (ii) Try yourself, Similar to Q. 2, Short Answer

Type Questions-1I 2

(iii) Let a magnetic flux be (¢;) linked with coil C; due
to current (I,) in coil C,.

We have :
01 < Iy
= o, = MI,
o, _ o dl 1
dt 7 dt
dl, 1
=_M— )
= Mdt

[CBSE Marking Scheme 2015]

Q. 6. Define mutual inductance of a pair of coils and
write on which factors does it depend.
A square loop of side 20 cm is initially kept
30 cm away from a region of uniform magnetic
field of 0.1 T as shown in the figure. It is then
moved towards the right with a velocity of 10 cm
s7L till it goes out of the field.
Plot a graph showing the variation of
(i) magnetic flux (¢) through the loop with time (7).
(ii) induced emf (¢) in the loop with time £.
(iii) induced current in the loop if it has resistance of

0.1 Q.
X —X—X—X— X B 1down
|
10cm/s X — X — X—X—X
— | |
X—X—X—X—X —
30 cm | |
20 em X—X—X—X—X
PN I |

X—X—X—X—X

80 cm

[R//A/[0.D. 1, I, III 2015]
Ans. Mutual Inductance : The mutual inductance, of a
pair of coils, equals the magnetic flux linked with
one of them due to a unit current in the other. 1
Alternatively, The mutual inductance, of a pair of
coils, equals the emf induced in one of them when
the rate of change of current in the other is unity.
Factors affecting the mutual inductance of a pair of
coils :
(i) The sizes of the two coils
(ii) The shape of the two coils
(iii) The distance of separation between the two coils
(iv) The nature of the medium between the two coils
(v) The relative orientation of the two coils.
[Any two] 1
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30 cm
10 cm/s

Fromt=0toft=3s (= ), the flux through the coil is zero.

Fromt = 3stot = 5s, the flux through the coil increases from 0 to |f),1 x(&j]Wb i.e. 0.004 Wh.
100

Fromt = 5stot =11 s, the flux remains constant at the value 0.004 Wb.
Fromt = 11 s to t =13 s, the flux decreases through the will from 0.004 Wb to 0 Wb.
(i) The plot of ¢ against ¢ is, therefore, as shown :

[~ 0.004

(InWb)
|

| - | ]
1 1 T 1T 1
1 23 45 6 7 8 910 11 12 131415

t(ins)

" _ a9
(ii) e=- it
The plot of € against t is, therefore, as shown :
E
in 2
mV T
T N (N NN MO R RO TR R | [ 1
| | | | 1 | | 1 I I I
-1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
L - |
(in s)
3
(iii) =8 _2x107 o0 A
R 01Q
T |20
E |10
- l | l | I ! ! | | | | | 1
| | | I 1 | | | | I I I I
-10—14— 1 2 Z:) 4 j 6 7 8 9 10 11 12 13 14 15
—20—1 t
(in's)
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