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1. Electromagnetic Induction

The phenomenon of generation of induced emf and induced current due to change in magnetic
field lines associated with a closed circuit is called electromagnetic induction.

2. Magnetic Flux

Magnetic flux through a surface ofarea 4 placed in a uniform magnetic fieldis ¢ = B.A = BAcos®,

- ANI1d13H

0 being angle between B and normal o 4 . If magnetic field is not uniform, then ¢, = L B.dA,
where integral extends for whole area 4.

The SI unit of magnetic flux is weber. Magnetic flux is a scalar quantity; because of being scalar
product of two vectors Band 4.

3. Faraday’s Laws of Electromagnetic Induction

(1) Whenever there is a change in magnetic flux linked with a coil, an emf is induced in the coil.
The induced emf'is proportional to the rate of change of magnetic flux linked with the coil.

d39INdiNdd O1 SINIOd
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Ad
1.e., Ecc E
(221) emfinduced in the coil opposes the change in flux, i.e.,
Ad Ad
Eoe-p == Hy

where k is a constant of proportionality.
Negative sign represents opposition to change in flux.

Ad

In SI system ¢ is in weber, ¢ in second, € in volt, when k= l,e = ~57
. Ad
If the coil has N-turns, then € = —NF
4. Induced Current and Induced Charge

If a coil is closed and has resistance R, then current induced in the coil,

j=E__NA&b
R "R At

NA¢  Total flux linkage
R Resistance
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5. Lenz’s Law

It states that the direction of induced emf is such that it tends to produce a current which opposes
the change in magnetic flux producing it.

6. EMF Induced in a Moving Conducting Rod

X X X X X
EMF induced in a conducting rod of length / moving with velocity v inamagnetic  y 4| |x x «x
field of induction B, such that B,  and v are mutually perpendicular, is givenby [T, —F?¢

g = Bul X XN X X

2,2
force required to keep the rod in constant motion is F = BIL = #

7. Self Induction

When the current in a coil is changed, an induced emf is produced in the same coil. This
phenomenon is called self-induction. If L is self-inductance of coil, then
N

N oI or N¢=LI=>L=T

L is also called coefficient of self induction. T

The graph between effective magnetic flux (N¢) and current / is straight

line of slope self inductance L.
Al N(¢)
Also induced emf € = =Ly

The unit of self inductance is henry (H). The self induction acts as
inerta in electrical circuits; so it is also called electrical inertia.

+ ANIT1d13H

The self inductance of a solenoid consisting core of relative permeability
W, is L=y, pon”Al
N .
where n = 7 the number of turns per metre length.
8. Mutual Induction

When two coils are placed nearby and the current in one coil (often called primary coil) is changed,
the magnetic flux linked with the neighbouring coil (often called secondary coil) changes; due to
which an emf'is induced in the neighbouring coil. This effect is called the mutual induction. If M
is mutual inductance of two coils, then ¢, < I, or ¢, =M1,

%

Definition of mutual inductance: M = —.

5

The mutual inductance of two coils is defined as the magnetic flux linked with the secondary coil
when the current in primary coil is 1 ampere.

Al &

Also induced emf'in secondary coil €, = - MT =>M=- AL/AL
The mutual inductance of two coils is defined as the emf induced in the secondary coil when the
rate of change of current in the primary coil is 1 A/s.

The SI unit of mutual inductance is also henry (H). The mutual inductance of two coils does not
depend on the fact which coil carries the current and in which coil emf’is induced z.e., M|y, =My, = M
This is also called reciprocity theorem of mutual inductance.

If L, and L, are self-inductances of two coils with 100% flux linkage between them, then

M= /L L,, otherwise M = k,/L L, , wherek is coeflicient of flux linkage between the coils.

S0S0596ELL16* // 0E19856£66716%

Mutual Inductance of solenoid-coil system
1o N, NoA
B l
where A is area of coil, / is length of solenoid, N, is number of turns in solenoid and N, is number
of turns in coil.
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1. Whenever the flux linked with a circuit changes, there is an induced emf in the circuit. This
emf in the circuit lasts
(a) for a very short duration
(b) for along duration
(c) forever
(d) as long as the magnetic flux in the circuit changes.

2. Anaread = 0.5 m® shown in the figure is situated in a uniform magnetic field B = 4.0 Wb/m?®

and its normal makes an angle of 60° with the field. The magnetic flux passing through the
area A would be equal to

YyYVYYYY

4

(@) 2.0 weber (b) 1.0 weber (€) 3 weber (d) 0.5 weber

3. A square of side L meters lies in the X-Y plane in a region, where the magnetic field is given by
B = B, (2i + 3j + 4k) T, where B_ is constant. The magnitude of flux passing through the square
is [NCERT Exemplar]

(@) 2B, L*Wb ) 3 B, L*> Wb (c) 4B, L* Wb d) v29B I Wb

+ ANI1d13H

4. A loop, made of straight edges has six corners at 4(0, 0, 0), B(L, 0, 0), C(L, L, 0), D(0, L, 0)
E©, L, L) and F(0, 0, L). A magnetic field B= Bo(f + k)T is present in the region. The flux

passing through the loop ABCDEFA (in that order) is [NCERT Exemplar]
(@) B,L* Wb () 2 B, L* Wb (c) V2B,I> Wb d) 4 B, L* Wb

5. An emf is produced in a coil, which is not connected to an external voltage source. This can
be due to [NCERT Exemplar]
(a) the coil being in a time varying magnetic field.
(b) the coil moving in a time varying magnetic field. 55 A
(¢) the coil moving in a constant magnetic field. N3

S0S0S96E84L 16* // 0E198B56E667 16

(d) the coil is stationary in external spatially varying magnetic field, which does not
change with time.

6. A cylindrical bar magnet is rotated about its axis (Figure given alongside). A ;a;g,;’ i3
wire is connected from the axis and is made to touch the cylindrical surface
through a contact. Then [NCERT Exemplar)

(a) adirect current flows in the ammeter A.

(b) no current flows through the ammeter A. S
(¢) an alternating sinusoidal current flows through the ammeter A with a time period T=2n/®.
(d) atime varying non-sinusoidal current flows through the ammeter A.

7. A copper ring is held horizontally and a magnet is dropped through the ring with its length
along the axis of the ring. The acceleration of the falling magnet is
(a) equal to that due to gravity
(b) less than that due to gravity
(¢) more than that due to gravity
(d) depends on the diameter of the ring and the length of the magnet

CBSc=-PHYSICS
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8. There are two coils A and B as shown in the figure. A current starts A B
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 [NCERT Exemplar)

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

(b) there is a varying current in A.

(¢) there is no current in A.

(d) there is a constant current in the counterclockwise direction in A. A B
9. Same as the above problem except the coil 4 is made to rotate about a =

vertical axis refer to the figure. No current flows in B if 4 is at rest. The

current in coil 4, when the current in B (at ¢ = 0) is counterclockwise and

the coil 4 is as shown at this instant, t = 0, is [NCERT Exemplar)

(@) constant current clockwise. (b) varying current clockwise.

(¢) varying current counterclockwise. (d) constant current counterclockwise.

10. Lenz’s law is essential for
(@) conservation of energy (b) conservation of mass
(¢) conservation of momentum (d) conservation of charge

11. The self inductance L of a solenoid of length / and area of crosssection 4, with a fixed number

é of turns N increases as [NCERT Exemplar)
= (a) [ and A increase. (b) ! decreases and A increases.
< (¢) lincreases and A decreases. (d) both [ and A decrease.

12. A thin circular ring of area 4 is held perpendicular to a uniform magnetic field of induction B.
A small cut is made in the ring and a galvanometer is connected across its ends in such a way
that the total resistance of the circuit is R. When the ring is suddenly squeezed to zero area,
the charge flowing through the galvanometer is

BR AB B’A

@ — 0 & (¢) ABR @)
13. A circular coil expands radially in a region of magnetic field and no electromotive force is
produced in the coil. This can be because [NCERT Exemplar)

(a) the magnetic field is constant.
(b) the magnetic field is in the same plane as the circular coil and it may or may not vary.

(¢) the magnetic field has a perpendicular (to the plane of the coil) component whose magnitude
is decreasing suitably.

GOS0SQ6ELL 16* // OEL98S6ELL 16+

(d) there is a constant magnetic field in the perpendicular (to the plane of the coil) direction.

14. A thin diamagnetic rod is placed vertically between the poles of an electromagnet. When the
current in the electromagnet is switched on, then the diamagnetic rod is pushed up, out of
the horizontal magnetic field. Hence the rod gains gravitational potential energy. The work
required to do this comes from

(a) the current source
(b) the magnetic field
(¢) the latuce structure of the material of the rod
(d) the induced electric field due to the changing magnetic field
15. A circular loop of radius r, carrying a current / lies in y-z plane with its centre at the origin.
The net magnetic flux through the loop is [CBSE 2020 (55/4/1)]
(a) directly proportional to r
(b) zero
(¢) inversely proportional to r
(d) directly proportional to /

CBS=-PRHYSICS
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16. The self-inductance of a solenoid of 600 turns is 108 mH. The self-inductance of a coil having
500 turns with the same length, the same radius and the same medium will be
[CBSE 2022 (55/2/4), Term-1]
(@) 95 mH (b) 90 mH (¢) 85 mH (d) 75 mH

17. The current in the primary coil of a pair of coils changes from 7A to 3A in 0.04 s. The mutual
inductance between the two coils is 0.5 H. The induced emf in the secondary coil is
[CBSE 2022 (55/2/4), Term-1]
(@) 50V b)75V (c) 100V (d) 220V
18. A conducting square loop of side ‘L’ and resistance ‘R’ moves in its plane with the uniform

velocity ‘v’ perpendicular to one of its sides. A magnetic induction ‘B’ constant in time and
space pointing perpendicular and into the plane of the loop exists everywhere as shown in the

figure. The current induced in the loop is [CBSE Sample Paper-2022, Term-1]
(@) BLvy/R clockwise x B x x C x E.
X X - x

v

(b) BLv/R anticlockwise

(¢) 2BLv/R anticlockwise X X X X
(d) zero : A : : D :
19. Two coils are placed close to each other. The mutual inductance of the pair of coils depends
. upon the [CBSE Sample Paper-2022, Term-1)
m (a) rate at which current change in the two coils
= (b) relative position and orientation of the coils
= (¢) rate at which voltage induced across two coils
. (d) currents in the wwo coils
20. The magnetic flux linked with the coil (in weber) is given by the equation,
=52 +3t+ 16
The induced EMF in the coil at time, ¢ = 4 will be [CBSE Sample Paper-2022, Term-1]

(@) =27V (b)-43V (c) -108 V d) 210V

21. A circular loop of radius 0.3 cm lies parallel to much bigger circular loop of radius 20 cm. The
centre of the small loop is on the axis of the bigger loop. The distance between their centres is
15 cm. If a current of 2.0 A flows through the smaller loop, then the flux linked with the bigger
loop is [CBSE Sample Paper-2022, Term-1)
(@) 3.3 x 107" weber (b) 6 x 107" weber  (c) 6.6 x 10~ weber (d) 9.1 x 107! weber

22. If both the number of turns and core length of an inductor is doubled keeping other factors
constant, then its self-inductance will be [CBSE Sample Paper-2022, Term-1))
(@) unaffected (b) doubled (c) halved (d) quadrupled

23. A circular coil of radius 8.0 cm and 40 turns is rotated about its vertical diameter with an

GOS0SQ6ELL L6* // OEL98S6ELL L6+

angular speed off 27'(_5 rad s™' in a uniform horizontal magnetic field of magnitude 3.0 X 10 T.

The maximum emf induced in the coil is [CBSE 2023 (55/1/1)]
(@) 0.12V (b)0.15V (¢) 0.19V (@) 0.22V

24. Figure shows a rectangular conductor PSRQ in NS BE S BB s 5
which movable arm PQ has a resistance ‘r and S P P

resistance of PSRQ is negligible. The magnitude of Ix x x X x x lIx x W™
X

emf induced when PQ is moved with a velocity v
does not depend on [CBSE 2020 (55/4/1)] y £

5 " - X X x X X X X x
(@) magnetic field B o bswe Wses sz oo 3¢ Wsee v N
() velocity field o R T -
. X X x x X X A S
(¢) resistance (r) < " >
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25. The direction of induced current in the loop abc is [CBSE 2023 (55/4/1)]
(a) along abe if I decreases b
(b) along acb if I increases . @
(¢) along abe if I constant X . y
(d) along abe if I increases
Answers
1. (d) 2. (b) 3. (¢c) 4. (b) 5. (a), (b), (c) 6. (b) 7. ()
8. (d) 9. (a) 10. (a) 11. (b) 12. (b) 13. (b), (¢) 14. (a)
15. (b) 16. (d) 17. (a) 18. (d) 19. (b) 20. (b) 21. (d)
22. (b) 23. (¢) 24. (¢) 25. (d)

Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
A is true but R is false.

A is false and R is also false.

(a)
(®)
(©)
(@

1. Assertion(4) : An emfis induced in a closed loop where magnetic flux is varied. The induced
field E is not a conservative field.
Reason (R) : The line integral ffzf around a closed path is non-zero. [AIIMS 2006]
2. Assertion(4) : Faraday established induced emf experimentally.
Reason (R) : Magnetic flux can produce an induced emf.
3. Assertion(4) : The direction of induced emf'is always such as to oppose the changes that causes it.
Reason (R) : The direction of induced emf'is given by Lenz's law .
4. Assertion(4) : Acceleration of a vertically falling magnet through a horizontal metallic ring is
less than g.
Reason (R) : Current induced in the ring opposes the fall of magnet.
5. Assertion(4) : Only a change of magnetic flux will maintain an induced current in the coil.
Reason (R) : The presence of a large magnetic flux will maintain an induced current in the coil.
6. Assertion(4) : The presence of large magnetic flux through a coil maintains a current in the
coil, if the circuit is continuous.
Reason (R) : Only a change in magnetic flux will maintain an induced current in the coil.
[AIIMS 2018]
7. Assertion(4) : If we use a battery across the primary of a step up transformer, then voltage is
also obtained across secondary.
Reason (R) : Batterygivesatime varying current, so thereis a change in magnetic flux through
the secondary of transformer and hence, emf'is induced across secondary.
8. Assertion(4) : Two identical co-axial circular coils carry equal currents circulating in same
direction. If coils approach each other, the current in each coil decreases.
Reason (R) : When coils approach each other, the magnetic flux linked O O
with each coil increases. According to Lenz’s law, the induced | |
current in each coil will oppose the increase in magnetic flux,
hence, the current in each coil will decrease.
CBSc-PHYSICS

PHYSICS
REVISION MODULE
ELECTROMAGENTIC INDUCTION

N
Z
L)
-
—
O
©)
b
o
>
—
A
@)
(=
=
(@)
O
=
)
—
m
29
—
I
p-o
Z
>
)
X
@)
=
75
-
>
=
@
>
s
I
o]
N
0
")
~
T

A e P STUDY CIRCLE




E P SINCE 200)... EAYSIES
IIT-NEET-CBSE REVISION MODULE

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS SLECTROMAGENTIC INDUCTION

9. Assertion(4) : When a rod moves in a transverse magnetic field, an emf'is induced in the rod;
the end becomes magnetic with end A positive.
Reason (R) : A Lorentz force evB acts on free electrons, so electrons move {rom B o A4, thus
by making end A positive and end B negative.
10. Assertion(4) : In the phenomenon of mutual induction, self-induction of each of the coils
persists

Reason (R) : Self-induction arises when strength of current in same coil changes. In mutual
induction, current is changed in both individual coils.

Answers
1. (@) 2. (¢) 3. (b) 4. (a) 5. (¢) 6. (d) 7. (a)
8. (a) 9. (b) 10. (b)

Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Electromagnetic Induction: Consider the experimental set up shown in the figure. This jumping
ring experiment is an outstanding demonstration of some simple laws of Physics. A conducting
non-magnetic ring is placed over the vertical core of a solenoid. When current is passed through
the solenoid, the ring is thrown ofl. [CBSE 2023 (55/2/1), Modified)

+ ANIT1d13H

Copper Ring
(free to move)

Iron Core

Coil

(7)) The direction of induced current in the ring in jumping ring experiment is such that the
polarity developed in the ring is same as that of the polarity on the face of the coil, then
ring will jump up due to

S0S0596ELL16* // 0E19856£66716%

(a) auractive force when the switch is closed in the circuit.
(b) repulsive force when the switch is closed in the circuit.
(¢) autractive force when the switch is closed in the circuit.
(d) repulsive force when the switch is closed in the circuit.

(i) What will happen if the terminals of the battery are reversed and the switch is closed?
(a) Ring will not be jump.
(b) Ring will jump again.
(¢) Current will not induced in the ring.
(d) none of these

(iti) The jumping ring experiment based on which of the following law?
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(@) Lenz's Law (b) Faraday's law
(¢) Snell’s Law (d) both (a) and (b)
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(iv) Two identical circular loops 4 and B of metal wire are lying on a table without touching
each other. Loop 4 carries a current which increases with time. In response the loop B

(a) remains stationary.

(b) is auracted by loop A.

(¢) is repelled by loop A.

(d) rotates about its centre of mass with centre of mass fixed.
OR

An emf of 200 V is induced in a circuit when current in the circuit falls from 5 A to 0 A in
0.1 second. The self-inductance of the circuit is

(@) 3.5 H (b)3.9H
(c)4H (d)4.2H
Explanations

(1) (b) The direction of induced current in the ring is such that the polarity developed in the ring
is same as that of the polarity on the face of the coil, hence it will jump up due to repulsive
force.

() (b) The polarity of the induced current in the ring will get reversed on changing the terminals
of the battery, so the ring will jump again.

(i) (d) Lenz’s law: It states that the polarity of induced emf is such that it tends to produce a
current which opposes the change in magnetic flux that produces it.
Faraday’s law of EMI:

Whenever there is change in magnetic flux through a coil, an emfis induced.

+ 3NI1d13H

The magnitude of the induced emf in a coil is equal to the time rate of change of change of
magnetic flux through the coil.

(tv) () Opposite currents are induced in loops, so loops repel each other.

OR
) ST IR GORRGe, Lm0

(&) ()
CONCEPTUAL QUESTIONS

Q. 1. Two spherical bobs, one metallic and the other of glass, of the same size are allowed to fall freely
from the same height above the ground. Which of the two would reach earlier and why?
[CBSE Delhi 2014)

Ans. Glass would reach earlier. This is because there is no effect of electromagnetic induction in glass,
due to presence of earth’s magnetic field, unlike in the case of metallic ball.

S0S0S96ELL 16* // OEL98B56E667 16

Q. 2. A 1.0 m metallic rod is rotated with an angular velocity of 400 rad/s about an axis normal to the
rod passing through its one end. The other end of the rod is in contact with a circular metallic
ring. A constant and uniform magnetic field of 0.5 T parallel to the axis exists everywhere.

Calculate the emf developed between the centre and the ring. [NCERT]
Ans. EMF developed between the centre of ring and the point on the ring. o
)
€= IEB wl? "

Given B = 0.5T, ®=400 rad/s, [=1.0 m.

€= ;—x 0.5 X 400 X (1.0)2 = 100 volt 0
(o}

CBSE-PHYSICS A = P STUDY CIRCLE
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Q. 3. 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.
[CBSE Delhi 2017)

Ans. No.

Justification: As the magnetic field due to current carrying wire will be in the plane of the
circular loop, so magnetic flux will remain zero. Also, magnetic flux does not change with the
change in current.

Q. 4. A solenoid with N loops of wire tightly wrapped around an iron-core is carrying an electric
current /. If the current through this solenoid is reduced to half, then what change would you
expect in inductance L of the solenoid? [CBSE Sample Paper 2021)

Ans. The inductance is given as,

N24
L= Mo

Since the inductance does not depend upon the amount of current, the inductance of solenoid
remains same.

Q. 5. On what factors does the magnitude of the emf induced in the circuit due to magnetic flux
depend? [CBSE (F) 2013]
Ans. Itdepends on the rate of change in magnetic flux (or simply change in magnetic flux).

| =

Q. 6. A conducting rod of length [ is kept parallel to a uniform magnetic field B .Itis moved along

+ ANIT1d13H

the magnetic field with a velocity v . What is the value of emf induced in the conductor.
[CBSE 2020 (55/2/1)]

‘ 5’«&79{ (mf;i(/ﬁ?z.f&((oamy’ow
B e i s

Ans.

-

_@!

S0S0596ELL16* // 0E19856£66716%

In figure, N-pole is receding away coil (PQ), so in coil (PQ), the nearer faces will act as S-pole
and in coil (CD) the nearer face will also act as S-pole to oppose the approach of magnet towards
coil (CD), so currents in coils will flow clockwise as seen from the side of magnet. The direction
of current will be from P to Q in coil (Q) and from C to D in coil (CD).

N

Z

o

S)

— s

< [Topper’s Answer 2020] i

>

Q. 7. A bar magnet is moved in the direction indicated by the arrow between two coils PQ and CD. é
Predict the directions of induced current in each coil. [CBSE (AI) 2012, 2017) S
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Q. 8. Plot a graph showing variation of induced e.m.f. with the rate of change of current flowing
through a coil. [CBSE 2020 (55/5/1)]
Ans. Induced e.m.f. in a coil, € = —L‘;I—I Y
[Award one full mark even if the student just draws the graph T 1
without writing the expression of induced emf] E
(Note: Award this one mark if a student draws the graph in first
quadrant as shown below,) o) D,
di/de
Y
E
X
—
| dl/dt

[CBSE Marking Scheme 2020 (55/5/1)]

Q. 9. Ametallic rod PQ of length /is rotated with an angular with an angular velocity © in a magnetic

field B about an axis passing through the mid-point O of the rod and perpendicular to the
plane of paper as shown in the figure. What is the potential difference developed between the

L point O and Q of the rod? [CBSE 2020 (55/2/3)]
= x x x X x
z
- x X X X X
- O
Prc T ] Q
X X4 X 4 X X
X X x X X

kné; Emfinduced inthe'rod, EmeBult

2
; I 1%
for Emfinduced between O and Q, €= EB(D D)™ ngl 1 O
Q. 10. Predict the directions of induced currents in metal rings 1 and 2 lying in 9 O I

the same plane where current / in the wire is increasing steadily.
[CBSE, (Al) 2017)

Ans. | 20 lIWhenn _cossent & cnokcascrg s mo.gbtfu: {Cax. tSktect Bt
the ecoo cocl® oS0 ncrensey: Toe B doe to che cuRgent
Lerment h 2 c8  cnfo ghe Rare ancl Ld ectof the
tane:  Snce ftax (hoacosess derecteon of doclueeal |
craseent sy appa. _Such _ehae ehe B deic to el da_opascte
Lo el ngc(acr)'cd Wax:_ 8o &he  éndaced cursent ch e
loop. 1 ¢ _cn.clockende dczcct/p..cncl ace b anticlack
| leacse: deicctrat e [prpersAnswerZOI?]

Q. 11. The electric current flowing in a wire in the direction from B to 4 is decreasing. Find out the
direction of the induced current in the metallic loop kept above the wire as shown.

[CBSE (AI) 2014)

S0S0596ELL16* // 0E19856£66716%
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Ans. The current in the wire produces a magnetic field vertically
downward in the vicinity of the coil. When the current in
wire BA decreases, according to Lenz’s law, the current
induced in the coil opposes this decrease; so the current in
the coil will be in clockwise direction. A B

Q. 12. Two loops of different shapes are moved in the region of a uniform magnetic field pointing
downward. The loops are moved in the directions shown by arrows. What is the direction of
induced current in each loop? [CBSE (F) 2010] [HOTS]

X X X X X gx X
C
a<]_x x B x d ’f‘
b
X X X X X ex X

Ans. Loop abe is entering the magnetic field, so magnetic flux linked with it begins to increase.
According to Lenz’s law, the current induced opposes the increases in magnetic flux, so current
induced will be anticlockwise which tends to decrease the magnetic field.

Loop defg is leaving the magnetic field; so flux linked with it tends to decrease, the induced
current will be clockwise to produce magnetic field downward to oppose the decrease in
magnetic flux.

Q. 13. Predict the polarity of the capacitor C connected to coil, which is situated between two bar
magnets moving as shown in figure. [CBSE Delhi 2011, (AI) 2017)

* ANId13H

Ans. Currentinduced in coil will oppose the approach of magnet; therefore, left face of coil will act as
N-pole and right face as S-pole. For this the current in coil will be anticlockwise as seen from left,
therefore, the plate A of capacitor will be positive and plate B will be negative.

Q. 14. A rectangular wire frame, shown below, is placed ina  _ B Bf

uniform magnetic field directed upward and normal to .
the plane of the paper. The part AB is connected toa - |- . . . «|. .| . . .
spring. The spring is stretched and released when the - [ =« - - |- - —-/mUU‘—E
wire AB has come to the position4’' B’ (t = 0) Howwould * | = = = =] = = =
the induced emf vary with time? Neglect damping. °

(HOTS) &

S0S0S96ELL°16* // 0E19856E667 16+

Ans. When the spring is stretched and released, the wire AB will execute simple harmonic (sinusoidal)
motion. So, the displacement of wire AB at any instant will be

x=-acosot [atl=0,x=—a]
Magnetic flux linked with the loop at any instant, '"‘;"’T“’fedi/'\
¢$(t)= BA= Blx = -Bla cos wt [-A =] € \/ P
By Faraday’s law, emf induced across AB, T

e)= -dd = i (—Bla cos w) Sinusoidal variation of induced emf

dt dt
= Blao sin ot = g sin ¢ [ &, = Blaw)
where a = BB'= AA' is the amplitude of motion and ® is angular frequency.
Clearly induced emf g() Varies sinusoidally with time.

CBS=-PHYSICS
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Q. 15. 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. [NCERT Exemplar)

Ans. The current will increase. As the wires are pulled apart the flux will leak through the gaps. Lenz’s law
demands that induced emf resist this decrease, which can be done by an increase in current.

Q. 16. 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. = [NCERT Exemplar]

Ans. The current will decrease. As the iron core is inserted in the solenoid, the magnetic field increases
and the flux increases. Lenz’s law implies that induced emf should resist this increase, which can
be achieved by a decrease in current. However, this change will be momentarily.

Q. 17. Consider a metal ring kept (supported by a cardboard) on top of a fixed solenoid carrying

a current I (in figure). The centre of the ring coincides with the axis of the solenoid. If the
current in the solenoid is switched off, what will happen to the ring? [NCERT Exemplar)

Q

Ta—

B i

. |
o 4 >
il

P s

Ans. When the current in the solenoid decreases a current flows in the same direction in the metal
ring as in the solenoid. Thus there will be a downward force. This means the ring will remain on
the cardboard. The upward reaction of the cardboard on the ring will increase.

Very Short Answer Questions

S0S0596ELL16* // 0E19856£66716%

Each of the following questions are of 2 marks.

Q. 1. The magnetic field through a circular 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. Calculate the induced current in the loop and plot it as a function of time.

; ‘ ; 3 [CBSE (F) 2017)

0 2 r & 10
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Ans. We know,

_db _-dB4) 4B
dt dt T d I(A)I
A(d—B) r“’(d—B) 0.0026
I—i— N\ dt = =& dt e S
"R R R : ;
For 0< t< 2 ; \
-3.14(0.12)2x1 5 5 : .
= o RE = -0.0026 A : 1
For,2<t<4 g :
dB _ _ -V -
i 0 = I=0
For,4 <t <6
I =+ 0.0026 A

Q. 2. A horizontal conducting rod 10 m long extending from east to west is falling with a speed
5 ms™ at right angles to the horizontal component of the Earth’s magnetic field 0.3x10™ Wbm™.
Find the instantaneous value of the emf induced in the rod. [CBSE (AI) 2017)

Ans.

___Cb) The ood ce nnmc)c;-x;, _De/b!vy_noo&oc 1tag to
(«‘hLmag nted {Ee td

| Lo =

| ¢ -nlyv 3

— 03 xim When ' X 10wy Sras

—

: 3NI1d13H

~—

=N mh“w laxsV

- s 1&3 T oo |
———— " [Topper’s Answer 2017]

Q. 3. A square loop MNOP of side 20 cm is placed horizontally in a uniform magnetic field acting
vertically downwards as shown in the figure. The loop is pulled with a constant velocity of
20 cms™ till it goes out of the field.

S0S0S96ELL 16* // 0E19856E667 16+

X X X X X X X

X X X >4 X X X

- X X X X X

NX X X X X

p 4 X X X X X X
preei

X X X X X X X

P *x x— 0x X X X X

X X X X p < X X

Tm >

(i) Depict the direction of the induced current in the loop as it goes out of the field. For how long
would the current in the loop persist?

(i) Plot a graph showing the variation of magnetic flux and induced emf as a function of time.
[CBSE Panchkula 2015)
Ans. (i) Clockwise MNOP.
v=20cm/s;d = 20 cm
Time taken by the loop to move out of magnetic field

N
Z
lw)
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Induced current will last for 1 second till the length 20 cm moves out of the field.
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; ¢ \
4, 5 t
=g
©%Tar 4 5 ot

Q. 4. A coil of wire enclosing an area 100 cm® is placed with its plane making an angle 60° with
the magnetic field of strength 10™'T. What is the flux through the coil? If magnetic field is

reduced to zero in 107 s, then find the induced emf. [CBSE Sample Paper 2021)
Ans. Given, 4 = 100cm® = 100 X 10* m* = 10 m? B=10"T

Angle made by coil with magnetic field = 60°

Angle made by normal to plane of coil with magnetic field = 30°

Flux, $ = BAcosH

3
=10"'%x10"2x cos 30° = %x 103Wb
Aftert=102s,B=0

T
5 V3

= d L -3 3
> Induce emf, E=——cb 2| ? 2 %10 =£V
m dt 10—.3 2

Q. 5. The energy stored in a solenoid of inductance L is U. The number of turns per unit length of
the solenoid is doubled. Keeping the current and all other factors same, find (a) change in

inductance of the solenoid, and (b) the final energy stored in the inductor. [CBSE 2020 (55/3/2))

Ans. (a) Self-inductance, L = pgpn’Al
or alternatively, L < n> Ve
So, L becomes, 4 times Ve
(b) Energy stored, U = % LP v
As L increases 4 times, energy also increases 4 times. Y

[CBSE Marking Scheme 2020 (55/3/2)]

Q.6. (i) Define mutual inductance.

(i) 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?  [CBSE Delhi 2016]
Ans. (1) Mutual inductance of two coils is the magnetic flux linked with the secondary coil when a
unit current flows through the primary coil,
. ¢,
ie., $, = MI, or M= T
1
(1) Change of flux for small change in current
dd = MdI = 1.5 (20 - 0) weber = 30 weber
Q. 7. Two coils of wire 4 and B are placed mutually perpendicular as
shown in figure. When current is changed in any one coil, will the
current induce in another coil?

SOS0S96ELL7 16 // OE19856E667 16+

'I'“"IIIIIlllll'llllllllﬂlll.l.I
" Q)

Ans. No; this is because the magnetic field due to current in coil (4 or B) will
be parallel to the plane of the other coil (4 or B) Hence, the magnetic
flux linked with the other coil will be zero and so no current will be g
induced in it.

CBS=-PRHYSICS
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Q. 8. The figure shows the variation of induced emf as a function of rate of change of current for two
identical solenoids X and Y. One is air cored and the other is iron cored. Which one of them

is iron cored? why? [CBSE 2023 (55/4/1)]
emf
X
Y
di
dt
Ans. From the graph, slope = di =L
dr

Slope of X is more than that of Y. Hence X is iron-cored because inductance of iron cored coil is
more than that of air-cored coil.

Q.9. A small flat search coil of area 5 cm® with 140 closely wound turns is placed between the poles
of a powerful magnet producing magnetic field 0.09 T and then quickly removed out of the
field region. Calculate [CBSE 2019 (55/3/1)]

(a) change of magnetic flux through the coil, and
(b) emfinduced in the coil.

Ans. (@) Mflux ¢ =N B.4=NBAcosH
= NBAcos0° = NBA
= 140%0.09x5%10~* =63 %10~ Wb

* 3NI1d13H

b, = NBA (8 =0]
=0
Change in magnetic flux = ¢, - ¢,
=63 x 107 Wb
d$ _ -63x10™

(b) emf induced = =TT Al

[Here time is not given. Question is incomplete.]

Q. 10. A 0.5 m long solenoid of 10 turns/cm has area of cross-section 1 cm?. Calculate the voltage
induced across its ends if the current in the solenoid is changed from 1A to 2A in 0.1s.

GOS0SQ6ELL L6* // OEL98S6ELL L6+

[CBSE 2019 (55/3/1)]
Ans. Induced voltage,

vi=rt %
dI Y

= 2y

V1= p,nla—y
-~ Ly i 10 9 _4 (2" l) Ve

=4nx10 X(_10‘2) X0.5%110 X_O.l
Ve

=6.28x10*V or 0.628 mV
[CBSE Marking Scheme 2019 (55/3/1)]

Q. 11. A rectangular wire loop of sides 8 cm X 2 cm with a small cut is moving out of a region of
uniform magnetic field of magnitude 0.3 T directed normal to the loop. What is the emf
developed if the velocity of the loop is 1 cms™! in a direction normal to the (i) longer side (i)
shorter side of the loop? For how long does the induced voltage last in each case? [NCERT)
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Ans. Given [=8cm =8 x102m, 4
b=2cm=2x102m
v=1cms'=1%x102m/s,B=03T

(z) When velocity is normal to the longer side

Induced emf, € = Bl
=03 % 1x102 x 8 x1072 .

x X
xX X
x X
x X
x X
x X
x X
x X
x X
xX X
| JTp—

¥ x| % ¥ ¥ ¥ R X |®¥ &
=24 x10°V P

emf will last only so long as the loop is in the KT8 B ¢ W B A 38D

magnetic field. X X W X W X W e fx

(21) When velocity is normal to the shorter side

82 = Buvb
=03x1x102x2x102=6x10"V
-2
Time taken = L0 | el s
2 Ix10*
Q. 12. Consider a closed loop C in a magnetic field (see figure). The flux Sz

passing through the loop is defined by choosing a surface whose edge
coincides with theloopand usingtheformula ¢ = E:.d Z; + E;.d Z;
Now if we chose two different surfaces S, and S, having C as their

+ ANI1d13H

edge, would we get the same answer for flux. Justify your answer. c
[NCERT Exemplar]

Ans. One gets the same answer for flux. Flux can be thought of as the number of magnetic field lines
passing through the surface (we draw dN = BA lines in a area A4 perpendicular to B). As field
lines of B cannot end or start in space (they form closed loops), number of lines passing through
surface §; must be the same as the number of lines passing through the surface S,.

Short Answer Questions

S0S0S96ELL 16+ // 0E19856E667 16+

Each of the following questions are of 3 marks.

Q. 1. Inan experimental arrangement of two coils C, and C; placed coaxially parallel to each other,
find out the expression for the emf induced in the coil C; (of N, turns) corresponding to the

change of current I, in the coil C, (of N, turns). [CBSE Chennai 2015]
Ans. Let ¢, be the flux through coil C, (of N turns) when current in coil Cy is Iy. Then, we have
N, ¢, = MI, (1)

For current varying with time,

AN, &) d(ML)

)
Z
o
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=
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Since induced emf in coil C, is given by
d(N,,)
S
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dl,
From (22), —-€= M(W)
di,
€= —MT [from (2)]

It shows that varying current in a coil induces emf in the neighbouring coil.

Q. 2. (a) How does the mutual inductance of a pair of coils change when
(i) distance between the coils is increased and

(if) number of turns in the coils is increased? [CBSE (Al) 2013]
(b) A plot of magnetic flux (¢) versus current (I), is shown in the figure for two inductors 4

and B. Which of the two has large value of self-inductance? [CBSE Delhi 2010]
(¢) How is the mutual inductance of a pair of coils affected when A

(i) separation between the coils is increased? T B

(ii) the number of turns in each coil is increased?

(iii) a thin iron sheet is placed between the two coils, other factors ¢

remaining the same?
Justify your answer in each case. [CBSE (Al) 2013]
Ans. (a) (1) Mutual inductance decreases.

|—>

(i1) Mutual inductance increases.
Concept: (2) If distance between two coils is increased as shown in figure.

+ ANIT1d13H

- »

S

1 2

It causes decrease in magnetic flux linked with the coil Cy. Hence induced emf in coil
-do,

C, decreases by relation g, = % Hence mutual inductance decreases.

(z2) From relation My, =gy n; ne AL if number of turns in one of the coils or both increases,
means mutual inductance will increase.

) ¢=Ll=%=L

The slope of % of straight line is equal to self-inductance L. It is larger for inductor A;

therefore inductor 4 has larger value of self inductance ‘L’.
(¢) (1) When the relative distance between the coil is increased, the leakage of flux increases

S0S0S96ELL16* // 0E198S6E667 16+

which reduces the magnetic coupling of the coils. So magnetic flux linked with all the
turns decreases. Therefore, mutual inductance will be decreased.

(22) Mutual inductance for a pair of coil is given by
M=K\LL,

2

where L = and L is called self inductance. Therefore, when the number of turns

in each coil increases, the mutual inductance also increases.

(11) When a thin iron sheet is placed between the two coils, the mutual inductance increases
because M= permeability. The permeability of the medium between coils increases.

Q. 3. A horizontal straight wire 10 m long extending from east to west is falling with a speed of 5.0 ms™
at right angles to the horizontal component of earth’s magnetic field equal to 0.30 X 107 Wbm™2.
[NCERT)]
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(a) What is the instantaneous value of the emf induced in the wire?

(b) What is the direction of emf? TR (k)
() Which emf of the wire is at the higher electrical potential? HT z
Ans. (a) Instantaneous emf, € = B vl = Hul
. 4 L W <« e + -
Given, H=0.30 X 107 T, v=5.0ms™",/ =10 m

inducedemf| —* u
£=0.30x 10 x 5.0 X 10 = 1.5x10™ V=1.5 mV
(b) By Fleming’s right hand rule, the direction of induced current
in wire is from west to east, therefore, direction of emf is from S
wesl Lo easL.

(¢) The direction of electron flow according to relation F, = quXB = —e(-vk) X (B]) = —evBi
i.e., along negative x-axis, .., from east Lo west.

The induced emf will oppose the flow of electrons from east o west, so eastern end will be
at higher potential.

Q. 4. Define self-inductance of a coil. Show that magnetic energy required to build up the current /

in a coil of self inductance L is given by %LI2 " [CBSE Delhi 2012]

OR

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. [CBSE (AI) 2014]

Ans. Selfinductance - Using formula ¢ = LI, if I = 1 Ampere then L = ¢

: INITd13H

Self inductance of the coil is equal to the magnitude of the magnetic flux linked with the coil,
when a unit current flows through it.

When a time varying current flows through the coil, back emf

(-e) produces, which opposes the growth of the current flow.
f Increasing

+
0

= Alternatively

(%]

o Using formula |-€| = Ld—l

@ § dt

w u‘ﬂ—lA/szhnL—|-e|

o dt =

~

N Self inductance of the coil is equal to the magnitude of induced emf produced in the coil itself,
+

0 when the current varies at rate 1 A/s. -

N Expression for magnetic energy P =Bore
<

o

Cn

o

Cn

o

L%

It means some work needs to be done against induced em
in establishing a current /. This work done will be stored as

current

magnetic potential energy.

For the current / at any instant, the rate of work done is

dw _
T

Only for inductive effect of the coil |-€|= Lg-l—

dt
dw _ (dl e
-—dt——L(dt)l - dW=LIdI

From work-energy theorem,

dU = LI dI

HZZ 1628 - HIYOWYY AMOHD YNYHL ‘X31dWOD 10N041LYS ‘40014 ANZ
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Q. 5. Along solenoid of radius r consists of n turns per unit length. A current I = I, sin ot flows in
the solenoid. A coil of N turns is wound tightly around it near its centre. What is:
(a) the induced emf in the coil?

(b) the mutual inductance between the solenoid and the coil? [CBSE 2023 (55/1/1)]
Ans. Here, I = I sin L.
For solenoid, B = p,nl
Magnetic flux, & = BA = pgnl X nr® = pgnmr® I, sin L.
. Ndd  Nd,,,._ g
(@) Emf induced, e= - TRy T (BA) = = Np nnr° ol cos wt

= = (uly ® Nnmr®) cos @t = - ¢, cos o
where, peak emf, eq = poly oNnmr>
(b) Mutual inductance between the coil and solenoid,

o= MI
9 .
N  m Nnmr® I sin ot §
Miw s 1, sin wt & e

Q. 6. When a conducting loop of resistance 10 Q) and area 10 cm?® is removed from an external
magnetic field acting normally, the variation of induced current-/ in the loop with time ¢ is as

= shown in the figure. [CBSE 2020 (55/5/1)]
g (inA) ]
= 0.4
(0,0) 1.0 (tins)
Find the

(a) total charge passed through the loop.
(b) change in magnetic flux through the loop.
(c) magnitude of the magnetic field applied.

Ans. (a) total charge passed through the loop (Q)
Q = area under the /- graph Ya
= % X 0.4 X 1 coulomb = 0.2 C Ya

(b) Change in magnetic flux,

S0S0596ELL16* // 0E19856£66716%

: Change in magnetic flux
Total charge passing= ( R ) Ya
Change in magnetic flux = [R X 0.2 C]
=[10 X 0.2] Wb = 2 Wb %
(¢) Magnitude of magnetic field applied,

Let B be the magnitude of the magnetic field applied.
Initial magnetic flux = B X (10 x 107™*) Wb
Final magnetic flux = zero
Change in magnetic flux = (B X 107°-0) = 2 Ye

: B =2 x 10° Wb/m® Ya
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Q. 7. Figure shows a metal rod PQ of length [, resting on the smooth horizontal rails AB positioned
between the poles of a permanent magnet. The rails, rod and the magnetic field B are in three
mutually perpendicular directions. A galvanometer G connects the rails through a key ‘K’.
Assume the magnetic field to be uniform. Given the resistance of the closed loop containing

the rod is R.
/\_K/" o A
Gl ) =
/ _Q /

L
S

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

(i) 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 the motion of the rod. Explain.
(#i7) What is the induced emf in the moving rod if the magnetic field is parallel to the rails
instead of being perpendicular? [CBSE Sample Paper 2018)]
Ans. (1) The magnitude of the induced emfis given by
|e | = Blvsin®
As the conductor PQ moves in the direction shown, the free electrons in it experience
magnetic Lorentz force. By Fleming's left hand rule, the electrons move from the end P

towards the end Q. Deficiency of electrons makes the end P positive while the excess of
electrons makes the end Q negative.

: ANId13H

(1) The magnetic Lorentz force [Fm = —e(; X E)] is cancelled by the electric force [f,,, = ef]
exerted by the electric field set up by the opposite charges at its ends.

(i#7) In this case, the angle 8 made by the rod with the field B is zero.
€ = Blvsin0° = 0
This is because the motion of the loop does not cut across the field lines. There is no change
in magnetic flux. So the induced emf'is zero.
Q. 8. Two concentric circular loops of radius 1 cm and 20 cm are placed coaxially.
(i) Find mutual inductance of the arrangement.

(i1) If the current passed through the outer loop is changed at a rate of 5 A/ms, find the emf
induced in the inner-loop. Assume the magnetic field on the inner loop to be uniform.

[CBSE 2020 (55/5/1))

S0S0596ELL16* // 0E19856£66716%

Ans. (1) Imagine a current / to flow through the largest coil.
Magnetic flux linked with the smaller coil,
6 = Bpe X ® X 107* Wb Y
ol

= —-2
Also, we know, 220l

6 = MI
[T ¢
=%x10‘3H A
4rx107 %1073
4

9.9 x 10°'°H
=10°H %
CB5S=-PHYSICS A = P STUDY CIRCLE
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(iz) e.m.f. induced = -MZ—: 2
=-10" x —5_; \Y Ve
10
=-5x 10°V Ve
Alternatively,
d
e.m.f. induced = --%
d dB,
= —5(3/1.-):"4;' dt 4
= d (B!
=i (2—3)
_ Ao ar
T~ T 2R dt
nx107 x4nx107 x5 13
2% (20%107%)x 10~
. 20m2 %1076
m 2% 20
- =-5x 10°V Ye

[CBSE Marking Scheme 2020 (55/5/1)]

. 9. e figure shows a rectangular conducting frame of resistance aced partly in a
9. The fig h gul ducting fi MNOP of resi R placed partly i
perpendicular magnetic field B and moved with velocity v as shown in the figure.
—

B

X X X X
x x Mrx N
x xlx
X X

X ,
X X o
X X Pa-b
X X X X

Obtain the expressions for the
(a) force acting on the arm ‘ON’ and its direction, and
(b) Power required to move the frame to get a steady emf induced between the arms MN and

S050596€£4°16* // 0E19856E667 16+

[CBSE 2019 (55/4/1)]
Ans. (a) The induced emfin the moving conductor MNOP
e = Bl 2
The induced correct, i = % = Blv
R
Force on the arm ‘ON’ F = Bil Ya
B*y
= 1
R Va
The force is directed in the direction opposite to velocity of rod (v). Ya
Note: Award the last half mark if the student write F = 0 as B = 0 is the position shown
(b) Power P=FXuv Y2

2,2 2
_ Bl Ve

R
Note: Award the last half mark if the student write P = 0 as B = 0 is the position shown.
[CBSE Marking Scheme 2019 (55/4/1)]
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Q. 10. (a) A rod of length [/ is moved horizontally with a uniform velocity ‘v’ in a direction
perpendicular to its length through a region in which a uniform magnetic field is acting
vertically downward. Derive the expression for the emf induced across the ends of the
rod.

(b) How does one understand this motional emf by invoking the Lorentz force acting on the
free charge carriers of the conductor? Explain. [CBSE (AI) 2014]

Ans. (a) Suppose a rod of length ‘' moves with velocity v inward in the region having uniform
magnetic field B.

Initial magnetic flux enclosed in the rectangular space is ¢ =|B|lx

y A dx
As the rod moves with velocity —v = —~

s

~ dt

= Using Lenz's law

B o O g ( ﬁ)
S R il e
€= Blv

(b) Suppose any arbitrary charge ‘¢’ in the conductor of length /" moving inward in the field as
shown in figure, the charge ¢ also moves with velocity v in the magnetic field B.

The Lorentz force on the charge ‘¢’ is F = quB and its direction is downwards.

So, work done in moving the charge ‘¢’ along the conductor of length [

W=Fl
W = quBl

Since emf'is the work done per unit charge
g= % = Blv

S0S0S96ELL16* // 0E198S6E667 16+

This equation gives emf induced across the rod.

Q. 11. Figure shows planar loops of different shapes
moving out of or into a region of magnetic field

which is directed normal to the plane of loops 2 KA KR E ALK
downwards. Determine the direction of induced (; X XpX X X X Xx|X c
current in each loop using Lenz’s law. bX X X X X X xb X
[CBSE (AI) 2010, (F) 2014) x XX x x x x x x U
Ans. (a) In Fig. (i) the rectangular loop abed and in Fig. A XA A R WA R
(u1) circular loop are entering the magnetic AR oam X KX B4
field, so the flux linked with them increases; & X K KpA X XA A
The direction of induced currents in these A & & a P AR S
. . . . X X X X X X
coils, will be such as to oppose the increase of @
. o go X X X X X X
magnetic flux; hence the magnetic field due to

current induced will be upward, i.e., currents (i) (iv)

induced will flow anticlockwise.
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(b) In Fig. (i1), the triangular loop abc and in fig. (iv) the zig-zag shaped loop are emerging from
the magnetic field, therefore magnetic flux linked with these loops decreases. The currents
induced in them will tend to increase the magnetic field in downward direction, so the
currents will flow clockwise.

Thus in fig. (1) current flows anticlockwise,
in fig. (i) current flows clockwise,
in fig. (z27) current flows anticlockwise,
in fig. (v) current flows clockwise.
Q. 12. Use Lenz’s law to determine the direction of induced current in the situation described by

following figs.
X o
X
o
x
X o
3 d
o
X
T
r:v: X o
= X
& o
(a) A wire of irregular shape turning into a circular shape.
(b) A circular loop being deformed into a narrow straight wire. [CBSE (F) 2014)

Ans. (a) For the given periphery the area of a circle is maximum. When a coil takes a circular shape,
the magnetic flux linked with coil increases, so current induced in the coil will tend to
decrease the flux and so will produce a magnetic field upward. As a result the current
induced in the coil will flow anticlockwise i.e., along a'd'c'l’.

(b) For given periphery the area of circle is maximum. When circular coil takes the shape of
narrow straight wire, the magnetic flux linked with the coil decreases, so current induced
in the coil will tend to oppose the decrease in magnetic flux; hence it will produce upward
magnetic field, so current induced in the coil will flow anticlockwise i.e., along a' d' ¢' b'.

Q. 13. Show that Lenz’s law is in accordance with the law of conservation of energy. [CBSE (F) 2017)

Ans. Lenz’s law: According to this law “the direction of induced current in a closed

ircuil is al h as to oppose th that produces it.”
circual 1s always such as to oppose the cause roduces .

S0S0596€4/L°16* // 0E19856E66716%

Example: When the north pole of a coil is brought near a closed coil, the

direction of current induced in the coil is such as to oppose the approach (a)

of north pole. For this the nearer face of coil behaves as north pole. This

necessitates an anticlockwise current in the coil, when seen from the magnet

side [fig. (a)]

Similarly when north pole of the magnet is moved away from the coil, the _*— @
direction of current in the coil will be such as to attract the magnet. For this @

the nearer face of coil behaves as south pole. This necessitates a clockwise

current in the coil, when seen from the magnet side [fig. (b)]. @
Conservation of Energy in Lenz’s Law: In each case whenever there is a relative motion between
a coil and the magnet, a force begins to act which opposes the relative motion. Therefore to

maintain the relative motion, a mechanical work must be done. This work appears in the form of electric
energy of coil. Thus, Lenz's law is based on principle of conservation of energy.
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Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. (a) What is induced emf? Write Faraday’s law of electromagnetic induction. Express it
mathematically.

(b) A conducting rod of length ‘/’, with one end pivoted, is rotated with a uniform angular

speed ‘@’ in a vertical plane, normal to a uniform magnetic field ‘B’. Deduce an expression
for the emf induced in this rod. [CBSE Delhi 2013, 2012]

If resistance of rod is R, what is the current induced in it?

Ans. (a) Induced emf: The emf developed in a coil due to change in magnetic {lux linked with the
coil is called the induced emf.

Faraday’s Law of Electromagnetic Induction: On the basis of experiments, Faraday gave
two laws of electromagnetic induction:

1. When the magnetic flux linked with a coil or circuit changes, an emf is induced in the coil.

If coil is closed, the current is also induced. The emfand current last so long as the change
in magnetic flux lasts. The magnitude of induced emf is proportional to the rate of change of

* 3NI1d13H

magnelic flux linked with the circuit. Thus if A is the change in magnetic flux linked in time

A
Al then rate of change of flux is —,

At
" Ad
So emf induced goc—
2. The emf induced in the coil (or circuit) opposes the cause producing it.
Ad
€oc— Al

Here the negative sign shows that the induced emf ‘e’ opposes the change in magnetic
flux.

GOS0SQ6ELL 16* // OEL98S6ELL 16+

Ad
Y

where K is a constant of proportionality which depends on units chosen for ¢, Z and . In
SI system the unit of flux ¢ is weber, unit of time ¢ is second and unit of emf € is volt and
K=1
_ 4

&S =Ap
If the coil contains N turns of insulated wire, then the flux linked with each turn will be
same and the emf induced in each turn will be in the same direction, hence the emfs of all
turns will be added. Therefore the emf induced in the whole coil,
A A(Nd)
At T A

e—_‘_

N¢ is called the effective magnetic flux or the number of flux linkages in the coil and may
be denoted by .
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(b) Expression for Induced emf in a Rotating Rod

Consider a metallic rod OA of length [ which is rotating with
angular velocity ® in a uniform magnetic field B, the plane
of rotation being perpendicular to the magnetic field. A rod
may be supposed to be formed of a large number of small
elements. Consider a small element of length dx at a distance
x from centre. If v is the linear velocity of this element, then
area swept by the element per second = v dx

The emf induced across the ends of element

- pdd _
ds_Bdt = Bvdx

But v= x0
de =Bxwodx

The emf induced across the rod

e=J;)leo.)dx=Ba>J'lxdx

- ol ] = pef-o]= 25"

I
= . . _ & _ 1B’
4 Current induced inrod [ = E=9 R
o B2u)214
If circuit is closed, power dissipated = R = 4R

Q. 2. (a) 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 an induced current which opposes the change
of magnetic flux that produces it.

(b) 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 dI/dt

(iti) Magnetic potential energy stored versus the
current. [CBSE Delhi 2014)

Ans. (a) When the North pole of a bar magnet moves towards the

closed coil, the magnetic flux through the coil increases. &/

GOS0SQ6ELL L6* // OEL98S6ELL L6+

This produces an induced emf which produces (or

tend to produce if the coil is open) an induced current

in the anti-clockwise sense. The anti-clockwise sense

corresponds to the generation of North pole which

opposes the motion of the approaching N pole of the

magnet. 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.

When a North pole of a magnet is moved away from the coil, the current (/) flows in the
clock-wise sense which corresponds to the generation of South pole. The induced South
pole opposes the motion of the receding North pole.
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(b) (1) Magnetic flux versus the current

Magnetic Flux

Current —
(17) Induced emf versus dl/dt

dl dl

—_— St

dt dt

Induced Induced
emf or emf

|

(211) Magnetic energy stored versus current

When current is increasing
at constant rate

* 3NI1d13H

—

Magnetic energy
stored

Current ——»

Q. 3. Derive expression for self inductance of a long air-cored solenoid of length [, cross-sectional
area A and having number of turns N. [CBSE 2023 (55/2/1), (55/4/1)]

Ans. Self Inductance of a long air-cored solenoid:

SO0S0SQ6ELL 16* // OE198S6EL67 16+

Consider a long air solenoid having ‘2’ number of turns per unit length. If current in solenoid
is 7, then magnetic field within the solenoid, B = pyn/ ..(?)

where g = 41 X107 henry/metre is the permeability of free space.

If A is cross-sectional area of solenoid, then effective flux linked with solenoid of length [ is
¢ = NBA where N = nl is the number of turns in length ‘" of solenoid.

¢ = (nl BA)
Substituting the value of B from (7)
& = pon’ All
. Self-inductance of air solenoid

¢

L= i ponQ Al o—o-c—o-o*vo;o*'o—o—o*o—o-“
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If N is the total number of turns in length / then

ni=—=

l

T Ny
- Self-<inductance L = uO(T) Al

_poN2A
R

Remark: If solenoid contains a core of ferromagnetic substance of relative permeability p,, then
2
N4
] g

Q. 4. What is meant by the term ‘mutual inductance’ of a pair of coils? Obtain an expression for the
mutual inductance of two long coaxial solenoids, each of length / but having different number

self inductance, L =

of turns N, and N, and radii r; and r, (ry > r)). [CBSE 2023 (55/3/1)]
OR
(a) Define mutual inductance and write its SI units. [CBSE 2019 (55/1/1)]

(b) Derive an expression for the mutual inductance of two long co-axial solenoids of same
length wound one over the other.

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

[CBSE Delhi 2015)

Ans. (a) When current flowing in one of two nearby coils is changed, the magnetic flux linked with
the other coil changes; due to which an emf’is induced in it (other coil). This phenomenon of
electromagneticinductionis called the mutual induction. The coil, in which currentis changed
is called the primary coil and the coil in which emfis induced is called the secondary coil.

+ ANIT1d13H

The SI unit of mutual inductance is henry.

(b) Mutual inductance is numerically equal to the magnetic flux linked with one coil (secondary
coil) when unit current flows through the other coil (primary coil).

S0S0S96ELL16* // 0E198S6E667 16+

N,turns

Consider two long co-axial solenoids, each of length /. Let n; be the number of turns per unit
length of the inner solenoid S of radius r, 7y be the number of turns per unit length of the
outer solenoid S, of radius r,.
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Imagine a time varying current /, through S, which sets up a time varying magnetic flux ¢,
through §,.

b1 = M (1) ...(1)
where, M,y = Coeflicient of mutual inductance of solenoid S, with respect to solenoid Sy

Magnetic field due to the current I in Sy is

By = ponyl,
Magnetic flux through §) is
¢,=By A\ N,
where, N,= n,l and [ = length of the solenoid
&, = (1gnyly) (1) (my )
$, = won nymr2ll, ...(i1)
From equations (z) and (i7), we get
My, = pon nomr’l ...(di)

Let us consider the reverse case.
A time varying current /; through §, develops a flux ¢, through S,.

¢, = M,, (1)) ..-(10)
where, M,, = Coeflicient of mutual inductance of solenoid S, with respect to solenoid §,

Magnetic flux due to /; in §; is confined solely inside S, as the solenoids are assumed to be
very long.

: INITd13H

There is no magnetic field outside S, due to current /; in §,.
The magnetic flux linked with S, is

by = ByA\N, = (igm, 1) (1)) (ngl)

L ponlnznrflll ...(v)
From equations (2v) and (v), we get

M,, = pon|n27trl2 ...(vi)
From equations (227) and (vi), we get

My =My =M = ponln21trl2l
We can write the above equation as

N, \/ N,
M= (2 it

S0S0S96ELL 16* // OEL98B56E667 16

1o N, N, 7tr?
N

(¢) When the current in coil Cy changes, the flux linked with C, changes. This change in flux
linked with C, induces emfin C,.

C1 CZ
—
—
—

A = area of coil

H(-ZZ 1628 - HIYOWYY AMOHD YNYHL ‘X31dWOD 1dNOALYS ¥0014 ANZ
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Flux linked with C; = flux of Cy
n/

0
b =BA= ?.A

dbyy g v Al pd dI
o By T e i

Q. 5. A coil of number of turns N, area A4 is rotated at a constant angular speed ©, in a uniform
magnetic field B and connected to a resistor R. Deduce expression for

Emfinduced in C, =

(i) maximum emf induced in the coil.
(i) power dissipation in the coil.
Ans. (2) Suppose initially the plane of coil is perpendicular to the magnetic field B. When coil
rotates with angular speed ©, then after time ¢, the angle between magnetic field B and
normal to plane of coil is 8 = .

v

A 4

o
/ ) 0=t

& .

>
A >

NeN

L

»
>

+ ANIT1d13H

*. At this instant magnetic flux linked with the coil ¢ = BA cos ot
If coil constants, N-turns, then emf induced in the coil

dé d

+

4

o)

o = -N—— = -N—(BA cos wt)

= % dt dt

& = + NBA o sin ot .(0)

o For maximum value of emfg,

= sin ¢ =1

é Maximum emfinduced, €, = NBA ®

:\j (11) If R is resistance of coil, the current induced, I = %

0

& -_ g N A

o Instantaneous power dissipated, P = gl = e(F) ey

(=]

! _ N?B2A%w%sin® ot T
= R [using (7)]

Average power dissipated in a complete cycle is obtained by taking average value of sin®ax

over a complete cycle which is %

te., (sin2wt)w - %

vk N?B*4%w?®
Average power dissipated, P, = ~—9RrR
Q. 6. State Faraday’s law of electromagnetic induction.

Figure shows a rectangular conductor PQRS in which the conductor PQ is free to move in a
uniform magnetic field B perpendicular to the plane of the paper. The field extends from x =0
tox = b and is zero for x > b. Assume that only the arm PQ possesses resistance r. When the arm
PQ is pulled outward from x = 0 to x = 2b and is then moved backward to x =0 with constant
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speed v, obtain the expressions for the flux and the induced emf. Sketch the variations of these

quantities with distance 0 <x <2b. [CBSE (AI) 2010, (North) 2016]
- s. - - .1 -:_ - - I
* w8 & & ¥ v s
| [
L] - . L . . .Q .
L n. L] L] !‘ Lel|e L] i
ux =.0 « o » é— . . 2 =2b

dx
x=b

Ans. Refer to Point 3 of Points to remember.
Let length of conductor PQ =
When PQ moves a small distance from x to x + dx then magnetic flux linked = BdA=Bldx
The magnetic field is from x = 0 to x = b, to so final magnetic flux
= 2Bldx = Bl 3dx =BIx (increasing)
We consider forward motion fromx = 0 tox = 2b
=Bl ,0=x<b

+ ANIT1d13H

2 =Blb, b<x<2b
'g Mean magnetic flux from x = 0tox = bis -}?—B[b
O
[ d¢ d dx ~
o 3 m—_—= - =_Bl— = - 1 <
& Induced emf, & P T (Bldx) Bl 7 Bly for, 0<x<b %
= _dx L - a B 3
~ where v = i velocity of arm PQ fromx = O tox = b. 3
™~ 70
© E=-%(B[b)=0for,b$x<2b >
~ =~
o During return from x = 2b 1o x = b the induced emf is zero; but now area is decreasing so 2
§ magnetic flux is decreasing, and induced emf will be in opposite direction. E
g e = Blv Cg)
t =
OUTWARD | INWARD =
—_— . "]
K L M L K =
: : : : Z
. : : . >
Blb 1~ ﬁ I f f =
T N 5
% z ; ; : =
T H - H L 3
‘ =
=
@
Blv— =
T
" :
= t R
oy X
-Blv N
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Questions for Practice

1. Choose and write the correct option in the following questions.

(z) An electron moves on a straight line path XY as shown. The abed is a coil adjacent to the path
of electron. What will be the direction of current, if any, induced in the coil?

a

electron

(a) The current will reverse its direction as the electron goes past the coil
(b) No current induced
(¢) abed
(d) adcb
(1) A magnet is dropped with its north pole towards a closed circular coil placed on a table then
(a) looking from above, the induced current in the coil will be anti-clockwise.

+ 3NI1d13H

(b) the magnet will fall with uniform acceleration.
(¢) as the magnet falls, its acceleration will be reduced.
(d) no current will be induced in the coil.
(1) The magnetic flux linked with a coil at any instant ‘E’ is given by
¢ = 102 = 50t + 250 Wb
The induced emfatz = 3 sis
(@) =190V b)y-10V () 10V (d) 190V
(iv) A coil of area 100 cm? is kept at an angle of 30° with a magnetic field 10~ T. The magnetic
field is reduced to zero in 10~ s. The induced emf'in the coil is [CBSE 2022 (55/2/4), Term-1]
(a) 5/3V (b) 5043V (¢) 5.0V (d) 500V
(v) An air-cored solenoid with length 30 c¢m, area of cross-section 25 c¢m? and number of turns
800, carries a current of 2.5 A. The current is suddenly switched off in a brief time of 10°3s.
Ignoring the variation in magnetic field near the ends of the solenoid, the average back emf

induced across the ends of the open switch in the circuit would be
[CBSE Sample Paper-2022) Term-1)

(@) zero (b) 3.125 volts (¢) 6.54 volts (d) 16.74 volts

2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

Assertion(4) : In the phenomenon of mutual induction, self-induction of each of the coils
persists.

Reason (R) : Self-induction arises when strength of current in same coil changes. In mutual
induction, current is changed in both individual coils.

G0S0S96ELL 16* // OEL9BGS6ELL L6+
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3. Twoidentical coils, one of copper and the other of aluminium are rotated with the same angular
speed in an external magnetic field. In which of the two coils will the induced current be
more? [CBSE 2020 (55/3/1))

4. Predict the direction of induced current in metal rings 1 and 2 when current / in the wire is
steadily decreasing.
10

20

5. The closed loop PQRS is moving into a uniform magnetic field acting at right angles to the plane
of the paper as shown. State the direction of the induced current in the loop. [CBSE (F) 2012]

— A

X X ix X X ‘plq

OCTRE SRS ¢ S

U CERESC I Y X
-«

X X0 B Y

CE XEE O Y X

XA R S SR R

6. A planar loop of rectangular shape is moved within the region of a uniform magnetic field acting
perpendicular to its plane. What is the direction and magnitude of the current induced in it?
[CBSE Ajmer 2015)
7. Arectangular loop of wire is pulled to the right, away from the long straight wire through which
a steady current / flows upwards. What is the direction of induced current in the loop?

[CBSE (F) 2010)
| D oy

8. A rectangular loop and a circular loop are moving out of a uniform magnetic field region to a
field free region with a constant velocity. In which loop do you expect the induced emf to be a
constant during the passage out of the field region? The field is normal to the loop.

[CBSE (AI) 2010)

* ANINd13H

9. A rectangular coil rotates in a uniform magnetic field. Obtain an expression for induced emf
and current at any instant. Also find their peak values. Show the variation of induced emf versus
angle of rotation (®t) on a graph.

S0S0S96ELL716* // 0E198B56E667 16+

10. Two coplanar and concentric coils 1 and 2 have respectively the number of turn N; and N, of
radii r; and r, (ry >> r}) Deduce the expression for mutual inductance of this system.
[CBSE 2020 (55/3/1))

11. Aniron bar falling through the hollow region of a thick cylindrical shell made of copper experiences
a retarding force. What can you conclude about the nature of the iron bar ? Explain.

12. 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. [CBSE Delhi 2013)

13. 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. 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. [CBSE (Al) 2013]
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14. A currentis induced in coil C, due to the motion of current carrying coil C,.

sl

A/
(a) Write any two ways by which a large deflection can be obtained in the galvanometer G.
(b) Suggest an alternative device to demonstrate the induced current in place of a galvanometer.
[CBSE Delhi 2011])

15. The closed loop (PQRS) of wire is moved out of a uniform magnetic field at right angles to the
plane of the paper as shown in the figure. Predict the direction of the induced current in the loop.

[CBSE (F) 2012]
16. Currentin acircuit falls from 5.0 A10 0.0 Ain 0.1 s. Ifan average emf of 200 V is induced, calculate
the self-induction of the circuit. [CBSE (F) 2011]

17. Along solenoid with 15 turns per cm has a small loop of area 2.0 cm® placed inside normal to the
axis of the solenoid. The current carried by the solenoid changes steadily from 2 At04 Ain 0.1 s,
what is the induced emf in the loop while the current is changing? [CBSE (F) 2016]

: ANI1d13H

18. A jet plane is travelling westward at a speed of 1800 km/h. What is the potential difference
developed between the ends of a wing 25 m long? Its earth’s magnetic field at the location has a
magnitude of 5.0 X 107 T and the dip angle is 30°. [CBSE (AI) 2009]

19. Figure shows two long coaxial solenoids, each of length ‘L’. The outer solenoid has an area of
cross-section A; and number of turns/length n,. The corresponding values for the inner solenoid
are Ay and ny. Write the expression for self inductance L), Ly of the two coils and their mutual

inductance M. Hence show that M < ,/LILQ.

< L »

&)

S0S0S96E84L716% // 0E19856E£66716*

20. A conducting rod PQ of length 20 cm and resistance 0.1 £ rests on two smooth parallel rails of
negligible resistance A4~ and CC”. It can slide on the rails and the arrangement is positioned
between the poles of a permanent magnet producing uniform magnetic field B = 0.4 T. The
rails, the rod and the magnetic field are in three mutually perpendicular directions as shown in
the figure. If the ends A and C of the rails are short circuited, find the

P
x A X X

Ar
x ©) > v x
B
Cl
x C X Q X

(2) external force required to move the rod with uniform velocity v = 10 cm/s, and
(i) power required to do so. [CBSE 2020 (55/1/1)]
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21. State Lenz's law. Illustrate, by giving an example, how this law helps in predicting the direction
of the current in a loop in the presence of a changing magnetic flux.

In a given coil of self-inductance of 5 mH, current changes from 4 A to 1 A in 30 ms. Calculate
the emf induced in the coil.

22. Twoidentical loops, one of copper and the other of aluminium, are rotated with the same angular
speed in the same magnetic field. Compare (i) the induced emf and (i) the current produced in
the two coils. Justify your answer. [CBSE (AI) 2010)

23. 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 plane is
0.4 G and the angle of dip is 60°. Calculate the emfinduced 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 (AI) 2013)

24. A magnet is quickly moved in the direction indicated by an arrow between two coils C, and C, as
shown in the figure. What will be the direction of induced current in each coil as seen from the
magnet? Justify your answer. [CBSE Delhi 2011)

#

ol

* 3NI1d13H

(A) |

\
Moy

25. 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 (z) induced voltages,

+
S
0
0
(¥% ]
0

4 (17) the currents and (i) the energies stored in the two coils at a given instant. [CBSE (F) 2014] >
o

w 26. Figure shows a rectangular loop conducting PQRS in which the arm PQ is free to move. A uniform ;

= magnetic field acts in the direction perpendicular to the plane of the loop. Arm PQ is moved with 8

~ a velocity v towards the arm RS. Assuming that the arms QR, RS and SP have negligible resistances B

2 and the moving arm PQ has the resistance 7, obtain the expression for (2) the current in the loop 9

o (i7) the force and (i) the power required to move the arm PQ. [CBSE Delhi 2013) =
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Answers g

L. () (a) (1) (a) (u1) (b) (w) (o) @) @) o

2. (i) (b) Z

13. 1V,0.2A 16. 4H 17.7.5uV  18. 3.1V 2

o

20. (i) 6.4 x 10°N (i) 6.4 x 107*W 21. 0.5V 23. 3.14 x 10° Vv -+

25. (i) = (ii) > (iii) > s
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