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Electromagnetic
Induction

( Fastracl« Revision )

» Magnetic Flux: Magnetlc lines of force passing through
a surface area Is called magnetic flux. The magnetic Flux
passing through an area In a magnetic field is given by

E
o=§B-dS
where, B magnetic fleld

—¥
dS =area or

or ¢=BAcosH
It is scalar quantity.
SI unit of ¢ is weber or Tm
dimension Is [ML2T72A7"].
1Tm? = 1 Wb = 10° Maxweell

> Electromagnetic Induction: When magnetic Flux
changes through a coil, an e.m.f. is induced which is called
electromagnetic induction.

» Faraday's Laws of Induction
First Law: When a magnetic Flux associated with closed
circuit changes , an e.m.f is induced which lasts as long as
flux changes.
Second Law: The magnitude of the induced emf in a
circuit is equal to the time rate of change of magnetic Flux
through the circuit.

pu il o gl
dt t

Negative sign shows that the emf Induced opposes the
cause by which it is produced.
IF Nis the number of turns of the coll, then

Nd$

dt

» The Experiments of Faraday and Henry
Experiment 1: It shows that it Is the relative motion
between the magnet and the coil that is responsible for
generation or induction of electric current in the coil.

2 (tesla meter squared) and its

when the bar magnet is pushed towards the coil, the pointer in
the galvanometer G deflects.

Get More Learning Materials Here : &

Experiment 2: It shows that the relative motion between
the coils that induces the electric current.

Current is induced in coil C, due to motion of the current
carrying coll G.
Experlment 3: In this experiment, Faraday showed that,
relative motion showed in experiment 1 and 2 is not an
absolute requirement.

€y

Experimental set-up for experiment 3

It is observed that the galvanometer shows a momentary
deflection when the tapping key Kis pressed. The pointer
In the galvanometer returns to zero iImmedIately. IF the
key is held pressed continuously, there is no deflection in
the galvanometer. When the key Is released, a momentary
deflection is observed again, but the opposite direction.
It is also observed that the deflectionincrease dramatically
when aniron rod Is inserted Iinto the coils along thelr axls.
Lenz's Law: The production of emf induced through a coll
opposes the change in magnetic flux responsible for Its
production.

Lenz's law Is a consequence of the law of conservation of
energy.
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Induced current, y- & =_N d¢
R R dt

Motlonal E.M.F. of a Coil in UniForm Magnetic Fleld
e=-Blv

Inductance: An electric current can be induced in a coil by
Flux change produced by another coil in its vicinity or Flux
change produced by the same coil The Flux linkage of a
closely wound coil of Nturns is directly proportional to the
current:

Le., N« /

The constant of proportionality in this relation is called

inductance. Inductance Is a scalar quantity and its Sl unit

is Henry (H).

Inductance is classified into two types as : self inductance

and mutual inductance.

> SelF Inductance: The phenomenon of production of
induced emf in a coil, when a current passes through it,
undergoes a change.

e B
di/dt
where, L=coefficient of selfinduction orselfinductance.

Slunitof Lis henry.

e Inductance of a long solenoid
Ne
1

2
L BNA

L=

» Mutual Inductance: The phenomenon of inducing
e.m.f. by changing the magnetic flux in nearby coil,

(j)soc fp
or bs=MI,
where, M= mutual Inductance or coefficlent of mutual

inductance
Slunit of Mis henry.
@ Mutual Inductance of Two Long Co-axial Solenoid

M HoMmA

where, (= length of solenoid

> Energy Stored in an Inductor: When an electric current

is Flowing in an inductor, there is an energy stored in the
magnetic Field.

U=212
2

& Practice Exercise

@ Multiple choice Questions §

QL In a coil of resistance 100 O a current is induced
by changing the magnetic flux through it. The
variation of current with time is as shown in the

figure. The magnitude of change in flux through
coil is: (CBSESQP 2022-23)

10
Current

— Time(s) 0.5

a. 200 Wb b. 275 Wb
c. 225 Wb d. 250 Wb

Q2. A constant current is flowing through a solenoid.
An iron rod is inserted in the solenoid along its
axis. Which of the following quantities will not
increase? (CBSE 2021 Tarm-1)
a. The magnetic field at the centre
b. The magnetic flux linked with the solenoid
c. The rate of heating
d. The self-inductance of the solenold

Q 3. Asquareshaped coil of side 10 cm, having 100 turns
is placed perpendicular to a magnetic field which is
increasing at 1 T/s. The induced emf in the coil is:

(CBSE2023)
a. 01V b. 05V
c. 075V d 1avVv

Q4. A square of side L meters lies in the X-Y plane
in a region, where the magnetic field is given by

P

=g A M
B =8y(2i+3)+4k)T.where B, is constant. The
magnitude of flux passing through the square is:

(NCERT EXEMPLAR)
a. 2Byl Wb

b. 2B,L% Wb
C. 4ByL° Wb

d. V298,12 Wb

Q5. A loop, made of straight edges has six comers at
A(0,0,0),B(L,0,0),C(L,L,0), D(O L0),E(LL)

and F(0, 0, L). A magnetic field B Bo(i+K)T is
present in the region. The flux passing through the

loop ABCDEFA (in that order) is: (NCERT EXEMPLAR)
a. Byl’Wb b. 2B,L% Wb
c. V28,2 Wb d. 4B,L% Wb

Q 6. Which of the following option(s) is true?

a. Moving electric charges produce magnetic fields.

b. The phenomenon of generating current of
emf by changing magnetic fields is called
electromagnetic induction.

c. Generators. transformers etc. works on the
principle of electromagnetic induction.

d. All of the above

L
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Qr.

Q8.

Qo.

Q10.

Q1L
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Due to relative motion of a magnet with respect
to a coil, an emf is induced in the cail, identify the
principle involved:

a. Ampere’s drcuital Law b. Faraday’s law

c. Gauss law d. Blot-Savart's law

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 exits
everywhere as shown in the figure. The current

induced in the loop is: (CBSESQP 2021 Term-1)

X B x x C X,
B
X X X X
-2
x X x Vox
—>
x x x X
X X b X
bed X X X
A D

a. BLw/R clockwise b. BLv/R anti-clockwise
c. 2BLv/R antl-clockwise d. zero

The magnetic flux linked with the coil (in Weber) is
given by the equation: [CBSESQP 2021 Term-1]

(0="5¢% +3t +16)

The induced emf In the coil at time, t = 4 will be:
a. =27V b. =43V
c =108V d 210V

A, B and C are the three coils of conductor having
different number of turns, wound around a soft
iron ring as shown in the figure. Ends of coils B
and C are connected to the galvanometers. The
observation that can be made when ends of coil A
are connected to an AC source is:

a. same electric current Is induced In B and C
b. no electric current is induced in 8and C

¢. induced electric current is more in B thanin C
d. induced electric currentis less in Bthanin C

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

— T

Q12

Q13.

Q14.

m

A cylindrical bar magnet is rotated about its axis

as shown in figure. A wire is connected from the
axis and is made to touch the cylindrical surface

through a contact. Then: (NCERT EXEMPLAR)

Axis A
N

N A

Bar —»
magnet N

w

= - -S‘ e ~

a. a direct current flows in through the ammeter A
b. no current flows through the ammeter A.
. an alternating sinusoldal current flows through

the ammeter A with a time perlod. T -—ﬁ
w

d. a time varying non-sinusoldal current flows
through the ammeter A.

There are two coils A and B as shown in the figure.
A current starts flowing in B as shown, when A is
moved towards B and stops when stops moving.
The current in A is counter-clockwise, B is kept
stationary when A moves. We can infer that:
(NCERT EXEMPLAR)
A B

=4,

a. there Is a caonstant current in the clockwise
direction of A.

b. there Is a varying current In A

. there Is na current in A.

d. there is a constant current in the counter-
clockwise direction in A

Same as problem 13 except the coil A is made to

rotate about a vertical axis. 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: (NCERT EXEMPLAR)

m

L
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QI5.

Q 16.

Q17.

Q18.

Get More Learning Materials Here : &

—

a. constant current clockwise
b. varying current clockwise
c. varying current counter-clockwise
d. constant current counter-clockwise
Match the Column | with Column Il and mark the
correct aption from the codes given below:
Columnl| Column Il
(Planar loops of different| (Direction of induced
shapes) current)
(A) x X d X X X
x x X x x
} & (p)bach
. h x xhR W
x x ® x
(B) x a X x x
x * x
4 (Qcdabc
% C
xh X %
(bcdab
d
A B C AB C
a.pqr b.r qgp
cproq drpg

A rectangular loop of side 6 cm and 2 cm with
a small cut is moving out of a region of uniform
magnetic field of magnitude 0.4 T directed normal
to the loop. The voltage developed across the cut if
velocity of loop is 2 cm s~ in a direction normal to
the longer side is:

a.3.Bx107"V b. 48x107% V
E22ZEWT ¥ d.32x107% v

A wheel with 20 metallic spokes each of length
0.5 m long is rotated with a speed of 120 revolution
per minute in a plane normal to the horizontal
component of earth magnetic field at a place.
If magnetic field is 0.4 x 10™* T at the place, then
induced emf between the axle and the rim of the

wheel is: "
2. 628 x107°V b. 314 x 1072V
C 1256 x107°V d 157 x107°V

A conductor square loop of side L and resistance
R moves in its plane with a 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. The current induced in the loop is:

Q19.

Q 20.

Q2L

Q22

Qas.

Q24.

% e
B X x ¢ xB
x » x e
P
* X x Vx
bk
x x % S
X w® X %@
x A x x D 5

Blv

a. By clockwlse b. — antl-clockwise
R R

2Blv

[ = antl-clockwlise d. zero

A rectangular, a square, a circular and an elliptical
loop, all in the (x-y) plane, are moving out of a
lf_r,'ifc'"p magnetic field with a constant velocity
v =V i.The magnetic field is directed along the
negative Z-axis direction. The induced emf, during
the passage of these loops, out of the field region,
will not remain constant for: (CBSESQP 2022-23)
a. any of the four loops

b. the circular and elliptical loops

c. the rectangular, circular and elliptical loops

d. only the elliptical loops

The self inductance L of a solenoid of length [ and

area of cross-sectlon A, with a fixed number of

turns N increases as: (NCERT EXEMPLAR)
a. land Aincreases

b. decreases and A increases

c. lincreases and A decreases

d. Both (and A decreases

The self inductance of a long solenoid cannot be
increased by:

a. Increasing its area aof cross-section

b. decreasing its length

c. increasing the current through it

d. increasing the number of turns in it

When the current changes from +2 A to —2 A
in 0.05 s, an emf of 8 V as induced in a coll.
The coefficient of self-induction of the coil is:
a.0.2H b. 04 H c.0BH d. 01H

A circular loop of radius 0.3cm lies parallel to
much bigger circular 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 5QP 2021 Term-1)
b. 6x107" weber

d. 91x107" weber

a. 33x10™" weber
c. 6.6x107 weber

If both the number of turns and core length of an
inductor is doubled keeping other factors constant,
then its self-inductance will be:

(CBSESQP 2021 Term-1)
b. doubled
d. quadrupled

a. unaffected
c. halved

L
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Q 25.

Q 26.

Q27

Q 28.

Q29.

Q30.
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The coefficlent of mutual inductance of two coils
depends on:

a. medium between the coils

b. distance between the two colls

c. orlentation of the twao colls

d. All of the above

Two circular coils can be arranged if any of three

situations as shown in the figure. Their mutual
inductance will be:

< ()

(M (i) (iii)
. maximum in sftuation (i)
. maximum in situation (ii)
. maximum in situation (iii)
d. same in all situations

n O w

A short solenoid of radius a, number of turns per
unit length n, and length L is kept coaxially inside
a very long solenoid of radius b, number of turns
per unit length n,. What is the mutual inductances
of the system?

a. ponbznlnzL b. pﬂozn]nz.‘_z

5 ;.LDrcaznlrazL d. ponbzn]nzf_z

If numbers of turns in primary and secondary
coils is increased to two times each, the mutual
inductances:

a. becames 4 times

b. becames 2 times

c. becomes Zl times

d. remain unchanged

Two coils A and B having turns 300 and 600
respectively are placed near each other. On passing
a current of 3A in A, the flux linked with A is
1.2 x 10~* Wb and with B itis 9 x 107> Wb. The
mutual induction of the system is:

a. 24 x107%H b. 0.4 x 107> H

. Bx10°H d. 2x10°H

In mutual induction:

A.When current in one coil increases, induced
currentin neighbouring coil flows in the opposite
direction.

B.When current in one coil decreases, induced
current In nelghbouring coil flows in the opposite
direction.

Choose the correct answer:

a. Als true but B Is false
b. A and B are false

c. AandB are true
d. Als false but B Is true

Q 31 The value of coefficient of mutual induction for the

arrangement of two coils shown in the figure will
be:

P S
a. zero b. maximum
C. positive d. negative

~’ Assertion & Reason 1ype Questions y

Directions (Q.Nos. 32-38): /n the following questions a
statement of Assertion (A) is followed by a statement of Reason
(R). Mark the correct choice as:

Q 32.
Q 33.
Q 34.

Q 35.

Q 36.

Q37

Q 38.

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the carrect explanation of Assertion
(A).

b. Both Assertion (A) and (R) are true but Reason (R)
is not the carrect explanation of Assertion (A).

c. Assertion (A) is true but Reason (R) is false.

d. Both Assertion (A) and Reasan (R) are false.

Assertion (A): Changing magnetic flux can
produced induced emf.

Reason (R): Faraday established induced emf
experimentally.

Assertion (A): Induced emf depends on number of
turns and area of the coil.

Reason (R): Induced emf increases with increases
in number of turns of coil.

Assertion (A): An induced emf is generated when
magnet is withdrawn from the solenoid.

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

Assertion (A): The quantity L/R possesses
dimensions of time.

Reason (R): To reduce the rate of increase of
current through a solenoid should increase the
time constant (L/R).

Assertion (A): Inductance coils are made of copper.
Reason (R): Induced current is more in wire having
less resistance.

Assertion (A): When number of turns in a coil
doubled, coefficient of self inductance of the coil
becomes four times.

Reason (R): Coefficient of self inductance is
proportional to the square of number of turns.

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

Reason (R): Mutual induction does not depend on
the orientation of the colls.

L
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-€) Fill in the Blanks Tupe Questions N

Q39.

Q 40.

Q4L
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Magnetic flux linked with any surface is equal to
the total number of................ passing through it.

Aclosed loop moves normal to the constant electric
field between the plates of a large capacitor, hence
............... is induced in the loop.
The emf e induced in a conductor of length [
moving with velocity v in a direction perpendicular
to magnetic field B is .................

Q42

Q43.

Q44.

| Answers]

(d) 250 Wb
Here, R =100 Q

As q= q'ndt = area of current-time graph
q:%x10x0.5=2.5

AQ

==,
Ab=gxR=25x100
=250 Wb

(c) The rate of heating
(d1oVv
Number of turns N=100
Side of square loop =10 cm = 0.1 m
and rate of change of magnetic field. % &1 T

From q

Induced emf = % (NBA)

=NAi—?=]GDxD.]xO.]xT=]V

(c) 4By,L°Wb

Here. B =B, (21+3 [+ 4K)T

Area of the square = [>km?

. Flux passing through the square.

- = ) A

0=B-A=By(21+3[+4k)-L2k = 4B8,L°Wb
(b) 2B,L° Wb
Here. B =B,(i+k)T
A

0, L, LE

A0, 0, 0)B(L 0, 0)

/ F(0, 0, L)

Zz

~

10.

1.

The number of turns of a solenold are doubled
without changing its length and area of cross-
section. The self-inductance of the solenoid will

become............... times. (CBSE 2020)

Self-inductance of a long solenoid (A, N, L) with
magnetic core material and relative permeability
O . (where A = Area of each turn,
N = No. of turns, L = Length)

Sl unit of mutual inductance is.................

Area vectar of ABCD = %k
Area vector DEFA=(21

Total area vector, A - LZ(?+£)

- =5

Total magnetic flux. g = B - A
=By ([ +K)L2(1+k) = ByL?(1+1) = 28, Wb

(d) All of the above.
(b) Faraday's law

(d) zero
%

Induced current, {:@: ot

R R
But there is no change of flux with time. as B, A and
gall remain constant with time ie. ?;iszﬁ
~. No current s Induced.
(b)-43V

Flux,. ¢=5t2+3t+16

emflel =—_—d¢ =

dic,2
-—(5t 3t+16) =~ (10c+3
g g raETe] (i)

lel,_, =—(10(4)+3) = =43V
e=-43V

(c) Induced electric current Is more In Bthan in C
When the end of coil A Is cannected to an AC source.
the induced electric current will be more in B than in
C as the number of turns in the coil is more In B than
inC.

(b) &

The polarity of emf will be opposite in the two cases
while the magnet enters the coll and while the
magnet leaves the coll. Only In option (b). polarity Is
changing.

L
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12.

13.

14.
15.
16.

17.

18.

19.

20.
21

22.

23.
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(b) no current flows through the ammeter A.

As there Is no change in magnetic flux assoclated
with the clrcuit. no current Is induced in the circult.
The ammeter A shows no deflection.

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

Coil A be carrying a constant current in counter-
clockwise direction. Because of that, when A moves
towards B. current induced in B is counter-clockwise
direction as per Lenz's law. The current in B would
stops when A stops moving.

(a) constant current clockwise

(d) A-r.B-p.C-qg
(b) 4B x1074V o R
Here. | =6cm=6x10"%m

B=04T

ve2x107¢ms™
Voltage developed Is

& = Blv  E| @ |
l-iD.4x6x]U_2x2x'lD—2
0 4.8 %1074
(3) 628 x 107>V
Here, v =@:2 rps
60

Induced emf =(%]mBR2 - % x 27vBR?

=314 % 2 x 0.4 x 107" x (0.5)?
= 06281070 =628x107°V

(d) zero

No flux change is taking place because magnetic
field is uniform everywhere.

As there is no change In flux. Induced emf Is zero
and therefore no current Induced.

(b) the circular and elliptical loops

In a rectangular and a square loop. the magnetic
flux change is constant over some constant period
of time whereas in drcular and elliptical loop. the
magnetic flux change is not constant over some
canstant period of time. Since, the area coming
out of the circular and elliptical loop is not uniform
throughout the magnetic field, so the induced emf
will also not be constant through them.

(b) ldecreases and A increases

(c) increasing the current through it

(d) 01 H
d  -L{5-1) (=33
l d d f :—l‘_— = 2 1 =—L
nduced emf. e=-L— f =
gy 8 _ , _B8x005 4,
0.05 4

(d) 9.1x10™" Weber
Let flux linked with smaller loop Is ¢, and with blgger
loop Is ¢s.

515 o “

24,

25.
26.
217.
28.

29.

30.
3.

TiP:

Glven, R,=02m
R,=0.003m
X=15cm=015m
Now. flux & = ByA,
2nR2|

2_p2
Mutual Inductance. M= ﬁ = ED.M
12 4 (R% + x2)3."2
Now &5 =Ml
2.~2
_Hg 2rR5mRy
"W(Rg 1sz)afz 1
_ 1077 x2x314x(0.2)* x314 x(0.003)° y
((0.2)% + (015)2 "2
=9.1x 107" Weber
(b) doubled

Self-inductance.

20

2
(2N)?
2l

2
-2 "2

A

L' m I_LD

L'=2L

d) All of the above
a) maximum In sltuation (1)
¢) poma®mnsl
a) becomes 4 times

ma mny
- mbecomes 4 times

(
(
(
(

(c) 8x1072H
Flux Unked.

; A -
¢ = “olef(f | W
/
A\
Mutual inductance, M =pgNN, J[TJ -(2)

(Assuming both coll have same A and L]
On dividing eq. (2) by eg. (1), we have

M_N;
6 M
4
. L T T S T
N, 300 3
(a) A is true but B is false
(a) Zero

The mutual inductance between two coils depends
upon the manner, in which twa coils are placed relative
to each other.

L
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32.

33,

34.

35

Je.

317

38.

3s.
40.
41.

(b) emf Induces. when there Is change in magnetic
flux. The magnitude of induced emf depends upon
the rate at which the magnetic flux changes. When
magnetic flux is steady or constant. no emf is
induced. Faraday did experiment in which, there is
relative motlon between the coll and magnet. the
flux Unked with the coll changes and emf Induces.

(b) Accarding to Faraday’s law. the induced emf (g) is

glvenbye= _-%t&t) = _g_(_f;%ml = -Mdd—f .Thus. Induced
emf depends on the rate of change of magnetic flux.
number of turns of coil and area of the coil If any of
these factor Increases (or decreases). then Induced

e.mf. also increases (or decreases).

(a) According to Faraday's law of electromagnetic
induction. Induced emf will be generated In the
solenold because of the relative motion between

magnet and solenold.

(b) The relation of Induced emfis e =% and current

lis given b 1‘~Eul£:>ﬂmfﬁ~~!—inorder
BVeN OV 1= e par “ @& 'L L/R

to decrease the rate of increase of current through

solenoid. We have to increase the time constant %

(a) The inductance coils made of copper will have
very small ohmic reslstance. Due to change In
magnetic flux, a large induced current will be
produced In such an Inductance. which will offer
appreciable oppositian to the flow of current.

(a) The coefficient of self Inductance of the coll is

given by
- pDNzA

where Nis number of turns ( is length of the coil and
Als area of coll so L« N°.

(c) The manner in which the two colls are ariented.
determines the coefficient of coupling between them.
M= K LL,

When the two coils are wound on each other, the
coefficient of coupling is maximum and hence

mutual inductance between the coll Is maximum.

L

magnetic lines of force 42. Four
current 43. pﬂpTNZA/L
e = vBl 44, henry

"Q;DI Case Stlldv Based questions N\

Case Study 1

Get More Learning Materials Here : &

Lenz’s law states that the direction of induced
current in a circuit is such that it opposes the
change which produces it. Thus, if the magnetic
flux linked with a closed circuit increases, the
induced current flows in such a direction that a

© O

magnetic flux is created in the opposite direction
of the original magnetic flux. If the magnetic
flux linked with the closed circuit decreases, the
induced current flows in such a direction so as
to create a magnetic flux in the direction of the
original flux.

® G
w

ACW
N S N 5
v v
(Rest) (Rest)

(Coil face behaves as North pole
to oppose the motion of magnet)

QL

Q2.

Q3.

Q4.

Q5.

(Coil face behaves as South pole
to oppose the motion of magnet)

Read the given passage carefully and give the
answer of the following questions:

Which of the following statement is correct?

a. The induced emf is not in the direction opposing
the change In magnetlc flux so as to oppose the
cause which produces it

b. The relative motlon between the coil and magnet
praduces change in magnetic flux

c. emf Is induced only if the magnet is moved
towards coll

d. emf Is induced only if the coll is moved towards
magnet.

The polarity of induced emf Is given by:
a. Ampere's clrcuital law

b. Blot-5avart law

c. Lenz's law

d. Fleming's right hand rule

Lenz's law is a consequence of the law of

conservation of:
a. charge
C. momentum

b. mass
d. energy

Near a circular loop
of conducting wire as
shown in the figure, an
electron moves along
a straight line. The
direction of the induced
current if any in the loop
is:

a. varlable

¢ antl-clockwise

o4

b. clockwise

d. zero

Two identical circular coils A and B are kept in a
horizontal tube side by side without touching each
other. If the current in the coil A increases with
time, in response, the coil B:

a. is attracted by A

b. remains stationary

c. is repelled

d. rotates

L
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. (c) Lenz's law

. (a) variable
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| ANSWers | ¢

1. (b) The relative motian between the coll and magnet

produces change in magnetic flux.

The relative motion between the coil and the magnet
produces change in the magnetic flux in the coil
The induced emf is always in such a direction that it
opposes the change in the flux.

3. (d) energy

When an electron is moving from right to left. the
flux linked with loop (which is
going into the surface) will first
increase and then decrease as
the electron passes by. 5o the
induced current [ in the loop
will be first clockwise and
will change direction (ie. will
become anti-clockwise) as the
electron passes by.

@ 4

. (c) is repelled

When current In coll A Increases with time. there
will be a change of flux In coll B which will induce
a current In B . Now. according to Lenz's law. the
direction of Induced current in B will be opposite to
the direction of current in A Thus, they will repel

each other.

Case Study 2

Mutual inductance between the two coils is
defined as the property of the coil due to which
it opposes the change of current in the other coll,
or you can say in the neighbouring coil. When the
current in the neighbouring coil changes, the flux
sets up in the coil and because of this, changing
flux emf is induced in the coil called mutually
induced emf and the phenomenon is known as
mutual inductance.

L. Primary Coil
I AP & i fSeoondaryCoﬂ

pi B ir i B VoL
P /’ i _:\\ \ H.r,l,"z’ “\z\
i \\‘ \\\ rfrr;f; ) LYy

-
-
-

- S

{ % \
N \ S Allernaling Source >~ Induced Vollag@

The value of mutual inductance (M) depends upon

the following factors:

l. Number of tums in the secondary or
neighbouring coil,

2. Cross-sectional area,

3. Closeness of the two coils.

When on a magnetic core, two or more than two

coils are wound, the coils are said to be mutually

coupled. The current, when passed in any of the

coils wound around the magnetic core, produces

flux which links all the coils together and also the

one in which current is passed. Hence, there will

QL

Qe

Q3.

Q4.

be both self-induced emf and mutual induced emf
in each of the coils.

The best example of the mutual inductance is
the transformer, which works on the principle of
Faraday’s law of electromagnetic induction.
Faraday’s law of electromagnetic induction
states that, “the magnitude of voltage is directly
proportional to the rate of change of flux.”

Read the given passage carefully and give the
answer of the following questions:

The phenomenon due to which there is an induced
current in one coil due to current in a neighbouring
coil is:

a. electromagnetism
c. mutual inductance
Mutual inductance between two magnetically
coupled coils depends on:

a. permeability of the care material

b. number of the turns of the coils

c. cross-sectional area of thelr common core

d. All of the above

Which of the following is a unit of inductance?

a. Qhm b. Henry

c. Ampere d. Weber/meter

Which of the following circuit elements will oppose
the change in circuit current?

a. Capacditance b. Inductance

C. Reslstance d. All of these

b. susceptance
d. steady current

Q5. Hinaniron cored coil, the iron core is removed so
as to make the air cored coil, the inductance of the
coil will be:

a. more b. less
c. the same d. None of these
| Answers

Ea

(c) mutual Inductance

Mutual Inductance between the two coils is defined
as the property of the coll due to which it opposes
the change of current In the other coll. or you can
say in the neighbouring coil

(d) All of the above

All of the factors glven In the optlons are responsible
for mutual induction.

(b) Henry

(b) Inductance

5. (b) less

The Inductance of air cored coll is less than that of
iron cored coll

Case Study 3
The emf T ® T
induced across Unifarm t I
the ends of a | |4 v = constant
conductor due l
to ils motion

in a magnetic field is called motional emf. It is

L
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QL

Q2.

Q3.

Q4.

Q5.

produced due to the magnetic Lorentz force acting
on the free electrons of the conductor. For a circuit
shown in figure, if a conductor of length / moves
with velocity v in a magnetic field B perpendicular
to both its length and the direction of the magnetic
field, then all the induced parameters are possible
in the circuit.

Read the given passage carefully and give the
answer of the following questions:

Directlon of current induced in a wire moving in a
magnetic field is found by which rule?

A conducting rod of length [ is moving in a
transverse magnetic field of strength B with
velocity v. The resistance of the rod is R . What is
the current in the rod?

A 0.1 m long conductor carrying a current of
50 A is held perpendicular to a magnetic field of
1.25 mT. What will be the required mechanical
power to move the conductor with a speed of
1ms™ is?

A bicycle generator creates 1.5V at 15 km/hr. What
is the emf generated at 10 km/hr?

What is the dimensional formula far emf e in MKS
system?
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. Here. l=00m.,v=1ms~

Answers |'
Direction of current induced in a wire moving in
a magnetic field is found by using Fleming's right
hand rule.

Induced emf ¢ = Blv
e Blv

Currentintherod, | == =—
R R

1

=50 A B=125mT=125x10"7 T

The induced emf s g = Blv

The mechanical power is

P wgl =Blvi=125x 1073 x01x1x 50
=6.25x 1077 W=6.25 mW

emf Induced. € = Blv

Here, é T and VP are mutually perpendicular

Forglven Band [ g « v.

H_A
& ¥

Here. &, = 15V, v;= 15 km/hr = 15 x % ms™

! Bz-—'j

v; =10 km/hr = 10 x % ms .

5
W

3 o
5 55 = 23—]\/
18
W) _MAT?)

_Wj 2 =3,
g= 2 - [AT) MLET AT

b
2 10«

Case Study 4

Qe

Q3.

Q4.

When a current / flows through a coil, flux linked
with it is ¢ = L/, where L is a constant known as
self inductance of the coil. Any change in current
sets up an induced emf in the coil. Thus, self
inductance of a coil is the induced emf set up in
the coil when the current passing through it
changes at the unit rate. It is a measure of the
opposition to the growth or the decay of current
flowing through the coil. Also, value of seclf
inductance depends on the

number of turns in the solenoid,

its arca of cross-section and the

relative permeability of its core

malterial.

Read the given passage carefully and give the
answer of the following questions:

Acurrent of 2.5 A flows through a coil of inductance
5 H. What is the magnetic flux linked with the coil?
The inductance L of a solenoid depends upon
which factor?

What is the unit of self-inductance?

What will be the induced emf in a coil of 10 henry
inductance In which current varies from 9 Ato 4 A
in 0.2 second?

A I o

| ANSWErS |

Here [=25A L=5H

Magnetic flux linked with the coil is

¢g = U= (5H) (2.5A) = 12.5Wb

The inductance of a solenoid is

L = pgn?Al

where. A s the area of coss-section of the solenold.

Lits length and n s the number of turns per unit length.

As . A = zR% where R s the radius of the solenoid.
L= pgnznﬁzl

Thus. inductance of a sclenold depends on area of

solenold. length of solenold, number of turns and

radius of solenoid.

The magnitude of induced emf is

dl leldt
P e
lel T = 7

- Unit of self Inductance,

_ voltxsecond
ampere

Here, L=10henry. [=9 A L =4A
and At=0.2 second
Then induced emf

ke = ohm-second

L
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-' Very Short Answer Tupe Questions N

QL A long straight current carrying wire passes

Ans.

T,

i Magnetic field is perpendicular to area i.e,B L A.

normally through the centre of circular loop. If the
current through the wire increases, will there be an
induced emf in the loop? Justify. (COSE2019)
The flux created by straight current wire Is depicted
in the figure. So. induced emf (e) « rate of change of
magnetic flux (¢g) and

A
¢g=B-A=BAcos# /A

e/

B

Here. B L A = ¢g=BAcos90° =0
So. induced emf = 0. Hence. a change In current of
wire will not create any emf in the loop.

TiP

Q2

Ans.

Q3.

Ans.

Q4.

Ans.

Get More Learning Materials Here : &

State Faraday's laws of electromagnetic induction.
[CBSE 2017, 16, 15]

Faraday's laws of electromagnetic induction:

(i) Whenever there is change in magnetic flux linked
with a clrcuit. an emf Is Induced in the circult.
The induced emf lasts so lang as the change in
magnetic flux continues.

(i) The magnitude of induced emf in a circuit Is
equal to time rate of change of magnetic flux
linked with the circuit

Le. E=- d—¢ =—Nw

dt t

Predict the polarity of the capacitor in the situation
described below:

(CBSE2017)
Plate A of the capacitor will develop positive polarity
wrt B as induced current will be in clockwise
direction.
A bar magnet is moved in the direction indicated by
the arrow between two coils PQ and CD. Predict the
direction of the induced current In each coil.
(CBSE2017)
@ D

From the figure. it is clear that north pole of the
magnet Is moving away fram coll PQ. so the direction

Qs.

Ans.

Q6.

Ans.

Q7

Ans.

Qs.

Ans.

of current at end Q will flow in such a way that it will
oppose the movement of north pole. so it has to act
as south pale. Hence. the direction of current will be
anti-clockwise.

Again. the south pole Is approaching towards coll
(D, so end C of the call will act as south pole (to
oppose the approaching of south pole). Hence, the
direction of current will be clockwise.

What is the direction of induced currents in
metal rings 1 and 2 when current / in the wire is

increasing steadily?

4 Induced current In
clockwize
| (Increasing)
2 ;
Inducad currant in

anl-clockwisa

Use Lenz's law.

(TR!CK ]

A conducting loop is held above a current carrying
wire ‘PQ"as shown in the figure. Depict the direction
of the current induced in the loop when the current
in the wire ‘PQ’ is constantly increasing.

O

P Q

Clockwise.

A conducting loop is held below a current carrying
wire 'PQ’ as shown in the figure. Predict the
direction of the induced current in the loop when
the current in the wire ‘PQ’ s constantly increasing.

P - - Q

@,

The electric current flowing in a wire in the
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 in figure.

O

A - B

Antl-clockwise.

Clockwise.

L
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Q9. The closed loop (PQRS) of wire is moved into
a uniform magnetic field at right angles to the
plane of the paper as shown in figure. Predict the
direction of the induced current in the loop.

XX O R B R K

P Q
-
{ M x p. 8 ¥
S R
X M kg = ® x

Ans. Antl-clockwise.

TR!CK ]

Use Lenz's law.

Q10. The number of turns and length of the solenold are
both doubled, keeping area of crass-section of the
solenoid same. What will be the self inductance of
the coil?

Sol As we know.
HNZA
T
Now, let us assume the new Inductance Is L. so
N’ =2Nand "= 21
_Hg(@NFA  apN?A
T2 T

2
LA oy

(
Q1L Define mutual inductance of a coil. Write its Sl unit.
[CBSE2019,15]
Ans. Mutual inductance of two cails may be defined as the
total magnetic flux Unked with one coil when unit
current flows through the other coil
Its Sl unit is henry (H).

"’ Short Answer Type-I Questions NJ

QL What is motional electromotive force (motional
emf)?
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 an expression for the emf induced across
the ends of the rod.

Ans. Motional emf: The emf induced across the ends of
a conductor due to its motion in a magnetic field is
called motional emf.

Expression for motional emf:

Magnetlc flux enclosed by loop PQRS

L

LU

- =
b= B A =8l

Since x Is varlable wrt time. the rate of change of

magnetic flux will induce an emf given by

T
dt

d dx
— =——(Blx)=8Bl] -—
B o) [ dt)

*Rox

-+ X =

= e =Blv

where. v=—%.because veloclty v Is In opposlte

direction.

ERROR - :

Students often get confused with negative sign at the
end.

—adx
V=—
at
| /ts just a indication of the direction.

J

Q2. Arectangular 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 AB” and then released at time £ = 0.
Explain qualitatively how induced electromotive
farce in the coil would vary with time.

(Neglect damping of oscillations of spring)

(CBSE2018)
. ® e A'l o A .
c :
. ° ® :o .
:
® ° ® :o . E
1
° o ° ° B-: e B o

Ans. According to figure, when wire AB is moved towards
left at A'B', then spring Is stretched and provide a
restoring force on wire. which starts moving towards
right slde. Le. wire AB performs simple harmonic
motion. In this case. magnetic flux lUnked with wire
continuously changes. therefore an induced emf
is produced across wire AB which continuously
decreases with time and finally becomes zero.

Q3. Asquare loop of side 10cm and resistance 0.5 is
placed vertically in the east-west plane. A uniform
magnetic field of 0.10 T is set up across the plane
in the north-east direction. The magnetic field
is decreased to zero in 0.70s at a steady rate.
Determine the magnitudes of induced emf and
current during this time-interval.

Ans. The angle 8 made by the area vector of the coll with
the magnetic field is 45°. Hence. the initial magnetic
flux s

¢ = BAcosH

=] -3
=0.1x10"2 xc0545°=m=& Wb

V2 2

L
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Final flux. ¢y =0
The change in flux is brought about in 0.70 s. So. the
magnitude of the induced emf Is glven by

|a¢g | _1¢-0l_ 1073
= = =
At At 2x07
And the magnitude of the current Is
1073V
0.50

=10 mV

=2 mA

E
=2 —0a
R

Q4. A2 m long solenoid with diameter 2 cm and 2000
turns has a secondary coil of 1000 turns would
closely near its mid-point. What will be the mutual
inductance between the two coils?

SolL Here. =2 m.dlameter =2 cm

- Radius. r= %:1 cm=1x10"2%m
N, = 2000, N, = 1000
Area = =nx (1x 10792 = 314 x 10~°m?

Mutual Inductance, M = w

_ 4nx107 x2000x1000x3.14 x10°“
B 2

=39 x107"H

_@Q Short Answer Type-11 Questions N

QL (i) Derive an expression for the induced emf
developed when a coil of N turns and area of
cross-section A is rotated at a constant angular
speed o in a uniform magnetic field B.

(i) A wheel with 100 metallic spokes each
0.5m long is rotated with a speed of
120 rev/min in a plane normal to the horizontal
component of the Earth's magnetic field.
If the resultant magnetic field at that place is
4 % 10”* T and the angle of dip at the place is
30°, find the emf induced between the axle and
the rim of the wheel. (CBSE2019)

Ans. (i) When a coll of area of cross-section A having N
number of turns Is rotating with angular velocity
w in uniform magnetic field B. then magnetic
flux linked with cail

6=0Acose
¢ = BA cos wt (- 0w awt]
Induced emf (g) In the coll.
g=- %? = -NC%BACOSUJ[
= NBA wsin ot
&= 6g SIn wt (where. g = NBAw)

(i) Given, number of spokes = 100. length, = 0.5 m,
w = 120 rev/min,
Be=4x10"“Tand o = 30°

Q2.

Ans.

Q3.

E :%BHIZCD & %Becose.lzm (- By= B, coso)

e 120

E%XLIX]U_Q XTX(G.B)ZXZKXE

=543 x107%V
Figure shows a rectangular conducting loop PQSR
in which arm RS of length I is movable. The loop
is kept in a uniform magnetic field ‘B directed
downwards perpendicular to the plane of the loop.
The arm RS is moved with a uniform speed ‘v’

Deduce the expression far the:

() emf induced across the arm ‘RS’

(ii) external force required to move the arm and
(iii) power dissipated as heat.

e ¥ P * x x x® x R * x
¥ *® ® ® ¥ ® *® »
e b4 i3 ¥ ¥ s 2
f — V
S s " ¥ t ¥ H " H
X x t b Y b} p] H bl
* % O ® X ¥ *® ® 8 * ®

(i) Induced emf
Magnetic flux enclosed by loop PQSR
= BA = Blx
Since xIs changing with time. the rate of change
of magnetic flux will induce an emf given by
d¢ d dx |
lel= =2 = = (Blx) = BI| —
gl (dr J
= |e|=8lv
(ii) External force required to move the arm RS

Blv

Induced current, [ == =
R R

= External force required.

2
F = Bilsin90° 55[%}m Bty

R
(iii) Power dissipated as heat

74
Blv BA&2
= 2p=y Y -
P [ R ) *R=—p

The magnetic field through a circular loop of wire
12cm in radius and 8.5 resistance, changes with
time as shown in the figure. The magnetic field is
perpendicular to the plane of the loop. Calculate
the current induced in the loop and plot a graph
showing induced current as a function of time.

(CBSE SQP 2022-23)
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Sal Given, radius of circular loop, r=12 cm = 012 m,
Reslstance. R=8.5Q

- W=Jdw = fudl =%u2

We have. area of the circular loop = r? = '|-|| +
=314 x (012)° Mm% = 45 x 1072 m? hh
do d I Ti
=——=——(BA
Also.  E=-g-=-(6A) o
(N LT [ R A
NS (LELELLEIO
dt t, -t o . X!
Far Qsteds, Q5. (i) Define mutual inductance and write its S| unit.
£, =-45x10% x { 1-0 } (ii) A square loop of side '@’ carrying a current /,
2- is kept at distance x from an infinitely long
=225 1072V straight wire carrying a current /; as shown
£ _225x107 in the figure. Obtain the expression for the
L i
h= R 85 A resultant force acting on the loop.
- 26x102 A=—26mA =
Far2s<t<4s, i t
1 ]2
2] 1-1
Ezz—LI.SX1UﬂX{E}=D a a
X
Ez g (CBSE2019)
=—==0
h R Ans. (i) Mutual Inductance: The phenomenon according
For4s<t<Bs. to which an opposing emf is produced in a coil i.e.
45%x10° [0-1 primary coll as a result of change In current or
h=-"4g%g X{E_Q} A=26mA magnetic flux linked with a neighbouring coil i.e.

secandary coll Is called mutual inductance.
Sl unit of mutual Inductance Is henry (H).
() Force per unit length between two parallel

So. the current induced in the loop is glven in the table
as:

O<t<2s | 2s<t<bds | 4s<t<bs

straight conductors Is given by £ :ﬁ%

E(V) -0.023 0 +0.023 4u d
[ (mA) -26 0 +26 .. Force on the part of the loop which Is parallel to
Graph showing induced current as a function of time: Intieie E;‘tiraight wive gnd ke distance wivem i
Fa Pghrel (away from the infinite straight wire)
286 2n X
.' : (1)
: : Forceonthe part ofthe loop whichis atadistance
I o ' L (x + a) from It
(mA) 2 4 & ys— e hha
] E.=20_12" (towards the Infinite stralght wire)
I 27 2n(x+a
28 ik2)
~ Netforce. F=F-F
Q4. Define self-inductance of a coil. Obtain the Ho 1 1
expression for the energy stored in an inductor L F ngl ca X x+0
connected across a source of emf. (CBSE2017) 5
Ans. SelfInductance: Selfinductance of a collis numerically = F= “_DEZO_
equal to the emf Induced In that coll when the current 2r x(x +0)
in it changes at a unit rate. Alternatively, the self (away from the infinite stralght wire)
inductance of a coil EC]UEiS the flux linked with it when Q 6. (i) Define mutual inductance and write its S| unit.
a unit current flows through it (i) Two circular loops, one of small radius r and
The wark done against induced emf Is stored as other of larger radius R, such that R >> r, are

magnetic potential energy.
The rate of work done, when a current | passing
through the coil. is

placed coaxially with centres coinciding. Obtain
the mutual inductance of the arrangement.

(CBSE SQP 2023-24)
ﬂ:m” ::(L%]f Ans. (i) Mutual Inductance: The phenomenon according
dt ; to which an apposing emf Is produced In a coll le.
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primary coll as a result of change in current or
magnetic flux linked with a nelghbouring coll Le.
secondary coil is called mutual inductance.

5l unlt of mutual Inductance Is henry (H).

(i) le Q

Let a current [, flow through the circular loop of
radius R. The magnetic Induction at the centre of
the loop is

g =Ml

P 2R
As, r << R, the magnetic induction B, may be
considered to be constant over the entire cross-

sectional area of inner loop of radius r. Hence.
magnetic flux linked with the smaller loop will be

|
05 =BpAs = EDP g2

2R
Also. ¢c = Mip
e Os Mo
I, 2R

Q7. 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 of turns N;
and N, and radii r; and r; (r; > ry). (CBSE 2023)

. Mutual Inductance between two colls Is equal to

the magnetic flux linked with one coll when a unlt

current is passed in the other coil
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Mdl

dt

Mutual inductance Is equal to the Induced emf set
up In one coll when the rate of change of current
flowlng through the other call is unity.

Expression for mutual inductance of two long
coaxial solenolds:

Mutual inductance between two co-axial long
solenoids of same length wound one over the other:
Magnetic fleld at the centre of solenald 5; .

"lQNZ J’Z
L

Alternatively, g = —

By =pgm 1l =

Magnetic flux linked with each turn of Inner solenold 5

i

N
e

)

Q8.

Ans.

Hence. mutual inductance.
_No :ﬁ[ HoN; LA, ]: BNy Ny A,

M = L L
ek MIZ

Simitarly, My, =HgmnyriiL

= My = My = M pgm iyl
If a medium of relative permeability p. is filled in
between the solenolds. then

M= pgp nzrlzt

Derive an expression for the magnetic energy
stored in an inductor, when a current / develops in
it. Hence, obtain the expression for the magnetic
energy density. (CBSE2019)
The energy of a capacitor is stored in the electric
field between its plates. Similarly. an inductor has
the capability of storing energy in its magnetic field.
| (Increasing)

An increasing current In an inductor causes an emf
between its terminals.
The wark done per unit time Is power.

P= ﬂ =-gl= —«'_.'ﬂ
dt dt
From dW =-dU or ﬂ = —d—U. we have
dt dt
Wi g el
dt dt

The total energy U supplied while the current
Increases from zero to a final value [is
_ [ » 13
U-Ljnfdi_iu
iz
W=U==U
2 )

) pohN! =Bt
Th ticfleld, B="0— = I= -(2)
e magnetic fie l N

poN?A E)

The self-inductance. L= !

Putting values of L and /in eq. (1)
1, pN?A LB BHAY

o U w— @
= m 2 ( }.LéNz 2“0
. Up 18

Al 2p,

Um .
where, AL < Energy density.
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'@D Long Answer tupe Questions

QL (i) StateFaraday’s law of electromagneticinduction.
(ii) The magneticfield through a circular loop of wire
12 om 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.

A 1

BM

b e e s

6 t(s)
(iii) Show that Lenz's law is a consequence of

conservation of energy. (CBSE2017)
Ans. (i) Faraday's law: The magnitude of the induced

1
1
1
*
1
1
1
1
1
i
1
1
1
1
1
1
2

I

emf in a clrcult Is equal to the time rate of

change of magnetic flux through the circuit ie,

Em——

dt
(I) Area=nR’=mx 144 x 1072 m? (+ r=12cm =012 m)
@ 314 % 144 x 102 m?

= 45x 107 m?
ForO<t<?2
d
emf. ¢, L - N L)
dt dt 2
= B P TN
) X -2
|“ = - i :—225xlD =—2.7 l'f'IA
R 8.5
For2<t<é4
|
I, =—2=0
2R
For4<t<6
ly=-—2=4+27mA
timay
: ! |
27mA= ey
1 1 ]
1 1 1
1 1 ]
2]1 :4 :61
—2.7mA—1I Lo
1 I 1
] 1 ]

common ERR(DR
Students often fails to plot it as a function of time.

| T

(lif) If a North pole of the bar magnet moves towards
the coil the magnetic flux through the coil
increases. Hence. induced "
current is counter
clockwise (to oppase the
increase in flux. by
producing a North pole).

In this situation, the bar N

magnet experiences a

repulsive force. therefore

work has to be done to move the magnet
towards the coll It is this work that gets
converted into electrical energy.

Q2. 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 L, 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 an 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 an expression for the power
required to rotate the rod.

Ans. (i) In one revolution

change In area. dA = al?

.. Change of magnetic flux
- -
dé=B-dA =BdA cos 0°= Brl
If period of revolutionis T

2
(a) Induced emf. ¢ =$ 25 Bal%v

T
(b) Induced current In the rod.
- B zvBI2
R R

2,3
(ii) Force acting on therod. F=11B= L%

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

(ili) Power required to rotate the rod.

. B
R

P=Fv

Q3. (i) Explain the meaning of the term mutual
inductance. Consider two concentric circular
coils, one of the radius r; and the other
of radius ry(r; < r;) placed coaxially with
centres coinciding with each other. Obtain the
expression for the mutual inductance of the
arrangement.
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(i) 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 coll is 2zfNBA.

(CBSE2016)

Ans. (i) Whenever the current passing through a coil
or drcult changes. the I4
magnetic flux Unked with a T

nelghbouring coll or circult
will also change. Hence. an
emf will be Induced in the
neighbouring coil or circuit.
This phenomenon Is called
‘mutual induction.” Mutual i

induction Is also known as
mutual inductance.
According to question, let the current in big coll
of radius r, be /; so. magnetic field at point O due
to this coil will be pgh/2r,.

Change In magnetic flux In the coll of radius r Is.
y |
o= BA =—Q'—]-l ‘xrcrf
2r,

Mutual Inductance. M =E:&m‘2 :ﬂ
2%l 2r,
This is the required expression.

(i) According to the question. if a coil of N turns
rotates with an angular velocity of o and angle
0 is suspended in time ¢,
thus 8 » wt

¢ = BA cos 0 = BA cos wt
As the coll rotates. the magnetic flux Unked with
it changes. An induced emf s set up In the cail
which s glven by
Bl

E=—2'= ﬁ(BACDSwI) =BAwsinmt
dat dt

Far N number of turns, e = NBAw sin wt

For maximum value of emf, ot must be equal to
907,

So. maximum emf induced is « NBAw

le. &= NBA2xf or 2nfNBA ([~ @ = 2rf)

& Chapter Test

Multiple Choice Questions

Q L Acircular disc of radius 0.2 m is placed in a uniform

2

1/ Wb
magnetic field of induction ;{—) in such a way
m

that its axis makes an angle of 60° with B. The
magnetic flux linked with the disc is:
a. 0.02Wb b. 0.06Wb
c. 0.08Wb d. 0.01Wb

Q2. Whenever there is a change in the magnetic flux
linked with a closed circuit, an emf and a current are
induced in the circuit. This statement is referred to as:
a. Lenzs law
b. Faraday's second law of electromagnetic induction
c. Faraday’s first law of electromagnetic Induction
d. Laplace's law

Assertion and Reason Type Questions

Directions (Q.Nos. 3-4): In the following questions, statement
of Assertion (A) Is followed by a statement of Reason (R).
Mark the correct choice as:

a. Both Assertion (A) and Reason (R) are true and

Reason (R) Is the correct explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

. Assertion (A) Is true but Reason (R) Is false.
d. Both Assertion (A) and Reason (R) are false.

al
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03.

Q4.

Assertion (A): The induced emf in a conducting
loop of wire will be non-zero when it rotates in a
uniform magnetic field.

Reason (R): The emf is induced due to change in
magnetic flux.

Assertion (A): 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 changing in both the individual coils.

Fillin the blanks

Q5.
Q6.

S| unit of magnetic flux is ......cc.ceu......
The................of a cail is proportional to the square
of the number of turns.

Case Study Based Question

Q7. The induced electromotive force with different

polarities induces a current whose magnetic field
opposes the change in magnetic flux through
the loop in order to ensure that original flux is
maintained through the loop when current flows in
It

To better understand Lenz’s law, let us consider
two cases:

Case 1: When a magnet is moving towards the
coil.
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(i)
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ARy
Wy

When the north pole of the magnet is approaching
towards the coil, the magnetic flux hnking to the
coil increases. According to Faraday’s law of
clectromagnetic induction, when there is a change
in flux, an emf and hence current is induced in the
coil and this current will create i1ts own magnetic
field.

Now according to Lenz’s law, this magnetic field
created will oppose its own or we can say Opposes
the increase in flux through the coil and this is
possible only if approaching coil side attains north
polarity, as we know similar poles repel each
other. Once we know the magnetic polarity of the
coil side, we can easily determine the direction of
the induced current by applying right hand rule. In
this case, the current flows in the anti-clockwise
direction.

Case 2: When a magnet is moving away from the
coil.

[ERNE] s H
1Y
PN

When the north pole of the magnet is moving
away from the coil, the magnetic flux linking to
the coil decreases. According to Faraday’s law
of electromagnetic induction, an emf and hence
current is induced in the coil and this current will
create its own magnetic field.

Now according to Lenz’s law, this magnetic field
created will oppose its own or we can say opposes
the decrease in flux through the coil and this is
possible only if approaching coil side attains south
polarity, as we know dissimilar poles attract each
other. Once we know the magnetic polarity of the
coil side, we can easily determine the direction
of the induced current by applying right hand
rule. In this case, the current flows in a clockwise
direction.

Read the given passage carefully and give the
answer of the following questions:

What is the direction of the induced magnetic field?

5 mg~!
—

]

A AV A " v

0,
XL/
b. Right c. Up

a. Left d. Down

(i)

(iif)

(iv)

v)

What Is the direction of the induced magnetic field?
S

I Magnel moving up
N

Coll

Mater

a. Left b. Right c. Up d. Down
In what direction is the magnet moving?

a. Left b. Right c. Up d. Down
In what direction is the magnet moving?

a. Left b. Right c Up d. Down
Which of the following is Not an application of
Lenz's Law?

a. Transformer

b. AC Generator

c. DC Motor

d. A coil transversed by AC current

Very Short Answer Type Questions

Q8.

Q9.

A straight line conductor of length 0.4 m is moved
with a speed of 7 m/s perpendicular to a magnetic
field of intensity 0.9 Wb/mz. Calculate the induced
emf across the conductor.

When the number of turns of the coil is increased
twice and the length is reduced by 4, what will be
the self inductance of the coil?

Short Answer Type-l Questions

Q10.

Dinesh sir was demonstrating an experiment in his
class with the setup as shown in the figure given
below:

L
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(i) What would he do to obtain a large deflection
on the galvanometer?

(i) How would he demonstrate the presence
of an induced current in the absence of a
galvanometer?

Q1L A rectangular coil of 100 turmms and size

0.1 m x 0.05 m is placed perpendicular to a
magnetic field of 0.1 T. If the field drops to 0.05 T
in 0.05 second, what is the magnitude of the e.m.f.
induced in the coll?

Short Answer Type-Il Questions

Qla.

Q13.

Q4.

A coil of 100 turns and resistance of 10 O encloses
an area of 100m>. It is placed at an angle of 70°
with a magnetic field of 0.1 Wb/mz. What is the
magnetic flux through the coil? if magnetic flux is
reduced to zero in 10 °s. What emf is induced in
the coil and what charge flows through it?

Awire in the form of a circular loop of radius 10 cm
lies in a plane normal to a magnetic field of 100T.
If it is pulled to take a square shape in the same
plane in 0.1s. Calculate the average induced emf in
the loop.

(i) Obtain the expression for the magnetic energy
stored in a solenoid in terms of magnetic field B,
area A and length [ of the solenaid.

(ii) How does this magnetic energy compare with

the electrostatic energy stored in a capacitor?

Long Answer Type Questions
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(i) A circular loop of radius 0.3 cm lies parallel
to a much bigger circular loop of radius 20cm.
The centre of the small loop is on the axis of

Q16.

the bigger loap. The distance between their
centres is 15cm. If a current of 2.0 A flows
through the smaller loop, calculate the flux
linked with bigger loop.

(ii) A long solenoid with 10 turns per cm has a
small loop of area 3 cm? placed inside, normal
to the axis of the solenoid. If the current carried
by the solenoid changes steadily from 2A to 4A
in 0.2s,what is the induced voltage in the loop,
while the current is changing?

(i) Define coefficient of self-induction. Obtain an

expression for self-inductance of a long solenoid

of length [, area of cross-section A having N turns.

(ii) Calculate the self-inductance of a coil using
the following data obtained when an AC source of

frequency (ZOOJ Hz and a DC source is applied
4
across the coil. (CBSE 2023)
AC Source
5. No. V (Volts) 1(A)
¥ 30 0.5
2 6.0 1.0
9.0 1.5
DC Source
S. No. V (Volts) 1(A)
I 40 10
% 6.0 15
=4 B.0 2.0
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