Electromagnetic Induction

1. Assertion (A) and Reason (R) type questions. Two statements are given one
labelled Assertion (A) and the other labelled Reason (R). Select the correct
answer from the codes (A), (B), (C) and (D) as given below. (2024)

(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

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

(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.

Assertion (A): The mutual inductance between two coils is maximum when the
coils are wound on each other.

Reason (R): The flux linkage between two coils is maximum when they are
wound on each other.

Ans. (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of the Assertion (A).

1. (1) Derive an expression for potent1a1 energy of an electric

dipole p in an external uniform electrlc field E When is

the potential energy of the dipole (1) maximum, and

(2) minimum ?

(i) An electric dipole consists of point charges — 1:0 pC and + 10 pC

located at (0, 0) and (3 mm, 4 mm) respectively in x —y plane. An electric

ﬁ
field E = (IOOOV

._)
) i is switched on in the region. Find the torque t acting
m

on the dipole.
(2024)
Ans. (i)
o Deriving the expression for potential energy

e Maximum & Minimum value of potential energy

(ii) Finding the torque.
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(1)

L 4

The amount of work done in rotating the dipole from 0= 6, to 6= 6, by

the external torque

a
W= I r_do

o
= j pEsin® do

W = pE(cos 6, — cos b))
For 6, :% and 6, =60

= pE(cos g —cosf)
U(@)= - pE cos@
=-P.E
(1) Potential energy is maximum when:

p is antiparallel to E

Alternatively:
@ = 180° or = radians

r=r®> +a® -2arcosé

r,2=r?> +a®> +2arcosé

%y (1 i 2a cos 9)

Similarly, r
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e : wus ik
Using binomial theorem & retaining terms upto the first order in — ; we

obtain
=5
lzl(l_Qacosej 251(1+—cos9) ----- (11)
r ¥ r r r
i
lzl(l—m) . zl(l—gcoseJ ----- (111)
6 T & # T

A
(1) An electric dipole (dipole moment 1_)> = p1i), consisting of
charges — q and q, separated by distance 2a, is placed along
the x-axis, with its centre at the origin. Show that the

potential V, due to this dipole, at a point x, (x >> a) is equal

> A
to L E
4ne x2

0
(i1))  Two isolated metallic spheres S; and S, of radii 1 cm and

3 cm respectively are charged such that both have the same

charge density (E X 10_9) C/m?. They are placed far away
T

from each other and connected by a thin wire. Calculate the
new charge on sphere S;.

(2024)
Ans. (i) Deriving expression for potential

(ii) New charge on Sphere S1

(1)
2a
S frmmemmininin e S L [re—
-q O +q P i
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dzey T
v=v, -V,

__1 a g
dre, | (x—a) (x+a)

g |x+a-x+a
4rg,| (x*-a’)

. q 2a p
4re, (X* -a®) 4ne,(x* —a®)

As p is along x-axis, so
- P
4re, (x* -a?)

If x>>a
1 p.i
s Bk :
4re, x
Alternatively:
o
\\_\
\‘ LAY
v LN\
A CWON
TN
\ ¥ N
) N N\
~ AN
1 \ N
) s N
N\
. N\
[} ~
h
3 N
\ % A
N\ ”
™ N.u¥=
= ) \
b/ AN
N
\ N
. N
N, N
b N\
1 N, \\
= ‘Q_ ...... b4 ? (“O ...... S \b?‘
1=
= g e
1 .
V=—T_ a4 e (1)
drg, \n T,
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By geometry
r2=r* +a* -2arcosé

r,2=r* +a® +2arcos6

2
e (1_2acos¢9+a_J

r 2

n

2 (1_ 2a cos 0]
r

I

a2 (1 i 2a cos 9]

Similarly, 2

N— . - . a
Using binomial theorem & retaining terms upto the first order in — ; we

obtain

n 5 r r r

r, r r r r

L
l El(l—M] . El[l.}.gcosg)

1
l El(l—M) 3 El(l—gCOSBJ

Using equations (i) ,(ii) & (iii) & p =2qa

ve_4 2acosf pcosd
4ngy, 1’

 Age,r?
pcosf =p.r

As r is along the x — axis.

= p.F=p.i
Syl p.2
4re, x
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(i)
Charge on sphere S; :

1 = surface charge density x surface Area

= (EXIO_QJX 47 (1x107%)
7T

= 85107 ¢C

Charge on sphere S :

Q2 = surface charge density x surface Area

= (3x10‘9jx4n(3x10‘2)2

T

= ‘P2x102C

When connected by a thin wire they acquire a common potential V and the
charge remains conserved.

Q]+QQZQI,+QQ'

=CV+(CV
Ql +QQ =(C1+C2)V
Common potential(\/’)zM
€, +C,;
1 o1 11
C, =4ney, =———=x107"=—x10""F
9x10 9
1 = 1 P
C2 =47Z'€0r2 =WX3XIO a =§><10 llF
213
V= 180;‘10 =1.8Y
(—+—)x10_11
9 3

Qi=CV =éx 10 x1.8
Q;=2x10"C
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Alternatively:
Charge on sphere S; :

Q1 = surface charge density x surface Area

= (gxlO_gjx 47 (1x1072)
7

= 8x10°2 €

Charge on sphere S> :

Q2 = surface charge density x surface Area

= (leo_gjx4ﬂ(3x10_2)2
/1

= 72x107*C

When connected by a thin wire they acquire a common potential V and the
charge remains conserved.

On solving, Q] =2x1072C
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6.3 Magnetic Flux

(1 mark)
1. Alongstraight current carrying wire passes normally

through the centre of circular loop. If the current !
through the wire increases, will there be an induced
(Delhi 2017) :

8. Figure shows a current carrying solenoid moving

emf in the loop? Justify.

6.4 Faraday's Law of Induction

MCQ
2. Thedirection of induced current in the loop abc is:

L

X - ¥
along abe if | decreases
along ach if lincreases
along abc if l constant
along abe if lincreases

(a)
(b)
(c)
(d)

increasing at 1 T/s. The induced emf in the coil is
(a) 0.1v (b) 05V (g 075V (d 10V

to zero in 10”* 5. The induced emf in the coil is

fa) 5/3v (bl 5043V
{c) 5.0V {d so00V

6.5 Lenz's Law and Conservation of Energy

(1 mark)

5. Predictthe polarity of the capacitor in the situation
described below:

\ Previous Years’ CBSE Board Questions /

| 9. The electric current flowing in

(2023)(1]

3. Asguare shaped coil of side 10 cm, having 100 turns
is placed perpendicular to a magnetic field which is i

(2023)

4.  Acoil of area 100 em?is kept at an angle of 30° with a
magnetic field of 107! T. The magnetic field is reduced

(Term 1 2021-22) (A) |

e @)

: 7. What is the direction of induced currents in

metal rings 1 and 2 when current | in the wire is
increasing steadily ?

Oi
Oz

I

(A1 2017)

towards a conducting loop. Find the direction of the
current induced in the loop.

(Delhi 2015C) (Ap)
a wire in the direction from B O
to A is decreasing. Find out the

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

(Al 2014)

A flexible wire of irregular shape, abed, as shown
in the figure, turns into a circular shape when
placed in a region of magnetic field which is
directed normal to the plane of the loop away

from the reader. Predict the direction of the induced
current in the wire.

. = o x ks kY L

: 10,

(Foreign 2014) (Ag]

M 2marks)

i 11 Two identical circular discs, one of copper and
: another of aluminium, are rotated about their
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geometrical axes with same angular speed in the
same magnetic field acting perpendicular to their

P—— A -----
5 N g BN planes. Compare the (i) induced emf, and (ii) induced
o current produced in discs between its centre and
(A12017) (Ap] : edge. Justify your answers. (2021C)
. A bar magnet is moved in the direction indicated by (5 wriairkes)
the arrow between two coils PQ and CD. Predict the ! 2 y ;
direction of the induced current in each coil. 12. State _LEM:-S law. _US’E '_t to FrEd":t the polarity of the
capacitor in the situation given below :
fe afaietalal Q IEPI i falataleta) 0o
N 5
—_—
—Q—@—.— _._@+ H _l
(A12017) (2/5, Al 2015C)
13. Describe a simple experiment (or activity) to show § 20. A rectangular loop PQMN with movable arm PQ
that the polarity of emf induced in a coil is always of length 10 cm and resistance 2 £ is placed in a
such that it tends to produce a current which opposes uniform magnetic field of 0.1 T acting perpendicular
the change of magnetic flux that produces it. to the plane of the loop as is shown in the figure. The
(2/5, Delhi 2014) m;l resistances of the arms MN, NP and MQ are negligible.
OR s Calculate the (i) emf induced in the arm PQ and
State Lenz's law. Give one example to illustrate this : (ii) current induced in the loop when arm PQ s moved
law. "The Lenz’s law is a consequence of the principle with velocity 20 m/s.
of conservation of energy”. Justify this statement. W™ & X & n% %
{375, Al 2014) x|x ®x x ® x|m u
6.6 Motional Electromotive Force o i | il

; e =2 ¥ X ¥H|¥ =
{1mark] E El® X HE X HM|EX X

14. A conducting rod of length [ is kept parallel to a e w x % x w|w m
uniform magnetic field B. It is moved along the ! P e T o FAEE
magnetic field with a velocity ¥ . What is the valueof

emf induced in the conductor? {2020)
- IECEIM (3 marks)

i 21, Arectangular conductor MNPQ with a movable arm

: MHN (resistance r) is kept in a uniform magnetic field

as shown in the figure. Resistance of arms MQ, QP an

PN are negligible. Obtain the expression for the:

(a) current induced in the loop specifying its
direction, and

(b) power required to move the arm.

(Delhi 2014C) (An)

15. A metallic rod PQ of length | is rotated with an angular
velocity w about an axis passing through its mid-point
(0) and perpendicular to the plane of the paper, in
uniform magnetic field B, as shown in the figure. :
What is the potential difference developed between |
the two ends of the rod, P and Q7 :

0 "*ﬂ oM K KPR X M X X

- i i = ®OH X X X X XN K XK

P-.‘ Q = oM MK X O X_X X X
o [

a b Mol oM o o | oW oM oM oM M

T f‘zﬂzﬂj'-u-lé Wolw oxo® oM | omowoxoxox

xP % ox K X Nx x x x =

14. Plot a graph showing variation of induced e.m.f. with (2023)
Get More Learning Materials Here : & m @& www.studentbro.in



17.

the rate of change of current flowing through a coil.

(2020) '

A horizontal conducting rod 10 m long extending
1

from east to west is falling with a speed 5.0 m s~

at right angles to the horizontal component of the
Earth's magnetic field, 0.3 % 10™* Wb m™2 Find the |

instantaneous value of the emf induced in the rod.

(2/5,A12017) |

BN (2 marks)

i8.

Get More Learning Materials Here : i

In a ceiling fan, each blade rotates in a circle of radius
0.5 m. If the fan makes 2 rotations per second and |
the vertical component of the earth’s magnetic field !
is8x107° T, calculate the emf induced between the
(2019C) ©

. A square loop of side 10 cm with its sides parallel to
in i
the positive X-direction containing a magnetic field

(5 marks)

and has a gradient of 1073 T cm™! along the negative :
P23,

inner and outer ends of each blade.

X and Y axis is moved with a velocity of 8 em 51

in the positive Z-direction. The field is non-uniform

X-direction (Le. it increases by 107 T em™ as one |
maoves in the negative X-direction). Calculate the emf
induced. (2019C)

graphs to show variations of the emf induced across
the ends of the conductor with (i) angular speed

(2/5,2020)

w and (i} length of the conductor I.

. A sguare loop of side 20 cm is initially kept 30 cm
away from a region of uniform magnetic field of !
0.1T as shown in the figure. It is then moved towards
L till it goes out of

the right with a velocity of 10cm s
the field.

Plot a graph showing the variation of

(i} magnetic flux (&) through the loop with time (t).
(ii) induced emf () in the loop with time t.

(iii) induced current in the loop if it has resistance of

010,
Eg

He— — W — H —

3
10 emfs | |
—_— e W e W s ) s
Wem| | [

W o B B T
—B0em .

(3/5, A1 2015C) (Tr)

22. When a conducting loop of resistance 10 £2 and area

27.

e @)

10 cm” is removed from an external magnetic field
acting normally, the variation of induced current in
the loop with time is shown in the figure.

(Lin A}
L

044

0.0 10(tins)

Find the

(i) total charge passed through the loop.

(i) change in magnetic flux through the loop.
(iii} magnitude of the magnetic field applied.

(2020) (An)]

A conductor of length 'I° is rotated about one of
its ends at a constant angular speed 'w' in a plane
perpendicular to a uniform magnetic field B. Plot

x A " P £

x &
B

=L ot (8] x -
{375, 2020) [Ev)

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 R, about an axis passing
through the centre and perpendicular to the plane

of the ring. A constant and uniform magnetic field B

parallel to the axis is present everywhere.

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

(b) Due tothe 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.

(c} Hence obtain the expression for the power
required to rotate the rod. (Al 2014C)
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6.A Energy Consideration:

A Quantitative Study

I (3 marks)

shown in the figure. Obtain the expression for the

g
o o® KoM
M AN
X X = i
pa— |O
% ® oM .
Sl
x X ¢ €--b--B-D
CA A

{a) forceactingon the arm "ON' and its direction

(b} power required to move the frame to get a steady

emf induced between the arms MM and PO,

(A12019) (An]

(S marks)

26, A conducting rod PQ of length 20 cm and resistance
0.1 £2 rests on two smooth parallel rails of negligible
resistance AA’ and CC'. It can slide on the rails and :
the arrangement is positioned between the polesof a
permanent magnet producing uniform magnetic field
B =0.4T. The rails, the rod and the magnetic field are
in three mutually perpendicular directions as shown

- BEX (3 marks)

: 30. Two concentric circular coils X and Y of radii ry and
(i) external force required to move the rod with el e

31

Get More Learning Materials Here : i

in the figure. If the ends A and C of the rails are short
circuited, find the

uniform velocity v=10cms ' and
(i) power required todoso.

arrangement, and (ii) the magnetic flux linked with
coil Y when current | flows through coil X.  (2021C) ¢
: 38. Deduce an expression for the mutual inductance of

(a) Define mutual inductance and write its S.1. unit.

(b) A square loop of side 'a’ carrying a current 15 is
kept at distance x from an infinitely long straight :

Self Inductance

Obtain the expression for the resultant force

wire carrying a current Iy as shown in the figure.

acting on the loop.
a
"1 ' Y Iz
a
a (A12019)

Y 2 maric)

i 29. Two coils Cy and C; are placed close to each other.

: 6.7 Inductance

Mutual Inductance

MCQ

25. The figure shows a rectangular conducting frame 28. The current in the primary coil of a pair of coils

MNOP of resistance R placed partly in a perpendicular
magnetic field B and moved with velocity ¢ as

changes from 7 A to 3 A in 004 s. The mutual
inductance between the two coils is 0.5 H. The
induced emf in the secondary coil is

(a) 50V by 75V (¢ 100V (d) 220V
(Term 1 2021-22)

The magnetic flux ¢ linked with the coil C; varies

with the current I, flowing in coil C4, as shown in the
figure. Find

&2 (W)

Y

15+
101

5

1] - — |
5 4 &

(i) the mutual inductance of the arrangement, and
(i) the rate of change of current [%] that will
induce an emf of 100V in coil C.. (2023)

ry (ry > rz) having Ny and N, turns respectively
are placed coaxially with centres coinciding. Obtain
an expression for (i) the mutual inductance for the

7. Define mutual inductance of a pair of coils and write
on which factors does it depend. {245, Al 2015C)

two long coaxial solenoids but having different radii
and different number of turns. {3/5, Al 2014)

MCOQ

39, The self-inductance of a solenoid of 800 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
(a} 95mH (b)) 90mH () B85mH (d) 75mH

m & www.studentbro.in



32, Define mutual inductance between a pair of coils.
Derive an expression for the mutual inductance of ;
two long coaxial solenoids of same length wound one :
over the other. (a12017)

OR

Define the term ‘mutual inductance’ between thetwo
coils. Obtain the expression for mutual inductance of !
a pair of long coaxial solenocids each of length | and
radii ry and r;, (ry >> ry). Total number of turns in the i

(1 mark)

41.

two solenoids are Ny and No respectively.

(Al 2014) (n) |

33. (i) Define mutual inductance.

{ii} A pair of adjacent coils has a mutual inductance
of 1.5 H. If the current in one coil changes from 0 42.

to 20 Ain 0.5 s, what is the change of flux linkage

with the other coil 7 (Delhi 2014)

| 43,

(S marks)

34. Two concentric circular loops of radius 1 cm and
- X (3 marks)

P 44,
{ii) 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.  (2/5, 2020) (Ev]

35. Explain the meaning of the term mutual inductance.
Consider two concentric circular coils, one of radius
ry and the other of radius ry{ry < ry) placed coaxially

with centres coinciding with each other. Obtain &

the expression for the mutual inductance of the ©

arrangement. {2/5, Al 2018)

20 cm are placed coaxially.
(i} Find mutual inductance of the arrangement.

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

{c) Inanexperiment, two coils C; and C; are placed
close to each other. Find out the expression for :
emf induced in the coil C; due to achange inthe |
current through the coil C,. {Delhi 2015) Ef] i
solenoid changes steadily from 20 to 40 A in
0.1 s, what is the induced emf in the loop while
the current is changing?  (Foreign 2016) (An] |

47. The currents flowing in the two coils of self-inductance !

Ly=16mH and L, = 12 mH are increasing at the same '

rate. If the power supplied to the two coils are equal,
find the ratio of (i} induced voltages, (ii) the currents

Get More Learning Materials Here : & m

36. (a) Define mutual inductance and write its 5.1, units. :

40,

i 46

(Term 1 2021-22) (Ag)
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?
(a) The magnetic field at the centre.
(b) The magnetic flux linked with the solenaid.
(c) The rate of heating.
(d) The self-inductance of the solenaid.

(Term | 2021-22)

The number of turns of a solenoid are doubled
without changing its length and area of cross-section.
The self-inductance of the solenoid will become
times. (2020}

Draw the graph showing variation of the value of the
induced emf as a function of rate of change of current

flowing through an ideal inductor. (2020)
Define the term ‘self-inductance’ of a coil. Write its
5.1 unit. (4l 2015)

{a) Define the term ‘self-inductance’ and write its
5.1 unit.

(B) Obtain the expression for the mutual inductance
of two long co-axial solenoids 5, and 5; wound
one over the other, each of length L and radii
fyand rz and ny and ny number of turns per unit
length, when a current | is set up in the outer
solenoid S,. (Delhi 2017) (Ap]

Diefine self-inductance of a coil. Obtain the expression

for the energy stored in an inductor L connected

across a source of emf. (Al 2017)

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 [
through it. {Al 2014)
(i} Define self-inductance. Write its Sl unit.

(i) A long solenoid with 15 turns per cm has a small

loop of area 2.0 cm? placed inside the solenoid
normal to its axis. If the current carried by the

Show how an alternating emf is generated by a
loop of wire rotating in a magnetic field.

(b} A circular coil of radius 10 cm and 20 turns is
rotated about its vertical diameter with angular
speed of 50 rad s°! in a uniform horizontal
magnetic field of 3.0 x 10°2T.

(i) Calculate the maximum and average emfinduced
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and (iii) the energies stored in the two coils at a
given instant. (Foreign 2014) :

(5 marks)

48. (a) A conducting rod XY of length A slides on two
smooth parallel rails PM and QN with a uniform :
wvelocity v. The resistances of the rod and the rails

are negligible.

A uniform magnetic field perpendicular to the
plane PMNQ is present in the region pointing !
vertically upwards as shown in the figure. A small :
resistance r is connected between the ends M

and N of the rails. Obtain

M, .| X
»___» 2 rl!P
r =
- = [ = - - -iq
Ny

(i) the expression for emf induced across the ends

of the rod and its polarity.

(ii) the magnitude and direction of induced current
that flows through resistance r. (2020C)

49, The current flowing through an inductor of self
inductance | is continuously increasing. Plot a graph

showing the variation of
(i} Magnetic flux versus the current
(i) Induced emf versus di/dt

(iii) Magnetic potential energy stored versus the |
current. (Delhi 2014) (U] :

6.8 AC Generator
Y (3 marks)

50, State the basic principle behind the working of an ac
generator. Briefly describe its working and obtain
the expression for the instantaneous value of emf
induced. (2023) :

51. (a) Write the principle of working of an ac generator. :
Derive the expression for the induced emf

generated in it

(b} Write the function of slip rings in an ac generator.
(2020C) :

(5 marks)

52. (a) Draw a schematic diagram for an ac generator. :
Explain its working and obtain the expression
for the instantaneous value of the emf in terms :
of the magnetic field B, number of turns N of the :
coil of area A rotating with angular frequency m.

Get More Learning Materials Here : & m

i 56.

in the coil.

(i} If the coil forms a closed loop of resistance 1003,
calculate the maximum current in the coil and
the average power loss due to Joule heating.

(A12019) (T1]

. State the principle of an ac generator and explain its

working with the help of a labelled diagram. Obtain
the expression for the emf induced in a coil having
M turns each of cross-sectional area A, rotating with
a constant angular speed ‘w' in a magnetic field g
directed perpendicular to the axis of rotation.

{375, 2018)

OR

Draw a labelled diagram of an ac generator. Obtain
the expression for the emf induced in the rotating
coil for N turns each of cross-sectional area A4, in the
presence of a magnetic field &. (345, Al 2017)

. [a) Draw alabelled diagram of ac generator. Derive

the expression for the instantaneous value of the
emf induced in the coil.

{b) Acircular coil of cross-sectional area 200 cm? and
20 turns is rotated about the vertical diameter
with angular speed of 50 rad s~ in a uniform
magnetic field of magnitude 30 x 1072 T
Calculate the maximum value of the current in

the coil. (Delhi 2017) (Ap]

. A rectangular coil of area A, having number of turns

N is rotated at 'f ' revolutions per second in a uniform
magnetic field B, the field being perpendicular to the
coil. Prove that the maximum emf induced in the coil
is 2nf NBA. (3/5, Al 20148) I_'E_y,
(a) Draw a schematic sketch of an ac generator

describing its basic elements. State briefly its
working principle. Show a plot of variation of

(i} Magnetic flux and

(i) Alternating emf versus time generated by a loop
of wire rotating in a magnetic field.

(b} Whyis choke coil needed in the use of fluorescent

tubes with ac mains? (Delhi 2014) (An]

. (a) Draw a labelled diagram of a.c. generator and

state its working principle.

(b) How is magnetic flux linked with the armature
coil changed in a generator?

] Derive the expression for maximum value of the
induced emf and state the rule that gives the
direction of the induced emf.

(d) Show the variation of the emf generated versus
time as the armature is rotated with respect
to the direction of the magnetic field.

(Delhi 2014C)
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6.3 Magnetic Flux

MCO

The magnetic flux linked with the coil {in Weber) is

given by the equation

b =52+ 3t+ 16

The induced EMF in the coil at time, t = 4 s will be
la) =27V (b)) -43V (c) -108V (d) 210V

Y (2 marks)

2

(Term 1 2021-22) (Ap)
i &.

A coil of wire enclosingan area 100 em’is placed with
its plane making an angle 60° with the magnetic field
of strength 10" T. What is the flux through the caoil?
If magnetic field is reduced to zero in 10735, then find

the induced emf?

6.6 Motional Electromotive Force

MCQ

(2020-21) |

A rectangular, a square, a circular and an elliptical
loop, all in the (x - y) plane, are moving out of a :
uniform magnetic field with a constant velocity
v = vi. 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 nat :

remain constant for

(a) any of the four loaps

(b) the circular and elliptical loops

lc) the rectangular, circular and elliptical loops

(d) only the elliptical loops

A conducting square loop of side 'L’ and resistance 'R’

perpendicular to one of its sides. A magnetic induction
‘B’ constant in time and space pointing perpendicular

and into the plane of the « g * x o %@
loop exists everywhereas = X S x
shown in the figure. The = ¥ ® | W=
currF__'nt induced in the : : : _E"
loopis

= £ . Ed
(a) BLwR Clockwise « - il .
(b} BLw/R Anticlockwise x A x x O x

(€) ZBLwR Anticlockwise
(d) Zero.

IETXTH (3 marks)

The magnetic field through a circular loop of wire,
12 em in radius and 8.5 Q resistance, changes with :
time as shown in the figure. The magnetic field is

5
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(Term12021-22) (U]

e @)

moves in its plane with the uniform velocity 'v' | /-

BT
esbendhod
8 el ' et
0 : : . -
2 4 6 t{s)
(2022-23)

A rectangular loop which was initially inside the
region of uniform and time - independent magnetic
field, is pulled out with constant velocity v as shown
in the figure.

X X X X X i X
¥ ® X X X ¥ x
b i % ] X ¥ % ¥
----—-------..-HI
b x % X x % "
X X X % X ¥ X

(a) Sketchthevariationof magnetic flux, theinduced
current, and power dissipated as Joule heat as
function of time.

(b) If instead of rectangular loop, circular loop is
pulled out; do you expect the same value of
induced current? Justify your answer. Sketch
the variation of flux in this case with time.

(2020-21) (fn)

. 6.7 Inductance

(2022-23) :
N MCO

Two coils are placed close to each other, The mutual

inductance of the pair of coils depends upon the

(a) rate at which current . .
change in the two coils 5 e

(b) relative position and R § ok
arientation of the coils

(c) rate at which voltage
induced across two
coils

(d) currentsinthe twocoils. (Term | 2021-22) IE’]

An air-cored solenoid with length 30 cm, area of
cross-section 25 cm?® and number of turns 800,
carries a current of 2.5 A. The current is suddenly
switched off in a brief time of 1035, 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

(P r

k=0 x=b
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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.

9.  Acircular loop of radius 0.3 cm lies parallel to much

linked with the bigger loop is
(a) 3.3x10 Y weber (b) 6x 107 weber
(6) 66x10 T weber (d) 9.1x 101 weber

inductor is doubled keeping other factors constant,
then its self-inductance will be
(a) unaffected {b)
(c) halved (d)

doubled
quadrupled

(Term12021-22) (R)

Detailed jg{e 88 (e]\ M

Frevlm.ls Years' CBSE Board Questions

1,  Themagnetic lines of force due to current are parallel

6 th 1 e Of S lang: 0. Al Tietwicen Meghati(: HEC According to Lenz’s law, direction of current in loop PQ is

and area vector is 90" Hence, the flux linked with the loop

(Bds cos 90°) is zero. Hence, there will be no induced emf | fomPtoQandinloop CDisfrom CtoD.

7.  Thedirection of induced current in

in the loop.

2. [d): Along abc if | increases. When current | in the

straight conductor XY is increased, then induced current | is anticlockwise when current [ in the

: wire is increasing steadily.

W svier Tios (7]

in loop will be in clockwise direction.
3. (d): j—E=1TJ’5. side, I=10cmor 0.1 m, N = 100

e-mﬁ_mﬁxa 1%0.1%1=1V

4. |a):Here,area A= 100 em? = 100 * 104 m?
magnetic field, B= 10"1T

angle, 8 = 30° time, t = 107%s

The induced emf is

= E-%-iﬂﬂ A)

dB dB
e= -AE cos=—Acosx s

(0-107%)

e==100x10"* xcos30°x
107

o 1m::-‘g§xl-5fv

Get More Learning Materials Here : i

i 9. Clockwise, so that the magnetic
field produced by the induced current
i is also directed
: direction of decreasing magnetic field
! of current, in straight line.

10. The wire is expanding to form a circle, which means
! that force is acting outwards on each part of the wire
i because of the magnetic field (acting in the downward
: direction). The direction of the induced current should
i be such that it will produce magnetic field in upward
: direction (towards the reader). Hence, the force on the

e @)

(b) 3.125 volts
(d) 1674 volts
(Term 1 2021-22) (Ap)]

(a) zero
(e} &54 volts

(1 mark)

bigger circular loop of radius 20 cm. The centre of 11. A solenoid with N loops of wire tightly wrapped
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

around an iron-core is carrying an electric current L
If the current through this solenoid is reduced to half,
then what change would you expect in inductance L
of the solenoid. (2020-21)

: 6.8 AC Generator
(Term 1 2021-22) {5 marks)

10. If both the number of turns and core length of an :

12. [a) State the principle of ac generator.

(b) Explain with the help of a well labelled diagram,
its working and obtain an expression for the emf
generated in the coil.

(¢} Is it possible to generate emf without rotating

the coil? Explain. (2020-21) (1)

metal ring 1 is clockwise. In metal ring 2

= Usingright hand thumb rule, first find out the direction
of magnetic field, and then using Lenz's law direction
induced current can be predicted.

B. Thedirection of current in the loop is anti-clockwise.

J.

imwards in the

O

A < B
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Concept Applied '@

= Magnetic Flux, ¢ = B.A = BA cosb, where @ is the angle
between area vector and field direction.

B

plate B in the capacitor, as induced current is in clockwise lel=——

direction

where,

@ is angular velocity

B is uniform magnetic field

ris radius of disc

Therefore induced emf in both disc will be same at centre
and at edge as they are of same area rotating with same
angular speed in same magnetic field.

(i} Aswe know, i=%

s0, copper disc with less resistance, will therefore induce :

more current.

12. Lenz's law states that the direction of the induced :
emf and the direction of induced current are such that

they oppose the cause which produces them.

Here, the MNorth pole is approaching the loop, so the !
induced current in the face of loop viewed from left side |
will flow in such a way that it will behave like North pole,so
South pole developed on loop when viewed from right hand ©
side of the loop. The flow of induced current is clockwise, :

hence A acquires positive polarity and B negative.

Whenever magnetic flux linked with a circuit changes, it §
induces an EMF in it. The induced current set up in the !
circuit flows in such a direction that it opposes the change |

in magnetic flux linked with the circuit.

In order to continue the change in magnetic flux linked
with the circuit, some work is to be done or some energy
is to be spent against the opposition offered by induced
EMF. This energy spent by the external source ultimately

appears in the circuit in the torm ot electrical energy.

o -
i |

This is why a magnet is moved near the closed loop with !
its N-pole towards the loop, then current is produced :

¢ wire will be towards inward direction, e, induced current
: Is flowing in anticlockwise direction in the loop from
i g-b-g-d-c.

P11

5. Polarity of plate A will be positive with respect to : discis given by

(il The induced emf between centre and rim of the
Baw?
2

! oppose the motion of the magnet towards the coil, by
i applying repulsive force onit.

. In order to continue the change in magnetic flux linked
¢ with the circuit, some work is to be done or some energy
i has to be spent against the opposition offered by induced
EME. This energy spent by the external source ultimately
: appears in the circuit in the form of electrical energy.

i Suppose that the Lenz's law is not valid. Then the
! induced current flows through the coil in a direction
i ppposite to one dictated by Lenz's law. The resulting
: force on the magnet makes it move faster and faster,
i ie, the magnet gains speed and hence kinetic energy
: without expanding an equivalent amount of energy. This
i sets up a perpetual motion machine, violating the law
of conservation of energy. Thus Lenz's law is valid and
i is a conseguence of the law of conservation of energy.

14. Induced emf £=0, as /,8 and 7 are all in same
i direction.

: 15. Consider a small element ‘dx’ on the rod, then the
i induced EMF on the element 'dx’,
de=(vxBldx=vBdx=Bwxdx

2 irz
e
P . |Q

dx
plL__0O+ | g
- -

X

The total EMF induced,
1

| I !
i :=jds=jsmdx=%‘“[x2]1, =0
) )

2
2

K e Tios (7]
= Use the relation between angular velocity w and the

translational velocity v along the centre of mass of the
rod.

inloop on the side of a magnet in anticlockwise directionso

as to develop the north pole which applies repulsive force
on magnet opposing motion of magnet towards the loop.

Similarly when a magnet is moved away from the closed
loop with its N-pole towards the loop, the current is
produced in the loop on the side of magnet in clockwise
direction, so as to develop the south pole which attracts

e @)

X Commoniy Made Mistake (4]

! s Here, there s a common misconception among
students that there is no emf induced between any two
points of the rod, but there is induced emf between
centre O and ends P or Q.
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the bar magnet opposing its motion away from the loop.

they oppose the cause which produces them,

18. Here, no.of blades of fan, N=3
Length of blades , | = radius, r=05m

Frequency,n=2 rps
B=8x10"T

linear velocity at the inner end of blade =0

O+ rew [1 ]
=| =rm
2 2

Az em.f induced across the ends of each blade
¢=Bvl= B[%rﬂ: }F:B{é{Em] }p =Blran)l
=Brml =8x10"%x0.5x %xixﬂ.!‘:

=1257 % 102 Volt
19. Here, areaofloop, A={10% 1074 = 10"? m?
Velocity, v = Bem/s = 8 x 1072 m/s

i{TE =103 Tem =10 x10° Tm ™!

Awvg. linear velocity, v=

Rate of change of magnetic flux due to motion of loop in

non uniform magnetic field.

dB Y dx dB
o=t 5 )5 ) =45 )
=102x103x10?x8x1072 =8x10 whs™

Inducedemf e=8x 10" =8x 102V
20. (i) Inducedemfe=Blv=0.1x01x20=02V

(ii) Current 1=£-92_p14a
R 2

Concept Applied @

= The resistances of the arms MN, NP and MQ are
negligible as compared to the resistance of the
movable arm PQ. Thus, the overall resistance of the
rectangular loop does not change when PQ is moved
and remains the same ie., 2 0.

Get More Learning Materials Here : i

{ Ry =Fp=——

E Proech=Pog =Foug T=Fuq ¥ O Pppy =Py = =
When, B, | and v are constant, then P . or P,; = v

. For the element dx, induced EMF,
e = B B

e @)

15. EMF
13. Lenz's law states that the direction of the induced :
emf and the direction of induced current are such that

* \ = dlfdt

© 17. £=Blvsind
! Given:B=0.3x10"*Wbm™2

: : - v=5msLI=10m,0=90°
When the N pole of a magnet is moved towards acoil, the 2 : b: ¥ ; :
induced current in the coil flows in anticlockwise direction : z B E:ﬁrﬁ‘l‘ﬁu’a %107 % 10% 5 xsin90
on the side of magnet, so as to acquire north polarity and c=15 % 10°3V = 1.5 mV

: 5o, induced current flows through the circuit,

Bvl
'=§=?‘r.where R is the resistance of the rails.

|b) Retarding opposing force exerted on the metal rod

As fan rotates, linear velocity at the outer end of blade =rw ; by the action of induced current is given by,

F,=ill xB) or F,,= Bil, where 6 = 90°

2
or F. BTV [As.'=ﬂ]
R R

External mechanical force required for motion of the
. metal rod is given by

or Fu == v [if B,] and v are constants]

B4y
R

For uniform motion of metal rod, mechanical power
i delivered by external source is given by

BYA?

22. (i) We know that, !=?:¢dq=ldt
t

gm J'Ht'ﬁ.rEﬂ under the - curve

=%xﬂ.4:a-:1=ﬂ.2£

dg dé

: (i) Aswe know b:|=$:>—xﬂ=—
i = §=gR=02x10=2Wh
: (iii) Now,¢=B.A=B(10x% 107

dt dt

= B=—2 220007
i 10%10
{23, Induced EMF, e=(vxB)l=vBI
H X
0 - |
| | I
dx
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21 Let us consider a rod of length | moving with a

{2l

|
uniform velocity ¥ on two parallel imaginary conducting L g =Jd£ =_{Ema: dx= Buf?
rails in the presence of uniform magnetic field which is : o
directed inwards. = gp=mandeg=|?
Let us consider in time dt, rod moves through a distance =
dx. i
So, change in area of the loop, dA = ldx
= E = Ed
b * = .
= WMo : .
= E A ? "”J
. |
AR e SRR Corimoniy Made Mistaie (4
So, induced emf.e = ?l ! = Sometimes, there is misunderstanding among
= students that, here no change in flux, so no emf will be
kit E—Bﬁ ¢ E—BFE o i il induced. But this is not so. Here, emf will be induced
T dE T dr because of flux cut.
24. Givenl=20cm=02m, ¢ (i) PowerP=Fv=64x10"3x10x 102
B=0.1T,v=10cms1=01ms"! : = 64x 1074 W
(i} Magnetic flux through loop :
i 27,
¢=B.A=Blx : @ = e
O =012 02x02= 0004 Wh=4x 103 Wh “f " , "‘J;
oiwb) 4 ¥ O e
x, ® ® ..:-
4x1073T x k'\._k w - .I,f" "
u Py i
& If & is the angle traced by the free electron in time &,
§ o ts) i thenareaswept out,
(i} Induced emf, W W B D i
i 2 gy 1 Zq
- :s!c—xa—xa—:u:—;-lc §A‘E'x(_]=5'
g=——2 == Blv : ™ in
d WmTE=—=—Ey X H 1
e} = 0.1 % 0.2 %01 LT UL Magneticfiuxlinked, 0= B [EFB ]ms 0° [o=BAcost]
| i
= = -3 o W W — i
0002V =2x10"V x L %BIZ'E!
2w 107 According to Faraday's laws of electromagnetic induction,
i dd 1_.dd 1
> ! Inducedemfe= 2=ZpP -z BF
£l'W) ifs) : Indu mfdtzdtzm
-2x 10 1.2
=Bl w
Induced current,i= Ec2 = %
R R 2R
(iii) Induced current, i
i (b) Forceactingon the rod,
el 2x107% B 3 i
‘—E - =2x107A i Fu=iiB= ln_',E'zfa
I R
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1 ! The external force required to retate the red opposes the
2x 1071 Lorentz force acting on the rod. External force acts in the
direction opposite to the Lorentz force.
i) s i {c) Power required to rotate the rod,
pa iy DB
-2% 107 5 R
L i i 28. (a):Changeincurrent, di=7A-3A=4A

25. (a) As the rod is moving with a constant velocity,

the applied force fﬂ must balance the magnetic force
i The induced emf is given by

Fn = IIE on the rod when it is carrying the induced

! Time,dt=004s

Mutual inductance. M=05H

current i. i Mdl 4
;! pme—=05%—=50V
j= E_vEI T
s | 29. () Fluxé=M
Thusforceactingonarm'ON'is x x x x | 20 () Fluxg i
M N _6_15-10 _5_
Fow= LB ifloopispartiallyinthe X  x x x| M= = ocg ~3 - 2oHeny
R Fat{#Ey v
magnetic field. ] [ S ,],ﬂ i (i) Mdl,
FO 1 ———
ButFpy =Dinsidethe magneticfield. x x <% °x > | dt
(b) Mow, power required to move frame to get a steady E!&— e 100 A0 A/
emf induced between the arms MN and PO is, i ot M 95 e
2,2 H
p=Fy=5 "R"'z | 30 (] Consider twio long coaxial solenoids each of
5 length I. Let ny be the number of turns per unit length of
26. @) poigpBTY - inner solenoid X of radius ry, ny be the number of turns
R i per unit length of outer solenoid Y of radius ry. Let Ny

_(04p xgzr::xi;fl”{lﬂxiﬂ"l =64%103N

N, turns

linked with solenoid Y is
Ngog = Mgl

coefficient of mutual induction.
The magnetic field due to current lin ¥is

B = pgna! (i)
The magnetic flux linked with Y is
N30; = Balrrilngl = ponyngar LI i)

where, nyl is the total number of turns in solenoid X

From (i) and {iii), we get

Force of attraction on conductor, Fp=—

Metforceonloop. Fyee =Fi - Fa =—

: 32. Mutual Inductance :
to which an opposing emf is produced as a result of
change in current or magnetic flux linked with another coil.
i Consider two long coaxial solenoids each of length [ Let
When a current | is passed through X, the magnetic flux © n_ be the number of turns per unit length of inner solenoid

i 5, of radius ry, n; be the number of turns per unit length
i)
where, My, is called the mutual inductance of solenoid ; Mumber of turns of solenoids 5; and 5, respectively.

Y with respect to solenoid X. It is also referred as the :

and Ns be the total number of turns of solenoids X and ¥
¢ respectively.

ug 2hylza

4 (x+a)

2
_ g 2hba
4m x{x+a)
The phenomenon according

of outer solenoid 5; of radius ro. Let Ny and N5 be the total

When a current i is passed through 55, the magnetic flux

M3y = ugnyngmr 2l wliv) ¢ ¥ s i B
which is requir;d EXPression. linked with solenaid 5, is )
Similarly, My = ugnyngnr. 2l Av) | Nady=Mgols i)
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From (iv) and (v), we get ~
Myz=Mg =M

coaxial solenoids is

i where My, is called the mutual inductance of solenoid 54
i with respect to solenoid S,.

Hence, coofficient of mutual induction between two It is also referred as the coefficient of mutual induction.

: The magnetic field due to currentiin 5y is

i By=ponai i)
M= pgnyngmr2l or, w oMMy § The magnetic flux linked with 5, is
” . . © Nyby = Bolmrdingl = uﬂnirr_-;,:r:rfliz i)
(i) - When current | passes through X, the magnetic flux | ,jere pyf is the total number of turns in solenoid Sy.
linked with solencid Yis ! From (i) and (jii), we get
Nzl ﬂi = MEL' MIE = '.Lﬂﬂiﬂgﬂ!'ff ....ﬁ‘ﬂ':l
Mz is mutual inductance. i which is required expression.
Magnetic field due to current Iy inX is Similarly, My = ,_;ﬂnlnszf ~{v)
By = ugnyl ¢ From (iv) and (v), we get
Magnetic field linked with Y. ' Myg=Mayy =M

Nay2 = By (el

2
= gy (e, iz
where, nglis total number of turns is solenoid Y.

. M= pignyhonr;

Hence, coefficient of mutual induction between two
i coaxial solenoids is

3 o M=M+”zﬂf

31. (a) The phenomena of inducing emf in a circuit by :
changing the magnetic flux in a neighbouring circuit is | T 'E’;'

called mutual induction. The 5.1, unit of mutual inductance :

is Henry and is denoted by H.

(b) Consider two straight infinite parallel conducting
wires with current 1y and |5 are separated by a distance x,

Force per unit length,

F_Hlly

a 2mx
L is magnetic permeability.
Force of repulsion on conductor,
F,=bo 2hla

dn x
(i) Here, M=15H,Al;=20A At=055A0=7
We know, emf induced in the second coil,
(ad), _ Mal,
At At

{Ad); = MAly = 1.5 x 20 = 30 Wb

Concept Applied {@

g=—

= Any varying current in a magnetic coupled coil would
produce an induced emf in the other coil i.e. e = Mdl&t
Also, the varying current is accornpanied with achange

in flux linkage i.e., do/dt.

coplanar coils is given by, M="ﬂﬂi—“1”12
2ry
_4Arx107 x1xIxn{1x1072F

=n2 %107 10H
2(20x1072)
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e @)

= Any varying current in a magnetic coupled coil would
produce an induced emf in the other coil i.e., e=-"‘:ti

Also, the varying current is accompanied with a change

in flux linkage i.e., g s

i 33 (i) The phenomena of inducing current in a circuit
i by changing the current or flux in a neighbouring circuit
is called mutual induction. 5.1, unit of mutual inductance is
i henry denoted by H.

! When a current i, is passed through Ss, the magnetic flux
i linked with solenoid 54 is

: Nyby =Myois (i)
i where My, is called the mutual inductance of solenoid 5,
with respect to solenoid 5,.

i Itisalso referred as the coefficient of mutual induction.

: The magnetic field due to current iz in 53 is

| By=pighals i)
i o The ma%netic flux linked with 54 is
i Nydy = Balwrilng = pgnyngmr 2liy .. i)

i where n4l is the total number of turns in solenoid 5.
i From {i) and {iii}, we get

34. (i) Givenry; =1em=1x10?mand r, =20 cm |
= 20 = 10~ m Mutual inductance of two concentric and

i Mz =pgningnr;| i)
i which is required expression.

i Similarly, My = uﬂnlnzﬁrff wlv)
: From (iv) and (v), we get

i Mpp=My =M

Hence, coefficient of mutual induction between two
! coaxial solenoids is
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(ii) The induced emf,
dl
==M|—
le] 5
35, Mutual inductance of a pair of
coils is defined as the emf induced in
one of the coils, when the rate of
change of current is unity in the other
coil.
When current |5 flows through the
auter coil-2, magnetic field produced

=2 21070 x5%10% =4.93x100Vad. 93V

coif 2

at its centre is given by B; = @ directed normal to the

2r2

plane of coils. As ry < r, so this magnetic field is almost

uniform over the plane of coil-1. So, magnetic flux linked : 35 13,0 1, (a5 linked with the secondary coil is directly

i proportional to the strength of the current (/) flowing
i through the primary coil, i.e.,

D g or dg=Mi

! where M is a constant of proportionality and is termed as the
¢ mutual inductance of one circuit with respect to the other.

i The value of M depends upon : (i) the characteristics of
both the circuits, and (ii) their orientation with respect to
¢ each other.

with coil-1is
9yp=Bollycos0® or By E‘{Ir!z xmrix 1
2

ar E£=j.l-g_lﬂf' or Mlznﬂ,ﬂiﬁ_
:2 ZFE 2’1

34. (a) The phenomena of inducing emf in a circuit by
changing the current or flux in a neighbouring circuit is

called mutual induction. 5.1 unit of mutual inductance is | 33 Consider two long coaxial solenoids each of length

J ) i I Let ny be the number of turns per unit length of inner
(b) Consider two long coaxial solenoids each of length I.
Let ny be the number of turns per unit length of inner
solenoid 5, of radius rq, n; be the number of turns per unit

b : i total number of turns of solenoids 5, and 5, respectively.
length of outer solenoid 5, of radius r,. Let Ny and N, be the :

henry denoted by H.

total number of turns of solenoids S, and S, respectively.

N1@y = My5iz

with respect to solenoid 5.

Itis also referred as the coefficient of mutual induction.

The magnetic field due to current i; in 55 is
B3 = ugnsi

The magnetic flux linked with 5, is
Nyoy = Balnr{)ng! = ponyngmr 2li

From (i) and (iii), we get
2
Mz =pgnynonr i
which is required expression.
Similarly, My; = pgnyngnr
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e @)

M = pgnynomrl or, M=EQELTZEJL

= Gz

C: ©@

LalRluinieln]
] u]n[u]nl

© Mutually induced emf in coil Cy is

do _ d . . di
: £ dt{ i) E Mdt
The rate of change of current in the neighbouring coil is
P odl
ot

¢ solenoid 5, of radius rq, n; be the number of turns per unit
¢ lengthof outer solenoid S; of radius ro. Let Ny and N, be the

-

£
P
LS8N

ry Y US N
Nzturns 6

N‘ turns

When a current i is passed through S,, the magnetic flux
: linked with solenoid S, is

N

P Lw X

where My, is called the mutual inductance of solenoid 5, :
i The unit of self-inductance is henry (H].

44, (a) Self inductance : When the current in a coil
: is changed, a back emf is induced in the same coil.
This phenomenon is called self-inductance. If L is self-
: inductance of coil, then

P No=|

i Na=LI

where n,l is the total number of turns in solenoid 5,.
Pl=—

N
!

The unit of self-inductance is henry (H).
(b} Consider two long coaxial solencids each of length
i L Let ny be the number of turns per unit length of inner
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From (iv) and [v), we get
Mu o Mﬂ =M

coaxial solenoids is

2
M-”ﬂnlnimfl or, M:M

Answer Tips f

= Coefficient of mutual inductance only depends upon

geometrical parameters, not on current or magnetic
field.

3%, (d): Self inductance, [ = 108 mH
MNumber of turns N = 600

Mow, N" =500

Let the new self inductanceis L".

2
The self inductance of a solenoid is, L = ”""}' .
L' (N 500 . 52
S0, —=]— | =] —]  L'=108x —=75mH
] [N]z [ﬁm]Z T o)

40, (c): Current in solenoid = |

increases. 5o, only the rate of heating does not change.

Bkt N°A

41. Selfinductance, L= i

when N' = 2N, then
2 2
<Lt AN S NA_ gy
I I
Thus, self inductance of the coil becomes four times.

42. The graph showing the variation
of the value of induced emf as a Iel
function of rate of change of current

inan ideal inductor is given here.
difdt &

43. Selfinductance : Whenthecurrentinacoilischanged,

called self-inductance. If L is self-inductance of coil. then
Nppe=|
Na=L1]

" —_—

: L : _ i Nyoy =Bylnr i
When iron rod is inserted in the solenoid, the magnetic . where n,l is the total nurniaer of turns in solenoid S,.

field increases, flux linked increases and self nductance also From (i) and (i), we get

i 4-2
=120nx 1077 u

Consider the circuit shown here, consisting of a 47. (i) In:lucedvultage'-.f:l_-ﬁ

e @)

¢ solenoid 5, of radius ry, n; be the number of turns per unit
i lengthof outer solenoid S; of radius r;. Let N and N5 be the

Hence, coefficient of mutual induction between two total number of turns of solenoids 54 and 5. respectively.

When a current i, is passed through 5,, the magnetic flux
¢ linked with solenoid 54 is

Nydy =Myl i)

: where My, is called the mutual inductance of solenocid 5,
! with respect to solenoid 5.

¢ Itisalso referred as the coefficient of mutual induction.

: The magnetic field due to current iy in 55 is

i By=pgnyl

-{ii)
The ma%neti-: flux Iinkedzwith 5:1s
1104l = pgnyngnr

-[iii)

P Myp= Fﬂ":"gﬂff i i)
i which is required expression.
i Similarly, M3 = puninzrtrf]' wlv)

i From (iv) and (v), we get

MHFM?I'M

Hence, coefficient of mutual induction between two
i coaxial solenoids is

M = pgnyngmr 1 o, < MoNiNpmr®

I

45, The phenomena of induced emf in a solenoid due to
i change incurrent or magnetic flux linked with the solenoid
is called self inductance of the solenoid.

i The self inductance of a long solenoid, the core of which
a back emfis induced in the same coil. This phenomenonis :
i L=plgn”Al

where, A is the area of cross-section of the solenoid, | is
i the length and n is the number of turns per unit length.

consists of amagnetic material of permeability pis given by

Induced emf in the loop

: Ad, .
| B =M EIL (numerically)

01

5 2
| =120x3.14x1077 x —
= * X 01
[ =75x107*V=75uV

di
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inductor L and a resistor R, connected to a source !
of emf . As the connections are made, the current grows :
in the circuit and the magnetic field increases in the :
inductor. Part of the work done by the battery during the : _
process is stored in the inductor as magnetic field energy :

: (i) PowerP=iv
After sufficient time, the current, and hence the magnetic :
field, becomes constant and further work done by the °
battery appears completely as thermal energy. If, | be the :

and the rest appears as thermal energy in the resistor.

current in the circuit at time t, we have

Selfinducedemfe= LE-[

dW = eldt

di
dW =1 — Idi

dit
dW = Lidl :
Waork done by source of emf to supply current [ for asmall :
time dt. i
Now total work done by cell to establish current Iy in |
inductor
W=_[M=L?fdf=£u§

3 2

solenoid.

Concept Applied @

= Work done by the battery against inertial property of
the inductor is stored as magnetic energy.

45, (i)
is changed, a back emf is induced in the same coil

This phenomenon is called self-inductance. If L is self-

P49 (i)
of self inductance L. Then magnetic flux linked with the
inductor is given by

i o=L1

i Magnetic flux versus the current graph,

inductance of coil, then
Ngre= |
Mbh=1L11
L=Ne
|
The unit of self-inductance is henry (H).

(i) Mutual inductance of solenoid coil system

M=oy

1
Here, N1= 15, N,=1, I=1crn= 10~2m.

(ii) Induced current, s
. Resistance=r
Self inductance : When the current in a coil :

:; i; {as%msamel
Vi 16 4
V, 12 3

;L=V_E=E (as Pis same)
iy Wy

h.3

i 4

(i) Energystored E=%U1

J'_T_rl 16 9 3
E1 Liz 12 16 4
5.3
E, 4
i 48. (i) Length of conducting XY rod =1
! Velocity = v

: magnetic field = B

Then induced emf is given as
Total work done is stored as magnetic energy in the : |e| = Blvsint

! Conducting rod XY is perpendicular to magnetic field i.e,
i 8=90°

: le| =Bl

[
_ Biv

r
Suppose current | is flowing through an inductor

i (W)

2 : A
A=20em’=20%10""m : (i) Induced emf is given by, &
. mo2mx107%15x1% 20107 &
= 102 1:=--—-_--—-—IL!:| -1L~—-.|£|-err
=120nx 107" H . @
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Induced emf versus di/dt graph,
Ef'lr]' F

it (A =)

(iii) Magnetic potential energy stored versus the current where £, = NBAw = 2rf NBA and f is the frequency of

i rotation of the coil.
{ 51 (a)
: mechanical energy into electrical energy is known as a.c.
i generator.

It works on the principle of electromagnetic induction, i.e.,
: when a coil is rotated in a uniform magnetic field, emf is
i induced init.

1.
graph, U-E“ b

1A

Concept Applied @

=2 AS g LE=x IandUn:Iz.thusrespectivegrapiEshnuld
be linear, linear and parabolic.

50. An electrical machine used to convert mechanical

energy into electrical energy is known as a.c. generator.

field, emf is induced in it.
Construction :
armature coil, strongfield magnet, slip rings and brushes.
Here, the armature coil (say ABCD) consists of a large
number of turns of insulated copper wire wound over

a soft iron core. The strong permanent magnet or :
electromagnet are cylindrical in shape acts as a field
magnet. In this case the armature coil rotates between :
the pole of these magnet. The uniform magnetic field is :

perpendicular to the axis of rotation of the coil.

B C

brushes B, and B; are fixed and are connected to the load
through which the output is obtained.

magnetic flux linked with the coil changes hence, emf is
induced in the coil.

e @)

! When the coil rotates with an angular velocity o by an
angle & with time t, then

8 = wt

s Magnetic flux, & = BA cosmt
i Now. emf produced in the coil is given by

=—ﬂ=;t—dﬂﬁﬁcﬂsm} or £=BAmsinmt

dt

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

£ = NBAwsinwt or £ = gy sinmt, = gy sin2mnft

An electrical machine that is used to convert

Magnetic flux, ¢ = BA coswt

where A is the area of coil and B is magnetic induction.
Mow. emf produced in the coil is given by

= —% — ;t—dﬂBAcosm} or £=BAmsinmt

If the coil has N turns, then the total induced emf will be
£ = NBAwsinwt or £ = £, sinwt, = g, sin2uft

Principle : It works on the principle of electromagnetic where g = MBAw = 2nf NBA and f is the frequency of

induction, Le., when a coil is rotated in a uniform magnetic | rotation of the coil.
i (b) Slip rings used to provide movable contact of

AC. generator can be constructed by armature coil with external circuit containing load.

i 52 (a)
i of electromagnetic induction. It converts mechanical
i energy into electrical energy.

Principle : AC generator is based on the principle

Figld

It consists of

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

(i) Field magnets used to apply magnetic field, in which
i .1 armature coil is rotated with its axis perpendicular to field
Here, the two ends of the coil are connected to two slip PEFS

rings (Ry and R;) which also rotate with the coil. Two (i} Slip rings used to provide movable contact of

i armature coil with external circuit containing load.
E . ) i {iv) Brusheswhich are the metallic pieces used to pass on
Working : When the coil ABCD rotates in the strong ! alectric current from armature coil to the external circuit

magnetic field, it cuts the magnetic lines of force, so the

lines.

containing load.

When armature is rotated in the magnetic field, due to
! change in orientation of the coil magnetic flux through it

@ www.studentbro.in
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The current flows out through the brush B, in one ! changes. Due to change in flux an e.m.f is induced.

direction of half of the revolution and through the Brush :

. S AR S YT
B, in the next half revolution in reverse direction and this | €=-N ar

process is repeated.
£ = NBAw sin wt

[= -E:Nmsiﬂﬂ]t
R R

hand rule.

(b) Radiusofcoil,r=10ecm=01m
Area, A=nr’=3.14 x (0.1)*=0.0314 m?
Mumber of turns, N =20

Angular speed, o = 50 rad st

Magnetic field, B=3.0x 1072 T

(i) Maximum induced emf g, = NABw

=20x00314x30x 1072 x50=0.942V

Awrag-einducedm!f,z=h;jlh =w =0471V
2

(i} Given,R=100

Maximum current in the coil,

=t 0942, 040 n

R 10
Average current, p=%= it

=004714

Mow average power loss, P = R
=(0.0471)° x 10=0.022 W

[ Answer Tips ( 7]

= Use the concept of electromagnetic induction and
Faraday’s law to get the variation of the induced emf

due to the rotation of the coil.

53. Principle ; AC generator is based on the principle of

electromagnetic induction. It converts mechanical energy (i) Field magnets used to apply magnetic field, in which

i armature coil is rotated with its axis perpendicular to field
i lines.

(iii} Slip rings used to provide movable contact of
i armature coil with external circuit containing load.

i (iv) Brushes which are the metallic pieces used to pass on
¢ electric current from armature coil to the external circuit
i pontaining load.

{ When armature is rotated in the magnetic field, due to
i change in orientation of the coil magnetic flux through it
! changes. Due to change in flux an e.m.f is induced.

de
::E th

into electrical energy.

Carbon brushe

It consists of

[- 0=BAcoswt] :

s ==

54. (a)

changes. Due to change in flux an em.f is induced.

| dé
ERPR ¥ .
: £ prm

: £=NBAw sin wt
Direction of induced current is given by Fleming’s right -

[ ¢=BAcos wt]

E Nmmsinmt

Direction of induced current is given by Fleming's right
i hand rule.

Commonly Made Mistake e

= Generally students get confused bebween the
terms slip rings and split rings. Slip rings are used
in AC generators whereas split rings also known as
commutator are used in DC Generators.

Principle : AC generator is based on the principle

i of electromagnetic induction. It converts mechanical
i energy into electrical energy.
' Field

¢ It consists of
i (i) Armature coil of large number of turns of copper

wire wound over soft iron core. Soft iron core is used to
increase magnetic flux

: &= NBAw sin it [ ¢ =BAcos wt]
m @& www.studentbro.in
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increase magnetic flux,
(i) Field magnets used to apply magnetic field, in which

lines.

(iii) Slip rings used to provide movable contact of
: Maximum emf induced in the coil,
(iv] Brusheswhich are the metallic pieces used to pass on :

electric current from armature coil to the external circuit © |f pis the resistance of the coil, the maximum value of the

i currentis,
When armature is rotated in the magnetic field, due to :

change in orientation of the coil magnetic flux through it : Imax

armature coil with external circuit containing load.

containing load.

55. The magnetic flux linked with coil at any instant of |
the x-axis i.e., direction of magnetic field.

timetis
&= NBA costl = NBA cos wmt

o Honoog
Alternating emf
o 4

Carbon
brushes

induced emf across the coil is

£E= _d;":_i (MBA cos mt)
dt  dt
or &= NBAwsin wtore =gy sinmt

where, the maximum emf induced in the coil is when

sinwt =+ 1and is given by £, = NBAm
or gg= 2nfNBA

56. {a) Principle : AC generator is based on the principle
of electromagnetic induction. It converts mechanical | ¢ =[BlIA] cos mt

energy into electrical energy.
Fiebd

Carbonbrushes

! g= NBAw sinwt

(i) Armature coil of large number of turns of copper :

wire wound over soft iron core. Soft iron core is used to :

[ w=2nf]

e @)

[ &= BA cos wt]

I= sinmt

R R

. Direction of induced current is given by Fleming's right

armature coil is rotated with its axis perpendicular to field | Dand nule.

i (b) Here,A=200cm”=2x 102 m?

N=20,0=50rads ,B=3x1072T,1,,, =7
Eg=NBA@=20%3x102x2x102x50=0.6V
o5 06V

B
The plane of the coil is in y2 plane and perpendicular to

¢ Maximum magnetic flux Demax = BIA]
i As the coil rotates with angular speed w, magnetic flux at
From Faraday's law of electromagnetic induction, the :

any instant t, (or at angle wt)
&
H{Wh)

e b O

3 33 (i)

-BA

i (i) Magnetic flux, ¢ = BA cos wt
¢ (i) Alternating emf, & = BAwsint

E &

BAw

# time

~BAus

v

(b) A choke coil reduces current in an a.c. circuit without

@ www.studentbro.in
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It consists of

increase magnetic flux.

lines.

(iii) Slip rings used to provide movable contact of

armature coil with external circuit containing load.

(iv) Brushes which are the metallic pieces used to pass on
electric current from armature coil to the external circuit :

containing load.

When armature is rotated in the magnetic field, due to
change in orientation of the coil magnetic flux through it :

changes. Due to change in flux an e.m.f is induced.

T 4
g=-=N -
£ = NBAm sin mt

i= E—Nﬂ:'msinni

Direction of induced current is given by Fleming's right :
¢ increase magnetic flux.

hand rule.

(i) Field magnets used to apply magnetic field, in which
armature coil is rotated with its axis perpendicular to field

lines.

armature coil with external circuit containing load.

(iv) Brushes which are the metallic pieces used to pass on
electric current from armature coil to the external circuit !

containing load.

When armature is rotated in the magnetic field, due to

change in orientation of the coil magnetic flux through it |
¢ (i) Alternating emf, &£ = BAw sinwt

changes. Due to change in flux an e.m.f is induced.

E‘-‘NE

£ = NBAw sin mt

i-u' E=NEAmSiﬂﬂJt

R R

Direction of induced current is given by Fleming's right

hand rule.

(b) In an ac generator we keep the armature coil fixed
and rotate the field magnet so as to produce induced emf,

1 (b):Given:¢=5t"+3t+16

It is because the flux linked with the coil will change and an
induced emf is set upin it.

() The maximum value of the induced emf is called peak

value. If f=[i ] is frequency of a current, then
I=lysinwt <"

[- 6=BAcoswt] !
i It consists of
(il Armature coil of large number of turns of copper

(iii) Slip rings used to provide movable contact of

[ &= BA cos wi]

I ) dissipating any power. A rheostat also reduces current but
{l}_ Armature coil uf_large number of turns D‘E COpPer © it dissipates energy in the form of heat.
wire wound over soft iron core. Soft iron core is used to !

i 57. (a)

(i} Field magnets used to apply magnetic field, in which of electromagnetic induction. It converts mechanical

armature coil is rotated with its axis perpendicular to field

Principle : AC generator is based on the principle

energy into electrical energy.

Field
magnets.

Carbon brushes

wire wound over soft iron core. S5oft iron core is used to

(il  Magnetic flux, ¢ = BA cos wt
A

o (W)

D

A [
o >
%\\Jﬁ_" L"\J {ust)
-BA L

Y :
el I |
\

3 time

071, Tf 3t AT
4 2 4

=B 5
L 3 5

dib  d

__ 9% U0 =
_ e==—==—[5t"+3t+16]=~(10t+3)
Att=4,e=-43V (0.77)
m @& www.studentbro.in



Get More Learning Materials Here : i

Similarly alternating voltage (emf) is
V=V, sinwt.
Emf generated versus time : If N is the number of turns in

magnetic induction, then induced emf,

g= 90 _d 50NBAfcos 2nft)
dt  dt

= 2nMNBAf sin 2mft

induced.

The emf produced is alternating and hence the current
is also alternating. Current produced by an ac generator
cannot be measured by an moving coil ammeter, because :

the average value of ac over a complete cycle is zero.

to the x-axis i.e,, direction of magnetic field.

Maximum magnetic flux ¢, = BIA|.

any instant t, (or at angle wif)
&= |B||A| cos wt
ForO=<t=<2s,

1=-0

ey ==-4.5x 102 x {_} =-225x 107V
2-0

’_E_l_-iﬁxlﬂ'i
"R~ 85
For2s<t=ds,

Ez=-4.5xiﬂ_2x{1_1}=ﬂ

A==26x10"2 A==2.6mA

4-2
Ea
Lb=22-0
"R
Fords<t<bs,
ey==4.5x102x 2'1}A=a523v
0.023 s
ly=2=222 20 i
"R B5 (2) |
Os<t<2s | 2s<t<4s | 4s<t<bs
e(V) - 0023 0 +0.023
I{mA) - 26 0 +2.6

i 2 Given:A=100cm*
i B=107'T,8=30°

Magnetic flux, & = BAcost
coil, fis the frequency of rotation, A area of coil and B the

Now, |e|l=—
I dt

= —id
=Fo

e @)

=101 % 100 % 10™* x cos30°

V3 . a2
=?x10 Tm ; (1)

chddt o
£ = £ sin 2nft, where £ = 2nNBAf, the maximum emf If magnetic field is reduced to zeroin 107 s,

d8_AB 0-107!

2

e=2_ Acose@E =0866V (1)
dt dt

SR 7 3. I|b): Out of the four given loops, when circular and
(d) The plane of the coil isnyz plane and perpendicular | i) loans come out of the field, equal areas will not
¢ trace out in equal interval of time. So, for circular and

i elliptical loops, induced emf will not remain constant. (1)

4. |d):Current induced is !=%

di

But there is no change of flux with time, as B A anda all
i remain constant with time.

Mo current is induced. (0.77)

5. Areaofthe circular loop = nr®

As the coil rotates with angular speed o, magnetic flux at =3.14x(0.12f =4.5x 107 m*

. Induced emf, e==22 = 4 (ga)=-

298 __ 5 B-B

dt dt dt b=t

i 8. (d) : Magnetic field inside a solenoid,
B=pn%‘

! Flux linked with N turns

| Initial flux, ¢1=man=~pﬁ';_‘m

N?.. Anx107 x800x800x2.5x25x10~"
0.30

 =1674%103Wb . Final flux, ¢5=0
i Average back emf,

16.74x103 -0
dip _

el=— =16.74V
el 03

=== (0.77)

7. |d] : Let flux linked with smaller loop is &, and with
i bigger loop s ¢.

: Given,Ry=0.2m,Ry =0.3cm=0.003m

¥=15ecm=0.15m
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T 264 r—
r e
(ma) O 2L 4 st
Y. m—

(1)

6. (a)@ 1‘ i

T Induced

emf b1
-] RS Rt I P

ot

e i
Induced current and power, sketch is same as shown

above. (1)

(b) In case of circular coil, rate of change of area of the |
loop during its passage out of field is not constant, hence
fAs L=
: inductance does not depend on current. (1)

induced current varies accordingly.
')
i

o[

Variation of flux with time {in case of circular loop) :

t

-

It consists of
(i) Armature coil of large number of turns of copper

increase magnetic flux.
(ii) Field magnets used to apply magnetic field, in which
armature cail is rotated with its axis perpendicular tofield lines.

{iii} Slip rings used to provide movable contact of :

armature coil with external circuit containing load.
(iv) Brusheswhich are the metallic pieces used to pass on

When armature is rotated in the magnetic field, due to

Now, §y = BoAy = l“_al

Now, g, =Ml ===

— Time

i 12, (a)
i of electromagnetic induction. It converts mechanical

(1)

: energy into electrical energy. (1)

t (1)

7. (b} : Mutual inductance of a pair of two coils depends
on the relative position and orientation of two colls.(0.77)

2nR3l,
x|

w81 _to 2nRinR]

Iy 4E{R§+xz]:m

Mo 2mRImR{

|

4::;11%:,?}5‘5 ¥

. On putting the values, we get

ds=9.1% 101 weber (0.77)
; 10. (b): 1=u.,”—:.q i)
| L'=p, (2Ny? A &

¢ On solving (i) and (ii), we get
L*=2un“i—2.a.=2.t (0.77)

11. Lremains same.
Aflength, thus form formula it is clear that

Principle : AC generator is based on the principle

Field

(b) magnets.

i change in orientation of the coil magnetic flux through it
changes. Due to change in flux an e.m.f. is induced.
wire wound over soft iron core. 5oft iron core is used to

: de
E=-N pr
¢ £=NBAm sin wt [ &= BAcos wt]
= £=Nﬂ:m5inmt (1)

. Direction of induced current is given by Fleming's right

: hand rule.

electric current from armature coil to the external circuit © () 1t is not possible to generate emf without rotating

containing load. (1) | the coil, as this will not produce any flux change in

 the coil (1)

e @)
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