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Explanations

As, induced emf, e=-L ﬂ

dt
where, L is the self-inductance of the coil.

So, the graph between the induced emf with the
rate of change of current flowing through the coil
is as shown

°1

O

S

— (d}l/dt)

Induced current
is clockwise

increasing)

e I
@““* Induced current is

anti-clockwise 4)]

The flux created by straight
current carrying wire is depicted A
in the figure.

As, induced emf e e rate of !
change of magnetic flux (¢z)

and ¢; = B- A = BAcos9

Here, BLA = ¢z = BAcos 90°=0

So, induced emf =0

Hence, a change in current of wire will not create
any emf in the loop. (1

m

The direction of current in the coil is
anti-clockwise. As North polarity of solenoid is
moving towards the loop. So, to stop the motion
of solenoid. Current will induced in the coil in
anti-clockwise direction (N-pole). (M
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10.

11.

According to Lenz’'s law, the direction of induced
current will oppose the cause of its production.
So, the current in loop will induce in such a way
that it will support the current flowing in the
wire, i.e. in the same direction. So, the direction
of current in the loop will be clockwise. (1)

The glass bob will reach earlier on ground as
acceleration due to gravity is independent of mass
of the falling bodies. Glass being insulator, no
induced current is developed in it due to the
earth’s magnetic field. (1)

The wire is expanding to form a circle, which
means that force is acting outwards on each part
of the wire because of the magnetic field (acting
in the downwards direction). The direction of the
induced current should be such that it will
produce magnetic field in upward direction
(towards the reader). Hence, the force on the wire
will be towards inward direction, i.e. induced
current is flowing in anti-clockwise direction in
the loop from chadc. 1)}

According to the Lenz’s Law, the induced current
will oppose the change.

The North 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
in loop when viewed from right hand side of the
loop. The flow of induced current is clockwise,
hence A acquires positive polarity and B acquires
negative polarity. m

Lenz’s law states that the direction of induced emf
or induced current in a circuit is such that it opposes
the cause or the change that produces it. Yes, emf
will be induced in the rod, as there is change in
magnetic flux.

When a metallic rod held horizontally along
East-West direction, is allowed to fall freely
under gravity, i.e. fall from North to South, the
intensity of magnetic lines of the earth’s
magnetic field changes through it, i.e. the
magnetic flux changes and hence, the induced
emf in it. (1)

The magnitude of the emf induced in the circuit
due to magnetic flux depends on the time rate of
change of magnetic flux through the circuit.

|e| = do/ dt 0

Faraday, on the basis of his experiments, gave the
Jollowing two laws

First law Whenever magnetic flux linked with a
circuit changes, an emf (and hence a current) is

12.

13.

14.

15.

induced in it, which lasts as long as change in flux
continue. (1/2)

Second law The emf induced in loop or closed
circuit is directly proportional to the rate of
change of magnetic flux linked with the loop
_n%

dt
where, N = Number of turns in the coil and

negative sign indicates that the induced emf
opposes the change in magnetic flux.

ie. e =

(172)

Since, magnetic flux increases when the loop moves
into uniform magnetic field. So, the induced current
should oppose this increase. Thus, flow will be from
QPSRQ, i.e. anti-clockwise. (n

10O

1 5 O
and 2 will flow in such a
way that it opposes the
decrease of current. So, it will flow in same
direction. Now, from the figure. It is clear that
the direction of induced current in
(i) ring 1 is clockwise.
(ii) ring 2 is anti-clockwise. (m

Current in the wire is
steadily decreasing, so the
induced current in rings 1

From the figure, it is clear that North pole of the
magnet is moving away from coil PQ, so the
direction 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 pole. Hence, the
direction of current will be anti-clockwise.

Again, the South pole is approaching towards coil
CD, so end C of the coil will act as South pole (to
oppose the approaching of South pole). Hence, the
direction of current will be clockwise. (1

The induced current always opposes the change
in magnetic flux. Loop abc is entering the
magnetic field, so magnetic flux linked with loop
tends to increase, so current induced in loop abc is
anti-clockwise to produce magnetic field upward
to oppose the increase in flux.

Loop defg is leaving the magnetic field; so flux
linked with it tends to decrease, the induced
current will be clockwise to produce magnetic
field downward to oppose the decrease in
magnetic flux. (1

16. 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 side, i.e. wire AB performs
simple harmonic motion. In this case, magnetic
flux linked with wire continuously changes.
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21.

Therefore, an induced emf is produced across
wire AB which is continuously decreases with
time and finally becomes zero. (2)

According to figure shown in the question,
induced current is in anti-clockwise when seen
from left hand side and its direction is in clockwise
when seen from right hand side. Thus, direction of
induced current is in clockwise sense. m
This implies that plate A of the capacitor is at the
higher potential than plate B, i.e. B is a negative
plate while A is a positive plate. m

To calculate the induced emf, first we have to find
the change in flux. Here change in flux occurs
due to change in area because of revolution of the
rod. Then, we can calculate the induced emf.

Angular velocity of rod, @ = 2—;

where, T = time period.
». Change in flux in one revolution = BA = B (L%

According to Faraday’s law of EMI, magnitude of
induced emf e = d¢/dT = Bnl*/T

= e = BnL?/(2m/w) [+ T = 2m/0)
¢ =1 Bor?
2
This is the required expression. (2)

Large deflection means a high current for short
time. So, to produce large deflection, induced
current should be high and to produce high
induced current, rate of change of flux should be
high, i.e. more change in flux in less time.
(i) Large deflection in the galvanometer can be
obtained when change in magnetic flux is fast.
So, according to the diagram given in question,
(a) by moving the coil C, quickly, towards
C, or by moving the coil C, quickly away
from C,.
(b) by switching OFF and ON the key. m

(ii) Alternative device in place of galvanometer
can be LED or bulb. 1)

As N-pole of the magnet is moving away from the

coil €}, therefore the coil will behave as S-pole and

opposes the motion of the magnet. This implies the
current in the coil is anti-clockwise. 1)}
Also in coil C,, it behaves as S-pole in order to repel
the coming magnet. This implies current in the coil
is anti-clockwise. 1)

(i) The induced emf in both the loops will be same
as areas of the loop and time periods are same
as they are identical and rotated with same
angular speed. m

(ii) The current induces in Cu coil is more than
Al coil as Cu coil has lesser resistance and
I = - (for the same voltage).
R M
22. (i) According to the figure, the coil P should be
moved quickly towards or away from the coil S.
m
(ii) The laws involved here are Faraday’s law of
electromagnetic induction.
For statement Refer to Sol. 11 on page 172
(First and second law). (M

23. Induced current, is responsible for the lighting of

the bulb, which depends on change of flux.

(i) Due to varying current in P, the flux linked
with P change and hence Q changes, which in
turn induces the emf in Q and bulb B lights. (1)

(ii) When Q is moved left or it goes away from P,
the lesser flux change takes place in Q This
leads to decrease in the value of rate of change of
magnetic flux and hence, lesser emf and bulb B
gets dimmer. M

24. When a coil of area of cross-section A having N
number of turns is rotating with angular velocity
o in uniform magnetic field B, then magnetic flux
linked with coil

¢ = BAcos0
¢ = BAcoswt [0 =of]
Induced emf (e) in the coil,
e=— @ = —NEBAcosmr
dt dt
= NBAwsinof [where, e, = NBA®]
e =e,sino! (2)

25. (i) As we know, charge induced in a coil,
|dg| = Idt= Area under I-t graph
So, from the given graph in questions,
|dg| = Area of triangle ABC

=15><1><0.4=0.2C

Magnitude of the total charge passed through

the loop is 0.2C. m
(ii) Also, |dg| = Idt
_ ld0g] , _ 1dos|
Rdt R

= |dog|=|dg|R =0.2x10 =2 Wb

So, the magnitude of change in magnetic flux

through the loop is 2 Wh. M
(iii) As, doz = B- A = BAcos6

Since, the loop is removed from the external

magnetic field acting normally, so 6 =0°.



do, = BA
B:%:
A

[-cos0°=1]
2
10x107*

=0.2x10* Wbm™ o)

26. Given,/=20cm=02m,
B=0.1T,v=10cms™' = 0.lms™
(i) Magnetic flux through loop, ¢ = B-A = Blx
0. = 0.1X02X 0.2 = 0.004Wb=4x10>Wb
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(ii) Induced emf, €=
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(iii) Induced current,
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27. (i) Consider a straight
conductor moving
with uniform velocity
v perpendicular
magnetic field as

shown in the figure.

X

T<

C
X

b bp*

Let conductor shifts from ab to a’b’ in time dt,
then change in magnetic flux
dd = B X change in area

=B x (areaa’b’ab)= BX (I x v di)

@ = Byl
dt

Induced emf|e | = ? = Bvl
t

Thus, the emf induced across the ends of
conductor due to its motion is called

motional emf. (1V2)

il ; : - +
(i) Du_rmg motion, free ¢ are ———
shifted at one end due to ~—1

magnetic force. So, due to
polarisation of rod electric field
is produced which applies

e
electric force on free ¢” in ¥
opposite direction. Thus,
induced emf will be motional. lF
mj

At equilibrium of Lorentz force,

e

Sy

E+E, =0
gE+ g(vxB)=0
E=-vxB=BXxvV
| E|=|Bvsin 90°|
ﬂ=Bv
dr

. Potential difference = Byl (1%2)

(i) Force acting on the charged particle, moving

with a velocity v, in a magnetic field B.
F=¢4(v X B)
As, v LB, |Force| =qvB
Since F_L v, it acts as a centripetal force and
makes the particle move in a circular path, in
the plane, perpendicular to the magnetic field.
mv

qu—ﬂ:r —
gB

r

Now,

(1%2)
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31.

Component of velocity v parallel to magnetic field,
will make the particle move along the field.

Perpendicular component of velocity v, will cause
the particle to move along a circular path in the

plane perpendicular to the magnetic field. Hence,
the particle will travel the helix path. (1'%2)

Magnitude of induced emf is directly proportional
to the rate of area moving out of the field,
for a constant magnetic field,
£= —@ = —B@

dt dt (2)
For the rectangular coil, the rate of area moving
out of the field remains same while it is not so for
the circular coil. Therefore, the induced emf for
the rectangular coil remains constant. )]

(i) In the one revolution
change of area, d4 = nl*
.. Change of magnetic flux
dd = B-dA = BdAcos0° = Brl’

If period of revolution is T,

(b) Induced current in the rod,
[=¢ = nvBl?
R R (2)

213
(ii) Force acting on therod, F=IlB= wvB1

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

Lorentz force. (2
(iii) Power required to rotate the rod.
273
P P VBl

(1)

For statement of Faraday’s law of
electromagnetic induction Refer to Sol. 11 on
page 172. m
Case 1 Forward journey When PQ moves
forward.
(i) For,0<x<b
Magnetic field B exists in the region.
Area of loop PQRS = Ix
Magnetic flux linked with loop PQRS,
0 = BA = Blx
¢ = Blx (increasing)
(ii) For, b<x<2b
B=0

(i)

. Flux linked with loop PQRS is uniform and
given by
o =BIb x = b (constant)
Case Il Backward journey
From 2b to b

® = constant = Bbl
Frombto 0

(i) M

® = Bix
Graphical representation
Variation of magnetic flux

(decreasing)

Return
journey

Forward
journey

—_—

0=Bbl

(]
o 0 DR L.
[l I

2b
X

Induced emf
As, induced emf ¢ = Blx

= @zBZﬁsz' r‘.'v=
i dr |

Induced emf, ¢ =-— @ =—vBl
dt
For 2b=2x2bh,

As, &' =Bn = %
dt

=0=e=0

Forward journey

For O<x<b = e=—-vBI
For b<x<2h = e=0
Backward journey

For b>x20= e=vBl
For 2b=2x2h, e=0
Variation of induced emf

Forward Return

I
journey | journey
+ Bvlf--————-—- A==

-Bvl

|
I
I
]
]
]
s
emf b 126 b 0
1
1
1
]
]
]
]
]
|

m



@ Explanations

1.

The phenomenon according to which an opposing
emf is produced in a coil (i.e. primary coil) as a
result of change in current or magnetic flux
linked with a neighbouring coil (i.e. secondary
coil) is called mutual induction.

ST unit of mutual inductance is henry (H). m

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

Also, self-inductance of a coil, is equal to the emf
induced in coil, when rate of change of current in
coil is 1 A/s.

SI unit of self-inductance is 1 henry (H).
1H=1V-/A m

(i) As &= MI, with the increase in the distance
between the coils the magnetic flux linked
with the secondary coil decreases and hence,
the mutual inductance of the two coils will
decreases with the increase of separation
between them. (1/2)

(ii) Mutual inductance of two coils can be found
outby M =pu, n n, Al i.e.

M o< 1 n,, so, with the increase in number of

turns mutual inductance increases. (1/2)
2
Self inductance is given by L = I'mir A. It can be
increased by increasing p (permeability of
medium), N(number of turns), A (area of
cross-section) and [ (length). (1

Self-inductance of the inductor, L = ¢/I.

The slope of ¢ versus I graph gives self-inductance
of the coil.

Inductor A have got greater slope than inductor B,
therefore self-inductance of A is greater than
self-inductance of B. (m

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.

I (increasing)

OO0 ———

.—||—.

=19
C=

An increasing current in an inductor causes an
emf between its terminals.

The work done per unit time is power,

P:d_Wz—efz—Llﬂ
dt dt

From dW =—-dU or dW =-LIdI
or dU=-dW =LIdI

The total energy U supplied while the current
increases from zero to a final value I is

I
U= Lj dr=Lrr?
0 2

‘ w=U=1Lp (i)
2 (1)




The magetic field, B = HoNT

= B B_; (i)
Mo
2
The self-inductance, L = Hate 4 ... (iii)

[
Putting values of L and [ in Eq. (i)
_1 woNZA y B’ _ B*(4))

= U =
T2 1 piNt 2m
o Un_ 1B
Al 2,

where, U"; = magnetic energy density.

1
2, m

. The phenomenon of generation of induced emf in
a long solenoid due to a change of current in
another neighbourhood coaxial solenoid is known
as mutual induction. m
For 2 long solenoids assuming perfect coupling,
As, flux linked with second solenoid << current in
first solenoid.
N2¢’Bl it
N2¢'Bl - _ _ .
— a constant = M = mutual inductance of
1

second coil w.r.t. to first.
So, we have
N,B Ay _ myly (Mom 1)) 4, =1,

Il JIl
Here, [, =1, =1
Also, A, =A, =A (they are wound over same core).
Hence, M =p,mn,Al (1

M=M,= m nyA,l,

. Here, Al =-2A

= At=10%10"2s, V=200V
L="?

Induced emf, e=—-1L E
At

m

200 =— L _723
10 x10™

200=1 x 2x10?
. Self-induction, L =1 H m

. Let a current I, flows through the outer circular

coil of radius R. The magnetic field at the centre
of the coil is
B, =UoI;/2R

1

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

I 2
$, =B, A =22.x7r
PO R

As, by definition ¢, = M, I,
Now, mutual inductance,
2
r
M,, = & _Ho

But suppose My, = M5, =M
M= }'I'O:'trz
2R m

10. In case of two concentric coils when current flows

through one coil, the emf is induced in the other
coil.

Let current I, passes through the coil C,.
Magnetic field at centre due to current loop C,

B, = Uo Nyl
2r,
where, N, = number of turns in coil C,. (172)
Total magnetic flux linked with coil G
0, =N, B, 4 (1/2)
Mo NI,
o =N [](W‘lz)
5
Co
A )"
But o, = MI,
= i, =Ho ™ Moo ¥ Mola nrl
21
M= WomN; N,

2 r2 [1]



11. Here, we will use the concept of work energy-
theorem, i.e. here work against the emf induced
will be stored in the form of magnetic energy.

The source of emf e establishes current in coil in
opposition of induced emf (Lenz’s rule) and
hence, does the work for the same. This work
done by the source is stored in the form of
magnetic energy in the coil.

Let, I current flows through the coil of
self-inductance L at any instant ¢ when rate of
change of current in coil is dI /dr.

.. Induced emf, E = -L i
dt §)]
Magnitude of induced emf, |E| = LdI/dt
Work done in establishing the current in small
time interval df is given by

dW = Pdt = Eldt

- [L ﬂ) it
dt

dw = LldI

Total work done in increasing the current from
zero to 1.

W= j; LIdl=L '[;Idi

27

2], 72
0
w=1rr
2
This work is stored as the magnetic energy in the
inductor. m
712. (i) Refer to text given on page 176. (2)

(ii) Given, M = 2H, Al = 0.5A and
At=100ms=10"s

(a) The change in flux in the secondary coil is

given by
do| _ Mdl
at|  dr
= dd = Mdl or Adp = MAI
=2x05=1Wb (1/2)

(b) The emf induced in the other coil is

el=MA =2 %3 _1ov
2 1
At 107

or le;] =10V (172)

13. (a) Principle An AC generator is based on the
phenomenon of electromagnetic induction which
states that whenever magnetic flux linked with a
conductor (or coil) changes, an emf is induced in
the coil.

A Axis motion

8 W

O

Field
¥’ magnet

I

I

I

I

I

e e e
oy
%

+
1
|
I
I
I
I
|
T
|
|
I
I
I
I
I
I
|

Brush,
i i “' Slip ring,R;

Slip ring, R, qia I Sl

" Output
—— (alternating emf)
WWY

(m
Working
As the armature of the coil is rotated in the
uniform magnetic field, angle 6 between the
field and normal to the coil changes
continuously.
Therefore, magnetic flux linked with the coil
changes and an emf is induced in the coil.
According to Fleming’s right hand rule,
current induced in ABis from A to B and it is
from Cto D in CD. In the external circuit,
current flows from B, to B;.
To calculate the magnitude of emf induced,
suppose
A = area of each turn of the coil,
N = number of turns in the coil,
B = strength of magnetic field
and 6 = angle which normal to the coil makes
with B at any instant .

\\Normal

~

07
/4

Coll

Magnetic flux linked with the coil in this
position,

d=N(B-A)
or & = NBA cos 6
O = NBA cos ot

where, wis angular velocity of the coil and
symbols have their usual meaning.



As we know, due to the rotation of the coil, an
emf is being induced.
Thus, at this instant ¢, if e is the emf induced in
the coil, then
_4¢

dt

e= — i (NAB cos wi)
di

e =

e =— NAB o (cos wi)
dt

or e = — NABm (— sin o)
= NABw sin of

where, NBA wis the maximum value of the emf
(also called peak value) which occurs when
sinwf = +1.

If NBAw = ¢y, then e =g, sinwt (2)

14. (i) Self-inductance of a coil is defined as the

property due to which it opposes the change of

current flowing through it by inducing a back

emf in it.

Self-inductance L can be expressed as follows
O=1Li

Here, ¢ is magnetic flux linked with the coil

and 7 is the current flowing through it.

SI unit of self-inductance is henry(H). (1%%)
(ii) Refer to Sol. 7 on page 181. (1%%)
15. Refer to Sol. 7 on page 181. (3)
16. (i) Refer to Sol. 7 on page 181. (1%%2)
(ii) Emf induced in the secondary coil is given by
—MdI
e =
dt
— a¢ _ —Mdl
at di
= do =—-Mdl
or, dd=-15x20=-30Wb (1%%)

17. (i) 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
Npe<I= No=LI
— - No
I

The SI unit of self-inductance is henry (H).(1%2)
(ii) Mutual inductance of solenoid coil system,
= KN N,A4,
[
Here, N, =15,N, =1,/ =1lcm =10"m,

A=2.0 cm? =2.0x10"*m?

4T X107 x15x1%x2.0x107*
1072

=120t x10°H

SM=

Induced emf in the loop,
g = Mﬁ(numericaﬂy) =120m x107° ==
At 01

=120%3.14X10°° x 2
01

=75x10"°V=75pv. (1%%)

18. Principle AC generator works on the
principle of electromagnetic induction.
Whenever amount of magnetic flux linked with
a coil changes, an emf is induced in the coil.

It lasts, so long as the change in magnetic flux
through the coil continues.

Labelled diagram of AC generator is shown
below.
A;(is
Motion /

(5 Field magnet
£

/

Armature

Load resistance R

B,
Fi
(1vz)

Working When a closed armature coil rotates in a
uniform magnetic field with its axis perpendicular
to the magnetic field, the magnetic flux linked
with the loop changes and emf induces in the coil.
Let initially angle between area vector of coil and
magnetic field B is 0° Thereafter, AB comes
downward and CD upward then by Fleming's right
hand rule induced current flows from B to A.

During the next half revolution, when CD comes
downward and AB upward then current flows
from C to D. During the first half rotation, current
flows through BAS, B, RB, DC and during next half



rotation along CD B, RB,S, AB. Hence,
¢ = —Ndo/di = NBAwsinw!, where e, = NBA®

;

i = %%sinwr = iy sinof Here, €0 = z'o-l
R I

(i) Variation of magnetic flux with time

™/
|V

¢ = BNA cos ot
(ii) Variation of alternating emf with time

N
%

e = BNA® sin wt

(1%2)

19. Self-Inductance Self-inductance is the property

of a coil by virtue of which, the coil opposes any
change in the strength of current flowing through
it by inducing an emf in itself.

The induced emf is also called back emf. When
the current in a coil is switched on, the
self-induction opposes the growth of the current
and when the current is switched off, the
self-induction opposes the decay of the current.

So, self-induction is also called the inertia of
electricity.

———— MWW~

R m

Magnetic Energy of Long Solenoid A long
solenoid is one whose length is very large as
compared to its area of cross-section. The
magnetic field (B) at any point inside such a
solenoid is practically constant and is given by

p = Ho¥T (i)

[

where, n, = absolute magnetic permeability of
free space, N = total number of turns in the
solenoid and I = length of the solenoid.

20.

. Magnetic flux through each turn of the solenoid,
® = B X area of the each turn

¢=(M9§I)A

where, A = area of each turn of the solenoid.

Total magnetic flux linked with the solenoid
= Flux through each turn X Total number of turns

N¢=MB§IAXN ... (i)
If L is coefficient of self-inductance of the solenoid,
then (e.g. soft iron)

No=1LI

From Egs. (ii) and (iii), we get

....(iii)

1 = Mo N?4A

N
LI = — IAXN or
L l M

If core is of any other magnetic material u is
placed, then
Bo=HgHl,
[ = Mok, N4
[
The magnitude of emf is given by

le|ore=1L e
dt
Multiplying (I) to both sides, we get
el di =LIdI .. (iv)
dq
But I="Torldt=dg
dt
Also, work done (dW) = voltage (e) X charge (dq)
or dW =e x dq = eldt
Substituting these values in Eq. (iv), we get
dw = L1IdI (V)

Total work done in increasing the current from
zero to Iy, we have

By integrating both sides of Eq. (v), we get
w I ] B
j dW:_[ LIdl =W =—11I
0 0 2
The work done in increasing the current flowing

through the inductor is stored as the potential
energy (U) in the magnetic field of inductor

b=
. m
Given, L, =16 mH
L,=12mH

(i) Induced voltage is given by



dl

Induced V=L— (V =Induced voltage)
dt
= Ve L
h_L (asﬁis same)
v, L, dt
v, 123 m
(ii) Power (P)=1V
Now, L (as Pis the same)
L W
= h.3 (i)
I, 4 m
(iii) Energy stored is given by coil-1 and coil-2
1
= ELIIE ... (iii)
1. .
E,= ELzI2 (1)

On dividing Eqgs. (iii) and (iv), we get
E, _ LI _16 o
E, L5 12 16
E, 3

E, 4 1

[from Eq. (ii)]

21. Energy stored in the magnetic field,
2 272 2
wolyp2_1ReN°A BI" _ B
2 2 1 uinN? 2,

[...L=u0 NZA B:IJ'O NI-'

L ! t J[2]

We know that, energy density,

(Al

2
—] EﬂergY = N [AS V= Al’]
Volume 2u, ™

22. (i) When a conducting rod of length (/) fixed at

its one end is rotated with constant speed win a
plane perpendicular to B, then induced emf is
given as,
e =1 Bal?
2
(a) As, e, so e versus @ graph is as shown,

er1

(b) As, e =< %, so e versus [ graph is as shown,

°1

0 [— (2%)
(ii) Given, r, =lcm = 102 m=00lm
and r,=20cm=0.2m
(a) From the relation, mutual inductance
2
between the two coils, M = Paodh
2r,
Substituting the given values in above
equation, we get
4m x 1077 x 1 x (0.01)°
2x0.2

M=

=9859x10'°H

or M=986x10""° H

(b) Given, time rate of change of current,

4 _ 5A/ms=5x10° A/s

dt

. emf induced in the inner loop,

le| = M§= 9.86 1079 x 5x10°
t

=493x10°V (215)

23. (i) Whenever the current passing 1
through a coil or circuit
changes, the magnetic flux
linked with a neighbouring
coil or circuit will also change.
Hence, an emf will be induced
in the neighbouring coil or
circuit. This phenomenon is
called ‘mutual induction’.

o"

o5tz

According to question, let the current in big
coil of radius r, be I,, so, magnetic field at
point O due to this coil will be u 1, /21,.

Change in magnetic flux in the coil of radius
1 is, ¢=BA=MXTEI‘12

21,
9 _ ol nr? - Womr’
I, 2nXx] 2r

Mutual inductance, M =

This is the required expression. (3)

(ii) According to question, if the coil rotates with
an angular velocity of w and N turns through
an angle 6in time ¢, thus 6 = of



0 = BAcosO = BA coswf

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

. __d(BAcosaJr) = BAwsinmt
dt dt
For N number of turns, e = NBAwsinw!

For maximum value of emf @f must be equals
to 90°.

So, maximum emf induced is = NBA®w

ie. e, = NBA2mf [ o= 2nf]
(2)

24. (i) Refer to text on page 176
(Mutual Induction). (n

(i) Sl

I=I=I=I=I=I=Ielslslslalslsl

So|

z |
Let, n, = number of turns per unit length of §,,
n, = number of turns per unit length of S,,
I, = current passed through solenoid §; and
¢,; = flux linked with S, due to current
flowing through §,

G2 =1} = ¢y = M1
(where, M,, = coefficient of mutual induction
of the two solenoids)
When current is passed through solenoid S,,
an emf is induced in the solenoid S,.
Magnetic field produced inside solenoid S, on
passing the current through it is given by

By =pomh

Magnetic flux linked with each turn of
solenoid S, will be equal to B, times the area of
cross-section.

= S, =B A
Therefore, magnetic flux linked with the
solenoid (S,)

0y = BiAX 1l =poml X AXn,l

0y =HommAL L

Here, we can write, M,, = mn,Al (1)
In the same manner, the mutual inductance
between the two solenoids, when the current

is passed through solenoid S,, then the emf is
induced in the solenoid S, and it is given by

M, = Uy n,Al ...(ii)
My, =My =M
On comparing Egs. (i) and (ii), we get

M =pu,mmn, Al
Again Eq. (i) can be written as,

M= HO[N—;J[%]EI‘E x 1

M= KN N,A
l (3)
(iii) Suppose that a current / is flowing through
the coil C, at any instant. Flux linked with the
coil C; is given by

=

0 o< ]
= o= MI (1)
where, M is the coefficient of mutual
induction.
If e is the induced emf produced in the coil €,
then
e=@=—£(MI)=—Md—I
dt dt dt (1)

Figure shows a simple experiment to prove Lenz’'s
law. When the North pole of the bar magnet is
pushed towards the coil, the pointer in the
galvanometer deflects indicating the presence of
electric current in the coil. (1

The current induced in the coil is in
anti-clockwise direction, so that it opposes the
increase in flux through the coil due to the
motion of the bar magnet.

S

=

(1

When the North pole of the magnet is moved
away from the coil, the magnetic flux through the
coil decreases and an induced current in the
clockwise direction flows in the coil. This opposes
the decrease in magnetic flux.



@ = —NBAw® sinwt

. o 5
N
&j = —%_ NBaw sinwt
dt
By Faraday’s law of emi, ¢ = _7
t
1
e Induced emf in coil is given by,
(ii) (a) Magnetic flux versus current e = NBAwsinot = e = e, sin ot
O=MI=d=<I where, ¢, = NBAw = peak value of induced
emf m
Direction of induced emf can be determined
o using Fleming’s right hand rule given below.

If we stretch the thumb and the first two
Fingers of our right hand in mutually
perpendicular directions and if the forefinger
points in the direction of the magnetic field,

B thumb in the direction of motion of the
(b) Induced emf versus dI /dt = e = — L(dI/dlt). conductor; then the central finger points in
dI/dt is positive and ¢ is negative and the direction of current induced in the
constant. conductor. (m
(iv) Induced | i i i |
=N
[ 0] 90°] 180°\]  270°  360° Time—
) NS
I
0 T/4 T2 37/4
dlfdt — The mechanical energy spent in rotating the coil in
magnetic field appears in the form of electrical
(c) Magnetic potential energy stored versus energy. (1
UncEs i : 27. (i) Refer to Sol. 18 on pages 183 and 184. (3)
U= 5 LIF=Uel (ii) As the earth’s magnetic field lines are cut by
the falling rod, the change in magnetic flux
takes place. This change in flux induces an
emf across the ends of the rod.
" Since, the rod is falling under gravity.
v= gl (- u=0)
Induced emf, € = Blv
= € = Blgt
1 (2 Eiect
26. (i) For principle and working of AC
generator Refer to Sol. 18 on pages 183 and T
184. (1%) .
(ii) The magnetic flux linked with the armature
coil is changed by rotating it in the magnetic F—

field between the poles of the magnet. (1/2) (2)
(iii) Let at any instant total magnetic flux linked

28. Refer to Sol. 18 183 and 184 and
with the armature coil is given by ¢. G SR s =

Sol. 26(iii) on page 187. 4
& = NBA cos = NBA cosmi . .
) The source of energy is hydroelectric power.
(where, 8 = of is the angle made by area vector
or thermal power etc. (1

of coil with magnetic field.)
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