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Consider a magnet surrounded by a wire with an on/off switch S (in figure). If the switch
is thrown from the off position (open circuit) to the on position (closed circuit), will a

c i ircuit? in.
urrent flow in the circuit? Explain ="
—
——
>3 =]
Predict the direction of induced current in a metal ring when the ring is il
moved towards a straight conductor with constant speed v. The conductor _"O_,
is carrying current I in the direction shown in the figure. .
Define the term ‘wattless current’.
Predict the directions of induced currents in metal rings 1 and 2 lying in the 10
same plane where current I in the wire is increasing steadily shown in' the 2Q I
figure.
Predict the direction of induced current in metal rings 1 and 2 whencurrent 10
I in the wire is steadily decreasing? 2Q I

Explain an experiment which led Faraday to confirm the induction of e.m.f.

A cylindrical bar magnet is kept along the axis of a circular coil and near it as'shown in
the figure. Will there be any induced e.m.f. at the terminals of the coil, when the magnetis
rotated (a) about its own axis and (b) about an axis perpendicular to the length of the
magnet? Coil Coil

(b)

A magnet is moved in the direction indicated by an arrow between two coils AB and CD
as shown in figure below. Suggest the direction of current in each coil.

B . Cc D
o = L
(a) As shown in the figure, when primary coil P is moved towards secondary coil S, the
galvanometer shows momentary deflection.

S P
‘_
What can be done to have larger deflection in the
galvanometer with the same battery? & »
2/ _ 1Y +

(b) State the related law.
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No.

Explanation: No part of the wire is moving and so motional e.m.f. is zero. The magnet is
stationary and hence the magnetic field does not change with time. This means no
electromotive force is produced and hence no current will flow in the circuit.

The direction of the induced current is clockwise by the Lenz law.

Wattless current nothing but component of the current corresponding to which there is no power
loss.

In ring 1 the induced current clockwise direction by Lenz law.

In ring 2 the induced current anticlockwise direction by Lenz law.

The direction of induced current in coil 1 clockwise direction by Lenz law.

The direction of induced current in coil 2 anticlockwise direction from Lenz law.

Faraday dealt with an apparatus which consisted of two coils/A-and B of insulated wire, wound
on a wooden core. One coil was connected to a sensitive galvanometer other with‘a hattery
source. When Faraday disconnected the battery, he observed that the galvanometer needle got

deflected. When he connected the battery back again, he noticed a deflection in.opposite direc-
tion. He repeatedly connected and disconnected the battery, and got the 'same result which
indicated the existence of momentary currents due to induced e.m.f..in the coil. In this way
Faraday confirmed the existence of induced e.m.f. experimentally.

In figure (a): When the magnet is rotated about its own axis, there is no change in the magnetic
flux liked with the coil. Hence, no.induced e.m.f. is produced in the coil.

In figure (b): When the magnetiis rotated about an axis perpendicular to its length, the orientation
of the magnetic field due to the magnet will change continuously. Due to this, the magnetic flux
linked with the coil wilkalso change continuously.and it will result in the production of induced
e.m.f. in the coil.

Forcoli AB: Asthe N-pole of the magnetis moving away from the coil AB, the end B of the coil
will behave as S-pole so as to oppose the motion of the magnet. Therefore, looking from the end
A, the current in the coil AB will be in"anticlockwise direction.

For coil CD: In this case, the end C of the coil CD should behave as S-pole so as to repel the
approaching magnet. Looking from the end D, the direction of current in coil CD will be
anticlockwise.
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$9. (a) The primary coil P should be moved faster towards the secondary coil S.

(b) The related law is Faraday’s laws of electromagnetic induction.

According to Faraday’s law:

(a) Whenever magnetic flux linked with a circuit (a loop of wire or a coil or an electric circuit in
general) changes, induced e.m.f. is produced.

(b) The induced e.m.f. lasts as long as the change in the magnetic flux continues.

(c) The magnitude of the induced e.m.f. is directly proportional to the rate of change of the
magnetic flux linked with the circuit.
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Q1. The magnetic flux passing through a coil changes from6 x103Wb t0 8.2 x10°Wb in 0.02s.
Calculate the induced e.m.f.

Q2. What are the Sl units of (a) magnetic flux and (b) magnetic field strength?

Q3. A Conducting loop is held stationary normal to the field between the NS poles of a fixed
permanent magnet. By choosing a magnet sufficiently strong, can we hope to generate
current in the loop?

Q4. State the Faraday’s law of electromagnetic induction.
Q5. Weber is the unit of which physical quantity?

Q6. Explain, whether an induced current will be developed in a conductor, if is'moved in a
direction parallel to magnetic field.

Q7. Give the direction in which the induced current flows E_me-*
in the coil mounted on an insulating stand when a bar
magnet is quickly moved along the axis of the coil from
one side to the other as shown in the figure.

Q8. What is meant by magnetic flux? State its Sl unit.

Q9. A closed conducting loop moves normal to the electric field between the plates of alarge
capacitor. Is a current induced in the loop. when itiis (a) wholly inside the capacitor,
(b) partially outside the plates of the capacitor? The-electric field is normal.tothe plane of
the loop.

010. What is the basic cause of induced e.m.f.?

Q11. Define electromagnetic induction.
Q12. What factors govern the magnitude of the emf. induced in an electric circuit?

Q13. A square loop of side 10 cm and resistance 0.5 Q) is placed vertically in the east-west
plane. A uniform magnetic field of 0.10 T is set up.across the plane in the north-east
direction. The magnetic field is decreased to zeroin 0.70 s at a steady rate. Determine the
maghnitudes of induced e:m.f. and current during the time-interval?

Q14. Current in a 10 mH coil increases uniformly from zero to one ampere in 0.01 second. Find
the direction andvalue of self-induced e.m.f.

Q15. Define magnetic flux and magnetic flux density.

Q16. A long solenoid with 15 turns per em has a small loop of area 2.0 cm? placed inside the
solenoid normal to its axis. If the current carried by the solenoid changes steadily from
2.0Ato4.0Ain 0.1s, what is the induced e.m.f. in the loop while the current is changing?
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Q17. A rectangular loop and a circular loop are moving out of a uniform magnetic field to a
field free region with a constant velocity v as shown in the figure below.
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Explain, in which loop do you expect the induced e.m.f. to be constant during the passage
out of the region. The magnetic field is normal to the loops.

Q18. State Faraday’s laws of electromagnetic induction.

Q19. A circular coil of radius 10 cm, 500 turns and resistance 2 Q is paced with its plane
perpendicular to the horizontal component of the earth’s diameter through 180° in 0.25 s.
Estimate the magnitudes of the e.m.f. and current induced in the coil. Horizontal component
of the earth’s magnetic field at the place is 3.0 x 10~°T.

Q20. A conducting rod of length / is moved in a magnetic field of magnitude B with velocity v
such that the arrangement is mutually perpendicular. Prove that the e.m.f. induced in the
rodis | e| = Biv.

Q21. Asquare loop of side 12 cm with its sides parallel to X and Y axes is moved with a velocity
of 8 cms™ ' in the positive x-direction in an environment containing a magnetic field in the
positive z-direction. The field is neither uniform in space nor constant in time. It has a
gradient of 10™°T cm™" along the negative x-direction (that is.it increases by 10"*Tcm™"
as one moves in the negative x-direction), and it is decreasing in time at the rate of
107°T s™'. Determine the direction and magnitude of the induced current in the loop if its
resistance is 4.50 mQ.

Q22. The magnetic flux linked with a closed circular loop of radius 20 cm and resistance 2 Q at

any instant of time is
¢=4t+3

where ¢ is in milli weber and time ‘f in sec: Find
(a) flux linked with aloopatt=3s

(b) induced e.m.f.att=2s

(c) plota graph between (i) ¢ and.f; (ii) eand &.

Q23. A metallic rod of length / is rotated at a constant angular speed ®», normal to a uniform
magnetic field B. Derive an-expression for the currentinduced in the rod, if the resistance
of the rod is R.

Q24. What are the Faraday’s Laws of electromagnetic. induction? Drive an expression for the
induced e.m.f. in terms of self-inductance of a.coil.

Q25. It is desired to measure the magnitude of field between the poles of a powerful loud
speaker magnet. A small flat search. ¢oil of area 2 cm? with 25 closely wound turns, is
positioned normal to the field direction, and then quickly snatched out of the field region.
Equivalently, one can give it a quick90° turn to bring its plane parallel to the field direction).
The total charge flown in the coil (measured by a ballistic galvanometer connected to
coil) is 7.5mC. The combined resistance of the coil and the galvanometer is 0.50 €. Estimate
the field strength of magnet.

Q26. Acoil containing 20 turns of average diameter 0.02 m is placed perpendicular to a magnetic
field of intensity 1.6 x 10* T. The magnetic field changes to 1.8 x 10°T in 4s. A resistor of
resistance 15 Q is connected in series with the coil. If the resistance of the coil is 5 €, find
the induced current passing through the resistor.
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S1. Here, ¢, =6x10°Wb; ¢,=8.2x10°Wb
and dt=0.02s
Now, o= _90_ %%
dt dt
-3 _ -3 =3
_ _8.2x10 6x10 :_2.2><10 =011V
0.02 0.02
$2. (a) Weber. (b) Tesla.
$3. No currentwill be induced in the loop, how so strong a magnet be chosen. It is because, there is
no relative motion between the loop and the magnet. The induced current is'produced only, if the
magnetic flux linked with the loop changes.
S4. The magnitude of the induced e.m f. is directly proportional to the rate of change of the magnetic
flux linked with the circuit.
$5. |tis the unit of magnetic flux.
$6. |nduced current will not be developed in a conductor, if itis moved in a direction-parallel to the
magnetic field. As such, Lorentz force on the free electrons in the conductor is zero and
consequently no potential difference is produced across the two ends of the'conductor.
$7. Induced current in coil is anticlockwise seen frem the side opposite'to magnet by Lenz law.
S8. The magnetic flux linked with a surface.is defined as the number.of magnetic field lines passing
normally through that surface. Its- Slunit is weber.
$9. The current is induced, if magnetic flux linked with the loep changes. No current is induced in
either case, when the loop is wholly inside or partially inside the electric field.
$10. Whenever magnetic fluxlinked with a coil changes, induced e.m.f. is produced.
S11. |tis the phenomenon of production of e.m.f.ina coil, when the magnetic flux linked with the coil
is changed.
$12. The magnitude of induced e.m.f in an electric circuit is directly proportional to the rate of change
of magnetic flux linked with the circuit.
$13. Given magnetic field B=01T
Area of square A=0.01m?
dt=0.7s
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S14.

S15.

§16.

The angle made by the area vector of the coil with the magnetic field is 6 = 45°.

i} 0.1x10°2

Wb
V2

Omax = BA cos 0

From Faraday’s law

d¢'B — (q)max -0) = 10°°

el= TmV
el dt dt J2x0.7
-3
=181 5ma
R 0

Given, L=10mH=10x102=102%H

Initial current in the coil =0;

final current in the coil= 1A

Therefore, change incurrent, d[=1-0=1A

Time in which the current changes, df = 0.01 second

Now, induced e.m.f., given by

e= —L£=—10_2x 1 =—1V
dt 0.01

The self-induced e.m.f. will act so as to oppose the growth of current.

Magnetic flux through any surface is the total numberef magnetic lines of force crossing normally
through the surface area. Mathematically

¢=BAcos 6= EE

where, 6 = angle between § and normal drawn to the surface. Its Sl unit is Weber (Wb).

Magnetic flux density (or magnetic induction) is the number of magnetic lines of force passing
normally through unit area; i.e.,

B=2

A
lts S| units Tesla (T) or Weber/m?.

Numberof turns on the solenoid = 15.turns/cm = 1500 turns/m
Number of turns per unit length, n = 1500 turns

The solenoid has a small loop of area, A=2.0cm?=2 x 10~ *m?
Current carried by the solenoid changes from 2 Ato 4 A.
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Change in current in the solenoid, di=4-2=2A
Change in time, dt=01s
Induced e.m.f. in the solenoid is given by Faraday’s law as:

= —do
dt

e

. (i)

Where, ¢ = Induced flux through the small loop
= BA .. (i)
B = Magnetic field
= o Ni ... (iii)
1, = Permeability of free space
=47 x 10" H/m

Hence, Eq. (i) reduces to:

d
= —(BA
dt( )
di
= A -
Honx(dtJ
2

= 2><10'4><4n><10_?><1500><—[ﬁ

=754%x10°°V

Hence, the induced voltage in the loop is 7.54 x 10°° V.

$17. As the loops move out of the magnetic field, the rate at which the area ofthe loop decreases
inside the field is constant in case of the rectangular loop, while itwaries in the case of the

circular loop. As a result, the rate of'decrease of magnetic flux-and-hence the induced e.m.f.
produced in the rectangular loop will be constant.

S18. According to Faraday’s law:
(a) Whenever magnetie flux linked with a circuit (a'loop of wire or a coil or an electric circuit in
general) changes, induced e.m.f. is produced.
(b) The inducede.m.f. lasts as long as the:change in the magnetic flux continues.
(c) The magnitude of the induced e.m-f. is directly proportional to the rate of change of the
magnetic flux linked with the circuit.

$19. |nitial flux through the coil at § = 0°
¢; = BA cos 6

=3.0x107° x (nx 107%) x cos 0°
=3nx 10"’ Wh.
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Final flux at 6 = 180°
®;=3.0 x107° x (nm x 107%) x cos 180°
=-3nx10""Wb.

Change flux, AQ = ¢;—¢;=6mx 107

According to Faraday’s law.

-7
oo N A0 _500x(6nx107)
At 0.25

=38x10"3%V

I===19x%x10"3A.

£
R

$20. \We consider a rectangular conductor placed in a uniform magnetic field normal to it plane. One
arm of this conductor is free to more. Let the arm be moved inwards with a speed v. the flux

through the loop is Bix.

¢ =BAcos 6
= BA = Bix.
vy
> x > > > >4
> > > > x >
i
x xX x > x x
x x x > > x
Y
| wl
< >

Thus due to motion of the arm'e.m.f. induced is given

_ g9
at

e =

e= —E(BL\()=—BZg
dt dt

|e| =+ Blv,

This e.m_f. is called motional e.m.f.

S21. Side of the square loop, s=12cm=0.12m
Area of the square loop, A=0.12x0.12=0.0144m?
Velocity of the loop, v=8cm/s =0.08 m/s
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Gradient of the magnetic field along negative x-direction,

B 10 Tem =10 Tm
dx

And, rate of decrease of the magnetic field,

aB

— =10"°Ts™’

dt
Resistance of the loop, R=45mQ=45x10"°Q
Rate of change of the magnetic flux due to the motion of the loop in a non-uniform magnetic field
is given as:

@ = Ax E X V

dt dx

=144 x10"*m*x 10" ' x0.08
=11.52x 10 Tm?s™’
Rate of change of the flux due to explicit time variation in field B is given as:
do _ , 9B
dt ax
=144 x107*x 1073
=144 x107°Tm?s™’

Since the rate of change of the flux is the induced e.m.f., the total induced e.m.f. in.the loop can
be calculated as:

e=144x107>+11.52x10°°
=12.96 x10-°V

. e
Induced current, i 3=

R

2 12.96 x 10°°
45x10°

i=2.88x1072A

Hence, the direction of the induced current is.such that there is an increase in the flux through
the loop along positive z-direction.

S22. O=4t+3
(a) flux through the loop at t = 3 sec.

0=4x3+3
= 15mWhb.
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do
b =90 -4
(b) °= —
e=4mV.
()
T !
~ 4
29 5
c =
€, 5
e e
t (in sec) t (in sec)

§23. When the conducting rod rotates inside the uniform magnetic field, it intercepts magnetic field
over a circular area, whose radius is equal to length (/) of the rod.

Therefore, area intercepted by the rod in one rotation,
AS = /2

Hence, change in the magnetic flux through the copper rod in one rotation,
do=BAS =B xnl?
Since the rod rotates with angular velocity o, time taken by it to.complete one rotation,

dt= 2_7[
()]

If e is the induced e.m.f. produced between the'two ends of the rod, then

e=@=_smz

dt 2n/o®
1
or e =— BFo
2
Hence, current induces inithe rod,
2
I= e _ Blw
R 2R

$24. According to Faraday’s law:
(@) Whenever magnetic flux linked with a circuit (a loop of wire or a coil or an electric circuit in
general) changes, induced e.m.f. is produced.
(b) The induced e.m.f. lasts as long as the change in the magnetic flux continues.

(c) The magnitude of the induced e.m.f. is directly proportional to the rate of change of the
magnetic flux linked with the circuit.
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§25.

As Gl
o=LI
d dI

But e=-2__9dypn__ 94
dt  dt dt

dl . . .
If e =1 volt — =1A/sec then the self-inductance of a coil is said to be one Henry. In other
words, if currentis changing at a rate of 1 Ampere per second in a coil induces an e.m.f. of 1 volt

in it then the inductance of the coil is one Henry.
A=2cm?=2x10"*m?

N =25
Q=75mC=75x%x10"°C

Area of the small flat search caoil,
Number of turns on the caill,
Total charge flowing in the coil,

Total resistance of the coil and galvanometer,
R=0.50Q
Induced current in the coll,

Induced e.m.f. (e)

I=
R
Induced e.m.f. is given as:
o= N3¢
dt
Where, d¢o = Change influx
Combining Egs. (i) and (ii), we get
N 90
I= _i
R
Idt= - N do
R
Initial flux through the coll, ¢, = BA
Where, B = Magnetic field strength
Final flux through the coil, o,=0

Integrating Eg. (iii) on both sides, we:have

N
Idt = — |d
a2

But total charge, Q _[Idt

. ()

... (ii)

[N =Total no. of turns]

(1))
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S26.

B P PP 1
Q= 7= —0)=—7 (=) =+

R
NBA
Q= ?
-3
B= QR _ 75x107°%x0.5 0757

NA 25%x2x107*
Hence, the field strength of the magnet is 0.75T.

Given, number of turns in the coil, n = 20; diameter of the coil, D=0.02 m

Therefore, area of the coil,

nD? _mx(0.02)°_
4 4

A= x 104 m?

Initial magnetic field intensity, B, = 1.6 x 10*T.

Therefore, initial magnetic flux linked with the coil,

0, =nB,A=20x16x10*xnx10™ =32t Wb

Final magnetic field intensity, B, = 1.8 x 10°T
Therefore, final magnetic flux linked with the coil,

0, = nByA=20x1.8x10°x 1 x 107 = 367 Wb

The change in magnetic flux,

d = ¢, — o, =3.6n—-32n =-28.4nWb

Time during which the change in magnetic flux takes place,
di=4s

Therefore, induced e.m.f. produced in the coil,

dp -284n

e: i

dt 4

=223V

Total resistance of the circuit,
R=15Q+50=200Q
Therefore,induced current passing through the resistor,

e 223
R

I= =1.115A.
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Predict the direction of induced current in the situations L
described by the following figure:

MidctictinoW
\\!

1\‘\1‘]\"4"'\\ l‘ L "n‘ i\ '”)

r

Predict the direction of induced current in the situations
described by the following figure:

y
m Common axis
\J

z

¢

(Tapping key just closed)

What is the magnitude of the induced currentin the circularloop KLMN, of radius.‘rif the
straight wire PQ carries a steady current of magnitude ‘I’ ampere?

State the law that explains the energy conservation in magnetic.induction.

Use Lenz’s law to determine the direction of induced currentin the situations described
by (as shown in the figure): o xxy o000
x R X X ) o
x\ Lap %N :g X

(a) A wire of irregular shape turning into a circular shape;

(b) A circular loop heing deformed into a narrow straight wire.

A

QOQ&DOD‘D

(@) (b)

A straight conductor 1 m long moves.at right angles to both its length and a uniform
magnetic field. If the speed of the conductor is 2.0 ms™' and the strength of the magnetic
field is 10° gauss, find the value of induced e.m.f. un volt.
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Q8. Predict the direction ofinduced current in the situations described by the following figure:

M CCComm o

X L ] Iiy
— }—/ﬁ -
(Tapping key just released) r
Q9. Predict the direction of induced current in the situations described
by the following figure. ::teeca‘rg;sing at
Q10. Predict the direction of induced current in the situations y Common
described by the following figure: m m axis

N

(o=

Rheostat setting being changed

Q11. Two loop of different shapes are moved in a region of uniform magnetic field in the
directions marked by arrows as shown in the figure. What is the direction of the induced
current in each loop? X X X X X

Q12. Acircular loop is moved through the region of uniform magnetic field. Find the direction
of induced current (clockwise or anticlockwise) when the loop moves: (a) into the field,
and (b) out of the field. XWX

%
Q_”x
X

oo
X X X X
R X XK X

B

Q13. The induced e.m.f. is sometimes named.as back e.m.f. Why?

Q14. Figure shows planar loops of differentshapes moving out of
or into a region of a magnetic field-which is directed normal
to the plane of the loop away from the reader. Determine the
direction of induced currentin each loop using Lenz’s law.

Q15. Consider-Experiment 6.2 (NCERT). (a) What would you
do to obtain a large deflection of the galvanometer?
(b) How would you demonstrate the presence of an
induced current in the absence of a galvanometer?
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Q16. A coil has inductance of 8 H and resistance 25 ohm. An e.m.f. of 120 volt is applied to it.
What is the energy stored in the magnetic field, when the current has reached its final
steady value?

Q17. In the figure given below, a bar magnet moving towards the right or left induces an e.m.f.
in the coils (1) and (2). Find giving reason, the directions of the induced currents through
the resistors AB and CD, when the magnet is moving (a) towards the rightand (b) towards

the left. 1 2
A B [o4 D

Q18. The electric current in a wire in the direction from Bto A is increasing. What is the direction
of induced current in the metallic loop kept above the wire as shown in the figure below.

Q19. An irregular shaped wire PQRS (as shown in the figure) placed in a uniform magnetic
field perpendicular to the plane of the paper changes into a circular shape. Show with
reason the direction of the induced current in the loop.

Q20. The closed loop PQRS is moving into a uniform magnetic field acting at right angles to
the plane of the paper as shown in the figure. State the direction in which-the induced
current flows in the loop. =

ES x

x
B Q
x

5

x x X X
x x X x x

X X x x ® x
X A x x x x X

X X x X x

X|x X

R

1
*

Q21. A0.5 mlong metal rod PQ completes the circuit as shown in the figure below. The area of
the circuit is perpendicular to the magnetic field of flux.density 0.15T. If the resistance of
the total circuit is 3 Q. Calculate the force needed to move the rod in the direction as
indicated with a constant speed of 2ms™". Bﬂ'x X X x x xqX

X X

‘XXXXXX
4 ——»

<
X XX X X X X |X

XXXXXXXPX

Q22. State Lenz’s law. Show that the Lenz’s law is in accordance with law of conservation of
energy.

Q23. State Lenz’s law. Two identical loops, one of copper and the other of aluminium are rotated
with the same speed, in a uniform magnetic field acting normal to the plane of the loops.
State with reason, for which of the coils (a) induced e.m.f. (b) induced current, will be
more.
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S2.

S3.

S4.

S5.

S6.

Date: 21/10/2021

The direction of the induced current in a closed loop is given by Lenz’s law. The given pairs of
figures show the direction of the induced current when the North pole of a bar magnet is moved
towards and away from a closed loop respectively.

Using Lenz's rule, the direction of the induced current in
the given situations can be predicted as follows: ) \
The direction of the induced current is along qrpq. & ,&

The direction of the induced current in a closed loop is given by Lenz’s law. The given pairs of

figures show the direction of the induced current when the North pole of a bar magnet is maoved
towards and away from a closed loop respectively.

Using Lenz’s rule, the direction of the induced current in
the given situations can be predicted as follows: )
The direction of the induced current is along prqgp. &’ [&

The direction of the induced current in a closed loop is given by .L'énz’s law. The given pairs of

figures show the direction of the induced current when the North pole of a bar magnet is moved
towards and away from a closed loop respectively.

Using Lenz's rule, the direction of the induced current in

the given situations can be predicted as follows:
;4 ‘(&

The direction of the induced current is along yzxy. &

No current induced in the loop.

Explanation: From Faraday law
e = E =
Since no e.m.f. in the loop therefore no current available in the loop.

., A

It states that the induced e.m.f. (or current) produced in a circuit always acts so that it opposes
the change or the cause that produces it.

According to,Lenz’s law, the direction of the“induced e.m.f. is such that it tends to produce a
current that.opposes the change in the-magnetic flux that produced it.

(@) When the shape of the wire changes, the flux piercing through the unit surface area
increases. As a result, the induced current produces an opposing flux. Hence, the induced
current flows along adcb.

(b) When the shape of a circular loop is deformed into a narrow straight wire, the flux piercing
the surface decreases. Hence, the induced current flows along a’b’c’'d’.
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s7. Given, /=1m; v=20ms;
B=10%gauss = 1 tesla
We know, e=Bvi=1x20x1=20V
S$8. The direction of the induced current in a closed loop is given by Lenz’s law. The given pairs of

figures show the direction of the induced current when the North pole of a bar magnet is moved
towards and away from a closed loop respectively.

Using Lenz’s rule, the direction of the induced current in
the given situations can be predicted as follows:
e 4 ‘&
The direction of the induced current is along xryx. &
$9. Using Lenz’s rule, the direction of the induced current in the given situations can be predicted as
follows:
No current is induced since the field lines are lying in the plane of the closed loop.
$10. The direction of the induced current in a closed loop is given by Lenz’s law. The given pairs of

figures show the direction of the induced current when the North pole of a bar magnet is moved
towards and away from a closed loop respectively.

Using Lenz’s rule, the direction of the induced current in O\
the given situations can be predicted as follows:
6)/' A“C

The direction of the induced current is along zyxz.

S11. The induced current in loop abc is anticlockwise direction.from the Lenz law.
The induced current in loop defg is clockwise direction.

S12. (a) If the field is downward direction the induced current is anticlockwise direction by Lenz law.
(b) If the field is upward direction the induced current is clockwise direction by Lenz law.

$13. |t is because, the induced e.m.f. is opposes the applied voltage.

$14. (a) The magnetic flux through the rectangular loop abcdincreases, due to the motion of the
loop into the region of magnetic field, The induced current must flow along the path bcdab
so that it opposes the increasing flux.

(b) Due to the outward motion, magnetic flux through the triangular loop abc decreases due to
which the induced current flows along bacb, so as to oppose the change in flux.

(c) Asthe magnetic flux decreases duete motion of the irregular shaped loop abcd out of the
region of magnetic field, the induced current flows along cdabc, so as to oppose change in
flux.

Note that there are no induced current as long as the loops are completely inside or outside
the region of the magnetic field.

$15. (a) To obtain a large deflection, one or more of the following steps can be taken: (i) Use a rod
made of soft iron inside the coil C,, (ii) Connect the coil to a powerful battery, and (iii) Move
the arrangement rapidly towards the test coil C,.
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(b) Replace the galvanometer by a small bulb, the kind one finds in a small torch light. The
relative motion between the two coils will cause the bulb to glow and thus demonstrate the
presence of an induced current.

$16. Given, L=8H; R=25Q and E =120V
The steady value of current in the circuit,
E 120

I=—=—=48A
R 25
Therefore, energy stored in the inductor,
1

U= ELIZ :%XBX(4.8)2 =92.16 J.

$17. When magnet is moved towards right:
In resistor AB, fromend A to Band in CD, From D to C.

When magnet is moved towards left:

In resistor AB, fromend Bto A and in CD, from Cto D.

S18. When the increasing current flows through the wire in the direction frempoint B to A, the increasing
magnetic field is produced; which is directed perpendicular to the plane of the loop (or the plane
of paper) and in inward direction. Due to this, induced e.m.f. is produced in the loop which

opposes the magnetic field produced due to the currentflowing through the wire i.e.,.induced
current in the loop should flow in a direction so that it produces magnetic field perpendicular to
the plane of the loop and in outward direction.-Maxwell's cork screw rule-tells that induced
current in the loop will flow in anticlockwise direction.

$19. When an irregular shaped wire PQRS changes to circular loop, the magnetic flux linked with the
wire increases due to increase in areaof the loop. The induced e.m.f.will cause current to flow

in the direction, so that the wire is"pulled inward from all sides:’According to Fleming’s left hand
rule, force on wire PQRS will actinward from all sides, if the current flows in the direction PSRQP.

$20. As the closed loop PQRS moves into the uniform magnetic field, magnetic flux linked with the
loop will increases. According to Lenz’s law, induced e.m.f. produced in the loop should act so
that the coil is oppased from moving in the loop-should act so that the coil is opposed from

moving into the magnetic field. For this to occur, force on the arm PS of the coil should act
towards right. lt-requires that current through the arm PS should be form the end Pto S. i.e.,
current in.thecoil should be in the direction of PSRQP.

S21. Gjven: B=0.15T v=2ms™; [=0.5m;

The induced e.m.f. produced across the rod,

e=Blv=0.15x05%x2=0.15V

The resistance of the circuit, R =3 Q.
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Hence, induced current passing through the circuit,

= 915 0.05A.

I:E
R 3

Therefore, the force needed to move the rod,
F=BI/=0.15%x0.05%x05=3.75%x10"°N.

$22. According to Lenz’s law due to change in flux through a coil e.m.f. is induced in such a way that
it opposes the cause which produces it.

It is this opposition against which we perform mechanical work in causing the change in flux. So,
it is the mechanical energy which is converted into electrical energy. For example, when north
pole of magnet approaches a coil, a north pole is induced on the face of the coil. Now mechanical

energy is spentin further moving the magnet towards the coll. It is this energy which appears as
induced e.m.f. or electrical energy. Hence Lenz’s law is in accordance with law of conservation
of energy.

$23. According to Lenz’s law due to change in flux through a coil e.m.f. is induced in such a way that
it opposes the cause which produces it.

(@) Induced e.m.f. will be same in both the loops because rate of change of magnetic flux
through each loop is same.

(b) Resistivity of copperis lesser than that of aluminium. Se.induced current in copperioop will
be more.
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Q1. The closed loop (PQRS) of wire is moved into a uniform magnetic field at right angles to
the plane of the paper as shown in the figure. Predict the direction of the induced current
in the loop, as shown in figure. X X X X xP X X

Q

pra—
X X X X X[ X X
S R

X X X X X X X

Q2. When a coil is rotated in a uniform magnetic field at constant angular velocity, will the
magnitude of induced e.m.f. set up in the coil be constant? Why?

Q3. The magnetic flux threading a coil changes from 12 x 10*Wb to 6 x 10=Whb in.0.01 s.
Calculate the induced e.m.f.

Q4. A metallic wire 1.5 min length is moving normally across a field of 0.5 T with a speed of
5 ms~'. Find the e.m.f. between the ends of the wire.

Q5. Awire cuts across a flux of 0.6 x 102 weber in 0.8 second. What is the e.m.finduced in the
wire?

Q6. Two bar magnets are quickly moved towards a metallic loop connected across a capacitor
‘C’ shown in the figure. Predict the polarity of the capacitor.

C
Nﬁs
= —

Q7. Avrectangular wire loop of sides 8 cm and 2 cmwith a small cut is moving out of a region
of uniform magnetic field of magnitude 0.3 T directed normal to the loop. What is the
e.m.f. developed across the cut if the velocity of the loop is 1 cm s7'in a direction normal
to the (a) longer side, (b) shorter side of the loop? For how long does the induced voltage
last in each case?

Q8. A 1.0 m long metallic rod is rotated with an angular frequency-of 400 rads™' about an axis
normal to the rod passing through its one end. The other end of the rod is in contact with a
circular metallic ring . A constant and uniform magnetic. field of 0.5 T parallel to the axis
exist everywhere. Calculate the emf developed between the centre and the ring.

Q9. Acircular coil of radius 8.0 cm and 20 turns is rotated about its vertical diameter with an
angular speed of50.rad s™" in a uniform horizontal magnetic field of magnitude 3.0 x10™2T.
Obtain the maximum and average emf induced in the coil. If the coil forms a closed loop
of resistance 10, calculate the maximum value of current in the coil. Calculate the average
power loss due to Joule heating. Where does this power come from?

Q10. A horizontal straight wire 10 m long extending from east to west is falling with a speed of
5.0 ms™', at right angles to the horizontal component of the earth’s magnetic field,
0.30 x 10" *Wb m™2,

What is the instantaneous value of the e.m.f. induced in the wire?
What is the direction of the e.m.f.?

Which end of the wire is at the higher electrical potential?
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Q11. Ajet plane is travelling towards west at a speed of 1800 km/h. What is the voltage difference
developed between the ends of the wing having a span of 25 m, if the Earth’s magnetic
field at the location has a magnitude of 5 x 10~ * T and the dip angle is 30°.

X X X X X X X X

Q12. A metallic rod of 1 m length is rotated with a frequency
of 50 rev/s, with one end hinged at the centre and the
other end at the circumference of a circular metallic ring
of radius 1 m, about an axis passing through the centre
and perpendicular to the plane of the ring (see figure). A
constant and uniform magnetic field of 1 T parallel to the
axis is present everywhere. What is the e.m.f. between
the centre and the metallic ring?

X X
X X X X X X

M ox X X X X ox X X X

Q13. A coil has a self inductance of 15 mH. What is the maximum magnitude of the induced
e.m.f. in the inductor, when a current I = 0.1 sin 150 t A is sent through it?

Q14. The figure shows two identical rectangular loops (1) and (2), placed on a table along with
a straight long current carrying conductor between them.

TA x

v 1 a b 2 — v

H— X —pt— X —¥

x

W— a —»

(a) What will be the directions of the induced currents in the loops, when they are pulled
away from the conductor with same velocity?

(b) Will the e.m.f. induced in the two loops be equal? Justify your answer.

Q15. Suppose the loop is stationary but the current feeding the electromagnet thatproduces the
magnetic field is gradually reduced so that the field decreases from its initial value of 0.3 T
atthe rate of 0.02T s™". If the cut s joined and the loop has a resistance 0f1.6 Q how much
power is dissipated by the loop as heat? What is the source of this;power?

Q16. An air-cored solenoid with length 30 ¢ém, area of cross-section 25 cm? and number of
turns 500, carries a current of 2.5A. The current is suddenly switched off in a brief time of
10~ *s. How much is the average back e.m.f. induced across the ends of the open switch in
the circuit? Ignore the variation in magnetic field near the ends of the solenoid.

Q17. Deduce an expression for the motional e.m.f

Q18. Awheel with 10 metallic spokes each 0.5 m long is rotated with a speed of 120 rev/min in
a plane normal.to the horizontal component-of earth’s magnetic field B, at place. If
B, = 0.4 G at the place, what is the induced e.m.f. between the axle and the rim of the
wheel?
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Q19. A0.5mlong metal rod PQ completes the circuit as shown in the figure below. The area of
the circuit is perpendicular to the magnetic field of flux density 0.15 T. If the resistance of
the total circuit is 3 Q. Calculate the force needed to move the rod in the direction as
indicated with a constant speed of 2ms™.

x x x x qQ

x x x >

> > > >
§

4 X > M b 4

> > > >

x x x x P

Q20. A metallic rod of length / is rotated at an angular speed ®, normal to a uniform magnetic
field B. Derive expressions for the (a) e.m.f. induced in the rod (b) heat dissipation, if the
resistance of the rod is R.

Q21. (a) Obtain the expression for the magnetic energy stored in a solenoid in terms of
magnetic field B, area A and length / of the solenoid.
(b) How does this magnetic energy compare with the electrostatic'energy stored in a
capacitor?

Q22. Acoil of number of turns N, area A, is rotated at a constant angular speed o, in a uniform
magnetic field B, and connected to a resistor R. Deduce expressions for:
(a) Maximum em.f. induced in the coil
(b) Power dissipation in the coil

Q23. Acircular copper disc 10 cm in radius rotates at 20 trad s™' about axis throtigh its centre
and perpendicular to the disc. A uniform magnetic field of 0.2 T acts perpendicular to the
disc. (a) Calculate the potential difference developed between the axis of the disc and the
rim (b) What is the induced current, if the resistance of the disec is 2 ()?

Q24. Arectangular coil of dimensions 0.10 mx 0.5 m consisting of 2000 turns rotates about an
axis parallel to its long side, making 2,100 revolutions per. minute in a field of 0.1 T. What
is the maximum e.m.f. induced.in-the coil? Also find the instantaneous e.m.f. when the
coil is at 30° to the field.

Q25. As shown in figure below,.a conducting rod PQ in.contact [|x r
with metal rails RP and SQ, which are 25cm apartin a B x x x|
uniform field of flux density 0.4 T acting perpendicular to B, < < |x[l.
the plane of the paper. Ends Rand S connected through a jﬂg P © semiNEa
5 Q resistance. What is the e.m.f., when the rod moves to the
right with avelocity of 5 ms™'? Whatis'the magnitude and B
the direction of the current through the 5 Q resistor?

X
X
X
X
o
X

Q26. A circular coil of radius 10 cm, 500 turns and resistance 2 Q) is placed with its plane
perpendicular to the horizontal component of the earth’s magnetic field. It is rotated about
its vertical diameter through 180° in 0.25s. Estimate the magnitudes of the e.m.f. and
current induced in the coil. Horizontal component of the earth’s magnetic field at the
placeis 3.0 x107°T.
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Q27. A conducting rod of length /with one end pivoted is rotated with a uniform angular speed
o in a vertical plane, normal to a uniform magnetic field B. Deduce expression for the
e.m.f. induced in this rod.

Q28. A metallic rod 1 m length is rotated with a frequency of 50 rev/s, with one end hinged at
the centre and the other end at the circumference of a circular metallic ring of radius 1 m,
about an axis passing through the centre and perpendicular to the plane of the ring. A
constant and uniform magnetic field of 1 T and parallel to the axis is present everywhere.
What is the e.m.f. between the centre and the metallic ring?

x X x X x x x
._..__...- 7..__’9
x x o x x X X x
pTe xi x <
x x3 x x
L
x X X x x x >
x x x X x x x

Q29. A metallic square loop ABCD of size 15cmand "~ 7 7
resistance 1.0 Q2 is moved at a uniform velocity !

of v m/s, in a uniform magnetic field of 2 tesla, the
field lines being normal to the plane of the paper. :
The loop is connected to an electrical network of :

B H
resistors, each of resistance 2Q. Calculate the X % X X
speed of the loop, for which 2 mA current flows in.the loop.

|

>
>
x
=
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Q30. Figure given below shows a metal rod PQ resting on the smooth rails AB and positioned
between the poles of a permanent magnet. The rails, the rod, and the magnetic field are in
three mutual perpendicular directions. A galvanometer G connects the rails through a
switch K. Length of the rod =15 cm, B = 0.50 T, resistance of the closed loop containing
the rod = 9.0 mQ. Assume the field to be uniform.

L VAN

\ N AV
K | 211 4
G I

| | B

7
Y @ Y
YA S AN
\ \/

(a) Suppose K is open the rod is moved with a speed of 12cms™ in the direction shown
in the figure. Give the polarity and magnitude of the induced e.m.f.

(b) Is there an excess charge built up at the ends of the rods when K is open? What if K
is closed?

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

(d) What is the retarding force on the rod when K'is closed?

(e) How much power is required (by an external agent) to keep the rod moving at the
same speed (= 12cms™') when K is closed? How much power is-required when K is
open?

(f)  How much power is dissipated as heat in the closed circuit? What is the source of
this power?

(g) What is the induced e.m.f. in the moving rod if the magnetic field is parallel to the
rails instead of being perpendicular?

Q31. Refer to figure. The.arm PQ of the rectangular.conductor is s e
moved from x = 0to the right side. The uniformmagnetic field pamras i e
is perpendicular to the plane and extends from x=0tox=b . o o ||eve
and is zero x> h. Only the arm PQ possesses substantial PO 1 D
resistance r. Consider the situation‘when the arm PQ is pulled |
outwards from x = 0 with constant speed v. Obtain expressions —9 S
for the flux, the induced e.m.f. the force necessary to pull the *=° x=b x=2b

arm and the power dissipated as Joule heat. Sketch the variation
of these quantities with distance.
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Q32. A conducting wire XY of mass m and negligible resistance

slides smoothly on two parallel conducting wires as shown yéA X

in figure. The closed circuit has a resistance R due to AC. | . T
AB and CD are perfect conductors. There is a magnetic field R Zg B |
B=B(i) k. By
(a) Write down equation for the acceleration of the wire XY. c x(1) D"

(b) If Bis independent of time, obtain v(f), assuming v(0) = u,.
(c) From (b), shown that the decrease in kinetic energy of XY equals the heat lost in R.
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Date: 21/10/2021
In loop PQRS induced current is anticlockwise by the Lenz law.

Given:
o = constant

e.m.f. is not constant because the induced e.m.f. vary with time and it will be sinusoidal due the
change of the orientation of the coil w.r.t. the magnetic field.

Given: t=0.01sec, &,=12x10°Wb, ¢,=6x10°Wb
Ap=0,— 0, =—6x10Wb

3
e=20_8x10° _4g5y
At 0.01
Given: Wire length /= 1.5m, Magneticfield B=0.5T and Speed’is V=5 m/sec

We know, Induced e.m.f.,
e=Bvi=05x5%x15=3.75V

We know that Induced e.m.f.,

_ d¢_ 06x107

= = =-7.5x103V
dt 0.8

Upper plate of the capacitor is positive and lower plate of the capacitor is negative by Lenz law.

Length of the rectangular wire, 7=8 cm = 0.08 m
Width of the rectangular wire, b=2.cm=0.02 m

Hence, area of the rectangular loop;

A=1b
=0.08 x0.02
=16 x 107 *m?
Magnetic field strength, B=03T
Velocity of the loop, v=1cmfs =0.01m/s

E.m.f. developed in the loop is given-as:
e=Blv
=0.3x0.08x0.01=2.4x107%V
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S8.

S9.

Time taken to travel along the width,

= Distance travelled _ b
Velocity vV

_0.02 _
0.01

2s

Hence, the induced voltage is 2.4 x 10~V which lasts for 2 s.
E.m.f. developed, e = Bbv
=0.3x0.02x0.01=06x10"*V

Time taken to travel along the length,

_ Distance travelled /

Velocity v

o
(o5}

= - =8s
.01

Hence, the induced voltage is 0.6 x 10”*V which lasts for 8.

/[=1.0cm o =400 rad/s

B=05T
2
e= 90 _d (g7 =B(1r2mJ
dat dt 2n 2 _
=100 V.
Here, Max induced e.m.f. = 0.603V
Average inducede.m.f.=0V
Max current in the coil = 0.0603 A
Average power loss =.0.018 W
(Power comes from the externalrotor)
Radius of the circular coill, r=8cm=0.08m
Area of the coil, A= nr? = 1t x (0.08)° m?

Number of turns.onthe coil, N =20

Angular speed; o = 50 rad/s
Magnetic field strength, B="3x10"%T
Resistance of the loop, R=10Q

Maximum induced e.m.f. is given as:
e=NwAB
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S10.

S11.

=20 x50 x 7t % (0.08)? x 3 x 1072
=0.603V

The maximum e.m.f induced in the coil is 0.603 V.

Over a full cycle, the average emfinduced in the coil is zero.

Maximum current is given as:

0.603

1= 2252 _00603A
R~ 10

Average power loss due to joule heating:

p= %I: 0.603 ><20.0603 ~0.018W.

The current induced in the coil produces a torque opposing the rotation of the coil. The rotor is
an external agent. It must supply a torque to counter this torque in order to keep the coil rotating
uniformly. Hence, dissipated power comes from the external rotor.

Length of the wire, /=10m
Falling speed of the wire, v=5.0m/s
Magnetic field strength, B=0.3x10"*Wbm™2

E.m.f. induced in the wire,
e = Blv
=0.3x107“x5x10
=1.5x107°V

Using Fleming’s right hand rule, it can be inferred that the direction of the induced e.m.f. is from
West to East.

The eastern end of the wire is at a higher potential.

Speed of the jet plane, v = 1800 km/h = 500 m/s
Wing span of jet plane, [=25m
Earth’s magnetic field strength, B=50x10"*F

Angle of dip, 6 =30°
Vertical component-of Earth’s magnetic field;
B,=Bsind

=5x 10" *sin 30°
=25x1074T

Voltage difference between the ends of the wing can be calculated as:

e=(B,) xIxv
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S12,

S13.

=2.5%x10"*x 25 x 500

=3.125V
Hence, the voltage difference developed between the ends of the wings is 3.125 V.
Method I: As the rod is rotated, free electrons in the rod move towards the outer end due to
Lorentz force and get distributed over the ring. Thus, the resulting separation of charges produces
an e.m.f. across the ends of the rod. At a certain value of e.m.f., there is no more flow of electrons

and a steady state is reached. Using Eq. (6.5), the magnitude of the e.m.f. generated across a
length drof the rod as it moves at right angles to the magnetic field is given by

de = Bvdr. Hence,

BoR?

R R
e= _[ds: JBvdrz !erdr:

Note that we have used v = wr. This gives

g = %x1.0x2nx50x(12) =157 V

Method II: To calculate the emf, we can imagine a closed loop OPQ in'which point O and P
are connected with a resistor Rand OQ is the rotating rod. The potential difference across the
resistor is then equal to the induced emf and equals B x (rate of change of area of loop). If 6 is
the angle between the rod and the radius of the circle at P at time f;.the area of the sector OPQ
is given by

R = VR
2n 2

where R is the radius of the circle. Hence, the induced e.m.f. is

2
e= Bxi[lee}lBRZ@—B‘”R

dt.| 2 2 a2

[Note: o _ w = 2nv]
dt

This expression is identical to the expression obtained by Method I and we get the same value
ofe.i.e.,induced e.m.f.

Given: L=10mH=15%10"H and I=0.1sin 150t

a_d (0.1 sin1501) = (0.1 cos 150¢) x 150
dt  dt
=15cos 150t
Now, (ﬂj = 15x1=15As"" (if 8=0°)
dt max
emax=!.(£} =15%x10°x15=0.2V.
dt max
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S$14. (a) According to Lenz’s law, the direction of current through a loop will be such that change in
magnetic flux through the coils is opposed. For this, current through the loop 1 and 2, will
be in anticlockwise and clockwise directions respectively.

(b) No. The e.m.f. induced in the loop 2 will be more. Itis because, rate of change of magnetic
flux through the loop 2 will be greater than that through the loop 1.

S15. Sides of the rectangular loop are 8 cm and 2cm.
Hence, area of the rectangular wire loop,
A = length x width
=8x2=16cm?

=16 x 10" *m?

Initial value of the magnetic field, B=0.3T
Rate of decrease of the magnetic field,

B . 0.02T/s
at

E.m.f. developed in the loop is given as:

—do
e =
dt
Where, d® = Change in flux through the loop area = AB
o= d(AB) AdB
dt . dt

=16 x10°*x0.02=0.32x107*V

Resistance of the loop, R=16Q
The current induced in the loop is given as:

_0.32x10° .

e._ 2 %10 %A
R 16

| =

Power dissipated in theloop in the form of heat is given-as:
P=i’R
=(2X10°°2x1.6=6.4x10""W

The source ofthis heat loss is an external'agent, which is responsible for changing the magnetic
field withtime.

$16. Length of the solenoid, [=30cm=0.3m
Area of cross-section, A=25cm?=25x10"*m?
Number of turns on the solenoid, N = 500
Current in the solenoid, I=25A
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Current flows for time, t=10"3s

_dq)

Average back e.m.f., e= a9 ()]
Where, dd = Change in flux

= NAB ... (i)
Where, B = Magnetic field strength

NI
=y — ... (i)
/

Where, u, = Permeability of free space

=4nx 107 TmA™’

Using Eqns. (ii) and (iii) in Eq. (i), we get

o= BoNIA
It

_ 4nx 1077 x(500)*x 2.5x 25x10°¢

= = 6.5V
0.3x10

Hence, the average back e.m.f. induced in the solenoid is 6.5V:

$17. Consider a rectangular loop ABCD placed in a uniform magnetie field B, pointing into the plane
of paper. The arm AB slides towards right with velocity v:As the conductor moves towards right,
the area of the loop increases. The magnetic flux linked with the loop increases and an induced
current begins to flow in the anticlockwise direction, as'shown in figure.

X cX X %= xg X
A

X il x 4\ "x x| x

I —> v
e Y x x| x
<

X X x xA

T AR Y

If e is the induced e.m.f. across the ends of the conductor, then the electric field set-up across
the end is

E:E
l

Magnitude of electric force on an electron is given by

e
Fe:qf:_:(_'}'7
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S18.

S19.

force experienced by an electron due to magnetic field,

F., = Bqv
So in equilibrium,
qu: q E
[
or Bv = €
/
or e = Bvi

N=10, r=0.50m, v=120rev/imin=2rev/s, B=04G=04x10"T, e="?

Area swept by each spoke per second, A = nr’ v

Magnetic flux cut by each spoke per second

99 = BA = Brr*v
dt

e=Brar’v=0.4 x 107 x 7t x (0.50)? x 2

=6.28x10°°,
As the spokes are connected in parallel net e.m.f. developed-across the 10 spokes is the same.

Given: [=05m B=0.15T

R=3Q v=2ms"

e.m.f. induced in the circuit

E =vBI|
Current in the circuit
1.4 B VBl
R R
Force needed to move the rod is
F = BIl
242
e B[VBfJizva !
R R

F=

_ 2x(0.15)% x (0.5)?

3

F=3.75x10"3N.
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$20. (3) e.m.f.induced across a small section (dr) of the rod
de = Bvdr
de = Bordr (v v=rw)

Net e.m.f. induced across the length ‘I’ of the rod.

e= ]erdr
f

x > x P4 x
Metallic ring

(b) If resistance of the rod is ‘R’ current induced is

_ Bwl 2

I:E
R B8R

Alternatively
Incase, axis of the rod is assumed to pass through its mid-point. Hence I’ = /2

Bo1?
e =
8
2
and I= Bal .
8R

$21. (a) Magnétic energy stored in an inductor is

2
Ug= L12=1L[i] (+ B=pynl)
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2
2 (nonAl) [i] - (L= onAl

(b) Energy density is

If we make the substitution,

1
Ho

B->E
We get energy density in a parallel plate capacitor

1 2
= —¢gyE”.
“'e 280

In both cased energy is proportional to the square of the field strength.

$22. \We know, induced e.m.f.

_d¢

@ °T Tt

e= — E (NBA cos wf)
dt
e = NBA o sin ot (when wt=90°)

where
Ernax = NBA®

(b) Power dissipation,
p_ ms _ N’B*A’0”sin” ot
R R

Powerdissipated over a complete'cycle is

NszAZGJZ

Pr=—%

$23. Given, B=0.2T:
Radius of the circular disc, r=10cm=0.1m
Resistance of the Disc, R=2

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 9



Angular speed of rotation of the disc, m = 20 trads™

Therefore, frequency of rotation of the disc,

=£ 2r

f =10r.p.s.
(a) If eisthe induced e.m.f. produced between the axis of the disc and its rim, then

e=—Bxnrxn

=-0.2xmx(0.10)*x 10 =—-0.0628 V.

(b) Induced current, I =%= 0'0528 =0.0314A.

$24. Given, B=0.1T: n=2000;
areaofthecoil, A=0.10m x0.5m = 0.05m?:

angular velocity,  =2,100r.p.m

_ 2nx2,100
60

=220 rads™

Maximum e.m.f. induced in the caoil,
e, = NBA®
=2,100x0.1 x0.05 x220 = 2.310V.

The e.m.f. induced in the coil, when it makes an angle ot with the vertical is given.by

e = g, sin ot

Therefore, the angle, which the coil makes with the vertical,
ot =90° -30° =60°
e=2,310sin60°=2,000.5V.

$25. Given: B=04T v=5ms™ F=25cm=0.25m

Induced e.m.f. produced,

e=Blv=04x0.25x5=0.5V. (v ©=90°
Current through'the 5 Q resistance,

05

=222 -01A
R 5

According to Lenz’s law, when the rod PQ moves towards right, the induced current should flow
in a direction so that the rod PQ experiences force towards left. According to Fleming’s left hand
rule, then the current through the rod PQ will flow from the end Qto P i.e., from the end Rto S
through the resistance of 5 Q.
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$26. Given: B=30x10°T: A=0.01mm?* N=500; R=2Q : At=0.25 sec.
Initial flux through the coil, 6 = 0°

Dg initialy = BA c0s 0
=3.0x107° x (nx107%) x cos 0°
=3nx 10" Wb

Final flux after the rotation, 6 = 180°
@ () = 3.0 X 107° x (n x 107%) x cos 180°
=-37x10""Wb

Hence, estimated value of the induced e.m f. is,

A0
At

©
1

 3nx 1077 = (-37x107")
0.25

500

=3.8x107%V
I=e/[R=1.9x10"3A.

$27. When the conducting rod rotates inside the uniform magnetic field, it intercepts magnetic field
over a circular area. whose radius is equal of length'(/)-of the rod.

Therefore, area intercepted by the rod in one rotation,

AS = nl?
Hence, change in the magnetic flux through the copper rod in one rotation,
dd = BAS= Bx nl?

Since the rod rotates with angular velocity o, time taken by it'to complete one rotation,
27

dr="=L
(O]

If e is the induced e.m:f. produced between the two ends of the rod, then

o= _do _Bxail’
at 21l ®
L
or e= —-—Bl‘o
2

Note: If f is frequency of rotation of the rod, then
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o=2nf

e= —lezxZch
2

or e=—Bxnl’xf

$28. Given: B=1.0T, /=1.0m: ®=50rev/s

Flux at any instant of time ¢ = B x area at that instant of time swept out by the rod.

1

= Bx—1%0
¢ o
a6 _ g 1,240
dt 2" d

1 1

e= Blz(x)=EB!22ﬂ:f=§x1.Ox(1.0)2 %21 x50=157V

N =

$29. Gjven B=2T, I1=15x102m, I=2x10°A, R=3Q

e.m.f. induced in the loop (e) = Biv

Current in the loop, 1=2- Biv
R R
Hence, R = resistance of the loop + resistance.of the network

R=1(1.0 + 2) (Network is balanced wheatstone bridge)
From Eqn. (i), we get

IR
V= —
/

_ 2x10 °x3
2 x15%1072
v=2x%102m/s.
$30. (a) We know e=Blv

=0.50x0.12 x0.15 volt

. (i)
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e=9x 1072V

with p is positive and Q is negative end as per Fleming'’s left hand rule.

(b) Yes, excess change built up at the both ends of the rod when K is open.

If Kis closed, these excess charge is takes the form of induced current.

Induced current,

7= &
"R
-3
o I 9><1o_3 Z1A
9x10

(c) Reason: The presence of excess charge at the ends of metallic rod PQ set- -up an electric
field. This electric force (qE ) is balanced by the Lorentz magnetic force e(v X B)

qgE = e(vx B)

(d) Retarding force = BI/ (*+ 6=90°)
F=05x1x0.15N
=75%x10°N.

(e) Power consumed by the external agent

we Know P=Fv

=75x 102 %12 x 1072
=9.0x10°W
When K is open, no power is required.

(f) Power dissipated as heat = I’R
= (P9 x 107

=9x10°W

Source of power: External agent

(g) No.e.m.fisinduced
Motion ofithe rod does not cut across.the field lines.

$31. The flux ¢p linked with the circuit SPQR when PQ at x, is
Blx 0<x<b
%=g1p b<x<2b
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The induced e.m f. is, the magnetic flux ¢z differentiate w.r.t. ¢,

e= _dog
at
Blv 0<x<b
|0 b<x<2b

For, non-zero induced e.m.f., the current I is (in magnitude)

e Blv .

I= . - T (I)

The force required to keep the arm PQ in constant motion is I/B. Its direction is to the left. Its
magnitude

we know F=1/B {~- =90

Put the value | in form Eq (i) we get

B?1%vy
0<x<b
= r
F 0 b<x<2b
Motion to Motion to
the right the left
K L M L K
Blb + ; .
; v E ' :
3 l | L :
L. | | | '
Biv 4+ ; :

EMF

gty

o 3
L .
LB v .
r : :
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B?1?v?
r
0

b<x<2b

One obtains similar expressions can be obtained for the inward motion from x=2b to x = 0.

$32. (3) Let the wire be x = x (f) at time t.

Flux = B (f) Ix (f)

(b)

dv
—+
dt

At

E=— @
dt
dB(t) .
= - Ix(t)- B(t)ly(t) (secondterm due to motionale.m.f.)
I= 1 E
R

Force = 12 {— a8 Ix(t) - B(t)lv (r)} i

R dt
d’x _ I’B dB 1’B? dx
m—s-=——x(l)- —
at R dt R dt
&7 X
I 7y » B
©B
R ®B !
Y w o !
C X() S

dB _, A I’B® dx _

, A=+
dt dt?

mR dt
202
I“B [ =0
mR
2n2
v=Aexp{_!BtJ
mR
t=0, v=u

v(f) = uexp (-2°B*tImR).
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2422
(©) pr= 21V = O, r

2!2
?uz exp (—2°B*t/mR)

t
Power lost I!ZRdt
0

B?1? 2 mR [1-— _(,r252umm]
R 21°B?

ULV
2 2

decrease in Kinetic energy.
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PHYSICS - Xl | Eddy Current NCERT

Q1.
Q2.

Q3.
Q4.
Q5.

Q6.
Q7.
Qs.

Date: 21/10/2021

What are eddy currents? How are they produced?

When an alternating current is passed through a moving coil galvanometer, it shows no
deflection. Why?

Mention any one useful application of eddy currents produced.
The oscillations of a copper disc in a magnetic field are lightly damped. Why?

A coil A is connected to a voltmeter V and the other coil B to an alternating current source

shows in the figure. A c B

If a large copper sheet C is placed between the two coils,

how does the induced e.m.f. in the coil A change due to

currentin coil B? =
Why is the coil of a dead beat galvanometer wound on a metal frame?

How are eddy currents produced? Give two applications of eddy Currents.

What are eddy currents? How are these produced? In what sense are eddy currents
considered undesirable in a transformer and how are these reduced in such a device?
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PHYSICS - XIl | Eddy Current NCERT-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

Date: 21/10/2021

The eddy currents are caused in a metallic conductor, when the magnetic flux linked with the
conductor changes.

Because, a moving coil galvanometer measure the average value of current which is zeroin a.c.
Therefore no deflection is shown by moving coil galvanometer.

In dead beat galvanometers.

The eddy currents produced in the copper disc (due to its motion in magnetic field) always
oppose its oscillatory motion and as such, the motion is damped.

In the absence of copper sheet, induced e.m.f. will be produced in the coil A due to mutual
induction between the coils A and B. As a result, voltmeter will show deflection depending on
the magnitude of the induced e.m f.

When the copper sheet is placed between the two coils, eddy currents will be set up in the coil.
Since the eddy currents have opposing effect, the magnetic flux linked with the coil S due to
eddy currents will always be opposite to that due to the alternating current through the coil B.
Hence, induced e.m.f. will get reduced.

On switching off the current in a galvanometer, the coil of the galvanometer does not.come to
rest immediately. It oscillates about its equilibrium_position. But the coil of ‘a~dead beat

galvanometer comes to rest immediately. Itis due to'the reason that the eddy currents are setup
in the metallic frame, over which the coil is wound and the eddy currents oppose the oscillatory
motion of the coil.

Eddy currents are produced in a metallic conductor, when magnetic flux linked with the conduc-
tor changes.

Two applications are:

(a) Inenergy meters. (b) Indead beat galvanometers.

It is the current indueed in a thick conductorwhen it is paced in non-uniform i.e., changing
magnetic field.

Eddy currents are produced in a metal plate when it is placed in changing magnetic field, such
that, magnetic field is perpendicular to the plane of paper and directed inwards in the form of
concentric circles of “eddies” or “whirlpools” form.

To reduce eddy currents, we use identical slotted iron strips. Case them with vanish for insulation
and join together to from thick core transformer. As resistance of such a core much larger than
that of single thick core eddy currents get reduced to a good amount.
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PHYSICS - XIl | Inductance NCERT

Q1.

Q2.
Q3.

Q4.
Q5.
06.
Q7.

Qs.
Q9.

Q10.

Q11.

Q12.

Q13.

014.
Q15.

Q16.

Q17.

01s.
Q19.

Date: 21/10/2021

A solenoid is connected to a battery so that a steady current flows through it. If an iron
core is inserted into the solenoid, with the current increase or decrease? Explain.

How will you convert an a.c. generator into a d.c. generator?

At wire in the form of tightly wound solenoid is connected to a d.c. source, and carries a
current. If the coil is stretched so that there are gaps between successive elements of the
spiral coil, will the current increase or decrease?

What is the self inductance of a coil? Is it a scalar or vector quantity.
At which position of the rotating coil in the magnetic field, the induced e.m.f. is maximum?

What is the self inductance? Write Its unit.

Two identical loops, one of copper and another of constantan are removed from a magnetic
field within the same time interval. In which loop will the induced current be greater?

State the principle of a.c. generator.

Magnetic flux of 15 pWb is linked with a coil, when a current.of 2 mA flows through it.
What is the self-inductance of the coil?

A plot of magnetic flux (¢) versus current (I) is shown'in the figure for
two inductors A and B. Which of the two has larger value of self ¢\ /:’ /_/E

inductance?. -

Why is spark produced in the switch of a fan, when it is switched off?

Why a lamp connected in parallel with.a large inductor glows brilliantly before going off,
when the switch is put off?

Why resistance coils are usually double wound?

Define mutual inductance. Give its S| units.

A coil is wound on an iron core and looped back on itself so that the core has two sets of
closely wound wires in'series carrying currentin the opposite senses. What do you expect
about its self-inductance? Will it be large or small?

Why the inductance coils are made of copper?

If the self-inductance of an air core inductor increases from 0.01 mH to 10 mH on introducing
an iron core‘into it, what is the relative permeability of the core used?

What is the unit of mutual inductance?

Two concentric circular coils, one of small radius r, and the other of large radius r,, such
that r, << r,, are placed co-axially with centres coinciding. Obtain the mutual inductance
of the arrangement.
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Q20. A 100 turn coil of area 0.1 m? rotates at half a revolution per second. It is placed in a
uniform magnetic field of 0.01 T perpendicular to the axis of rotation of the coil. Calculate
the maximum voltage generated in the coil?

Q21. The self-inductance of a coil having 300 turns is 15 mH. Compute the total flux linked with
the coil. Also determine the magnetic flux through the cross-section of the coil
corresponding to current of 5 mA.

Q22. Calculate the mutual inductance between the two coils, when a current of 4 Achanges to
8 Ain 0.5 s and induces an e.m.f. of 50 mV in the secondary coil.

Q23. The circuit arrangement given below shows that when an a.c. passes through the coil A,

the current starts flowing in the coil B. 3 &

(a) State the underlying principle involved. %

(b) Mention two factors on which the current 7 g B8 a0
produced in the coil B depends %

Y

Coil ;\f Coil B

Q24. Current in a circuit falls steadily from 5.0 Ato 0.0 Ain 100 ms. If an average e.m.f. of 200V
is induced. Calculate the self-inductance of the circuit.

Q25. An a.c. generator consists of a coil of 100 turns and cross-sectional area of 3 m?, rotating
at a constant angular speed of 60 rad s~ in a uniform magnetic field 0.04 T. The resistance
of the coil is 500 (. Calculate (a) maximum current drawn-from the generator and
(b) maximum power dissipation in the coil

Q26. Define the term ‘self-induction’. Write its Sl unit. Write two factors on,which the
self-inductance of a coil depends.

Q27. Two concentric circular coils C; and C,, radius ry.and r, (r, << r,) respectively are kept
co-axially an expression for mutual inductance between the two coils.

Q28. How does the self-inductance of a coil change, when: (a) the number of turns in the coil
is decreaded; (b) an iron rod is introduced into it? Explain your answer in each case.

Q29. Define the term mutual inductance. Write its Sl units. Give two factors on which the
coefficient of mutual inductance hbetween a pair of coil. depends.

Q30. Define mutual inductance of'a pair of coils. A secondary coil of N, turns is wound on a
long solenoid of cross-section A and having a primary coil n, turns per unit length. What
is the mutual inductance of the two coils?

Q31. A solenoid with‘an-iron core and a bulb are connected to a d.c. source. How does the
brightness of the.bulb change, when the'iron core is removed from the solenoid?

Q32. Acoil Qis connected to a low voltage bulb B and placed near another coil P as shown in

figure below. @ .

Give reasons to explain the following observations: (~

(a) The bulb B lights.

(b) The bulb B gets dimmer, if the coil Q is moved o B
towards left. vuueeeo ULoneeen

Q33. Distinguish between self-inductance and mutual induction.
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Q34. How does the mutual inductance of a pair of coils change, when (a) the distance between
the coils is increased? (b) the number of turns in each of the two coils is decreased?
Justify your answer in each case.

Q35. A pair of adjacent coils has a mutual inductance of 1.5 H. Ifthe current in one coil changes
from 0 to 20 A in 0.5 s, what is the change of flux linkage with the other coil?

Q36. Asolenoidal coil has 50 turns per cm along its length and a cross-sectional area of 4 cm?.
200 turns of another wire is wound round the first solenoid coaxially. The two coils are
electrically insulated from each other. Calculate the mutual inductance between the two
coils. Given, 1, = 41t x 107 NA™2,

Q37. Derive an expression for the mutual inductance of two long solenoids.

Q38. A line charge A per unit length is lodged uniformly onto the rim of a
wheel of mass M and radius R. The wheel has light non-conducting
spokes and is free to rotate without friction about its axis (see figure).
A uniform magnetic field extends over a circular region within the
rim. It is given by,

=-B,k(r<a;a<R)

= 0 (otherwise)
What is the angular velocity of the wheel after the field is suddenly, switched off?

Q39. Explain, with the help of diagram, the principle and working of an‘a.c. generator. Write the
expression for the e.m.f generated in the coil in terms of its.speed of rotation.

Q40. Deduce an expression for the self-inductance of a long solenoid of N turns, having a core
of relative permeability p,.

Q41. Aseries LCR circuit with R= 20, L=15H and C= 35 uF is connected to a variable-frequency
200V a.c. supply. When the frequency of the supply equals the natural frequency of the
circuit, what is the average power transferred to the circuit in one.complete cycle?

Q42. An a.c. generator consists of a coil of 50 turns and area 2:5/m’ rotating at an angular

speed of 60 rad s™' in a uniform magnetic field B = 0.30 T between two fixed pole pieces.

The resistance of the circuit including that of the coil is 500 £2.

(a) What is the maximum current drawn from the generator?

(b) Whatis the flux through the coil, when the currentis zero? What is the flux, when the
current is maximum?

(c) Would the generator work, if the coil were stationary and instead of the pole pieces
rotated together with the same speed as above?

Q43. Two circular coils one of radius r and the other of radius R are placed coaxially with their
centers coinciding. For R >> r, obtain an expression for the mutual inductance of the
arrangement.

Q44. There is an inductor of 5mH. Current flowing through the inductor art any instant of time

is given by the relation.
I=¢+4

If, ‘I’ is in ampere and ‘¢ in sec, find out
(a) e.m.f.induced in the inductoratt=1and t=3s.
(b) plot e v/s tgraph.
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Nurturing Success...

PHYSICS - XIl | Inductance NCERT-Solution

Date: 21/10/2021

S1. The currentwill decrease. As the iron core is inserted in the solenoid. The magnetic field increase
and the flux increase. Lenz’s law implies that induced e.m.f. should resist this increase, which
can be achieved by a decrease in current.

$2. By replacing the two slip rings of a.c. generator by two half slip rings, it can be converted into a
d.c. generator.

S3. The current will increase. As the wires are pulled apart the flux will leak through the gaps. Lenz’s
law demands that induced e.m.f. resist this decrease, which can be done by an increase in
current.

S4. The self-inductance of a coil is numerically equal to the magnetic flux linked with the coil, when
a unit current flows through it.

It is a scalar quantity.

S5. The induced e.m.f. is maximum, when the plane of the coil is parallelto'magnetic field lines.

§6. The self-inductance of a coil is said to be one henry, if a rate of change of current of one ampere
per second induces an e.m.f of one volt in it.

The Sl unit of self inductance is henry.
S$7. In copper loop has more induced current compare te.constantan.

S8. |tis based on the principle of the electromagnetic induction.

When a coil is rotated about an axis perpendicular to the direction of uniform magnetic field, an
induced e.m.f. is produced across it.

s9. Given, & =15 uWb = 15 x 10° Wb;
I=2mA=2x10"A

We know, ¢=LI
-8
L= ?:% =7.5x10°H
X
$10. We know, =9 . ()
iy

The Eq. (i) show the slope of line A and B which line more slope that is show more inductance.
Hence A has more inductance compare to B.

S11. Due to the sudden break, a large induced e.m.f. is set up across the gap in the switch. Due to
this, sparking takes place in the switch.
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$12. Asthe switch is put off, a large e.m.f. is set up in the inductor due to break in the current through
the inductor. This large e.m.f. makes the bulb glow brilliantly.

$13. |tis done so as to cancel the effect of self-induced e.m.f. in the coil. In the coil made of doubled
up wire, the inductive effect in the two wires will be opposite to each other.

$14. The mutual inductance of two coils is said to be one henry, if a rate of change of current of
1 ampere per second in one coil induces an e.m.f. of 1 volt in the neighbouring coil.

$15. The self-inductance will be small due to cancellation of inductive effects. It is because, currents
in two sets of wires flow in opposite directions and produce flux in opposite directions.

$16. The inductance coils made of copper will have very small ohmic resistance. Due to change in
magnetic flux, a large induced current will be produced in such an inductance, which will offer
appreciable opposition to the flow of current due to the applied e.m.f.

$17. Relative permeability,

u, = ﬂ =1,000
0.01

S18. Henry_

$19. Letacurrent I, flow through the outer circular coil. The field at the centre of the coil is B, = ,,/2r,.
Since the other co-axially placed coil has a very small radius, B; may be considered constant
over its cross-sectional area. Hence,

®©, = nrf
_ B
= =5 I, =M1,
2
2
Thus, M, = o™l
2r,
u, r?
From Eq. (6.14) Ms=M,, = —
2r,

Note that we calculated M,;from an approximate value.of ®,, assuming the magnetic field B, to
be uniform over the area 7r?. However, we can accept this value because r, <<r,,

$20. Given: B=0.01T: 'n=100; A=0.1m?% frequency of rotation of the coil, v=0.5s".

The maximumwoltage generated in the Call, is given by

e, = NBA®w=nBA x (2nv)
=100x0.01 x0.1x2nx0.5=0.314 V.

S$21. Given, self-inductance of coil,

L=15mH=15x10"H
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current through the coil,
I=5mA=5x10"A

Number of turns in the coil,

N =300
3 3
o= LI _15x10"x5x10 =2.5x10"" weber.
N 300

$22. Given, e=-50mV =-50x107°V, d[=8—-4=4A and dt=05s

We know, e=—M£:>M=—e£
at dI
-3
or M= 5OX104 05 _ 625107 H

$23. (a) Itis based on the principle of “mutual induction”.

(b) Two factors are:

(i) distance between the coils.

(i) orientation of the coils.

$24. Given, e.m.f. e =200V

Change current dI=5-0=5A
Time dt=100x102=0.1s
|e| = Ld_I
dt

| _ lelxdt, 20001
al 5

= 4H.

$25. Given: n=100; A=8m% w=60rads™: B=0,04T

(@) Maximum e.m:f. produced in the coill,

ey = nNBA® =100 0.04 x3 x60=720V.
Since resistance of the coil is 500 €2, the maximum current drawn from the generator,

=% 20 _ 4 a4A
R 500

(b) Maximum power dissipation in the coil, is given by P
e,l,=720x1.44=1,036.8W.
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$26. The phenomenon, according to which an opposing induced e.m.f. is produced in a coil as a
result of change in current or magnetic flux linked with the coll, is called self-induction.

Its S| units is Henry.

The self-inductance of a coil depends upon its area of cross-section, the number of turns and
the permeability of the material of the core.

S27. Consider the two co-axial circular unit of radius r; and r, placed co-axial shown in figure below
(r, << ,). Let n, and n, be the number of turn per unit length in the coil, Let a current I be

passed through the outer coil. It will produce a magnetic field B on the coil of radius r,. This
magnetic field is given by

g= Mol (v ny=1)
2r,

The magnetic flux associated with the inner coil of radius r;will grow to

®, = B x area of the inner coll

Y —
= ——r, N, =1
2r, (v np=1)
2
L Tl
‘1)1:—?2 -
£
2
NOW, M = ﬁzﬂ
I 2r,

$28. Self inductance of d coll, L = pyn’/A.
(a) When the number of turns is decreased; the self inductance will decrease. It is because,

Lo n?.

(b) Onintroducing the iron rod into the coll, the self inductance will become

L= I'IO l—lrnzlAr

Where |, is the relative permeability of iron. Since p, > 2, self-inductance of the coil will
increase.
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$29. Mutual-inductance of the two coils is numerically equal to the magnetic flux linked with one coil,
when a unit current flows through the neighbouring coil.

The Sl unit of mutual inductance is Henry.

The mutual inductance between two coils depends upon the number of turns of the two coils,
their relative orientations and the permeability of the material of the core.

$30. Mutual-inductance of the two coils is numerically equal to the magnetic flux linked with one caoil,
when a unit current flows through the neighbouring coil.

Mutual inductance of the two coils,
M= pn,ny N, A.

$31. When the iron core is removed from the solenoid, the magnetic flux linked with the coil changes
(decreases). As a result, induced e.m.f. is produced in the coil, which according to the Lenz’s
law, opposes the removal of the iron core from the solenoid. The opposing induced e.m.f. so

produced decreases the steady current in the solenoid. As lesser current flaws through the
solenoid, the brightness of the bulb decreases.

$32. (a) As coil Pis connected to an a.c. source, the magnetic flux linked with it keeps on changing
with time. Due to the mutual induction between the two coils, aninduced e.m.f. is produced
in the coil Q. As a result, the bulb B lights.

(b) When the coil Q is moved to the left, the separation between the two coils increases. It
results into a decrease in mutual induction between the two coils and hence a decrease in
the induced e.m.f. in the coil Q. As a result, the bulb B gets dimmer.

$33. The self-inductance of a coil is the induced e:m.f. set-up in it when thé-current through it is
changing at as unit rate. The Sl unit of self-<inductance is Henry (H):

The mutual inductance of two coils.is*defined as the induced e:m.f.'set-up in one coil due to a
unit rate of change of current in the neghouring coil. The Sl unit of mutual inductance is Henry (H).

$34. (a) Onincreasing distance between the coil, the magnetic flux linked with secondary coil due
to current flowing through the primary coil will decrease. Hence, mutual inductance of the
two coils will decrease.

(b) Mutual inductance of two coils,
M =y, n, n, Al

Obviously, the mutual inductance of the two coils will decrease on decreasing the number of
turns in each coil.

$35. Mutual inductance of a pair of coils, y=1.5H
Initial current, I,=0A
Final current I,=20A
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Change in current, dl=1,-1,=20-0=20A

Time taken for the change, t=05s
Induced e.m.f., e= %‘;q) (i)

Where do is the change in the flux linkage with the coil.

E.m.f. is related with mutual inductance as:

e= _d—‘? ... (i
Equating equations (i) and (ii), we get
do _ dI
at

dd=1.5 x(20) = 30Whb.

Hence, the change in the flux linkage is 30 Wb.

$36. Here, number of turns per unit length of the solenoid S,

n,= 50 turns cm™" = 5000 turn/m

area of cross-section of the solenoid S,
A= 4cm®=4x10"*m?

total number of turns of the solenoid S,,
n, ! =200
Also, Lo = 41 x 107 NA™?

Therefore, mutual inductance of two coils,
M= ponen, Al= lgny (N, 1) A
= 47x 107" x 5,000 x 200 x 4 x 107* = 5.027 x 10~*H.
.837. Consider two long solenoids of length . One of turns N, carrying current [, (solenoid S;) completely

surrounds the other coil having turns N\, and carrying current |, (solenoid S,). The first coil is closely
wound over the other.se that they have common cross-sectional area A, as shown in figure.

1 I
1S, I
i i
Y1, A4
.‘: I 7 ,'. v i K Fi
{\( ‘.( i) 3 i i i
LYy R W WL VA WA W
YL Ly
- ] =
S,
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S38.

Flux linked with second solenoid due to current in first solenoid is

0, =By xAxN,

Where B, is the magnetic field produced by solenoid S,.

As By =pyny 1
b, = U N4 I AN,
As ny = %
0, = Ho NN, I A
1
Also, o, = I, Mm_
Comparing Egs. (i) and (ii), we get
M,, = Ho NN, A
1
Similarly, M, = w.

. (i)

... (i)

If n, and n, are the number of turns per unit length in the two solenoids so'that N, = n,/and

N, = N, I, and r be the radius of each circular coil so that A = nr?, then

Myy = My = uo ny ny I,

If the space inside the solenoids is filled with a material of relative permeability 1,, then

My, = My =y, g ny nzf:’”z-

Line charge perunitlength 1 = Jtotalcharge, Q

Length 2nr
Where, r = Distance of the point within the wheel
Mass of the wheel = M
Radius of the wheel ='R
Magnetic field, B =-B,k

At distance r, themagnetic force is balanced by the centripetal force i.e.,

2
BQu= MV
E

Where, v = linrarvelocity of the wheel
B2nrh = Mv
p
_ B2m.r?
M
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. _ v B2mir?
Angular velocity, 0= —=
R MR
Forr<and a < R, we get
- _ 25032}. k‘\
MR

$39. Principle: A.C.generator is based on the phenomenon of electromagnetic induction.

$40.

. @ . / Armature . \@ o / Armature

N S N S
1 QK
A i D D i A
S, -a=3 B, Field magnets  Field magnets S .| B4
1
Slip rings < Brushes Slip rings ( Brushes
S, B, ; S, B, ,
A B A B

Fleming’s right hand rule indicates the direction of current induced in the coil.

As the orientation of the coil changes in the uniform magnetic field, there is a change in flux
through the coil. This change in flux induces a-current in the circuit. €.m.f. generated in the coil

is given by
e = NAB wrsin ot

Consider a long solenoid having N.turns and a core of relative permeability u,. When current I
flows through the solenoid,.the magnetic field B at any point inside a such solenoid is given by

B - uru;NI

Magnetic flux linked with the solenoid is

0= (BA)N=[””IﬂNIA]N L 0)

where ‘A’ is area of cross-section of the solenoid. If L is the coefficient of self inductance of a long
solenoid, then

o=LI ... (i)
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From (i) and (i), we get

I[= o N2IA

2
or [ = HrpON A )
/
S41. Atresonance Z=R and ¢=0°
Thus, Z=200

P, =E,I, cos¢
=E, x—=~ [- cosd=1

_ (200)?
20

P,, = 2kW.

=2000W

S42. Given: n=50; A=25m% ®w=60rads™; B=0.30T, R=500Q.
(a) Maximum e.m.f. produced,
e, = NnBAm =50 x0.30 x 2.5 x60=2,250 V.

Therefore, maximum current drawn from the generator,

I= 3_0:@ =45A.
R 500

(b) The currentis zero, when the coil is vertical. In this position, flux through the coil is maximum.
On the other hand, the current is maximum, when the coil is horizental. In this position, flux
through the coil is minimum.

(c) Yes, For generation of electricity, there should be relative motion between magnetic field
and the coil.

$43. Let C, and C, be theitwo coils of radii R and r respectively. The two coils are placed coaxially
with their centres.coinciding. Suppose that a current I is passed through the coil C,. Then,
magnetic flux linked'with the coil C,,

o= MI, .. (i)
where M is mutual induction between the two coils.

Now, magnetic field produced at the centre of coil C,,

B1= “_01'
2R
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Since R >> r, the magnetic field over the whole area of coil C, can be assumed to be uniform and
equal to B,. Therefore, magnetic flux linked with the coil C,,

or

¢ = B, x area of coil C, = Bol | 2r2
2R

_ Mo nr?l
~ 2R

From the equation (i) and (ii), we get

or

S$44. (@)

At

At

(b)

2
_ Momrl
MI T
2
_ Homr
M = 2R
dI
e=L —
dt
I=F+4
dI
— =L(2t
p (21)
t=1sec

e, =5x107°x2x1=10"volt
t=3sec
e,=5x107°x2%8=3 x 10 volt

e=21t=2x5%x102t=10"%t

t t g 9
(in sec.) (inwvolts) 4 —+
0 0 - Ng K=
1 1x10 '
— 2__
2 2x107 =
3 3x 107 T
4 4107 ——+—+—
1 2 3 4 5
—>
t (sec)
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