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1. Whenever magnetic flux through
an area bounded by a closed
conducting loop changes, an emf
is produced in the loop.

2.The emf is given by E = - di/dt
where ¢ = IEE
is the magnetic flux through the
area.
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1 =Resistance of rod moving <%{\

with velocity v in uniform
magnetic field B

= lB(»ll EMFinduced
.y E = Bl
UBl
"R

F=BI*YR

X X
Where I = Length of rod

X X

velocity (v)

/ Induced current

Magnetic force on the loop

=Force required to move
the loop with constant
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In 1831, Michael Faraday discovered o =Mi )
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Emf induced in an AC generator, E = NBA sin ot

Faraday's law of
electromagnetic
induction

Mutual induction

The direction of the induced current
is such that it opposes the change

Lenz's law that has induced it.

If we consider a solenoid of N turns, the
flux through each turn, ¢ = J' B.ds.

EMF induced bstween the ends
of coil, E= —NEIB,dg

Self
induction

Self inductance

of long solenoid
Rectangular aamant L= pgr*nr
loop n = Number of turns per unit length
& =Flux = (ugni) nr’
x [x x :LR*V Itis indgced when r=Radius of each loop of solenoi(.i .
magnetic flux linked with * Growth of current in LR Circuit
kel the conductor changes.

1=E(1—é’“)=1(,(1—e“-"')

* Decay of current
Thermal power developed
in the loop is
szzlz

i =iet
® Energy stored in an Inductor
P=

= L
2
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Syllabus

»  Electromagnetic induction; Faraday’s laws, induced emf and current; Lenz’s Law.
»  Eddy currents, Self and mutual induction.

Trend Analysis
List of Concepts 2018 2019 2020

oD D oD D oD D

Magnetic  Flux and 1Q(5M) 1Q(5M) 1Q(1M)|1Q((3M)
Faraday’s Laws

Eddy Currents, Self and 1Q(5M) 2Q (3M)
Mutual Induction and
AC Generator

TOPIC-1

Magnetic Flux and Faraday’s Laws

Revision Notes

(a) Concept Notes

Electromagnetic induction TOPIC - 1

» Electromagnetic induction is the process of generating the electric Magnetic Flux and Faraday’s Laws
current with a changing magnetic field. ... P. 140

> It takes place whenever a magnetic field is changing or electric TOPIC - 2

conductors move relative to one another when they are in fluctuating ~ Eddy Currents, Self and Mutual
o Induction and AC Generator ....P. 149
magnetic field.

» The current produced by electromagnetic induction is more when the

magnet or coil moves faster. When magnet or coil moves back and forth repeatedly, then alternating current is
produced.

Magnetic flux:
» Magnetic flux through an enclosed area is the number of magnetic field lines cutting through a
surface area A, defined by unit area vector.
» The unit of magnetic flux is weber, where, 1 Wb = 1 T/m2
» Magnetic flux (¢p) is related to number of field lines passing through a given area.
> If magnetic field is changing, the changing magnetic flux will be ¢gy= NBA cos 0, where 0 is the

angle between magnetic field and normal to the plane.

A E P = I(S
STtuby CiRcLE IRES 5% RE

feeecccecccccccoceccereccecccece




RINVIN'GFA'CADEM Y

$=0" = $=90° |B|
— B =
I8l 2! i E N wweey
1Bl —~ 7
A

s V . — . . . B perpendicular to A (¢=90°):

B parallel to A (¢= 0°) Batan fmgle ¢with the perpendicular to A: magnetic flux ¢, = 0.

magnetic flux ¢, = BA. magnetic flux ¢, = BAcos®

Magnetic flux density
» The change in magnetic flux per unit change in area is called magnetic flux density.
- —

» Magnetic flux is given by: dp = B.dA
For B parallel to dA , we have
do = B(dA)cos 0° = B(dA)
do ;
B=—
A ()

i.e., magnetic induction is equal to the magnetic flux density. In other words, the magnetic field may be measured
in terms of magnetic flux density. From equation (i), we find:

Therefore,

Unit of B = M
Unit of dA
Or, T = &;
m
Le., Tesla = weber per square metre.

Faraday’s Laws of Electromagnetic Induction
» The induced emf in a closed loop due to a change in magnetic flux through the loop is known as Faraday’s law.
> Faraday’s First Law of Electromagnetic Induction states that whenever a conductor is placed in varying magnetic
field, an emf is induced which is known as induced emf and if the conductor circuit is closed, current is also
induced which is called alternating current.
» Faraday’s Second Law of Electromagnetic Induction states that the induced emf is equal to the rate of change
of flux linkage where flux linkage is the product of number of turns in the coil and flux associated with the coil.
_dby
dt

¢p is magnetic flux through the circuit and is represented as ¢y = J’gd;{

With N loops of similar area in a circuit and ¢ being the flux through each loop, emf is induced in every loop.
Writing the formula for Faraday's law as —_—
_NA¢

At

e=

where, € = Induced emf [V], N = Number of turns in the coil
A¢ = Change in the magnetic flux [Wb], At = Change in time [s]
The negative sign indicates that € opposes its cause.
» If there is no change in magnetic flux, no emf is induced.
Induced emf and current
> A changing magnetic flux induces an electric field which induces a current in the circuit.
» A wire moving in the field induces a current which acts same as current provided by a battery.
» Changing magnetic flux and induced electric field are related to induced emf as per Faraday’s law.
» The induced EMF in a conductor moving is related to the magnetic field as E = B.Lvsin 6
Induced current
> When a conductor moves across flux lines, magnetic forces on the free electrons induce an electric current.

A E P .
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» When a magnet is moved towards a loop of wire connected to an ammeter, ammeter shows current induced in
the loop.

» When a magnet is held stationary, there will be no induced current in the loop, even though the magnet is inside
the loop.

Motional emf
» The relationship between an induced emf € in a wire or a conductor moving at a constant speed v through a
magnetic field B is given by:

v Al
¢p = Blx xx(-l%xx:txxxx

g=_dﬂ=j(5‘]x) X X X x x  |x
dt dt
X X X_. X [x
= _B]d_x X X _:V X >£
dt
X x X X X X
dx ]
= Blv ar ==
» Aninduced emf from Faraday’s law is generated from a motional emf that opposes the change in flux.
» Magnetic and electric forces on charges in a rod moving perpendicular to magnetic field is given as:
At equilibrium Fr =Fg
qE = quB
E =vB
Y - vB [Here, E=K]
1 1
V = Bol
X X X X X X
B v
% Fp = quB Iy = qf »
b+ & » —|b
X x x 1 x x x
[ L N
| |
Lenz’'s law

» Lenz’'s law is used to determine the direction of induced magnetic fields, currents and emfs.
» The direction of an induced emf always opposes the change in magnetic flux which causes the emf.

> It explains the negative sign in Faraday's flux rule, € = —dc;itB showing that the polarity of induced emf tends to

produce a current that opposes the cause i.e. change in magnetic flux.

A E P s 1Cs
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» As per conservation of energy, induced emf opposes its cause, making mechanical work to continue with the
process which gets converted into electrical energy:.

> Slide wire containing induced current, magnetic field and magnetic force:

X X X X X X X
B = )
X X ° X_ .)( X. ; X
induced
X X X X —X
)
1 ) o - S
X X % X induced X
|| x® x O x® x
—— > u |

Electric Generators and Back Emf
> Electric generator rotates a coil in a magnetic field inducing an emf which is given as a function of time
€ = NBA wsin (ot).

5
where, A = Area of N-turn coil rotated at constant angular velocity  in uniform magnetic field B .

> The peak emf of a generator is, €y = NBA®

» Any rotating coil produces an induced emf. In motors, it is known as back emf as it opposes the emf input to the motor.

Know the Terms

> Electric generator: Device for converting mechanical work into electrical energy that induces an emf by rotating
a coil in magnetic field
Induced electric field: Field generated due to changing magnetic flux with time

YV VY

Induced emf: A short-lived voltage generated by a conductor or coil, moving in a magnetic field

Y

Magnetic damping: A process in which energy of motion is converted in to heat by way of electric eddy currents
induced in a coil that passes between the poles of a magnet
Magnetic flux: The number of magnetic field lines measured through a given area

v

Motional emf: Voltage produced by the movement of conducting wire or a conductor in a magnetic field
» Peak emf: The maximum emf produced by a generator

Know the Formulae

» Magnetic flux: 0, = J.Ed_A
» Faraday’s law: € = _N@_ﬂ
dt
» Motional induced emf: e = Blv
» Motional emf around a circuit: €= <j)E.dl = —%
» EMF produced by an electric generator € = NBAsin ot

A E P C=
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Q. 1. When a conducting loop of resistance 10 QO
and area 10 cm’is removed from external
magnetic field acting normally, the variation
of induced current in the loop with time is as
shown in the figure:

1.0 (tin 53
Find the:

(a) total charges passed through the loop.

(b) change in magnetic flux through the loop.

(c) magnitude of the magnetic field applied.

[CBSE DEL SET, 2020]

Solution:
Step I: Given,

7) 10 2
Area=A=10cm” = m
10000

Resistance = R =10 Q
From the graph, change in current =0.4 A
Change intime=1.0s
Step ll: (a) Total charge passed through the loop
=current xtime=0.4x1.0=0.4C
Ad
At
Ad
At

0.4x10 = A—¢
1.0

Step Ill: (b) le| =

or, iR=

. Change in flux=A¢ =4 Wb
AB
le|=A—
At
or, = A—A—B
At
1048
10000 1.0

AB=4000T

Step IV: (c)

0.4x10 =

Concept: Induced emf in a conductor moving in a magnetic field:

Mnemonics: | eat Loaf and Boiled Vegetables

Interpretation:

I: Induce

eat: emf

Loaf and: Length of Conductor
Boiled: B (magnetic field)
Vegetables: V (Velocity)

:;iVery Short Answer Type Questions

(1 mark each)

Q. 1. A circular loop of radius 1, carrying a current I lies
in y-z plane with its centre at the origin. How the
net magnetic flux through the loop is related with
the radius of the loop ?

'Rl [CBSE OD SET 1, 2020 Modified]

Ans. The net magnetic flux is zero. 1
Q. 2. Predict the polarity of the capacitor in the situation
described below: [CBSE OD SET 1, 2017]

A _AE
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_> <—
Ans. A is positive and Ya
B is negative Y2

(Also accept: A is negative and B is positive) 1
[CBSE Marking Scheme, 2017]

Q. 3. A bar magnet is moved in the direction indicated
by the arrow between two coils PQ and CD. Predict
the direction of the induced current in each coil.

U/ [CBSE OD SET 2, 2017]

::IQZIC
N S

Ans. Q to P through ammeter and Yo
D to C through ammeter %
(Alternatively: Anticlockwise as seen from left
in coil PQ clockwise as seen from left in coil CD)

[CBSE Marking Scheme, 2017]

Q. 4. What are the directions of induced currents in metal
rings 1 and 2 when current I in the wire is increasing

)

steadily ? U/ [O.D. Set I, 1I, 111 2017]
1
IV
@
Ans. Clockwise in loop 1. P73
Anti clockwise in loop 2. s

[CBSE Marking Scheme, 2017]
Q. 5. One conducting U-tube can slide inside another
as shown in figure, maintaining electrical contacts
between the tubes. The magnetic field B is
perpendicular to the plane of the figure. If each tube
moves towards the other at a constant speed v, then
the emf induced in the circuit in terms of B, / and v,
where [ is the width of each tube, will be: [A&E]
AX X X X By

¢ R X X
x A X b ¢
X xV x

X

74
DX X X %X C

%Short Answer Type Questions-Il

Ans. Relative velocity = v — (—v) = 2v = % V23
Now, ¢ = ap =e= ol [-¢=BA]
dt dt

) dl

Induced emf, e = 2Blv [ Fry = er:l A

Q. 6. A conducting circular loop is placed in a uniform
magnetic field B = 0.020 T with its plane perpen-
dicular to the field. The radius of the loop starts
shrinking at a constant rate of 1.0 mm/s. Find the
induced emf in the loop at an instant when the

radius is 2 cm ? (Al
Ans. Magnetic flux, ¢ = B.A
= B. nr?
Induced emf, |e| = . Banﬂ
dt dt
=0025xtx2x2x102x1x 10237 uV 1

Commonly Made Error

e The students find some difficulty in deciding the
dependent and the independent variable while
differentiating the equation for flux.

Answering Tip

e After the differentiation, the calculation error must
be avoided while putting the values in the formula.

Q. 7. How would you detect the presence of magnetic
field on an unknown planet? R
Ans. Aspace traveller can detect the presence of magnetic
field on an unknown planet by connecting the coil
with the galvanometer and rotate the coil. This is
because if magnetic field is present, there will be a
change of magnetic flux on rotating the coil. So, an
induced current will flow. 1
Q. 8. Will an induced emf develop in a conductor, when
moved in a direction parallel to the magnetic
field? U]
Ans. No, because the magnetic flux linked with the
conductor does not change when it is moved
parallel to the magnetic field. Moreover, the
magnetic Lorentz force on the free electrons of the
conductor is zero, so no emf is induced across the

ends of the conductor. 1
Q. 9. Does the change in magnetic flux induce emf or
current? ul

Ans. The change in magnetic flux always induces an
emf. However, the current is induced only when
the circuit is closed in case of electromagnetic
induction. 1

(2 marks each)

Q. 1. A coil of wire enclosing an area 100 cm? is placed
with its plane making an angle 60° with the
magnetic field of strength 10" T.

STtubpy CIRCcLE

What is the flux through the coil ? If magnetic
field is reduced to zero in 10 s, then find the
induced emf. Al [SQP 2020-21]

A E P s 1
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Ans. Calculation of magnetic flux, ¢ = BA cosO, where 0

=30° = gx10‘3Wb 1
. .. - dB
Calculation of induced emf, E = A.COSOE
=0.5V. 1
Detailed Answer:
¢ = BA cos 0
B =107'T

A =100 cm? = 102 m?

v3

Cos 0 = cos 30" =

2
¢ =10" x 102 x ﬁ
2
¢=§x10'3Wb 1

Induced emf = |e| = d¢/dt

V3
2
107

= ﬁ \Y 1
2

Q. 2. A rectangular frame of wire is placed in a
uniform magnetic field directed outwards, normal

to the paper. AB is connected to a spring which is
stretched to A’B” and then released at time £ = 0.
Explain qualitatively how induced e.m.f. in the

coil would vary with time. (Neglect damping of
oscillations of spring) [A|[CBSE Comptt. I, 2018]

x1073

oCo © o o o olAo
o o o o o o A'io o
o o o o o o ol o E
o o o o o o of o
o o o o o o of o
oDo o o o o B'io|Bo

Ans. SHM nature of oscillation of the wire AB Y
Expression for instantaneous magnetic flux %
Expression for instantaneous induced emf bZ3

Qualitative explanation Z3
The wire AB would oscillate in a simple harmonic
way e
We can write
X = —acos ot

as =—qgatt=0
Therefore Instantaneous magnetic Flux P23

o(t) = Blx (Il = AB)
Instantaneous induced emf,

e(t) = -lji—(r = aBlwsin ot b2

The induced emf, therefore varies with time
sinusoidally. Y2
[CBSE Marking Scheme, 2018]

STtuby CiRcLE

Q. 3. A horizontal conducting rod 10 m long extending
from east to west is falling with a speed 5.0 ms-1
at right angles to the horizontal component of the
Earth’s magnetic field, 0.3 X 10 Wb m™. Find the
instantaneous value of the emf induced in the rod.

Al [CBSE OD SET I, 2017]

Ans. Induced emf = BIV Ya
~ E=03x10* x 10 x 5 Volt A
E=15%x102V =15mV 1

[CBSE Marking Scheme, 2017]
Detailed Answer:
I=10m, n=5m/s, B=0.3x 10* Wb/m?
: € = Blv 1
=03x10*x10x5
=15x10*V 1

Q.4.A long straight current carrying wire passes
normally through the centre of circular loop. If
the current through the wire increases, will there
be an induced emf in the loop ? Justify.

R/ [Delhi I, II, III 2017]

Ans. No, A
As the magnetic field due to current carrying
wire will be in the plane of the circular loop, so
magnetic flux will remain zero. Z3
Alternatively,
[Magnetic flux does not change with the change
of current.] 1

[CBSE Marking Scheme, 2017]

Detailed Answer:
No, there will not be an induced emf in the loop as
magnetic flux linked with the circular loop doesn’t
change because magnetic field lines are parallel to
the plane of the loop.

B
1
As, induced emf (¢) is proportional to the rate of
change of magnetic flux (¢p),
and ¢op = B-A = BAcos 0
Here, B1 A= ¢p= BAcos90° =0

So, induced emf = 0
Hence, a change in current will not create any emf
in the loop. 1
Q. 5. A metallic rod of length ‘L’ is rotated with
angular frequency of ‘0" with one end hinged at
the centre and the other end at the circumference
of a circular metallic ring of radius R, about an
axis passing through the centre and perpendicular
to the plane of the ring. A constant and uniform
magnetic field B parallel to the axis is present
everywhere. Deduce the expression for the emf

between the centre and the metallic ring. U

A EP s 1Cs
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Ans. X X X X X X X

Q. 1. A rectangular loop which was initially inside
the region of uniform and time - independent
magnetic field, is pulled out with constant velocity
v as shown in the figure.

X X X X X X X

X X X > 4 X X

X X X X X X X
—

X X X X X X X

X % X X X X X

(@)

(a) Sketch the variation of magnetic flux, the induced
current, and power dissipated as Joule heat as
function of time.

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

U/ [SQP 2020-21]

Ans. (a)
¢
12
Induced 9
emt 6
3
0 e o o o time 14

(b) Induced current and power, sketch is same as
shown above. In case of circular coil, rate of change
of area of the loop during its passage out of field
is not constant, hence induced current varies
accordingly. 1

%Short Answer Type Questions-I|

STtupy CIRCLE

The magnitude of the emf, generated across a
length dr of the rod, as it moves at right angles to
the magnetic field, is given by

de = Bodr
Therefore,

e = $de= TBvdr " TB(nrdr:
0 0

(3 marks each)

—_— O

—>t 1

Q. 2. State Lenz’s law. Explain, by giving examples that
Lenz’s law is a consequence of conservation of

energy. [U| [Delhi Comptt I, 1T, III 2017]
Ans. Statement of Lenz’s Law 1
Explanation (with example) 2

[CBSE Marking Scheme, 2017]
Detailed Answer:
Statement: The polarity of induced emf is such that
it tends to produce a current which opposes the

change in magnetic flux that produced it.
Explanation:

(a)

g (b) 1
When the north pole of a bar magnet is pushed
towards the close coil, the magnetic flux through
coil increases and the current is induced in the coil
in such a direction that it opposes the increase in
flux. This is possible when the induced current
in the coil is in the anti-clockwise direction. The
opposite will happen when the north pole is
moved away from the coil. 1
In either case, itis the work done against the force of
magnetic repulsion/attraction that gets ‘converted’
into the induced emf. 1
Q. 3. A rectangular conductor LMNO is placed
in a uniform magnetic field of 0.5 T. The field
is directed perpendicular to the plane of the
conductor.

A E P
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_) —
X x B x X X X X
L M 'y
X X X X X X X
X X X X X X X
V<] /

X X X X X X X
X X X X X X X
(o) N 4
X X X X X X + X

When the arm MN of length of 20 cm is moved
towards left with a velocity of 10 ms™, calculate

Q.1 (a) Derive an expression for the induced emf
developed when a coil of N turns, and area of
cross-section A, is rotated at constant angular
speed o in a uniform magnetic field B.

(b) A wheel with 100 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 the Earth's magnetic field. If the resultant
magnetic field at that place is 4 X 10* T
and the angle of dip at the place is 30° find the
emf induced between the axle and the rim of the

wheel. A & U/ [CBSE OD SET 1, 2019]
Ans. Deriving expression for e.m.f. 3
Finding induced e.m.f. between the axel and rim
of wheel 2
(a) Flux linked with the coil at any instant of time is:
¢ =NBA coswt Y
d .
2= NB o(—sin ot)A %
dt
=i 1
dt
€ = NBAsin ot 1
e=¢g;sinot  (Here g, = NBAw)

(b) 1=0.5m, v =120 rpm = 2 rps
o=2nv=4nrad/s,B=4x 10*T,5=30° %

V3

B, =4x10"*x—
2
B, =2J3x10*T v

s=%Bm12 Y2

8=%x2\/§x10“‘ x 41 % (0.5)*
£=54x10" volt ¥
[CBSE Marking Scheme, 2019]

Q.2. (i) State Faraday’s laws of electromagnetic
induction.

STtupy CIRCLE IRES & RE

%Long Answer Type Questions

the emf induced in the arm. Given the resistance

of the arm to be 5 Q (assuming that other arms

are of negligible resistance), find the value of the

current in the arm. A
Ans. Let ON be at some point x.

The emf induced in the loop = ¢

e — —d¢: —d(Blx) — Blo 1
dt dt
=05%x02%x10=1V 1
.. Current in the arm,
e B K 1
R 5

(5 marks each)

(ii) The magnetic field through a circular loop of wire
12 cm in radius and 8.5 2 resistance, changes with
time as shown in the figure. The magnetic field is
perpendicular to the plane of the loop. Calculate
the induced current in the loop and plot it as a
function of time.

2

B (T)
1

0 2 4 6 t(s)

(iii) Show that Lenz’s law is a consequence of
conservation of energy. [R|[Foreign I, II, III 2017]

Ans. (i) Faraday’s Laws of Electromagnetic Induction:

Faraday’s First Law of Electromagnetic Induction
states that whenever a conductor is placed in
varying magnetic field, an emf is induced which
is known as induced emf. If the conductor circuit
is closed, current is also induced which is called
induced current.

Faraday’s Second Law of Electromagnetic
Induction states that the induced emf is equal
to the rate of change of flux linkage where flux
linkage is the product of number of turns in the
coil and flux associated with the coil will be

g=2
dt

€p ismagnetic flux through the circuitas ¢p = IEdZ

With N loops of similar area in a circuit and ¢y
being the flux through a loop, then emf is induced
in every loop making Faraday law as

A

e=-N—

At

where, € = Induced emf [V],
N = Number of turns in the coil
A¢ = Change in the magnetic flux [Wb],
At = Change in time [s]

A EP s
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* The negative sign means that € opposes its cause.
d¢

(ii) e=— Y2
dB
= —nR%x—
e
= -2, 0122x1
7 2
& =—0023V,
€
=%

=-_27mAfor0<I<2s 2

(iii) Try yourself similar Q. 3 of short answer type
Questions-II 1

[CBSE Marking Scheme 2017]

Q. 3. (i) Ametallicrod of length /is moved perpendicular
to its length with velocity v in a magnetic field B
acting perpendicular to the plane in which rod
moves. Derive the expression for the induced emf.

(ii) A wheel with 15 metallic spokes each 60 cm long,
is rotated at 360 rev/min in a plane normal to the
horizontal component of earth’s magnetic field.
The angle of dip at that place is 60°. If the emf
induced between rim of the wheel and the axle
is 400 mV, calculate the horizontal component of
earth’s magnetic field at the place. How will the
induced emf change, if the number of spokes is
increased ? U/ [O.D. Comptt. I, IT, III 2017]

TOPIC-2

AC Generator

Revision Notes
Eddy Currents

» Current loops induced in moving conductors are called eddy currents. They can create significant drag, called as

magnetic damping,.

» Eddy currents give rise to magnetic fields that oppose any external change in the magnetic field.
» Eddy currents are induced electric currents that flow in a circular path:

No force is needed to
pull the loop when
the wires are outside
the magnetic field.

» Eddy currents flowing in a material will generate their own secondary magnetic field that opposes the coil’s

primary magnetic field.

Eddy Currents, Self and Mutual Induction and

STtuby CiRcLE

Ans. (i) Derivation of induced emf 21
(ii) Numerical 215
[CBSE Marking Scheme 2017]

Detailed Answer:

(i) x X X X
x x x x
x x x x
x x X x Y
x x x [T x
x X x x
x X x x
x x x x
¢p = Blx b
—dop
€= vz
dt ’
dx
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(ii) ® =360 x =121 rad/s Y
e = LBy Pw 14
5 OH
400 x 1073 = %.B” x(60x1072)2 <12 14
By = 2 _006T 14
H™ 27m *
There will not be any change in emf if the number
of spokes is increased. Va

Induced current

7.

Foun

v A pulling force is
needed to balance
the magnetic force
on the induced
current.
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Mutual Induction
» The production of induced emf in a circuit, when the current in the neighbouring circuit changes is called mutual
induction.
When the circuit of the primary coil is closed or opened, deflection is produced in the galvanometer of the
secondary coil. This is due to the mutual induction.
» The mutual induction between two coils depends on the following factors:
e The number of turns of primary and secondary coils.
e The shape, size or geometry of the two coils. i.e., the area of cross-section and the length of the coils.
Coefficient of mutual induction:
» Suppose, the instantaneous current in the primary coil is I. Let the magnetic flux linked with the secondary coil
be ¢. It is found that the magnetic flux is proportional to the current. i.e.,
o<l or ¢ =MI ...(i)
where, M is the constant of proportionality. It is called coefficient of mutual induction.
The induced emf € in the secondary coil is given by
_do__ydl
dt dt
The negative sign is in accordance with the Lenz’s law i.e., the induced emf in the secondary coil opposes the
variation of current in the primary coil.
Taking magnitude of induced emf the equation (ii), we find

€ =

...(ii)

€
M = Gr/ar
: _ \% i
Therefore, Unitof M = e = VA s
s

If n,, n, be the number of turns per unit length in primary and secondary coils per unit length and » be their
radius, then coefficient of mutual inductance is given as
M = pgnnynr’l
Self-Induction:

» The production of induced emf in a circuit, when the current in the same circuit changes is known as self-
induction.
Suppose the instantaneous current in the circuit is I and if the magnetic flux linked with the solenoid is ¢, then it
is found that:

Gl or¢ =LI s+-(1)
where, L is the constant of proportionality. It is called coefficient of self-induction.
The induced emf € in the coil is given by
__4d¢__,dl ...(i)
dt dt

The negative sign is in accordance with the Lenz’s law i.e., the induced emf opposes the variation of current in the
coil.
Taking the magnitude of the induced emf from the equation (ii), we find:

L =g/ (dl/dt) ...(iii)

Then, the coefficient of self-induction is the ratio of induced emf in the circuit to the rate of change of the current
in the circuit.
Unit of L: The unit of self-induction is also called henry (symbol H).

From equation (ii), we find that if dl/dt =1As'ande =1V,
then L =1H=1VAls
» If a rod of length I moves perpendicular to a magnetic field B with a velocity v, then the induced emf produced
across it, is given by
In general, we have & =ull :
’ ! e = Blv sin®

» If a metallic rod of length [ rotates about one of its ends in a plane perpendicular to the magnetic field, then the

induced emf produced across its ends is given by
_ Bol* _ B2xfl®
2 2

Here, ® = angular velocity of rotation, A = nt/* = area of circle and f = frequency of rotation.

» Inductance in the electrical circuit is equivalent to the inertia (mass) in mechanics.

» When a bar magnet is dropped into a coil, the electromagnetic induction in the coil opposes its motion, so the
magnet falls with acceleration less than that due to gravity.

» The inductance of a coil depends on the following factors:
e area of cross-section,
e number of turns
e permeability of the core.

= BAf
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» Unit of induction, H = ﬂ = E =Qs
A A
» The self inductance of a circular coil is given by:
27NI
[ _ ®_BAN _py @aND [...Bzu_o__}
I 1 4n sl n 1
2 2
Lo N N
2r 2r
2
or L= PN 57
2
> The self inductance of a solenoid of length [ is given by
L= 224N (o)A g MoNI
I I l I l
2
or L= HOI\II 4_ ugn2Al = ugn®v [ n :#]
Here, n = N /I = Number of turns per unit length and V = Al = Volume of the solenoid.
» If two coils of inductance L, and L, are coupled together, then their mutual inductance is given by

M = kJLL,

where, k is called the coupling constant.
> The value of k lies between 0 and 1.
For perfectly coupled coils, k = 1, it means that the magnetic flux of primary coil is completely linked with the
secondary coil.
» Eddy currents do not cause sparking.
» If a current I is set up in a coil of inductance L, then the magnetic field energy stored in it is given by
_1;p
u,, > LI
AC Generator
» It converts mechanical energy into electrical energy.
> Itis based on the principle of mutual induction. It has mainly three components:
® Rotator Coil: It can rotate about an axis on a shaft.
® Stator Coil: It provides magnetic field.
® Commutator: It is pair of slip rings and carbon brushes. It will facilitate flow of current between moving coil
and stationary circuit.

¢g = B.Acos 0 or BAcos ot (6 = wt)
: d

The induced emtf is given by e =-N %

e = —N d(BAcosmt)

dt

€ = NBAw sin of

Maximum value of emf, gy = NBAw®
(when sin of = 1)

7 € = gysin ot

Coil A—— Axle

Slip ©

rings ¢ Alternating emf

® ’o)

Carbon
brushes

AEP = =
STtupy CIRCLE A IRETSURE
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Know the Terms

» Back emf: The emf generated by a running motor due to coil that turns in a magnetic field which opposes the
voltage that powers the motor

> Inductor: A device used to store electrical energy in the form of magnetic field when electric current flows
» EMF produced by an electric generator: e = NBAwsin (wt)

Know the Formulae

1117117171113131111713311133321311%

» For Self Induction g = o = _Lﬂ
dt dt
» For Mutual Induction g = d_q’ =-M d_l
dt dt
» The inductance in series is given by L, =L+ L+ Ly +....
1 1 1 1
> i i is gi — = —+—+—+...
» The inductance in parallel is given by L L L

» Mutual Inductance of two coils is given by

M= Mo NpNgAp _ ngn,NpNgAg

Ip Ip

where, |, is the permeability of free space (4r x 107).

H, is the relative permeability of the soft iron core.
N is number of turns in secondary coil.
Np is number of turns in primary coil.
Ap is the cross-sectional area of primary coil in m?.
Ag is the cross-sectional area of secondary will in m
I'is the coil current.

» For A.C. Generator € = gysinwf or € = g; sin2mnvt

?I Objective Type Questions

2

(1 mark each)

[A] Very Short Answer Type Questions

Q. 1. An iron-cored solenoid has self-inductance 2.8 H.
When the core is removed, the self inductance
becomes 2 mH. What is the relative permeability
of the core used ? [U| [Delhi Comptt I, II, III 2017]

Ans. Relative permeability,

- L
!’lf LO
W= _28 %
20x1073
= 1400 15

[CBSE Marking Scheme, 2017]
Q. 2. What Will be change in self inductance of number
of turns per unit length of a coil is doubled ?  [A]
Ans. It will be 4 times. 1
Detailed Answer:
The self inductance of coil or solenoid is given by
L = pyn2Al
where u, is permeability of free space, n is number
of turns per unit length of a coil, A is cross sectional
area of coil and [ is length of coil.

If A and ! are constant terms, then inductance is
directly proportional to square of number of turns.

STtupy CiIRcLE

According to question, the number of turns in a
coil is doubled without any change in inductance
lending of the coil. So, inductance of coil becomes
four times.

Q. 3. A coil of certain radius has 100 turns and a self
inductance of 15 mH. What will be the change in
self inductance if number of turns in increased to
500? ul

Ans. The new self inductance will be 375 mH. 1

Detailed Answer:
uNZA
l
As the number of turns become 5 times, the self
inductance must become 25 times of the initial
value.
Thus new self inductance= 25 x 15 mH = 375 mH
1
Q. 4. What is the name of the current that flows in
circles inside a disc ?
Ans. Eddy current. 1
Q. 5. Which inductor will have the least eddy current
loss ?
Ans. Air core inductor will have least eddy current loss.
1
Q. 6. A train is moving with uniform speed from north
to south. (i) Will any potential difference be

Self inductance of a coil of wire = L =

A EP s i1(s

TR b
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Ans.
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induced between the ends of its axle? (ii) Will the
answer be affected if the train moves from east to
west? V]
(i) Yes, emf will appear because the axle is
intercepting the vertical component of the Earth’s
magnetic field. V23

(ii) No, here also the axle intercepts the vertical

Q.7.

Ans.

component of the Earth’s magnetic field, so the
emf is induced across the ends of the axle. VZ3
A cylindrical bar magnet is kept along the axis of a
circular coil. Will there be a current induced in the
coil if the magnet is rotated about its axis? Give
reasons. u

. No, because the magnetic flux linked with the

circular coil does not change when the magnet is
rotated about its axis. 1

. A solenoid with an iron core and a bulb is

connected to a d.c. source. How does the brightness
of the bulb change when the iron core is removed
from the solenoid? ul
The brightness of the bulb remains unchanged
because inductive reactance in a d.c. circuit is zero.

1

[B] Assertion and Reason Type Questions

%

For the following questions, two statements are
given-one labelled as Assertion (A) and the other
labelled as Reason (R). Select the correct answer to
these questions from the codes (a), (b), (c) and (d) as
given below. (a) Both A and R are true and R is the
correct explanation of A (b) Both A and R are true
but R is not the correct explanation of A (c) A is true
but is false (d) A is false and R is also false.

. Assertion (A): When the magnetic flux changes

around a metallic conductor, the eddy current is
produced.

Ans.

Ans.

Ans.

Short Answer Type Questions

Q. 1. A light bulb and a solenoid are connected in

series across an ac source of voltage. Explain, how
the glow of the light bulb will be affected when an
iron rod is inserted in the solenoid.

'U| [Foreign I, II, III 2017]

Ans. Effect on brightness bZ3
Explanation bZ3
Brightness decreases %

Explanation: Self inductance of solenoid increases;
this increases the impedance of the circuit and
hence current decreases. %
(Even student just writes self inductance increases,
award this 1 mark.)

[CBSE Marking Scheme, 2017]

Detailed Answer:
(i) Brightness will decrease when an iron rod is

inserted in the solenoid. 1

(ii) When aniron rod is inserted in the solenoid, the iron

rod will cut the magnetic field lines of an inductor,

Q.2

. Assertion

Reason (R): Electric potential determines the flow
of charge.

(b) 1
Explanation: Change in flux induces emf in
conductor which generates eddy current. So
assertion is true.

Electric potential determines the flow of charge.
So reason is also true. But reason is not the proper
explanation of generation of eddy current.

. Assertion (A): The cores of electromagnets are

made of soft iron.

Reason (R): Coercivity of soft iron is small.

(@)

Explanation: The core of an electromagnet should
be such that it gets magnetized easily. Also, it loses
magnetism easily as soon as the magnetizing field
is removed. Soft iron has this property. So, soft iron
is used as the core electromagnet. So the assertion
is true. Coercivity is a measure of the ability of a
ferromagnetic substance to withstand external
magnetic field without becoming demagnetized.
For soft iron, it should be very low. Coercivity is
low for soft iron. So, reason is also true. Also, reason
properly explains the assertion.

(A): Mutual inductance becomes
maximum when coils are wound on each other.
Reason (R): Mutual inductance is independent of
orientation of coils.

(© 1
Explanation: Mutual inductance depends on size,
number of turns, relative position and relative
orientation of the 2 coils. So, when coils are wound
on each other, the mutual inductance will be
maximum.

So, assertion is true, But the reason is false.

(2 & 3 marks each)

so as per Kirchhoff’s and Faraday’s Laws, cutting of
magnetic field will tend to induce a current inside
the inductor which opposes the direction of it's
cause. So when the current is being induced by the
moving rod, it opposes the flow of existing current
in the circuit, causing the bulb’s brightness to go
down as there is less current passing through it. 1
(a) Differentiate between self-inductance and
mutual inductance.

(b) The mutual inductance of two coaxial coils is 2 H.

The current in one coil is changed uniformly from
zero to 0.5 A in 100 ms. Find the:

(i) change in magnetic flux through the other coil.
(ii) emf induced in the other coil during the change.

Ans.

A EP
STtupy CIRCLE

|A|[CBSE OD SET 1, 2020]
(a) In self inductance, the change in the strength
of current in the coil is opposed by the coil itself by
inducing an e.m.f.
In mutual inductance, a pair of coils are involved.
If current changes in one coil, the other nearby coil
opposes the change by inducing an e.m.f. in itself.

s 1ICs
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(b) Induced emf — || = Mﬂ —ny 05 _
dt 100x10°?
Induced emf = |¢| = d¢
dt
.
100x10

d$ = change in flux = 5 X 100 x 10 >=0.5Wb 3

Q. 3 Explain the principle of the device with diagram,

Ans.

which is used to provide electricity at the proper
voltage for household purposes.

Briefly discuss loss of energy in it due to flux
leakage and its minimization.

'R/ [CBSE OD SET 2 2020]
Try Yourself. See question no. 4 of 3 marks
questions.

Quite often there is air gap between the magnetic
poles and the armature. Leakage flux occurs here,
causing the loss of energy. 2

(i) To reduce the flux leakge:

(ii) Air gap should be minimised.

(iii) Curvature of magnetic poles should be made

Q.4.

Ans.

EMF generated

similar to the curvature of the rotating armature. 1

Draw the labelled diagram of an AC generator.
Briefly explain its working and obtain the
expression for the emf produced in the coil.

‘R [CBSE OD SET 3, 2020]
AC generator
Construction:
A coil of n turns rotates (called armature) between
the magnetic poles by the means of an external
agent (steam, running water, etc). The ends of the
coils are connected to an external circuit through
the means of carbon brushes and slip rings.

Principle of working:

AC generator works on the principle of Faraday’s
Laws of electromagnetic induction. According to it,
when there is change of magnetic flux through a

A E P s
STuUuDY Cch;gP]YEM’LEgéSd

conducting loop, an emf is induced across the ends
of the loop.

Working:

The strong magnetic field is created between the
poles. The coil ABCD is rotated by external means
in this field. As the coil rotates, the angle between
the magnetic field and the coil changes which
induces an alternating emf. The ends of the coil is
connected to an external circuit by the means of
carbon brushes (B; & B,) and slip rings R; & R,) .
When the external circuit is closed, an alternating
current flows through the coil.

Expression of emf produced:

B = The magnetic field produced by the magnet
The coil is placed such that at t = 0, the angle
between the surface area vector of the coil and the

c e T
magnetic field is s

o = Angular speed of the coil
Angle between surface area vector of the coil and
the magnetic field after time t is given by:

0 =0, + ot
Magnetic flux through the coil is then:
Op = J'B.dA
Or, ¢ = BAcos 0
Or, by = BAcos (0)+mt)

By Faraday’s law of electromagnetic induction,
magnitude of induced emf through a coil of n—
turns is given by:

d
e=n 4%
dt
d
Or, e =n— [BAcos (0y+mt)]
dt
|C’| = nBAwsin (0y+ wt) 3

Q. 5. (a) Define the term 'self-inductance' and write its

S.I. unit.

(b) Obtain the expression for the mutual inductance

of two long co-axial solenoids S, and S, wound one
over the other, each of length L and radii r;, and
r, and 7n; and 7, number of turns per unit length,
when a current ] is set up in the outer solenoid S,.

R & A| [CBSE DEL SET 3 2017]

Ans. (a) Definition of self inductance and its SI unit.

1+%

(b) Derivation of expression for mutual inductance.

1%
Self inductance of a coil equals the magnitude
of the magnetic flux, linked with it, when a unit
current flows through it. 1
Alternatively
Self inductance of a coil, equals the magnitude
of the emf induced in it, when the current in the
coil, is changing at a unit rate.

1ICs




n, turns
- Y

When current I, is passed through coil , it in turn
sets up a magnetic flux through S;:

1

nn
=(Ho %“”{2)12 =My,

nn
E 2m,]2

n
¢=nlxp0T2x12x1tr2

where M, =,

1

[Note: If the student derives the correct expression,

without giving the diagram of two coaxial coils,
full credit can be given]

[CBSE Marking Scheme, 2017]

Q. 6. Define mutual inductance between a pair of coils.
Derive an expression for the mutual inductance of
two long coaxial solenoids of same length wound
one over the other. A|[CBSE OD SET 1, 2017]

Ans. Definition of mutual inductance:

Try yourself. See Q 8 (i) of 3 marks question 1
Try yourself. For derivation, See Q. No. 5(b) of 3
Marks Questions. 2

Q. 7. Define self-inductance of a coil. Obtain the
expression for the energy stored in an inductor L
connected across a source of emf.

Al [CBSE OD SET 1, 2017]

Ans. Definition of self inductance 1
Expression for energy stored 2

(i) Try Yourself. See Q. No. 5(a) of 3 Mark Questions.
(ii) The work done against back /induced emf is
stored as magnetic potential energy. Ve

The rate of work done, when a current i is passing
through the coil, is

dW : di).

7_|8|1_(LEJI 1

.'.W=J'dW=IOILidi v
=-;—Li2 v

[CBSE Marking Scheme, 2017]

Q. 8. (i) Define mutual inductance.

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

R & A/ [CBSE DEL SET 1, 2014]

Ans. (i) Definition of mutual inductance 1
(ii) Calculation of change of flux linkage. 2
(i) Magnetic flux, linked with the secondary coil due
to the unit current flowing in the primary coil,
o, = MI,
[Alternatively,
Induced emf associated with the secondary coil, for a
unit rate of change of current in the primary coil.
_ _mdh
e, = -M it ] 1
[Also, accept the definition of Mutual Induction, as
per the Hindi translation of the questions]
[i.e., the phenomenon of production of induced emf
in one coil due to change in current in neighbouring
coil]
(ii) Change of flux linkage,

do = Mdl il
=15%X (20-0) W 2
= 30 weber V23

[CBSE Marking Scheme, 2016]
Q.9. The current through two inductors of self-
inductance 15 mH and 25 mH is increasing with
time at the same rate. Draw graphs showing the
variation of the:
(i) emf induced with the rate of change of current
(ii) energy stored in each inductor with the current
flowing through it.
Compare the energy stored in the coils, if the

powers dissipated in the coils are same.
U/ [O.D. Comptt. IT 2017]

Ans. Graph of emf bZ3
Graph of energy stored bz
Ratio of energy stored 2

dl
(1) ar —>

S
e

—

I (L =15 mH)
v II (L = 25 mH) v
(ii) L=25mH L=15mH
u
I —> A

A E P .
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1
u, > Lyi
i =1 o
: Lyi3
But €11 = €51 VZ3

(- power dissipated is same)

g _L ”

%Long Answer Type Questions

( ﬂ issame and &€ = — Lﬂ]
dt

2
by Hff
uZ LZ L]

L') 25
— —=1.67
L, 15 o

[CBSE Marking Scheme, 2017]

(5 marks each)

Q. 1. (a) State the principle of ac generator.

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

(c) Is it possible to generate emf without rotating the
coil ? Explain. R & U/ [SQP 2020-21]

Ans. (a) & (b) Try Yourself. See Q. No. 4 of 3 Marks
Questions. 2+ 2

(c) No. To develop an induced emf, there should be
relative motion between the coil and the magnetic
field. 1

Q. 2. (a) State the principle of anac generator and explain
its working with the help of a labelled diagram.
Obtain the expression for the emf induced in a
coil having N turns each of cross-sectional area
A, rotating with a constant angular speed ‘®’ in a
magnetic field B, directed perpendicular to the
axis of rotation.

(b) An aeroplane is flying horizontally from west to
east with a velocity of 900 km/hour. Calculate the
potential difference developed between the ends
of its wings having a span of 20 m. The horizontal
component of the Earth’s magnetic field is
5 x 10~ T and the angle of dip is 30°.

R,U & A|[CBSE 2018]

Ans. (a) Principle of ac generator Y2
Working Y2
Labelled diagram 1
Derivation of the expression for induced emf 1%2

(b) Calculation of potential difference 1%
(a) Try Yourself. See Q. No. 4 of 3 mark Questions.
3%
(b) Potential difference developed between the ends
of the wings e = Blv Y2
Given: Velocity, v = 900 km/hour
= 250 m/s
Wing span, I =20m
Vertical component of Earth’s magnetic field
B, = Bytan §

STtuby CircLE

Commonly Made Error

= 5x107* (tan 30°) tesla %
.. Potential difference,
=5x10"*(tan30°) X 20 x 250
5x20x250x107*
V3
= 1.44 volt Vs
[CBSE Marking Scheme, 2018]

e The students get confused with the relationship
between Earth's magnetic field and its horizontal
component

Answering Tip

e While answering the question related to ac generator
always remember to draw a proper and labelled
diagram following with explanation of principle,
construction and working of generator.

Q.3 (a) Draw a labelled diagram of AC generator.
Derive the expression for the instantaneous value
of the emf induced in the coil.

(b) A circular coil of cross-sectional area 200 cm? and
20 turns is rotated about the vertical diameter with
angular speed of 50 rad s™! in a uniform magnetic
field of magnitude 3.0 X 102 T. Calculate the
maximum value of the current in the coil.

R & A/ [CBSE DEL SET 1, 2017]

Ans. (a)Labelled diagram of AC generator 1%
Expression for instantaneous value of induced
emf. 1%

(b) Calculation of maximum value of current
2

(a) Try Yourself See Q. No. 4 of 3 Marks Questions.
3

(b) Maximum value of emf,
¢y, = NBA ®
=120 %200/ % 107* >3 > 0:*
X 50 V
= 600 mV 1%

A E P
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Maximum induced current

¢ _ 600
R R

[Note 1: If the student calculates the value of
the maximum induced emf and says that “since
R is not given, the value of maximum induced
current cannot be calculated”, the )2 mark, for the
last part, of the question, can be given.]

iy = mA Y%

[Note 2: The direction of magnetic field has not
been given. If the student takes this direction
along the axis of rotation and hence obtains the
value of induced emf and, therefore, maximum
current, as zero, award full marks for this part.]
[CBSE Marking Scheme, 2017]

Q. 4. (a) Draw a labelled diagram of an ac generator.

Obtain the expression for the emf induced in the
rotating coil of N turns each of cross-sectional

area A, in the presence of a magnetic field é A

(b) A horizontal conducting rod 10 m long extending
from east to west is falling with a speed 5.0 ms™
at right angles to the horizontal component of the
Earth’s magnetic field, 0.3 x 10 Wb m™. Find the
instantaneous value of the emf induced in the rod.

[R & A|[CBSE OD SET 1, 2017]

Ans. (a) Try Yourself. See Q. No. 4 of 3 Marks Questions.

3
(b) [ =10m, u = 5m/s, B = 0.3 x 10°* Wb/m?
' € = Blv 1
=03x10*x10x5
= 15x 10V 1

Q. 5. (a) Explain the meaning of the term mutual

inductance. Consider two concentric circular
coils, one of radius r; and the other of radius r,

?IVisuaI Case-based Questions

(r, < rp) placed coaxially with centres coinciding
with each other. Obtain the expression for the
mutual inductance of the arrangement.

(b) A rectangular coil of area A, having number
of turns N is rotated at 'f' revolutions per
second in a uniform magnetic field B, the
field being perpendicular to the coil. Prove
that the maximum emf induced in the coil is

2nf NBA. [R & A|[CBSE OD SET 1, 2016]
Ans. (a) Meaning of Mutual Inductance 1
Expression 1Y
(b) Proof
Diagram
(a) Try Yourself. See Q. No. 8(i) and 5(b) of 3 Marks
Questions. Ya
(b) Coil ~ Axle
N

Flux at any time 't'.
¢p = BA cos® = BA cosmt
From Faraday's Law, induced emf

€= —N% = NBAi(cosu)t)
dt dt
Thus the instantaneous value of emf is
E = NBA wsinmt
For maximum value of emf sinot = =1
ie., ep = NBAw = 2nfNBA 2

[CBSE Marking Scheme, 2016]

(1xX4=4 marks)

Attempt any 4 sub-parts from the given 5
Questions. Each question carries 1 mark.

Q. 1. Bottle Dynamo: A bottle dynamo is a small

generator to generate electricity to power the
bicycle light.

Is is not a dynamo. Dynamo generates DC but a
bottle dynamo generates AC. Newer models are
now available with a rectifier. The available DC can
power the light and small electronic gadgets. This is
also known as sidewall generator since it operates
using a roller placed on the sidewall of bicycle tyre.
When the bicycle is in motion, the dynamo roller
is engaged and electricity is generated as the tyre
spins the roller. When engaged, a dynamo requires
the bicycle rider to exert more effort to maintain a
given speed than would otherwise be necessary
when the dynamo is not present or disengaged.

A E P
STtubpy CIRCLE

Bottle dynamos can be completely disengaged
during day time when cycle light is not in use. In
wet conditions, the roller on a bottle dynamo can
slip against the surface of the tyre, which interrupts
the electricity generated. This cause the lights to go
out intermittently.

. /
\ WS
; ._m-&--—- a W)

(i) Why bottle dynamo is not a dynamo ?
(a) It generates AC only
(b) It generates DC only
(c) It looks like a bottle
(d) It requires no fuel to operate
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(@) 1
Explanation: Dynamo generates DC. But bottle
dynamo generates AC. So, it is not a generator in
that sense. But, it generates electricity for bicycle
light.

(ii) Can you recharge the battery of your mobile

Ans.

phone with the help of bottle dynamo ?

(a) Yes

(b) No

(c) Yes, when a rectifier is used

(d) Yes, when a transformer is used

(©) 1
Explanation: Newer models of bottle generators
are now available with a rectifier. DC available
from such bottle generator can be used directly for
charging mobile phone. Otherwise with the old
models a rectifier is to be attached to convert then
AC to DC.

(iii) Bottle generator generates electricity:

Ans.

(a) When fuel is poured in the bottle
(b) When cycle is in motion

(c) When it is mounted properly

(d) When wind blows

(b)

Explanation: Bottle generator is also known as
sidewall generator since it operates using a roller
placed on the sidewall of bicycle tyre. When the
bicycle is in motion, the dynamo roller is engaged
and electricity is generated as the tyre spins the
roller.

(iv) Bulb of bicycle light glows when:

Ans.

(a) With AC supply only

(b) With DC supply only

(c) With both AC and DC supply

(d) Only when AC supply is rectified

(c) 1
Explanation: Normal lamps work with both AC

and DC. So, bottle generators of older model or
newer model can be directly used for bicycle lamp.

(v) Which one of the following is not an advantages

Ans.

of newer model of bottle dynamo ?

(a) Works intermittently when it roller slips on tyre
(b) Small electronic gadgets can be charged

(c) Can be easily disengaged during day time

(d) Requires no fuel

(@)

Explanation: In wet conditions,the roller on a
bottle dynamo (old model or new model) can slip
against the surface of the tyre, which interrupts
the electricity generated. This causes the lights to
go out intermittently. This is not an advantage.

. Electromagnetic damping: Take two hollow thin

cylindrical pipes of equal internal diameters made
of aluminium and PVC, respectively. Fix them
vertically with clamps on retort stands. Take a
small cylindrical magnet having diameter slightly

smaller than the inner diameter of the pipes and
drop it through each pipe in such a way that the
magnet does not touch the sides of the pipes
during its fall.

You will observe that the magnet dropped through
the PVC pipe takes the same time to come out of
the pipe as it would take when dropped through
the same height without the pipe.

Now instead of PVC pipe use an aluminium pipe.
Note the time it takes to come out of the pipe in
each case. You will see that the magnet takes much
longer time in the case of aluminium pipe.

Why is it so ? It is due to the eddy currents that
are generated in the aluminium pipe which oppose
the change in magnetic flux, i.e., the motion of
the magnet. The retarding force due to the eddy
currents inhibits the motion of the magnet. Such
phenomena are referred to as electromagnetic
damping.

Note that eddy currents are not generated in
PVC pipe as its material is an insulator whereas
aluminium is a conductor.

This effect was discovered by physicist Foucault
(1819-1868).

(i) Eddy current is generated in a:

(a) Metallic pipe
(c) Glass pipe

(b) PVC pipe
(d) Wooden pipe

Ans. (a) 1

Explanation: Eddy currents are not generated
in non-conductor/insulator. Eddy currents are
generated in conductor/metal.

(ii) Eddy current was first observed by:

(a) Helmhotlz
(c) D'Arsonval

(b) Foucault
(d) Shock ley

Ans. (b) 1

Explanation: The generation of eddy current was
discovered by physicist Foucault (1819-1869).

(iii) What is electromagnetic damping ?

(a) Generation of electromagnetic wave during the
passage of a magnet through a metal pipe

(b) Change of the direction of propagation of
electromagnetic wave due to a variable magnetic
flux

(c) Change of the frequency of electromagnetic
wave due to a variable magnetic flux

(d) To slowing down the motion of a magnet moving
through a metal pipe due to electromagnetically
induced current.

Ans. (d) 1

Explanation: The retarding force due to the
eddy currents inhibits the motion of the magnet
in a metal pipe. This phenomena is known as
electromagnetic damping.

(iv) To observe electromagnetic damping a magnet

should be dropped through a metal pipe and:
(a) The magnet should not touch inner wall of the

pipe
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(b) The magnet should touch the inner wall of the
pipe

(c) It does not matter whether the magnet touches
the inner wall of the pipe or not

(d) The magnet should be larger in size than the
diameter of the pipe

Ans. (a) 1

Explanation: To observe electromagnetic damping,

a magnet should be dropped through a metal pipe

and the magnet should not touch the inner wall of

the pipe.

(v) A piece of wood and a bar magnet of same
dimension is dropped through an aluminium
pipe. Which of the following statements is true ?
(a) The piece of wood will take more time to come

out from the pipe

(b) The bar magnet will take more time to come out
from the pipe

(c) Both will take same time to come out from the
pipe

(d) The time required will depend on the mass
of the wooden piece and the mass of the bar
magnet

Ans. (b) 1

Explanation: When a piece of wood and a bar

magnet of same dimension is dropped through an

aluminium pipe, the bar magnet will take more time

to come out from the pipe due to electromagnetic

damping.
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