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ELECTROMAGNETIC INDUCTION

Important Points:

1. The magnetic lines of force passing througlormal plane is called magnetic flux.

= B.A=BAcosd Where q is the angle betwednand A

(Vector A is perpendicular to its plane)

2. Faraday Laws:

a. Whenever there is changing in magnetic flukdohwith a coil, emf is induced in it.

b. The induced emf is proportional to the negatate of change of magnetic flux linked with
the coil.

e:—d_(o (Or) e:ﬂo
dt dt

For N turnse= —w (Proportionality constant K = 1)

e= —%(NBA) (Neumann’s Law)

(@ -9)

c. Induced current)(= e=—NCé—?: -N "

d. Induced changg) :MR_%) = (Induced charge is independent of time)

3. Lenz’s Law

Induced emf always opposes the change that prediicd.enz’'s law obeys the law of
conservation of energy.

4. Motional EMF:

If a straight conductor of lengthmoves with a constant spee@erpendicular to the uniform
magnetic field of induction B, then a voltage iveleped across ends of the conductor ends
which is given bye = Blv

e Blv

5. Induced current () ==—
R R

www.sakshieducation.com



www.sakshieducation.com
6. Self Inductance:

If the current in a coil changes, the magnetix faround the coil changes. Hence emf is
induced in the coil called self inductance.

Ifi is the current through the coil and f is the flures around the coil then

fa ¢ =Li. Where L is the coefficient of self induction

_d_qoz—l_ di

e= —
dt dt

Unit of L - Henry or wb/amp or volt-sec/amp

2

7. Energy stored in an Inductay :%Li

8. Mutual Inductance:

a. When current in a coil changes, the magnatic lfhked with other coil changes and
an emf is induced in the secondary coil called munduction.

b. If Ipis the current through the primary dieglis the flux linked with secondary,

@ 01, =@ =MI, Where M is mutual inductance of the coil

Unit of M: Henry (or) volt - sec. ampor) weber/ amp.
di,

Induced emfe:—d—qoz —E(M ip)=-M.—%
dt dt

dt
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Very Short Answer Questions

What did the experiments of Faraday and Henry sbw?
1) whenever the magnetic flux linked with a cldsgrcuit changes, an induced emf and hence
an induced current is set up in it.
2)The higher the rate of change of magnetic flakdd with the closed circuit, the greater is
the induced emf (or) current.

Define magnetic flux?

The magnetic flux through any surface placedaimagnetic field is the total number of
magnetic lines of force crossing this surface ndigma

Magnetic flux ¢= B.A= BAcosd

Units: Weber Dimensional formulaML*T ?A™

State Faraday’s laws of electromagnetic inductro

Faraday’s Laws:

a) Whenever magnetic flux linked with a coil chas, emf is induced in it.

b) The induced emf is proportional to the negatate of change of magnetic flux linked with

the coil.
e= —% (or) ez%ﬂ (Proportionality constant K = 1)
d(Ng)

For N turns e=-
dt

Or e:—i(NBA) Or e:—Nd—(p:—NM
dt dt t
State Lenz’s law.
Lenz’s Law:
The direction of an induced emf is always oppdleschange in the magnetic flux that causes
it. Lenz’s law obeys the law of conservation of rigye

What happens to the mechanical energy (of motigrwwhen a conductor is moved in a
uniform magnetic field?

The mechanical energy spent in moving the cotadus converted into electrical energy and
then into thermal energy.
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What are eddy currents?

Eddy Currents:

When the magnetic field in a metal changes witletiinduced electric field is produced which
applies force and makes the free electrons of metahove in closed paths. These are eddy
currents.

These currents were discovered by Foucault, spdhe also known as Foucault currents. The
direction of eddy currents is given by Lenz's law.

Define Inductance?
Inductance (L) is the ratio of the flux-linkatgcurrent, it is equal ttNd /1 .
Units: Henry Dimensional formulavL*T *A™.

What do you understand by ‘self inductance’?

The magnetic fluxNg) linked with the coil is found to be proportional the strength of the
current (1)

i.e. NoO | = Ne=LlI
Where constant of proportionality ‘L' is called&ificient of self induction (or) self inductance.
If I = 1A, No=L

Thus co-efficient of self induction of a coil iefthed as the magnetic flux linked with a coill
through which a unit current flows.
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Short Answer Questions

1. Obtain an expression for the emf induced acrosa conductor which is moved in a
uniform magnetic field which is perpendicular to the plane of motion?

A. Consider a straight conductor moving in a umii@and time independent magnetic field.
Figure shows a rectangular conductor PQRS in witielconductor PQ is free to move.
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The rod PQ is moved towards the left with a camtstalocity as shown in the figure.

Assume that there is no loss of energy due tdidric PQRS forms a closed circuit enclosing

an area that changes as PQ moves. It is placedunifarm magnetic field B which is
perpendicular to the plane of this system.

If the length RQ = x and RS =, the magnetic flbx enclosed by the loop PQRS will be

®, =BIx
Since x is changing with time, the rate of chaaffux will induce an emf given by:
e="9% - _d gy
dt dt
= —Bt% =Blu
dt

Where we have usedk/ dt = -v which is the speed of the conductor PQ.
The induced emf Bl is called motional emf.

2. Describe the ways in which Eddy currents are uselo advantage?
A. i) Magnetic Braking In Trains:
In some electric trains electromagnets are sitbab®ve the rails. When these are activated, the
eddy currents induced in the rails oppose the maifdhe train.
i) Electromagnetic Damping:
In some galvanometers core is made of nonmagnetialic material. When the coil oscillates,
the eddy currents induced in the core oppose th@mof the coil and bring it rest quickly.
lii) Induction Furnace:
In an induction, a metallic block to be melted laged in a high frequency changing magnetic

field. Strong eddy currents are induced in the kldue to the high resistance of the metal, a
large amount of heat is produced in it. This hd@nately melts the metallic block.
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iv) Electric Power Meters:
The shiny metal disc in the electric power meteiates due to eddy currents. Electric
currents induced in the disc by magnetic fielddpoed by sinusoidally varying currents in
the coill.

Obtain an expression for the mutual inductancefdwo long co-axial solenoids?

Mutual Inductance of Two Long Solenoids:
Consider two long co-axial solenoidsand 9, with s wound over $.

Letl = Length of each solenoid
r1, rp = radii of inner and outer solenoids
A= 7TI’12
= area of cross section of inner solenoids s
N1,N2 = number of turns in the two solenoids

N, turns

Two long co-axial
solenoids of samse

length 1

First we pass a time varying curregitthrough $. The magnet field set up inside 8ue to b
IS
B2 = ton2l2
Where i =No/l = the number of turns per unit length gf. S
Total magnetic flux linked with inner solenoid 8
@2 = BoAN1= U o2l 2.AN7
Mutual inductance of coil 1 with respect to coik2

IL{ONlN ZA

M12=|ﬂ=,uon2AN1: |

2
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Now we consider the flux linked with the outeresmid $ due to the currentlin the inner
solenoid §. The field B; due to k is constant inside {Sbut zero in the annular region
between the two solenoids. Hence
B1=#oMl1
Where n= N4/l = the no of turns per unit length of S
Total flux linked with the outer solenoich$
MU N NLAL
I
LI Mutual inductance of coil 2 with respect to coikl

@2 =B1AND= 11 gng11.ANR=

Clearly Mp 2=M21=M(say)

M: /'10 NlNZA

I
Thus, the mutual inductance of two coils is theperty of their combination. It does not
matter which one of them functions as the primarghe secondary coil.

= [ oh1nAI= 1 ongnp 77192
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Long Answer Questions

Outline the path-breaking experiments of Faradayand Henry and highlight the
contributions of these experiments to our understagling of electromagnetism?

Whenever, there is a change in magnetic flugugh a closed circuit, an induced emf is set up
in the circuit. This phenomenon is known as elenaignetic induction.

I. Magnet - Coil Experiment:
1) The circuit consists a cofl, connected in series with a galvanometer.

2) When the N-pole of magnet is moved towards ¢béC , the galvanometer shows
deflection. The deflection shows that there ise&uirin the circuit.

3) When the N-pole of magnet is moved away fromh@o the galvanometer shows deflection
in other direction.

4) When the N-pole of magnet comes to rest, theagameter shows no deflection.

5) The similar results are obtained when S-pola afagnet is moved towards or away from
coil C,.

6) When the magnet is moved fast, the deflectiothe galvanometer is large and when it is
moved slowly the deflection is small.

7) The induced current may be also produced byimgothe coil C, to a stationary (next)
magnet.

8) This experiment clearly demonstrates the EMheWever there is a relative motion between
magnet and coil, the magnetic flux linked with coilanges and hence an induced current is
produced due to which the galvanometer shows aaeih.
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II. Coil-Coil Experiment - Current induced by Curre nt:

1) As shown in figure coilC, is connected with galvanometer and a@il is connected with
battery.

2) When the coilC, is moved towards or away fram, the galvanometer shows deflection
due to current is induced in cad .

3) When the coilC, is held fixed andC, is moved, the galvanometer shows defection due to
current induced in coiC,.

4) When two coilsC, andC, are in relative motion that induces electric cotre

[1l. Coil-Coil experiment - current induced by changing current:

1) Two coilsC, andC, are held stationary. Coft, is connected to galvanometer G and coil
C, is connected to a battery through a tapping key K.

2) First, the battery circuit is closed by pregsithe tap key K, and then broken, the
galvanometer shows deflection in one direction thed in the other.

3) When the key K is kept pressed continuouskrédhs no deflection in the galvanometer.

4) The deflection is produced in the galvanometdy at make or break of the current in the
coil C,
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Describe the working of a AC generator with theaid of a simple diagram and necessary
expressions?

AC Generator:
An electric generator or dynamo is a device whiohverts mechanical energy into electrical

energy. The simplest practical generator consista pectangular coil rotating in a uniform
magnetic field.

Description:
AC generator consists of coil mounted on a rotaftshlrhe axis of rotation of the coil is
perpendicular to the direction of the magneticdfi@lhe coil (armature) is rotated mechanically

in the magnetic field. The ends of the coil arermwied to the external circuit by means of slip
rings and brushes.

Working:

When the coll rotates, the magnetic flux cutting toil changes and hence emf is induced in it.
At any instant let the normal to the plane of tlid makes an angle with the field direction
where is the angular speed of the coil. The flakdid with the coil is given by, Where N is the
number of turns of the coil.

But ¢ = %’ = +BAN wsin ot

He=¢g, sinak
Wheree, = BANw is known as peak value of alternating emf

The direction of current changes periodically edce the current is called alternating current.
Also, ¢=¢, sin2mwt

Whereuv is the frequency of revolution of the coil.
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PROBLEMS

1. Predict the direction of induced current in the situation described by the following
figures:

Lmmon axis

! Common axis T j Il | H
a e - o ™ o T i a4 ¥ -
—J ¥ |_ o | 5
1 1 x, — —
1.4 \ J. | | A ¥ Current (/) decreasing
= - i N i al & steady rate
¢ /
[
(Tapping kay just ra gased)
[&h

[ Rhaosiat cetliing Deing changed (&) i

According to Lenz’s law, the direction of induced arrent is always in such a way that it
opposes the cause due to which it is produced.

A. (a) Here, south pole is moving towards the coil, sooading to Lenz'’s law this end becomes

S-pole. (To oppose the motion of South Pole bylhegeit). Hence, the direction of current
is clockwise (by using clock rule) and the curriéoivs along p to q or qrpg.
(b) In coll p-g, at end g= S-pole is moving towards end g, so it behavesdilseuth pole (by
Lenz’s law). The direction of current is clockwi@®y clock rule), i.e., from p to q or along

prqg. North Pole is moving away so this end will &e like South pole (To oppose its away
motion by attracting it). In coil x-y, S-pole isdaced (by Lenz’'s law) and the direction of

current is clockwise i.e., x to y or along yzx.

(c) As the tapping key is just closed, the currentor increases. So, the magnetic flux and

field increases. According to Maxwell’s right hagilp rule, the direction of magnetic field is
leftwards. Thus, the direction of induced currenthie neighbouring coil is such that it try to

decrease the field, thus the direction of fieldhe neighbouring coil should be rightwards,
l.e., according to Maxwell’s right hand rule theedition of induced current is anticlockwise,

l.e., along xyz or yzx.

(d) As the Rheostat setting is changed, the currerttasged. The direction of field due to the
coil is leftwards according to Maxwell’s right hagdp rule. The direction of induced current
in the left coil is such that the magnetic fielguced by it in rightwards, thus the direction

of current in left coil is anticlockwise i.e., frozyx.

(e) As the key is just released, the current whictioing anticlockwise goes on decreasing.

Thus, the induced current developed in such a s#msanagnetic field due to left coil
increases (which is towards right). So, the magnigid due to the right coil should also
towards right and hence the induced current isiticlackwise, i.e., along xry.

() The magnetic field lines due to the current cagyvire are in the plane of the loop. Hence,

no induced current is produced in the loop (becaosiux lines cross the area of loop).
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2. Use Lenz’s law to determine the direction of indced current in the situations described
by figure.
(a) A wire of irregular shape turning into a circular shape.
(b) A circular loop being deformed into a narrow graight wire.

.. 4
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A. (@) Here, the direction of magnetic field is perpenthcly inwards to the plane of paper. If a
wire of irregular shape turns into a circular shépen its area increases ( The circular loop
has greater area than the loop of irregular shapejhat the magnetic flux linked also
increases. Now, the induced current is produced ohrection such that it decreases the
magnetic field [i.e., the current will flow in suehdirection so that the wire forming the loop
is pulled inward in all directions (to decrease Hrea)], i.e., current is in anticlockwise
direction, i.e., adcba.

(b) When a circular loop deforms into a narrow straighie, the magnetic flux linked with it
also decreases. The current induced due to chanigexiwill flow in such a direction that it

due to which the magnetic field produced will beé olithe plane of paper.

3. Along solenoid with 15 turns per cm has a smnidbop of area 2.0 ci placed inside the
solenoid normal to its axis. If the current carriedby the solenoid changes steadily from
20At04.0Ain 0.1 s, what is the induced emf the loop while the current is changing?

A. Given, number of turns n = 15 per cm = 1500rpeter
Area of small loop A =2 ch=2 x 104 m2

Change in Currentﬂ:i22—2=20A/s
dt 0.1 0.1

Let e be the induced emf,

According to Faraday’s law

de d
e =——=—(BA = BA
" dt( ) (o )
dB d
Or e A—=A— I
dt dt(“on)
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(Magnetic field inside the solenoid Bgnl)

dl
Or e n—
A, dt

e2x10"x 4x 3.14& 10'x 1500 = (- n,=4nx107")

e=75xqw

Thus, the induced emf in the loop is 7.5 %010

A rectangular wire loop of sides 8 cm and 2 cmith a small cut is moving out of a region
of uniform magnetic field of magnitude 0.3 T direced normal to the loop. What is the
emf developed across the cut if the velocity of tHeop is 1 cm/s in a direction normal to
the (a) longer side, (b) shorter side of the loopRor how long does the induced voltage
last in each case?

Use the concept of motional emf as wire loop iwvimg normal to the magnetic field.
. Given, length of the loop= 8 cm = 8 x 162 m.

Width of the loop b =2 cm = 2 x 1®m

Velocity of the loop =1 cm/s = 0.01 m/s

Magnitude of magnetic field B=0.3 T

—

(a) When velocity is normal to the longer side
(=8cm=8x1%Zm)
In this case, motional emf

e=B/=03x8x162x0.01=2.4x1¢V.

Distance_ Shorter side (widt|
velocity Velocity

_2x10° _
0.01

Time

t 2s

(b) When velocity is normal to the shorter side

(=2cm=2x1E m)
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In this case, the developed emf

e=Br=0.3x2x168x 0.01

e = 0.6 xfov
: 2
Time Longer S|d§ (lengtfr _ 8x10
Velocity 0.01
t=8s.

5. A 1.0 m long metallic rod is rotated with an anglar frequency of 4oorads™ about an axis

normal to the rod passing through its one end. Thether 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 exists everywhere. Calculate the emf develapbetween the centre and the ring?

A. L=1.0mw=40C0ads* B= 0.9

The emf developed between the centre and thesing i

£ =%E3L2a)=—;><o.5><(o.1)2 x 400= 100

6. A circular coil of radius 8.0 cm and 20 turns igotated about its vertical diameter with an
angular speed of 50 rad/s in a uniform horizontal ragnetic field of magnitude 3.0 x 1
T. Obtain the maximum and average emf induced in té coil. If the coil forms a closed
loop of resistance 1@ , calculate the maximum value of current in the ch Calculate
the average power loss due to Joule heating. Whedees this power come from?

A. Radius of coil =8 cm = 0.08 m
Number of turns = 20
Resistance of closed loop =0
Angular speed = 50 rad/s
Magnitude of magnetic field B =3 x H0T.
Induced emf produced in the coil E = NBA sirt

For maximum emf sit = 1
OMaximum emf §=NBAw =20x 3 x102 x 3.14x (0.08% x50
oe= 0.603 V
Maximum current in the coipl= %: %;3: 0.0603 A.
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Average induced emf

_ 1 2n _1 2n .
a@-?jo edt-?jo NBAwsinot dt

o= = NABco[ COS”“T
T o

M_?A [cos2t—cosO ]

_NBA . _
aQ——T [1-1] =0

For full cycle average emfgg= 0

Average power loss due to heating

Eyl, _ 0.603x 0.060:
2 2

=0.018 W.

The source of power dissipated as heat in theisdlle external rotar. The current induced in

the coil causes a torque which opposes the rotaticime coil, so the external agent rotar
counter this torque to keep the colil rotating umfty.

7. A horizontal straight wire 10 m long extendingrom east to west is falling with a speed of
5.0ms* at right angles to the horizontal component of theEarth’'s magnetic field,
0.30x 10°Wo m ™

(a) What is the instantaneous value of the emfduced in the wire?

(b) What is the direction of the emf?
(c) Which end of the wire is at the higher electical potential?
A. (a) 1=10myv=50ms",B, =0.30x 10*Wom™
£=B,lv=0.30x10*x 1x 5.6 1.5 I8V

(b) According to Fleming’s right hand rule, theesition of emf is from west to east.

(c) Western end of the wire is at the higher elealpotential.
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8. Current in a circuit falls from 5.0 A to 0.0A in 0.1 s. If an average emf of 200 V induced,
give an estimate of the self-inductance of the cuat?

A. 1,=50Al,=0.0At= 0.5¢= 100

d

Ase=-tI =7
dt t
0200=-L29750_ .5
0.1
L=4H

9. A pair of adjacent coils has a mutual inductanceof 1.5 H. If the current in one coil
changes from 0 to 20 A in 0.5s, what is the changéflux linkage with the other coil?

A. M=15H, =0AJ,= 20At= 0.5

As s=-92__ d
dt dt

O dg=Ld =1.5x(20- 0= 3Wb.

10. A jet plane is travelling towards west at a spal of 1800 km/h. What is the voltage
difference developed between the ends of the wingwing a span of 25 m, if the Earth’s
maganetic field at the location has a magnitude & x 104 T and the dip angle is 36?

A. Speed of jet plane v = 1800 km/hl%OOX%: 500 m/s

| = Distance between the ends of the wings =25 m
The magnitude of magnetic field B =5 x4a.
Angle of dip §=30°
Use the formula of motional emf
e =\pVI
e=Bsinvl
(Where, By = vertical component of the Earth’s magnetic field,, = B sin)

e =5x 1sin 3° x 500 x 25 = 3.1 V.
Thus, the voltage difference developed betweerritios is 3.1 V.

www.sakshieducation.com



