UNIT

•

•

After studying this chapter students will be able to:
describe the production of electricity by magnetism.
explain that induced emf's can be generated in two ways.
(i)
by relative movement (the generator effect).
(ii)
by changing a magnetic field (the transformer effect).
infer the factors affecting the magnitude of the induced emf.
state Faraday's law of electromagnetic induction.
account for Lenz's law to predict the direction of an induced current and
relate to the principle of conservation of energy.
apply Faraday's law of electromagnetic induction and Lenz's law to solve
problems.
explain the production of eddy currents and identify their magnetic and
heating effects.
explain the need for laminated iron cores in electric motors, generators and
transformers.
explain what is meant by motional emf. Given a rod or wire moving
through a magnetic field in a simple way, compute the potential difference
across its ends.
define mutual inductance (M) and self inductance (L ), and their unit
henry.
· describe the main components of an A.C-generatdr and explain how it
works.
describe the main features of an A.C electric motor and the role of each
feature.
explain the production of back emf in electric motors.
describe the construction of a transformer and explain how it works.
identify the relationship between the ratio of the number of turns in the
primary and secondary coils and the ratio of primary to secondary
voltages.
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describe how step-up and step-down transformers can be used to ensure
efficient transfer of electricity along cables.

Electricity and magnetism are two
Moving electric charges produce
magnetic forces and ·moving
magnets produce electric forces.
The interplay of electric and
magnetic forces is the basis for
electric motors, generators, and
many
other
modern
technologies.
The essential feature of an
electric motor is the supply of
electrical energy to a coil in a
magnetic field causing it to
rotate. The generation of
electrical power requires relative
motion between a magnetic field
and a conductor. In a generator,
mechanical energy is converted
into electrical energy while the
opposite occurs in an electric
motor. The electric motor is a
simple device in princ!l)le. It
converts electric energy into
mechanical energy. In this
chapter we will discuss these
basic motor principles.

aspects of a single electromagnetic force.

.

.

Flsure 14.1: electric motor Is the .heart of
domestic appliances such as vacuum cleaners,
washing machines, eloctrlc trains, lifts, and
cars etc.,

In 1831, English scientist
Michael Faraday discovered that
when the magnetic flux linking
a conductor changes, an e.m.f is Fig: 14.2: Mlchaol Faraday
induced in the conductor.
This phenomenon is known as electromagnetic induction. In this chapter, we will
study the various aspects of electromagnetic induction.

14.1

ELECTROMAGNETIC INDUCTION

When the magnetic flux linking a conductor changes, an e.m.f is induced
in the conductor tfiis phenomenon is known as electromagnetic induction. The
basic requirement for electromagnetic induction is the change in flux linlcing the
conductor (or coil).

I

I

Activity:

In order to demonstrate the
phenomenon of eiectromagnelic
induction, consider a coil C of
wire
connected
to
a
galvanometer as shown in
Fig14.3(a). Near the coil is a
stationary bar magnet. When the
is
stationary
the
magnet
galvanometer shows no current
so there is no source of e.m.f. in Figure l4/3(a): When the bar magnet Is pushe
the circuit.
toward.i the ,;oll, the pointer In the galvanomete
Now if we move the magnet Gdeflccts.
towards the coil C, the
galvanometer will show deflection in one direction. If we move the magnet away
from the coil, the galvanometer again shows deflection but in the opposite
direction. In either case, the deflection will persist so long as the magnet 1s in
motion. The production of e:m.f. and hence current in the coil C is due to the fact
that when the magnet is in motion (towards or away from the coil}, the amount of
flux linking the coil changes-the basic requirement for inducing e.m.f. in the coil.
If the movement of the magnet is stopped, though the flux is linking the coil there
is no change in flux so no e.m.f is induced in the coil therefor galvanometer
shows zero d~fJection.
The product of number of turns (N) of the coil and the magnetic flux (<l>)
linking the coil is called flux linkages i.e.
Flux linkages = N ct>
The phenomenon of electromagnetic induction may be demonstrated in
another way as when the current carrying primary coil is moved away or towards
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the stationary coil. The current in the primary coil set up a magnetic field that
links the stationary coil. Again it is the relative motion of the primary coil which
causes induced emf in the coil·, and the voltmeter shows deflection.
The e.m.f and current will persi•s t in the coil as long as flux through· the coil is
changing.

A.C. source
Magnetic lines
of force

/

SICOlduyColl
Figure 14.3(b): electromagnetic Induction

14.2

FARADAY'S LAWS OF ELECTROMAGNETIC INDUCTION

As the magnitude of e.m.f. induced in a coil is directly proportional to the
rate of change of flux linkages. If N is the number of turns of the coil and the
magnetic flux linking the coil changes from <l> 1 to ct> 2 int seconds, then,
Induced e.m.f., ex rate of change of flux linkages

c

Induced emf ,

c ex N -~<I>
~t

c=kN~cI>
~t

Where k is constant and its value is k =l
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E = N .6.<I>
l:!:.t

Above equation is called Faraday law of induction.
Faraday proposed two laws of electromagnetic induction:
(I) a changing magnetic field induces an electromagnetic force in a
conductor;
(2) the electromagnetic force is proportional to the rate of change of the field

The induced emf always oppo<;es the change in flux. The direction of induced emf
is given by Lenz's law.
E =-N .6.<I>
l:!:.t
The negative sign in the equation represents Lenz's law.

Faradays; law application in Seismometer
An earthquake is a shaking of the earth's surface, known as the crust. The earth's
crust is made of huge rock plates, which can shift to cause an earthquake. Most
earthquakes happen when two rock plates meet, creating friction. The force is so
strong it will send shockwaves through the ground, creating an earthquake.
There are millions of earthquakes
every day! Most earthquakes are
very small, so no one can teel 1t.
Earthquakes
can
happen
anywhere: land, mountains and
oceans.
To
mea<;ure
the
earthquakes we usl! a device
which is called seismometer.
It's used by seismologists in
order to detect earthquakes. One
kind of seismometer is called
inertial because it is based on
Newton's l st Law. It consists of
spring mass system which
records the vibrations in the
earth's s·urface and will pick up
even the slightest vibration.
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Figure 14,4(a): The focus of an earthquake Is
the location where rupture begins and enerBY
Is released. The place on the surface vertically
above the focus Is the epicenter. Seismic
wave fronts move out In all dlrectlons from
their source, the focus of an earth.
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This is recorded on a sheet of paper under the seismQgraph needle that writes it.
When there are vibrations,
1 Vtttleo/910U11dmovttn(nl
the needle sways, causing
bigger lines to be drawn. As
shown in figure.
of
The
other
kind
seismometer works on the
principle of electromagnetic
induction.
It transforms
received vibration energy into
an electrical voltage. The
relative motion between a
magnet and a coil (one of
which is attached to the
inertial mass and one is
attached to the frame)
induces an emf in the coil
that is proportional to the
velocity of the relative
motion. The magnitude of
emf is also proportional to the
strength of the magnet used
and the number of turns in
the coil.
In practice either the magnet
or the coil can be attached to
the
inertial
mass
(in
commercial systems the
magnet is itself often used as
the inertial mass).

[""'
Rt<Otdlng
dwm

.

Flsure 14.4(b): A vertical-motion selsmosraph,
This seismograph operates on the same principle
as a horizontal-motion Instrument and records

vertical ground movement.
Ciul

~u,pcn,iun
'l'nnti,
.,.
+Pi:nn.111.:111

111111:.n~,

Figure 14.4(c) : electromagnetic seismometer has
a coll fhced to the case and moves with the earth.
The magnet suspended by spring has Inertia and
does not move Instantaneously with the coll (and
case), so there ls relative motion between
masnet and coll.
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14.3

Lenz's Law:

Lenz's law is a convenient alternative method for determining the direction of an
induced e.m.f or current. It always gives the same result<; as the sign rule<; we
have introduced for E and Ll<l>/Llt in connection with Faraday's law.
To find the direction of the induced current German scientist Lenz's proposed
that:
The induced current will flow in such a direction so as 10 oppose the cause
that produces it.
The negative sign simply reminds us that the induced current opposes the
changing magnetic field thal l.aused th~ induced current. c= - Ll¢l/Llt.
To demonstrate the lenz-' ll.
law consider the N-pole of the
movement against rep':'lslon
magnet towards the coil as shown
in fig . As the N-pole of the magnet
moves towards the coil, the
magnetic flux linking the coil
produces
electromagnetic
induction. According to Lcnz's
law, the direction of the induced
movement against attraction
current will be such so as to
oppose the cause that produces it.
In the present case, the cause of the
induced current is the increasing
magnetic flux linking the coil. So
the induced current will ~el up
magnetic flux that opposes the Figure 14,S: magnetic flux llnklng the coll
increase in flux through the coil.
Tht'i is possible only if the left
hand face of the coil become N-pole. Once we know the magnetic polarity of the
coil face, the direction of the induced current can be easily determined by
applying right-hand rule for the coil.

·1s

Lenz's law and conservation of energy
Lenz's law is a consequence of the law of conservation of energy. In the above
case, for example, when the N-pole of the magnet is approaching the coil, the
induced current will flow in the coil in such a direction that the left-hand face of

'

I

the coil becomes N-pole. The result is that the motion of the magnet is opposed.
The mechanical energy spent in overcoming this opposition is converted into
electrical energy which appears in the coil. Thus Lenz's law is consistent with the
law of conservation of energy.

I

Fleming's Right-Hand Rule and direction:
To find the direction of the induced
e.m.f. and hence current, Fleming's
right-hand rule may also be used.
When the conductor moves at right
angles to a stationary magnetic
field then the direction of induced
current is from right to left as
shown in fig. If the motion of the
conductor is downward, then the
direction of induced current will be
from left to right.

fllQIIC:,, OI

z·- ~

It may be stated as under:
Stretch out the forefinger,
middle finger and thumb of your
right hand so that they are at right
angles to one another. If the
forefinger points in the direction of
magnetic field, thumb in the
direction of motion of the
conductor, then the middle finger
will point in the direction of
induced current.

I

Example: 14.1.

I

beet ~

Clt♦tUoo

at

C..noal Fl••

Figure 14.6 : Fleming's right hand rule
shows the relative directions of Current
(second finger), Magnetic Field (first finger)
and the direction of motion or force
{thumb),

A coil of 100 turns is linked by a flux of 20 m Wb. If this flux is rever!-.ed
in a time of 2 ms, calculate the average e.m.f. induced in the coil.

I

•

Solution.

I

Change in flux, ~<I>

= 20

- (-20)

= 40 mWb = 40

3

x 1Q- Wb

Time taken for the change, !J.t = 2 ms = 2 x 10-3 s

£ = N !J.<f> =IOOx 40xl0-1
~t
2x10-1

I

= 2000V

I

Example: 14.2.

At what rate would it be necessary for a single conductor to cut the flux in
order that a current of 1.2 mA flows through it when 10 n resistor is connected
across its ends?

I

I

Solution

E = N !J.<f>
!J.t

Here

£=/R = l.2xl0-3 xl0=1.2xl0 2 V;
~<I> - ?
!J.t - .
!J.<I> E 1.2x10-2
-=-=
1

I
I

Example: 14.3.

I

= l.2 x10-~Wb/s

A coil· of mean area 500 cm1 and havmg 1000 turns is held perpendicular to a
uniform field of 0.4 gauss. The coil is turned through 180° in 1/1 Os. Calculate the
average induced e.m.f.

I

Solution.
<I> = NBA cos 0

When the plane of the coil is perpendicular to the field,

e=0°. When the

coil is turned though 180° , e = 180°.
Therefore, initial flux linked with the coil is <1> 1 = NBAcose = NBA
Flux linked with coil when turned through 180° = -NBA
Change in flux linking the coil is
!J.<I>
<1>2 - <1> 1 = (- NBA) - (NBA) =- 2NBA

=

Chapter 14
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f , E=A<I>
. duced e.m..
:. A verage m
Here

2NBA

At
At
4
N=lOO0; B=0.4 G=0.4x10-" T

;A=500.x l004 m2 ;
At=0.ls
4

£ 2x1000x(0.4~ 104 )x500xl0
0.1
=0.04V

I

14.4 INDUCED E.M.F

I

By Faraday's law whenever a conductor is placed in a varying magnetic
field, EMF is induced in the conductor and this e.m.f is called induced e.m.f.
But as the varying magnetic field can be brought about in two ways, therefore
induced e.m.f. is of two types

I

1. Dynamically induced e.m.f.
When the conductor is moved in a stationary magnetic field in such a way that
the jlm: linking it changes in magnitude. Then the e.m.f. induced in this way is
called dynamically induced e.m.f. (as in a d.c. generator). It is so called
because e.m.f. is induced in the conductor which is in motion.

I
~

2. Statically induced e.m.f.
When the conductor is stationary and the ma~netic field is moving or
changing. Then the e.m.f. induced in this way is called statically induced
e.mf. (as in a transfomier). It is so called because the e.m.f. is induced in a
conductor which is stationary.

1 14:4.1 Motio~al e.m.f.

I

In order to study the dynamically induced e.m.f. in details, consider a
conductor NM moving in a magnetic field. Fig: 14.7 shows a conductor of length
l in a uniform magnetic field B perpendicular to the plane of the figure, directed
into the page.

Electromagnetic Induction
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14.5

------------------

Generating Electricity

Alternating current generator
The ability to produce an electromotive force by changing the magnetic
field inside a coil is used to generate electricity. The generation of electricity is
the important application of electromagnetic induction.
Generator is a device which converts Mechanical energy into electrical energy.
It consists of coil CDEF, two slip rings and two carbon brushes. When the coil
CDEF rotates between the poles of a magnet and an electromotive force is
induced. The current flows through the external circuit by slip rings A I and A2
which are made of copper.
A1 is connected to the side CD of the coil and A2 to the side EF as shown in
fig14.12: A1 is always in contact with the brush B1 and A2 with the brush B2.
When the side CD moves upwards Fleming's Right-hand Rules shows that the
direction of the current is from C to D and E to F. Thus the current enters the
circuit at B 1 and leaves at B2• Half a revolution later FE will be in the position
previously occupied by CD
cou
and the current direction is
AxJe
reversed, i.e. it is from F to
E and D to C. The current
now enters the circuit ai B2 •
and leaves at B 1• Thus the
direction of the induced
electromotive force and the
current changes every half
s
revolution.

I

'

These vary not only in
direction; J}owever, they
also vary in magnitude. The
graph of electromotive
force against time is shown
in Figl4.13: The time taken
for one revolution T is
called the period and
frequency f. is .the number

Altcrnalln,t emf

Carbon

hru!lhea

AC Generator
Figure 14.12: \C generator
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of revolutions per second. Hence
1

f= -

T

The domestic electricity supply has a frequency of 50 hertz, which means that the
generator makes fifty revolutions each second. The graph of current against time
has the same shape as that of electromotive force against time, but the magnitude
of the current depends upon the resistance of the external circuit. Fig14.13 shows
the positions of the coil that correspond to various points on the graph.

Stagel
Stage2
The plane of
When the annatµrc
the armature ls rotates through 90
perpendicular
the plane of the
lo the magnetic armature ls parallc:l lo
field
magnetic field

Stage3
armature
after a
rotation of
180'

Stage4

Armature after
a rotation of
270'

Stage5
Armature after
rotating through
360'

E
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0

~

~

=
-

7

•F

8 C

B

.
0

I

t-c

½

A

270

·-.·-.

A

Ume

J60

,
.
.
. -·
,

·----a~r ··· -·

Dlrerllon of
Magnetic
llcld

,,

----,,

r-

Figure 14.13 An alternating emf is generated by a loop of wire rotating in a magnetic
field.

The coil has the maximum number of lines of force passing through it
when it is in vertical position, and hence the maximum number of flux linkages.
Therefore the induced electromotive force is a maximum when the coil is
horizontal and a minimum when the coil is vertical. The induced electromotive
force, is determined by the rate at which the number of flux linkages changes.
From Figl4.13: it is clear that there is very little change in the numbe~ of flux
Electromagnetic Induction
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linkages when the coil is near the vertical position and consequently no, or very
little induced electromotive force. Another way of looking at the problem is to
consider the sides CD and EF of the coil which are responsible for the induced
electromotive force. When the coil is horizontal sides CD and EF are moving
perpendicular to the magnetic field and so the induced electromotive force is a
maximum; when the coil is perpendicular to the field sides CD and EF are moving
parallel to the magnetic field and so the induced electromotive force is zero.
The magnitude of induced e.m.f can be detennined by finding the rate of change
of flux through the coil. Suppose the coil is rotating with angular velocity w and
at any instant t, 0 be the angle which the coil makes with the field B. If N is the
number of turns in the coil then the flux through the coil of area A is
tl> = B.AN = NABcos0

= NAB cos ax

:. 0 = {J)t

The induced e.m.f is
D.tl>
D.
£ = - -= - - (NAB cos ax)
D.t
D.t

e =-NAB lim D.(coSlU')
&-+O

A-

l"Ui

D.t

Iim -.:.----'D.(cosax) = - ({J)Stn
. ax )
& -+O
D.t

=NAB({J)Sin ax)
For maximum value of induced e.m.f. sinu>t= I, so £mar. = NAB{J)
Hence induced c.m.f at any instant of time is:
= £max sin ax

e
e= emu sin(2;ift)

1 14.6 AC Motor

I

An AC motor has two basic electrical parts: a "stator" and a "rotor" as
shown in Fig14.14: The stator is the stationary part of the motor while rotor is the
rotating part of the motor. The stator consists of a group of individual electromagnets arranged in such a way that they form a hollow cylinder, with one pole of
each magnet facing toward the center of the group. It also consists of a group of
electro-magn~~ arranged around a cylinder, with the poles facing toward the
stator poles. The rotor, obviously, is located inside the stator and is mounted on
the motor's shaft. The objective of these motor components is to make the rotor

Electromagnetic Induction
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rotate which in ·tum will rotate the motor shaft. The rotor consists of coils wound
on a ·1aminated iron annature mounted on an axle. The rotor coils are not
connected to the external power supply, and an induction motor has neither
commutator nor brushes. An induction motor is so named because eddy currents
are induced in the rotor coils by the rotating magnetic field of the stator.
The eddy currents produce magnetic fields which interact with the rotating field
of the stator to exert a torque on the rotor in the direction of rotation of the stator
field.
1:.lcctromagnct

In order to understand the
principle on which it works. Let
at time t1 the S-pole of the rotor
is attracted by the two N-pules
of the stator and the N-pole of '
the rotor is attracted by the two
Rotator
south poles of the stator. At time
t2, when the polarity of the stator
poles is ch~ged then it forces Figure 14.14 : Basic electrical components of an
the rotor to rotate 60 degrees to AC motor.
line up with the stator poles as
shown in fig 14.15.
At time t3, the polarity of the
stator I-JOies is changed so that
the rotor is further rotate 60
degrees to line up with the stator Rotator
poles. Similarly at time 4 it
further rotates 60 degrees.
As each change is made, the
poles of the rotor are attracted
by the opposite poles on the
stator. Thus, as the magnetic
field of the stator rotates, the
rotor is also forced to rotate with
it.

Chnp~r U

PermanenrMagnet
Figure 14.15 : the S-pole of the rotor is
attracted by the two N-poles of the stator
and the N-pole of the rotor is attracted by the
two south poles of the stator.
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14.6.1 Back emf

I

When the coil of electric motor rotates in a magnetic field by applying it with a
battery of potential difference Van induced emf & is produced. This induced emf
is produced in such a direction so as to oppose the emf V of battery which is
known as back emf.
The applied voltage is equal to back emf£ plus the voltage drop across the
tesistance R.

V:: E +IR

As the motor speed increases the eddy currents and the resulting back EMF also
increase. When the motor reaches its maximum operating speed back emf will be
generated at a constant rate. When a load is applied, the speed of the motor is
reduced, which reduces 'the back emf and hence increases current in the motor. If
the load stops the motor from moving then the current may be high enough to
bum out the motor coil windings.
Generally, the load slows the armaiure down and so the current increases as the
back emf is decreased. This produces an increase in current and torque to cope
with the increased load. To protect the motor at low speeds a resistor in series is
switched in to the circuit to protect the coils from burning out. It is switched out
when the current drops to a set level and switches back in when this level is
exceeded again. At the higher speeds the back emf reduces the current and so the
motor continues to operate safely.

1 14.7 Transformers

I

A transformer is a device which is used to transform electrical power from
one voltage and current level to another. The transformer depends on the use of
alternating current. There are three main parts to a 11 ansformer: two coils of wire
(called.the primary and secondary) and a laminated iron core connecting them:
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The primary coil is connected to the input electrical supply, which has to be AC to
work properly. An AC current through the coil creates a changing magnetic field
which is concentrated through the iron core.
The transformer is based on two principles: first, that an electric current can
produce
a
magnetic.
field
(electromagnetism), and, second
that a changing magnetic field
within a coil of wire induces a
voltage across the ends of the coil
(electromagnetic
induction).
Changing the current in the
primary coil changes the magnetic
flux that is developed. The
changing magnetic flux induces a
··
voltage in the secondary coil.
SINGLE ~TION

L

f igure 14.16: laminated Iron core

14.7.1 Induction law

iron
Current passing through the
primary coil creates q magnetic
field . The primary and secondary
coils are wrapped around a core of
high magnetic permeability, such
as iron, so that most of the
magnetic flux passes through both
the primary and secondary coils.
So the flux through the primary
and secondary coil is same. The .
changing magnetic flux through prim.in
the primary coil gives rise to an wil
induced emf Vs in the secondary
coil.

c.:orc

,;cumd.in
1.oil

1-igurc 14.17: ,tcp up and ,tcp dnwn
transformer
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The voltage induced across the secondary coil is given by Faraday's Jaw of
induction. which states that:

where Vs is the instantaneous voltage, N 5 is the number of turns in the secondary
coil and <I> is the magnetic flux through one turn of the coil. Since the same
magnetic flux passes through both the primary and secondary coils in an ideal
transformer, the voltage across the primary is

d<I>

Yi,= Np dt

Talcing the ratio of the two equations for V5 and Vp gives the basic equation for
stepping up or stepping down the voltage
·
V, N,
- =v, NP
Where Vp primary voltage, Vs = secondary voltage, Np primary turns. If Ns >
Np then Vs > Vp and the transformer is caHed a step-up transformer. When Ns<Np
it follows that Vs<Vp and it is called a step-down transformer. The amount of
energy cannot be stepped up or down. At best, as with the induction coil, as such
energy can be obtained from the secondary as is put into the primary, i.e. the
efficiency of the transformer is 100%. This theoretical efficiency cannot be
obtained in practice, although the transformer is a very good machine with
efficiency in the region of 90%. As for induction coil (assuming a theoretical
efficiency of 100%).
Vsls= Vplp
V, I,

=

=

- =--

VP I ,
It follows that if the voltage is stepped up, the current is stepped down and vice
versa. If a high voltage is required a step-up transformer is used, whereas if a high
current is required a step-down transformer is used.
Cl)apter 14

14.7.2 Energy losses in transformers:
(i) Flux Leakage: There is always some flux leakage; that is, not all of the flux
due to primary passes through the secondary due to poor design of the core or the
air gaps in the core. It can be reduced by winding the primary and secondary coils
one over the other.
(ii) Resistance of the windings: The wire used for the windings has some
resistance and so, energy is lost due to heat produced in the wire (I2R). In high
current, low voltage windings, these are minimised by using thick wire.
(iii) Eddy currents: A transformer has an iron· core to concentrate the magnetic
field to achieve the maximum possible inductive coupling between the primary
and secondary coils. As the changing flux intersects the core, eddy currents are
induced in the iron. Heating occurs because of the rather high resistance of the
iron to the eddy currents.
Transformer cores are made of
s~,dCore
Lamnated Core
laminated iron, that is, many
thin sheets of iron pressed
together but separated by thin
insulating layers. This limits
the circulation of any eddy
currents to the thickness of one
lamina, rather than the whole
core, thus reducing the overall
wth ~ lalTW'lat,ons
with larnnahons
heating effect.
high Eddf Currents
ICJIII Edd, Cunenls

(iv)
Hysteresis:
The
magnetisation of the core is Figure 14.18: Eddy currents in an ordinary iron
and a laminated iron core.
repeatedly reversed by the ...._core,
__________________

~

alternating magnetic field. The resulting expenditure of energy in the core appears
as heat and is kept to a minimum by using a magnetic material which has a low
hysteresis loss.
The transformer allowed electricity to be efficiently transmitted over long
distances. This made it possible to supply electricity to homes and businesses
located far from the electric generating plant. The electricity first goes to a
transformer at the power plant that boosts the voltage up to 400,000 volts.
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Transmission lines
carry electricity
long distances.

Trans{9rmer Steps
up Voltage for
transmission

Factories

High voltage
power Imes

F19 14 19: Illustrations of electricity transmission from power station to homes
When electrii.:iLy travels long distances it is better to have it at higher voltages.
Another way of saymg this is that electricity can be transferred more efficiently
at high voltages. The long thick cables of transmission lines are made of copper
or aluminum because they have a low resistance. Some of the electrical energy
is lost because it is changed into heat energy. High voltage transmission lines
cap-y electricity long distances to a substation. The power lines go inlo
substations near businesses, factories and homes. Here transfonners change the
very high voltage electricity back into lower voltage electricity.
From these substations, electricity in different power levels is used to run
factories, streetcars and mass transit etc., In your neighborhood, another small
transfonner mounted on pole or in a utility box converts the power to even
lower levels to be used in your house. The voltage is eventually reduced to
220 volts for larger appliances, like stoves and clothes dryers, and 110 volts
for lights, TVs and other smaller appliances.

---~---------------,
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Key points
•
•

•
•

•

•

•
•

•
•

•

When the magnetic flux linking a conductor changes, an e.m.f is induced
in the conductor this phenomenon is known as electromagnetic induction.
The basic requirement for electromagnetic induction is the change in flux
linking the conductor (or coil).
The e.m.f and hence the current in this conductor (or coil) will persist so
long as this change is taking place.
If the change of magnetic flux is due to a variation in the current flowing
in the same circuit, the phenomenon is known as self-induction; if it is due
to a change of current flowing in another circuit it is known as mutual
induction.
When the coil of electric motor rotates in a magnetic field by applying it
with a battery of potential difference V an induced emf £ is produced.
This induced emf is produced in such a direction so as to oppose the emf V
of battery which is known as back emf.
Lenz's proposed that the induced current will flow in such a direction so
as
to
oppose
the
cause
that
produces
it.
When the conductor is moved in a stationary magnetic field in such a way
that the flux linking it changes in magnitude. The e.m.f. induced is called
dynamically induced e.m.f.
When the conductor is stationary and the magnetic field is moving or
changing. The e.m.f. induced is called statically induced e.m.f.
The ability to produce an electromotive force by changing the magnetic
field inside a coil is used to generate electricity. Generator is a device
which converts Mechanical energy into electrical energy.
A transformer is a device which is used to transform electrical power from
one voltage and current level to another.
The· transformer is based on two principles: first, that an electric current
can produce a magnetic field, and, second that a changing magnetic field
within a coil of wire induces a voltage across the ends of the coil.
One of the best ways to overcome difficulties of heating in transformers is
to reduce the size of the eddy currents.
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Multiple choice questions:
Each of the following questions is followed by four answers. Select the
correct answer in each case.
1. For inducing emf in a coil the basi<.: requirement is that
(a) Flux should link the coil
(b) change in flux should link the coil
(c) coil should form a closed loop
(d) both (b) and (c) are true
2. The device in which induced emf is statically induced emf is
(a) transfonner
(b) ac generator
(c) alternator

(d) dynamo.

3. The north pole of a magnet is brought near a metallic ring as shown in the
fig. The direction of induced current in the ring will be

( a) anticlockwise
( b) clockwise
( c) first anti-clockwise and then clockwise
( d) first clockwise and then anti-clockwise
4. What is the coefficient of mutual inductance, when the magnetic flux
2
changes by 2x I 0- Wb, and change in current is 0.01 A?
(a) 2 H
(b) 3H
(c) 1/2 H
(d) zero
5. The induced emf in a coil is proportional to
( a) magnetic flux through the coil
(b) rate of change of magnetic flux through the coil
(c) area of the coil
(d) product of magnetic flux and area of the coil
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6. In a coil current change from 2 to 4 A in .05 s. If the average induced emf
is 8V then coefficient of self-inductance is
(a) 0.2 henry
(b) 0.1 henry
(c) 0.8 henry
(d) 0.04 henry

7. Whit.•• of the following quantities remain constant in step up transformer?
( a) current ( b) voltage ( c) power
( d) heat
8. Step-up transformer has a transformation ratio of 3:2. What is the voltage
in secondary, if voltage in primary is 30 V?
(a)45V
(b)l5V
(c) 90 V
(d) 300 V
9. Eddy current is produced when
(a) a metal is kept in varying magnetic field
(b) a metal is kept in steady magnetic field
(c) a circular coil is placed in a steady magnetic field
(d) a current is passed through a circular coil.

I

(~ r

l.

Conceptual question's

I

Make list of similarities and differences between the motor effect and
electromagnetic induction in a moving wire (the dynamo effect).

L2. For a simple motor, why must the back e.m.f. always be smaller than the
applied potential difference?

za [

3._ What factors limit the size of the back e.m.f.?
4.

.

-

Why does back e.m.f. tend to decrease as the rate of doing work increases?

Electromagnetic Inducti:;J
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why it possible to say that
\ 5. Explain from £ =- .1<1>
llt
.

L6.

foe /JJ
llt

Show that the relationship £ =- .1<f> is dimensionally correct.
llt

\ 7. Give the fonnulae for the flux linkage in terms of angular orientation.

L

8. Explain the eddy current in terms of Lenz's law. Also by drawing a
suitable diagram show the direction of eddy current and the polarity
produced in the sheet as a result of magnetic field.

9. How electromagnetic brake works? Explain.
IO. A bar magnet is dropped inside a long vertical tube. If the tube is made of
metal, the magnet quickly approaches a terminal speed, but if the tube is
made of cardboard, the magnet falls with constant acceleration. Explain
why the magnet falls differently in the metal tube than it does in the
cardboard tube.
s ers from Eddy current loss (a) Explain how eddy
11. The transfi~rmer
currents arise
eddy curre

State the features of transformer designed to minimize

.

.

12. Analyse information to explain how induction is used in cook tops in
electric ranges?

13. (a) Explain what is meant by the term hack e.m.f. in any electric motor
operation.
(b) Explain why it is an advantage for the armature to rotate in a radial

----

magnetic field rather than a uniform one?

17.
If the armatures rotating freely then explain, in terms of electromagnetic

14.

principles (a) why the current in the armatures progressively decreases as
1&be anguihl -velocity of the armature increases (b) why a maximum angular
velocity is eventually reached?
15.

Transformer cores can be made from a variety of materials. What are the
1911ain features that you would require of material to make a good
transformer core? Suggest how well each of the following materials would
perform; iron, solid soft iron, laminated soft iron, aluminum.
\

16 ·20. Current

i~in~reasing in magnitude from A to 8 as shown in fig:. What is

the direction of induced current, if any. in the loop?

0

1111A----1a.......---a

Comprehensive question's
1. Describe electromagnetic induction with simple experiments. Explain the
factors effecting magnitude and direction of induced emf.
2. State faradays law of electromagnetism. Also explain statically and
dynamically induced emf with experiments.
3. Describe lenses law. Show that this law is a manifestation of conservation
of energy.
4. Explain the phenomenon of mutual induction. Define the coefficient of
mutual induction and units.
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5. Explain the phenomenon of self-induction. Define the coefficient of selfinduction and units.
6. Explain motional emf. Show that motional induced emf is t: =Blv.
7. What is de generator? Explain how alternating emf is generated by rt loop
of wire rotating in a magnetic field.
8. What is AC motor? Explain the construction and working of AC motor.
9. What is transformer? Give its principle, mathematical relationship. Also
explain why laminated iron core is used instead of solid one.
10. Explain the back emf in an electric motor.
11 . Explain eddy current with suitable example. How eddy current can be
minimized.

Numerical problems
1. Two identical coils A and B of 500 turns each has on parallel planes such
that 70% of flux produced by one coil links with the other. A current of 6 A
flowing in coil A produces a flux of O.06m Wb in it. If the current in coil
A changes from lOA to -10 A in .03s, calculate (a) the mutual inductance
and (b) the e.m.f. induced in coil B.
(a. 3.5x 10"3mH, b. 2.33V)
2. A wheel with 12 metal spokes each 0.6m long is rotated with a speed of 180
r.p.m in a plane normal to earth's magnetic field at a place. If the
magmtude of the field is 0.6 G, what i!> the magnitude of induced e.m.f.
between the axle and rim of the wheel?
(2.035 x I0-4 V)
3. A circuit has 1000 turns enclosing a magnetic circuit 20cm2 in section
with 4A current, the flux density is 1 Wbm"2 and with 9A current, it is
I .4Wbm·2• Find the mean value of the inductance between these current
limits and the induced e.m.f. if the current falls from 9A to 4A in .05s.
(.16H, 16V)
4. A coil of resistance lOOQ is placed in a magnetic field of lmWb. The coil
has I 00 turns and a galvanometer of 400Q resistance is connected in series
jChapt~r 1:J
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with it: find the average emf and the current if the coil is moved in 1/10th s
from the given field to a field of 0.2mWb.
(1.6 mA)

5. A horizontal straight wire 10 m long extending from east to west is falling
with a speed of 5.0 m s- 1, at right angles to the horizontal component of
the earth's magnetic field, 0.30 x 104 Wb m- 2 (a) what is the
instantaneous value of the emf induced in the wire?
(b) What is the direction of the emf ?

(c) Which end of the wire is at the higher electrical potential?
(l.5x10·3 v)
6. Current in a circuit falls from 5.0 A to O A in 0.1 s. If an average emf of

200 V induced, give an estimate of the self-inductance of the circuit.
( 4H)
7. A long solenoid with 15 turns per cm has a small loop of area 2.0 cm2
placed inside the solenoid normal to its axis. If the current carried by the
solenoid changes steadily from 2.0 A to 4.0 A in 0.1 s, what is the induced
emf in the loop while the current is changing?
(7.54 X 10- 6V)
8. A rectangular wire loop of sides 8 cm and 2 cm with 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 emf developed across the cut if the
velocity of the loop is 1 cm s- 1 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?
(2.4 x 10-4 V, 2 s, & 0.6 x 10-4 V, 8 s)
9. A 90-mm length of wire moves with an upward velocity of 35 ms· 1
between the poles of a magnet. The magnetic field is 80 mT directed to
the right. If the resistance in the wire is 5.00 m 11, what are the magnitude
and dir, ction of the induced current?
(50.4 A)
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10. A pair of adjacent coils has a mutual inductance of 1.5 H. H 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?

(30Wb)
11. The back emf in a motor is 120V when the motor is turning at
1680 rev/min. What is the back emf when the motor turns at
3360 rev/min?
(240V)
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