5  FLECTROMAGNETIC INDUCTION

This is a phenomenon where a changing magnetic field induces an electric current.

INDUCING EMF ON A STRAIGHT CONDUCTOR
A
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When the conductor AB is moved vertically downward,it cuts across the magnetic
field lines and hence a current Is induced making the galvanometer deflects in one
direction, when the conductor is moved upwards the galvanometer deflects in the
opposite direction.

When the conductor is held stationery, there Iis no effect on the galvanometer since
there is no motion between the conductor and the magnetic field.

The magnitude of the Induced current increases as the angle © at which the
conductor cuts the fieldincreases. Current is maximum when 8 =20°,

At & =0"the conductor is moving parallel with the magnetic field and there is no
current induced. If the conductor Is held stationary and the magnet is moved now;
the result are the same as above.

INDUCING EMF IN A COIL
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When the magnet Is moved into the coil, the galvanometer deflects in one direction,
when it is moved out the galvanometer deflects in the opposite direction.

The same observations are made when the magnet is held stationary and the coill
moved towards it.

When there is no motion between the coil and the magnet, there is no deflection.

Factors affecting the magnitude of induced EMF

(i) Speed of the relative motion~The higher the speed the
higher the EMF.
(ii) Strength of the magnet~The stronger the magnet the
higher the E.M.F
(iii) The number of turns on the coil~The more the number
of turns of coils the higher the E.M.F.
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All these are summed up in Faraday’staw of electromagnetic inductionwhich
states that.

“The magnitude of the induced e.m.f'is directly proportional to the
rate of change of magnetic flux linkage”.

To determine the direction of an induced current.
The direction in which the induced currentcan be determined in two ways:
(i) Lenz’s law
(ii) Flemings right hand rule
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LENZ'S LAW
It states that“The induced current flows in such a direction as to
oppose the magnetic effect producing it.

Consider a magnet being moved in to a coil.
X

Motion
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When the north _pa& of the magnet is moved towards the coll, a current is
induced in the coiland the pointer deflects towards A showing that the induced
current flows from B to A. The induced current forms an electromagnet in the coll
with a Wtﬁ_po@ at the end X in accordance withLenz's law hence coil opposes
(repels) the north _poﬁz of the magnet. When now, the north _pa@ of the

magnet is moved away from the coil, the pointer deflects towardsBshowing that the
current flows from A to B.

¢ Motion
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In this case the Induced current in the coil flows in such a way that a sautﬁ._patéis
formed at the end X in accordance with Lenz’s law. The south _po[é of the coll

attracts the north _palé of magnet and thus opposing the movement of the
magnet.

(i) ELEMING'S RIGHT HAND RULE
This is a rule used to determine the direction of the Iinduced current given the
direction of motion and that of the magnetic field.

Pg2

It states that “If the thumb and the first two fingers of the right hand are held
mutually at right angles with the Eirstﬁnger pointing in the direction of the

Field, the thulMb pointing in the direction of Motion, then the seCond finger
points in the direction of the induced Current”.

First  ovanssm Field
ThuMb oo, Motion
SeCond..........ccceeon....... Current

Motion A

A

Galvanometer
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When the conductor AB is maved upwards the current moves from A towards B
using Fleming’s right hand rule

MUTUAL INDUCTION

Mutual inductance occurs when a changing current in one coll induces a current in
another placed close to it.

The first coil is called the primary coil while the second is called the secondary coil.
The changing magnetic flux in the primary coil links with the secondary coil and
hence Induces an e.m.f in it.

Consider two coils one connected to a battery source (primary coil) and the other
one connected to a galvanometer.
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Primary coll X Secondary coll Y
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When the switch is closed,the current in the primary coll Increases from zero to
maximum within a very short time causing the magnetic flux in the primary coll
linking with the secondary coil to increase from zero to maximum in the same time
Iinterval and hence Inducing and e.m.f in the secondary coil.

The end X will be a soutfi pole and Y a nortfi pole in accordance with Lenz's
law. The current in the secondary collflows in an anticlockwise direction hence the
galvanometer defiects towards B.

However, it deflects and then come back to zero immediately since the induced
e.m.f exists only when the magnetic flux in the primary coll is changing.
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When the switch is now opened the galvanometer deflects towards A and then falls
back to zera. The current in the primary takes a very short time to fall from
maximum value to zero. Magnetic flux in the primary linking with the secondary coll
also falls to zero inducing and e.m.f in the secondary coil.

The end X will now be a north pole and Y a south pole in accordance with
Lenz’s law hence the current is flowing in a clockwise direction in the secondary
coil.

NOTE: The induced e.mf in the secondary coil is much high when
the current in the primary is switched off than when switched on
because current in the circuit takes a much shorter time to die off
than build up.

The e.m.f is induced In each turn of the secondary coil since the magnetic flux of
the primary coil links with each. The total induced e.m.f is the sum of e.m.f induced
in the individual turns, hence the more the number of turns in the secondary cail,
the higher the e;m.f induced

The induced e.'m:f in the secondary coil is highly increased if both the primary coil

and the secondary coil are wound on the same soft iron rod because the soft iron
concentrates the magnetic flux in both coils.

Primary coll i l‘rnn e Secondary coil
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The induced e.mfcan even be increased further by winding both primary and
secondary coils on the same soft iron ring.

The ring enables the magnetic flux of the primary to form concentric loops within it,
thus reaching the secondary coll.

Magnetic flux

Applications of electromagnetic induction
It is applied mainly in

i) Transformers

ii) Moving coil microphone

iti) Induction coil

(8 CamScanner


https://v3.camscanner.com/user/download

1.TRANSFORMERS

A transformer is a device that transfers electrical energy from one circuit to another
by mutual inductance. It consists of a primary coil where an alternating current is
fed and a secondary coll forming the output. The coils are wound on a common soft
iron care.
Since the induced e.m.f in the secondary coll depends on the number of turns, two
kinds of transformers can be obtained; le

i)  Step — up transformer

ii)  Step down transformer

NOTE: A transformer can only work with an (a.c) voltage. The a.c in the

primary coil proeduces achanging magnetic flux which links with the secondary coil.
This in-turn induces an alternating e.m.f in the secondary coil.
If direct current (dc) Is used it would burn out the transformer.

STEP-DOWN TRANSFORMER
It has more turns in the primary coil (Np) than in the secondary coils (Ns)

Softiron
MBOL
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Since the secondary coils are less than the primary coils, the inducedvoltagein
the secondary Vsissmaller than the primary voltage

Vi . N

Vp Np

Step-down transformer is used to change voltage from a higher value to a lower

value.They are used where a low output voltage is required and a higher current
eg welding machine, lighting and other general consumption.

Since Power = VI
Then, when voltage reduces current increases.

STEP-UP TRANSFORMERS
They have more turns in the secondary coil Ns than in the primary coil Np.,
The secondary voltage is greater than primary voltage.

N SYMBOL
7

Secondary coil
4 : Primary mc;?aw
1 I coll

The transformer changes a smaller voltage to a higher value.

They are used where high output voltage but smaller current is required eg in
transmission lines, x-ray tubes etc.

Voltage is usually stepped — up for transmission to minimize the current
to be carried by the long cables that have high resistance.V = IR

If a high current is transmitted, then most of the electrical energy will be lost, in
the form of heat energy on the way. Hence the less the current, the less the
power loss.

Power loss = IZR

Primary coil

e
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T
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EQUATIONS RELATED TO TRANSFORMERS,

Since Power = VI For an ideal transformer (ie no
Then energy loss) the efficiency is 100%
Power input = Primary voltage x thus
Primary current VexIp=VsxIs
= Vex Ip "
b o Vs
Power output= Vsx Is | Vp
Power output
Efficiency = ——————— x 100 Vs N
Power input But ——=—
Vo Np
V:X I
Efficiency = x 100 b _ Ns
X1y Hence also — = —
s Np

NOTE: This formula with current applies only when the efficiency of the
transformer is 100%

EXAMPLES
1. A transformer Is designed to step-up the mains of 240V to 1000V. if the
primary coil has 1500 turns, find the number of secondary coil turns
2. A transformer connected to 240V mains power supply has 480 turns in the
primary coil has 36 turns in the secondary coil. Calculate the voltage in the
secondary coil
3. A transformer is used to provide a p.d of 100kV to an X-ray tube from a
250V a.c mains supply. A current of 0.01A flows in the X-ray tube and the
transformer is 100% efficient. Calculate
i) Current in the primary coil. (4A)
ii) Ratio of number of secondary turns to primary

Pg6

4. A student designed a transformer to supply a current of 10A at a Pd of 60V to
a motor from an a.c mains supply of 240V. If the efficiency of the transformer
is 80% Calculate

i) The power input. (750W)
if) The current in the primary coil. (3.125A)

5. A transformer supplies a current of 3.6A at a potential difference of 20V to a
motor from an a.c mains supply of 240V. If the efficiency of the transformer
is 50%,calculate

a) Power supplied to the transformer (144W)
b) Current in the primary coil. (0.6A)

ENERGY LOSSES IN A TRANSFORMER

Energy in a transformer is lost in four main ways;-

i) Fluxleakage
This is the magnetic fluxfrom the primary coil that fails to
link with the secondary coil.This reduces e.mfinduced in the
secondary.
Flux leakage is reduced by efficient design of the transformers to

ensure maximum flux linkage ie by winding the secondary coil on top of
the primary coil or wounding the two coils next to each other on a common core.

ii) Copper losses (Resistance of coils)
This is heat generated in the coils due to the resistance of the
wire making up the coil. Thisheat leads to power loss. Power loss = I?R.
To reduce copper losses, thick copper wires are used in the

secondary coils of a step-down transformer and the primary coils
of step-up transformers to reduce this heating effect.

iii) Eddy currents
This is a current that flow in the soft iron core. The alternating
magnetic flux in the soft iron core cuts the very own soft iron core; inducing an
e.m.fin it.This e.m.f sets up eddy currents that generates heat.
This effect reduces the power transfer to the secondary coil.
Eddy currents can be minimized by laminating the core ie made
of thin sheets af insulated soft iron plates. The current induced in each
place is small and hence minimum heating effect.
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iv) Hysteresis loss.
Hysteresis is the loss of energy as the iron core is heated by
being repeatedly magnetized and demagnetized.
Hysteresis can be minimized by using a saft iron core, which is
easily magnetized and demagnetized.
Note: Practically despite all the above measures taken to eliminate heat
loss, it Is still generated in any transformer. The heat generated in small
transformers used in domestic appliances eg T.V, Radio etc is low and therefare

air Is sufficient to cool them.
However heat generated in larger transformers in powers station and along

mains transmitting lines is cooled by oil, which does not evaporate easily.
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A moving coil microphone has a light coil situated in a strong magnetic field of a
cylindrical pot magnet and connected to a diaphragm. Sound waves from a
source set the diaphragm into vibrations causing the coil to move to and fro,
thus cutting the magnetic field. A varying e.m.f Is induced in the coll which in
turn sets up a varying current in the coil.

The current has the same frequency as the sound wave of the source. An
amplifier Is used to increased the amplitude of this current before being fed to
the loud speaker to be converted back to sound.

3. THE INDUCTION COIL
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It consists of a primary coll of few turns of thick copper wirewound on the
same soft iron core with secondary coils of many turns of thin copper wire.

The primary coil is connected to a dc of low voltage.

- When the switch is closed, the soft iron core becomes magnetized and
attracts the soft iron armature.

- This opens the contacts and cuts offthe primary current rapidly reducing the
magnetic field to zero.

- This in turn induces a large e.m.{ in the secondary coil by mutual induction
and Sparks jumps across the gap btn the ends of the secondary coil.

- The sparks are used to ignite petrol air mixture in a car engineand the
process repeats itself

NOTE: A capacitor is connected across the contacts to minimize the sparking.
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RENT (A.C) GENERATOR.

A generator is a device that converts mechanical energy to electrical energy.

Axis of rotation

Slip rings

Output arbonbrushes

It consists of two slip rings 1 and 2, two carbon brushes X and Y, a permanent
magnet and a coil.The current enters and leaves the coil thru the brushes which

press against the slip rings.
The brushes are made of carbon because it is slippery to offer lubrication and a

) uct el it
As the coil rotates its sides cuts the magnetic flux and therefore a current is
induced in it.

Applying Fleming right hand rule, the current flows in the direction
A-3B-C-D.

This current flows thru slip-ring 2 and brush X then brush Y and slip ring 1 then
completes the circuit.

Brush X is thus positive terminal while Y is negative. As the coil rotates from the
horizontal to the vertical position the angle at which the sides of the coil cut the
magnetic field reduces from 902 to 09 As a result the Induced E.m.f reduces
from maximum to zero.

In vertical position sideAB and CD are parallel to the coil,hence no e.m.f is
induced.

When the coil rotates past the vertical position, side AB moves downwards as
side CD moves upwards, the direction of the current thru the wire reverses and it

moves through D - C - B - A.Brush Y is now positive and brush X is negative.
The graph of e.mfinduced against the angle Bas the coil rotates is a
sinusoidal.At 90° the e.‘m.finduced is max™

90°  18Q° 00 3600

EMF
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Itconsists of a permanent magnet, two carbon brushes and a split ring.

Axis of rotation

Carbon brushes

As the coil rotates in clockwise direction from the horizontal position into the
vertical position, the e.mflnduced decreases from max to zero,applying

Fleming’s right hand rule, the current flows in the direction A - B - C - D.
Brush Y is positive and X is negative. When the coil goes into the vertical

position, noe.‘m.f is induced.The brushes touch the gaps within the commutator.

When the vertical position is passed the split rings exchange the brushes and
hence the direction of the current does not change.

The graph of g.mfinduced against the angle 8 as the coil rotates is a as
follows

E.m.f

|
90° 180° 27b° 360° !

Angle 6

NOTE: The diff btn an AC and a DC generator is that an AC has two SliQ

rings while a DC has a Sgﬁt ring.

The induced e.m.f or current for both AC and DC generator depends on:
(i) Speed of rotation~ the faster the speed the higher the current.
(ii) No of turns of the coil ~ the more the turns the higher the
current.
(iii) Strength of the magnetic field~ the stronger the magnet the
higher the current.
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