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Principles of Electromagnetic
Induction

Electromagnetic Induction
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DESCRIBE AN EXP ENT WHICH SHOWS THAT
A CHANGING MAGN FIELD CAN INDUCE AN

E.M.F. 1 CIRCUIT.
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Michael Faraday showed that electricity can be
obtained from magnetism.

The current produced in this way is called an
induced current.

The process by which the ¢urrent is obtained is called
electromagnetic induction.
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To Demonstrate Electromagnetic Induction




* When a magnet is plunged
into the coil, the
&Ogalvanometer pointer gave
\glomentary deflection

e by
~ = v éy
The North pole of the magnet is moved into the coll of wire @

&




* Moving out the magnet@
out form the coil, the 'VO
galvanometer gave /s,
another deflection (




.y » No current was induced if

< the magnet was allowed to
’3' remain at rest inside or
tside the coil.

TThe Magnet is Held Stationary Inside the Coil of Wire ’%
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Whenever there was a relative movement between
magnet and coil;there was induced current.

The current was induced in the circuit as a result of
the wire being cut by magnetic flux lines when either
the magnet or coil moved.

An electromotive force is induced whenever there is
a changing magnetic flux in a citcuit.
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STATE THE %ORS AFFECTING THE
MAGNITUDE O @E INDUCED E.M.F.
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Faraday’s law of electromagnetic induction states
that the magnitude of the induced e.m.{. is
proportional to the'rate of change of the magnetic
flux linked with the circuit or rate at which the
magnetic flux are cut.

Faraday also found that the'magnitude of the
induced current increases when
The magnet is move at a faster speed id4npd out of the coil;
A stronger magnet is used;
The number of turns in the coil is increased.
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CHANGE

Electromagnetic Induction

STATE THAT TH%
PRODUCED BY AN IN g

UCING IT
(LENZ’S LAW) AND DE IBE HOW THIS LAW
MAY BE DEMO ATED.

RECTION OF A CURRENT
ED E.M.F. OPPOSES THE




Direction of Induced E.m.f.

» Lenz’s law of ele romagnetlc induction states that
the induced cur 1S always in a direction to oppose
the change produc
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» By Lenz's Law and the Right-Hand Grip Rule trace

the direction o ent through the load resistor:
o TR
Approaching &O Approaching A
$ ’

e

Going away Goitg ey




The A.C.

DESCRIBE A SIM

THE USE OF

Electromagnetic Induction

(ROTATING COIL O%

(Generator

ORM OF A.C. GENERATOR
TATING MAGNET) AND

P,RINGS WHERE
NEE%
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In motor, electrical energy is used to rotate the coil
to provide mechamnical energy

In generators, mechahical energy is used to rotate
the coil to produce electrical energy

Power stations use generators to supply the needed
electrical energy

A generator can be described as‘an electromagnetic
device which converts mechanical’energy to
electrical energy

Electromagnetic Induction
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» A simple alternating current generator consists of a
rectangular coil mounted on an axle which is fixed
between the poles 6f a permanent magnet.

the-goil is rotated in
the ipagnetic field

| current’is induced
slip rings in the rotatipg coll
connected

to the coll o ~
‘ current flows in

I “w._ external circuit

brushes make continuous
contact between the external
circuit and the slip rings

Electromagnetic Induction



axle

(a)

\ B

rotation

permanent
magnet
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=

slip-ring

1

Electromagnetic Induction

alectrical
load

Using Fleming’s right-hand
rule, the induced current
flows form Ato Band Cto D

The current then flows
through the two slip-rings

(X and Y) to an electrical
load.

The two slip-rings each
make sliding contact with a
fixed .«carbon brush (P and
Q). The current flows from
Y to Q and from P to X.



(D)

permanent
magnet

electrical

Electromagnetic Induction

When the coil has rotated at
180° (vertical 1position), the
sides of the coil will changed
places.

The current flows from B to A
and D to C in the coil, and from
X to P and from Q to Y through
the sliding contact.

Every, time the coil turns
through 180°, the current
reverse/its direction through
the electrical load.



armature

<— Wire

connnection

alternating car)‘t‘non \
current brushes slip rings
out ! éﬁ//

» The generator produces alternating ¢rrent because
slip rings are used in place of a split - ring commutator.

» The slip rings keep a continuous connection
with the wire around the armature.



The A.C. Generator
_________________________________________________________________ ... .

SKETCH A GRAPH@ OLTAGE OUTPUT AGAINST
TIME FOR A SI A.C. GENERATOR.

Electromagnetic Induction




When the coil is horizontal, the rate at which the coil cuts
the magnetic lines’of force is the greatest — the induced
e.m.f i1s maximum

When the coil is verticalthe rate at which the coil cuts the
magnetic lines of force is<the least — the induced e.m.f is
minimum




If the speed of /rgﬁ’;uion of the coil is doubled, both the

frequency of the alternating current and the rate of cutting
of the magnetic hne@ orce will be doubled.
Hence the maximum output voltage is also doubled.

% m Gkd new output

voltage

2V, 1 |

V, -

v, -

—2V,

un?mal output
voi ‘go



» When the number,of turned of the coil is doubled, both the
frequency of the output voltage is the same although its

maximum output vo is doubled.

emi/V

A new output
voltage

original output
voltage



» In conclusion, the induced electromotive force of a
generator can be‘ingreased by
o Increasing the spee otation of the coil,
o Increasing the number ns in the coil,

© Winding the coil on a soft i p]$2/ore so as to concentrate the
magnetic lines of force through(¢he coil,

o Using stronger magnets \S:S\
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The Transformer

_________________________________________________________________ I (25) oo

DESCRIBE THE S TURE AND PRINCIPLE OF
OPERATION OF MPLE TRON-CORED
TRA RMER.

Electromagnetic Induction




- In 1831, Faraday performed an experiment by winding two coils
round a soft iron ring

- When the switch was/glosed, the needle of the compass which
was placed above wire XY had deflected

- The compass needle againideflected when the switch was opened

° No1 deflection occurred when a steady current was supplied in
coil A

iron rig
X

| o ' compass
e — , W
i coill A ; gwul B (f)
L
\_/ Y




induces a magnetic field
in soft iron core

/

current
through
coil

& www.science aid.net

Electromagnetic Induction

more turns =
more voltage

» A transformer needs
an alternating current that will
create a changing magnetic
field.

o The primary coil is connected to an

AC supply.
alternating current passes
gh a primary coil wrapped
a a soft iron core.

ing current produces a
agnetic field.

This induces an alternating current
(AC) in the circuit connected to the
secondary coil.

O
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A transformer is used to change the voltage of an
alternating current.

This is done by having different numbers of turns in
the primary and secondary coils.

A step-up transformer has‘more turns in the
secondary coil than in the primary coil. This
increases the output voltage.

A step-down transformer decreaséesthe voltage by
having fewer turns in the secondary coil than in the
primary coil.

Electromagnetic Induction



» It may be showps;hat for an ideal transformer,

2
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» From the principle of conservation of energy, the
output power ce)t%? t be more than the input power

» Energy output can e more than energy input.
» For an ideal transform

Electromagnetic Induction




Calculate the output voltage from a transformer
when the inputvoltage is 230 V and the number of
turns on the primary coil is 2000 and the number
of turns on the secondary is 100.

To step down the a.c. voltage of 240 V to 12 V, what
must be the number of turns in the secondary coil,
if the primary coil has 200 tiirns? In this step-down
transformer, what will be the'éurrent in the
secondary coil, if the input current in the primary
coil is 5 A? Assume that the transformer is an ideal
one.
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A transformer has the ability to change an a.c.
supply of 2 kW;y240 Vto 60 V.
What is the turns ra#je,of this transformer?

How large is the outpf@®gprrent if the transformer is 100%
efficient?

What will the output curren¥9e if there is a 10% power loss in
the transformer?
A transformer has 500 turnsin,the primary and
3000 turns in the secondary. Inthe primary, the
potential difference is 120 V a.c. and the current is
150 mA. Find (a) the secondary potential difference
and (b) the secondary current.

Electromagnetic Induction
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A large power transformer converts 325 000 V to 7
500 V, at the rate of 2.5 million watts. Find (a) the
primary current, (b) the secondary current.

A transformer has aniinput voltage of 2 V. There
are 50 turns on the primdry coil. The secondary coil
has 600 turns.

What is the output voltage

The secondary coil has a resistance ofAB, Q. What is the
secondary current?

The transformer is perfectly efficient. What is the primary
current.

Electromagnetic Induction
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7. The main supply of 240 V is stepped down to 6 V using
a transformer.

What is the ratio o number of turns in the secondary coil to

are there in the secondary ¢ofi

The output from the second oil is used to light a 6 V lamp. If
the current in the lamp is 1.5 A the transformer is 100%
efficient, what is the current in t imary coil?

8. A step-down transformer has g@ turns in the primary
coil and 500 turns in the secon % oil. The primary
coil is connected to a 240 V a.c. sup{ly. If the
transformer is 100% efficient and primary current is 1.2
A, what will be the secondary current.

that in the primary con#
If the number of turns %imary coil is 1000, how many turns

Electromagnetic Induction



The Transformer

_________________________________________________________________ I (35)) oo

STATE THE AD\%AGES OF HIGH VOLTAGE

TRA @[ISSION.

Electromagnetic Induction




The Transformer
_________________________________________________________________ ... .

DISCUSS THE %RONMENTAL AND COST
IMPLICATIONS O DERGROUND POWER
TRANSMISSI Xﬁ/OMPARED TO

OVERHE INES

Electromagnetic Induction




Power Transmission

Power

Highvoltage T tion
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The Power Plant

» AC has at least %}"ee advantages over DC in a power
distribution grid:<;

o Large electrical genef@fgrs happen to generate AC naturally.

o Transformers must hav nating current to operate.
o It is easy to convert AC to t expensive to convert DC to
AC. ({9

2




» Disadvantage oﬁg;derground cable.

o It costs five to 15

es more to install transmission lines
underground.

o Underground power linésqre more costly to repair. In
addition, it generally take er to repair than overhead lines
due to the difficulty in reachiﬂ%e underground problem.

o Electrical lines pass over wetlan d fragile ecosystems and
it becomes easier to avoid injury tothgse areas when the lines

are overhead as opposed to digging uﬁ?yﬂlches to bury
electrical lines.




» Power loss due to the heating effect of current in the
grid cables — he @S given by I2R.

o To reduce this is to u @ery thick cable although it is heavy

and uneconomical.

o Another way to reduce is b ;ggping up the voltage by using a

<
°S)
W,

transformer.




A magnet is suspended from a spring so that it can
move freely inside a coil which is connected to a
sensitive centre-zero ammeter.

Ll L

spring

P __—  centre-zero
g ammeter

A O A A AND




What does the ammeter show when the magnet
vibrates slowl%nd down?
4. areading constantlfghanging from left to right and right to

left ,y @

5. asteady reading to the le ’$’
a steady reading to the right %

S
Y

p. asteady zero reading

Electromagnetic Induction




. The e.m.f. induced in a conductor moving at right-
angles to a mzé’x;e ic field does not depend upon
the length of the cofictor.
the resistance of the c ctor.
the speed of the conductQ

the strength of the magnetig%é}g\
Oy
K




A magnet is pushed slowly into a coil and there is a
current in the c¢eil in the direction shown.

magnet

/

.

current



The magnet is then pulled out quickly from the
same end of theoil.

What happens to the.direction and the size of the
current?

direction size
A reversed decreased
B reversed increased
C unchanged decreased
D unchanged increased B




A magnet is pushed horizontally towards a coil of
wire, inducing-an e.m.f. in the coil.

i

magnet
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The wire XY shown in the diagram is connected to
a sensitive voltmeter with a centre zero. XY is then
moved quickly oncethrough the magnetic field.

movement
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7. The diagram shows an a.c. generator connected to
an electrical cirenit (load resistor).

coil of axle
many turns < >
CD _ mechanical drive

/

load resistor
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coil @
many tums

> : :
2 mechanical drive

resistor

Electromagnetic Induction




Some changes are made, one at a time.
The speed of the’%e is changed.
The strength of the ets is changed.

The number of turns in coil is changed.
The value of the resistor i @anged.

How many of these alte% value of the e.m.{.
generated in the coil? \S\@

1 Q@

2
3
4




A cathode-ray oscilloscope is connected to an a.c.
generator.

A wave is seen on the screen of the oscilloscope.

.- peak



The speed of rotation of the generator is doubled.

What is the effect. on the wave?

number of peaks
on the screen

amplitude of wave
on the screen

o O m X

doubled
doubled
same

sdme

doubled
sameg
doubled

Sdalmne




The graph shows the output of an a.c. generator.
The coil in the generator rotates 20 times in one
second.

output

+24

pd./V .,

0.05

.10

time/s



0 0.10 time/s




0.10 time/s
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Which arrangement may be used to step up a

voltage?

a.C.

input 9

a.c.
input

irom core

LN

output

iron core

1

output

input %

iron core

o

(I

output

d.c.
input ;

m

iron core

L

output



The diagram shows a working transformer.

input
(primary coil)

output
(secondary coil)
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What are suitable numbers of turns for coil X and
for coil Y?

number of turns number of turns
on coil X on coil Y
A 240 60
B 240 240
C 240 960
D 960 60 A




100V ’3/(/ 10V

' $
‘ /%andary coil

primary coil

Electromagnetic Induction




What are suitable numbers of turns for the primary
coil and for the‘secondary coil?

number of tums on “[\/number of tums on
the primary coil the secondary coil
A 100 1000
B 200 1490
C 400 490
D 800 80 D




A transformer has 50 turns on its primary coil and
100 turns on its<secondary coil. An alternating
voltage of 25.0 V isconnected across the primary

coil.
O -
25.0V ~ g ‘ E
3

/':
primary coil “secondary coil

50 tums 100 tums
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The diagram shows a transformer connected to a
240 V a.c. supply.

soft-iron core

primary coil _
60 turns \H secondary coil

\ 30 turns

Or

240V
a.c.
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17. A transformer has 15 000 turns on its primary coil
and 750 turns o1 its secondary coil.

Connected in this , for what purpose could this
transformer be used?/,

to convert the 8000 V a.c. 0®put of a power station to 160
000 V for long-distance pow nsmission

to convert the 160 000 V d.c. supp{y from a power line to
8000 V for local power transmissicr/

to use a 12 V d.c. supply to operate a 240 V razor
to use a 240 V a.c. mains supply to operate a 12 V motor
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Which diagram shows the voltage output from the
transformer?

A B
12v3 12v4
voltage voltage
output output
0 - 0 -
\/ time time
C D
Iy r s
12V 4 12V 4
voltage voltage
output output
0 > 0 -
time \_/ time




19. Why is electri%/l energy usually transmitted at high

voltage?

A As little energy as @)le is wasted in the transmission

cables.
5. The current in the trans

c. The resistance of the trans

possible.

/§ n cables is as large as possible.
@Qn cables is as small as

D. The transmission system does not r@uire transformers.

Electromagnetic Induction




Electric power cables transmit electrical energy
over large distances using a high voltage,
alternating current.

What are the advantages of using a high voltage
and of using an alternating current?

advantage of using a high voltage advantage of using an alternating current
A | a higher current is produced in the cable the resistance of the cable is reduced
B | a higher current is produced in the cable | the voltage canbe changed using a transformer
C less energy is wasted in the cable the resistance of the cable is reduced
D less energy is wasted in the cable the voltage can be changed using a transformer

C





