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17. MAGNETISM
17.1 LAWS OF MAGNETISM
a) Laws of Magnetism
1. Like poles repel.
2. Unlike poles attract.
b) Induced magnetism
 Induced magnetism refers to the temporary

type of magnetism gained by a magnetic
material when it is placed close to a magnet or
in contact with it.

 When a magnetic material is brought close to a
magnet, an opposite polarity is induced in the
material causing it to be attracted to the
magnet. Fig. 1: demonstrating induced magnetism

 When the magnetic material is separated from the magnet, induced magnetism ceases. Induced
magnetism can be, for example, demonstrated by clinging iron nails to a bar magnet.

If the bar magnet is slowly removed away from the iron nails as shown in fig.1, the iron nails gradually
lose their magnetism and fall down one by one.

17.2 MAGNETIC PROPERTIES OF MATTER
c) Magnetic properties of matter
Materials can be classified into 3 categories:
1. Magnetic materials: those which are attracted to a magnet e.g. Iron, cobalt, nickel, steel.
2. Non-magnetic materials: those which are not attracted to a magnet e.g. wood, paper, plastic,

stainless steel.
3. Magnetised materials: those which attract magnetic materials, i.e. the magnets themselves.
d) Magnetisation and demagnetisation
Magnetisation – electrical method
1. A solenoid with a large number of turns is

connected in series with a d.c. and a switch
source as shown in fig. 2.

2. The material to be magnetised (e.g. a steel
bar) is placed inside the solenoid.

3. The current is switched on briefly (for a few
seconds) and is then switched off.

4. If the material is subsequently tested, it is
found to be magnetised. Fig. 2

Note:
1. To test if a material is a magnet or not, one end of a compass needle should be repelled by it.
2. The strength of the magnet produced depends on:

(i) the size of the current, and
(ii) the number of turns in the solenoid.

3. The directions of N-pole and S-pole of the solenoid can determined using the Right Hand Grip Rule.
4. If an iron bar is placed inside the solenoid then an electromagnet is formed, i.e. the iron bar

remains magnetised only as long as an electric current flows in the solenoid.
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Demagnetisation – electrical method

Fig. 3
Procedure:
1) A circuit consisting of a solenoid with a large number of turns is connected in series with a switch

and an a.c. source.
2) The axis of the solenoid is oriented in an east-west direction and a bar magnet is placed inside it.
3) The current is switched on and the bar magnet is slowly moved out of the solenoid up to a distance

of several metres away from it.
4) The current is then switched off.
5) The steel bar (initially magnetised) is then tested by bringing it close to a compass. If one end of

the steel bar is attracted by both ends of the compass needle then it is confirmed to be
demagnetised.

NOTE:
1) The east-west orientation of the solenoid avoids any interference due to the Earth’s magnetic field
and ensures that the demagnetisation is complete.

2) If a magnet is heated until it becomes red hot and is then allowed to cool down, it becomes
demagnetised.

3) By repeatedly hammering a magnet, a material can also be demagnetised.
e) Experiment to plot the magnetic field of a bar magnet

Fig. 4: plotting the magnetic field of a bar magnet
Procedure:
1) A bar magnet is placed on a sheet of paper and its outline is traced on the paper.
2) A plotting compass is placed at one end of the bar magnet. The position of the compass needle is

marked with two dots at either ends and an arrow showing the direction of the compass needle is
drawn between the two dots.

3) The compass is then successively moved adjacent to its previous position away from the magnet
and the procedure is repeated to obtain a series of dots.

4) The dots are connected by drawing a smooth curve to obtain a line of force.
5) Starting with slightly different positions of the plotting compass several lines of force representing

the magnetic field of the bar magnet are thus obtained.
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f) Properties of temporary and permanent magnets
Iron Steel

1. Is a soft magnetic material (easily magnetised
and demagnetised), therefore is temporarily
magnetised.

2. Very strongly magnetised.

1. Is a hard magnetic material (slightly difficult to
magnetise, but retains magnetism), therefore can be
permanently magnetised.

2. Strongly magnetised.

g) Uses of magnets
Permanent magnets Electromagnets

(i) In small d.c. motors
(ii) In generators of electricity
(iii) In loudspeakers
(iv) In compass

(i) In powerful d.c. motors
(ii) In electric devices such as relays and electric bell
(iii) In magnetic cranes, e.g. to lift iron sheets

h) Magnetic shielding (or screening)
Magnetic shielding refers to preventing a magnetic field from passing through a specific region.
This is usually done using an iron sheet or ring since iron is a soft magnetic material.

Fig. 5(a): no magnetic shielding

Fig. 5(b): magnetic shielding
In figure (a) the plotting compass aligns itself in the direction of the magnetic field due to the bar
magnet.
In figure (b) the plotting compass does not show in any specific direction as it is in a region free of
magnetic field. In fact, the soft iron attracts all the magnetic field lines inside itself and no magnetic
field lines enter the region enclosed by it.
i) Magnetism in Data storage
Magnetic storage media, such as a computer hard disk, make use of magnetism for the storage of data.
To store data: on the disk the read-write head converts an alternating current into a variable magnetic
field, which then magnetises tiny magnetic particles on the surface of the disk and arranges them in a
specific pattern according to the variation in the a.c.
To retrieve data: the read-write head detects the variations of the magnetic field pattern generated by
the magnetic particles in the disk and converts that variation into appropriate electrical signals
representing the specific data.
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17.3 ELECTROMAGNETISM
j) Magnetic field patterns due to currents

A current flowing through a conductor generates a magnetic field around the conductor.
Example 1: Long straight wire

The magnetic field pattern due to a long straight wire carrying a current has the following
characteristics:
1) The field consists of a set of magnetic field lines arranged in concentric circles around the wire.
2) Close to the wire the magnetic field is strong and the field lines are close together.
3) As the distance away from the wire increases, the field lines are more widely spaced because

the magnetic field is weaker.
Note: The direction of the magnetic field is given by the Right Hand Grip Rule. According to this rule
if the thumb of the right hand points in the direction of the current in the wire then the magnetic
field is in the same direction as the other fingers which curl to form a grip.
Example 2: A solenoid
The magnetic field due to a solenoid has the following
features:

1) At one end of the solenoid (N-pole) the lines of
force diverge away from each other.

2) At the other end of the solenoid (S-pole) the
magnetic field lines converge towards each other
(but do not intersect).

3) Inside the solenoid the magnetic field lines are
almost parallel to each other.

4) The direction of the magnetic field can be
determined using the Right Hand Grip Rule.

Fig.4:magnetic field due to a solenoid

k) Applications of the magnetic effect of a current
1) The magnetic relay

 Function: uses a low power circuit to switch on
or off a high power circuit.

 The relay consists basically of an electromagnet
connected to a low power circuit.
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 When the electromagnet is switched on, it strongly attracts a soft iron armature close to it. As the
armature moves towards the electromagnet, two springy copper contacts are forced to touch each
other and the high power circuit is switched on.

 When the electromagnet is switched off, attraction of the armature ceases and the springy copper
contacts separate from each other, so that the high power circuit is switched off.

 A magnetic relay is useful because it prevents a person from having direct contact with a high
power circuit when switching it and minimises the risk of any electric shock, for example in a lift.

2) The Circuit Breaker

 Function: the circuit is used to switch
off the current in a circuit when
excess of current flows.

 A circuit breaker basically uses an
electromagnet and an iron armature
setup.

 During normal operation, the
electromagnet generates a magnetic
field that weakly attracts the soft iron
armature which then does not move.

 If the flow of current exceeds a rated value, the soft iron armature is strongly attracted to the
electromagnet and moves in that direction.

 The copper contacts then separate from each and the circuit breaks (switches off) so that current
stops flowing.

 To switch on the current again, the “reset button” of the circuit breaker is pressed. The springy
contacts then make contact with each other and current flows once more.

3) The moving coil loudspeaker

 Function: a loudspeaker converts an electrical signal into
sound waves.

 The moving coil loudspeaker works due to the force exerted
on a current carrying coil placed in a magnetic field.

 The loudspeaker basically consists of paper cone attached to a
coil of copper wire. The coil is placed in the radial magnetic
field of a ring magnet.

 When an AC of variable frequency is input to the coil, the coil
experiences a force whose size and direction changes
according to the variations in the a.c. Therefore, the coil
vibrates and produces sound of the same frequency as the AC.
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