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TOPIC 14  
Magnetism

14.1 Overview
14.1.1 Module 4: Electricity and Magnetism
Magnetism
Inquiry question: How do magnetised and magnetic objects interact?

Students:
 • investigate and describe qualitatively the force produced between magnetised and magnetic materials in 

the context of ferromagnetic materials (ACSPH079)
 • use magnetic field lines to model qualitatively the direction and strength of magnetic fields produced by 

magnets, current-carrying wires and solenoids and relate these fields to their effect on magnetic materials 
that are placed within them (ACSPH083)

 • conduct investigations into and describe quantitatively the magnetic fields produced by wires and sole-
noids, including: (ACSPH106, ACSPH107)

 – B =  
μo I
2πr

.

 – B =  
μo NI

L
 • investigate and explain the process by which ferromagnetic materials become magnetised (ACSPH083)
 • apply models to represent qualitatively and describe quantitatively the features of magnetic fields

FIGURE 14.1 This strong magnet sitting on top of a glass shelf 
creates a magnetic field that is able to attract small pieces of 
metal.
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14.2 Properties of magnets
14.2.1 Magnetic poles
The words magnet, magnetism and magnetic are derived from the name of a 
district in Greece called Magnesia. By 600 BC, the Greeks had discovered a 
mineral there, now called magnetite, with the property of attracting iron.

In any sample of the mineral, the property of attracting iron is concentrated 
in two regions called the poles. If the sample of mineral is suspended freely it 
will align itself so that one pole points roughly north and the other pole points 
roughly south. The pole that points north is called the north-seeking pole; the 
pole that points south is called the south-seeking pole. These names are now 
abbreviated to north pole and south pole.

A natural magnet is made by shaping a piece of magnetite so that the 
poles are at the ends. Early compasses were made using natural magnets. 
Today, natural magnets are not used, as better magnets can be made artifi-
cially. The method of making these artificial magnets will be described later 
in this chapter.

North and south poles always occur together in equal pairs. Such a  
pair of equal and opposite magnetic poles is called a magnetic dipole. An 
isolated north or south pole has never been observed. If a magnet is broken 
in two in an attempt to separate the north and south poles, new south and 
north poles appear, as shown in figure 14.2.

If two magnetic poles are brought close together they exert forces on one 
another as shown in figure 14.3. The directions of the forces between mag-
netic poles are:
 • two north poles repel each other
 • two south poles repel each other
 • a north pole and a south pole attract each other.

That is, like poles repel; unlike poles attract.
The closer two magnetic poles are to one another, the stronger the force 

of attraction or repulsion between them.
When two magnets are brought close to one another, there will be four pairs 

of forces between the poles. This will result in an overall force of attraction 
or repulsion (depending on the positions of the two magnets).

14.2.2 Magnetic fields
Interactions between magnetic poles can be described by magnetic fields, in 
the same way that interactions between electric charges were described by 
electric fields. In the field picture of magnetic interactions, each magnetic 
pole is surrounded by a magnetic field that exerts forces on other magnetic 
poles placed in the field.

When a magnet is placed in a magnetic field, the north and 
south poles experience forces in opposite directions. The direc-
tion of the magnetic field at a point is defined as the direction 
of the force on a very small north pole placed at the point. The 
directions of the forces on the north and south poles of a magnet 
placed in a magnetic field are shown in figure 14.6. (In diagrams, 
a magnetic field is labelled B.)
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FIGURE 14.6 Forces on the north 
and south poles in a magnetic field
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A compass consists of a magnet suspended so that it is free to rotate. When a compass is placed in a 
magnetic field, the forces on the north and south poles cause the compass to rotate until the north pole of 
the compass points in the direction of the magnetic field.

In practice, the direction of a magnetic field at a point is found by placing a small compass at the point. The 
direction in which the north pole of a compass points shows the direction of the magnetic field.

If a compass is placed at a point near a north pole, N, the 
north pole of the compass will experience a force away from 
N and the south pole of the compass will experience a force 
towards N. The compass will point in the direction shown in 
figure 14.8a. The magnetic field therefore points away from N. 
Similarly, the magnetic field surrounding a south pole points 
towards the south pole. This is illustrated in figure 14.8b.

14.2.3 Representing Magnetic Fields
 • Magnetic fields are represented by magnetic field lines.
 • Magnetic field lines start at north poles and end at south poles.
 • The direction of the magnetic field lines shows the direction of the  

magnetic field.
 • The spacing of the magnetic field lines shows the strength of the  

magnetic field. The closer the lines the stronger the field.
A magnet has equal north and south poles at the ends. The magnetic field 

surrounding a magnet is shown in figure 14.9.
Consider two identical magnets with their north poles placed close to one 

another. The magnetic field in the region near the two equal north poles is 
shown in figure 14.10a. Similarly, the magnetic field near the two equal south 
poles is shown in figure 14.10b.

Magnetic �eld

N

S

F

F

Magnetic �eld

S N

FF

(a) (b)

FIGURE 14.7 Forces on a compass in a magnetic field. (a) Forces causing 
compass needle to rotate and (b) compass needle aligned with magnetic 
field
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field surrounding a 
magnet
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FIGURE 14.10 (a) Magnetic field near two equal north poles.  
(b) Magnetic field near two equal south poles.

N

(a)
B

S

(b)
B

FIGURE 14.8 (a) Magnetic field near a north 
pole. (b) Magnetic field near a south pole.
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Magnets can be designed to produce fields 
of different shapes. A horseshoe magnet with 
the ends adjacent produces a strong and even 
field between the ends. A circular magnet with 
a north end in the middle produces a radial 
field that points outward all the way around. 
This design is used in loudspeakers.

14.2.4 Measuring the 
magnetic field
The strength of the magnetic field around a mag-
netic material varies according to where it is 
measured. The magnetic field can be qualitatively 
represented by the separation of the field lines. 
Where field lines are shown close together — such 
as at the poles of a magnet — the magnetic field is stronger than at positions where the field lines are shown spread 
further apart. Generally, the influence of a magnetic material decreases with distance. This is readily seen with a 
magnet and iron filings, where the attraction of the filings to the magnet increases as the magnet gets closer to them.

The magnetic field strength (B) at a position is measured quantitatively in terms of the amount of twisting 
force exerted on a compass needle when it is positioned at an angle to the magnetic field. The greater the 
force twisting the compass needle so that it aligns with the magnetic field, the greater the magnetic field 
strength. Magnetic field strength is a vector quantity and it is measured in Tesla (T). The Earth’s magnetic 
field strength is fairly small: only 10–4 T or 0.1 mT. In comparison, the average fridge magnet has a magnetic 
field strength of about 30 mT, while a typical bar magnet used in the school lab is around 0.1 T.

14.2 Exercise 1
1 If north poles repel, why does the north pole of a compass point to  

the Earth’s north pole?
2 Draw field lines to represent the magnetic field around

(a) a single bar magnet
(b) two bar magnets with their south poles facing each other.

3 Draw field lines to represent the magnetic field for the diagram at right.
4 Early Chinese explorers used a system of floating a piece of magnetite 

in a bowl of water as shown for navigation purposes.
(a) Why was the magnetite placed in water rather than left on a flat 

surface?
(b) Give one disadvantage of this compass system when used at sea.

5 When a compass is used, the needle may be seen to tilt downwards 
rather than staying parallel. Explain why this happens.

(a) (b)

N NS

S
Horseshoe magnet Circular magnet

FIGURE 14.11 Differently shaped magnetic fields can be 
created by arranging the north and south ends of the 
magnet, as shown by (a) a horseshoe magnet and  
(b) a circular magnet.

AS A MATTER OF FACT
The strength of a magnetic field 1.0 cm from a write carrying 100 A is about 2.0 m T. The small currents in the 
nerves of the human body produce magnetic fields of about 10−11 T. Electronmagnets used in research have a 
short-term strength of about 70 T, which requires a momentary current of 15 000 A.

The magnetic field around the human heart is about 5 × 10−11 T, about one millionth of Earth’s magnetic field. 
To measure fields of this size, it is necessary to use a magnetically shielded room and a very sensitive detector 
called a SQUID (a Superconducing Quantum Interference Device) that can measure fields down to 10−14 T. The 
magnetocardiogram produced is a useful diagnostic tool.
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FIGURE 14.12
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14.3 Magnetic fields and electric currents
14.3.1 Magnetic fields produced by a wire
Because the forces between magnetic poles are similar to the forces 
between electric charges, many early scientists suspected that there was 
a connection between magnetism and electricity.

In 1821, a Danish scientist, Hans Christian Oersted, while demon-
strating to friends the flow of an electric current in a wire, noticed that the 
current caused a nearby compass needle to change direction. Oersted’s 
observation showed that there was a magnetic field surrounding the elec-
tric current. Further investigation showed that all electric currents are 
surrounded by magnetic fields.

The magnetic field surrounding a wire carrying an electric current 
depends, in a complex way, on the shape of the wire. In this course, two 
important cases will be studied where the field produced by the current 
is comparatively simple.

The magnetic field lines surrounding a long, straight wire carrying a 
current are concentric circles around the conductor.

The direction of the magnetic field is given by the right-hand grip 
rule. This states:

Grip the wire with the right hand, with the thumb pointing in the 
direction of the conventional current and the fingers will curl around the 
wire in the direction of the magnetic field.

In drawing a diagram to represent the magnetic field surrounding a 
wire carrying a current, it is often convenient to imagine the wire being 
perpendicular to the page. In such a diagram, the wire is represented 
by a small circle at the point where the wire passes through the page. 
The direction of the current will be into the page or out of the page. 
Figure 14.18 shows the magnetic fields surrounding electric currents 
passing into and out of the page.

6 How would you use a magnet to test whether a piece of metal is 
magnetic?

7 Why do both ends of a magnet attract an iron nail?
8 What is the polarity of Earth’s magnetic field at the magnetic pole 

in the southern hemisphere?

S

N

FIGURE 14.13

B

I

FIGURE 14.16 Magnetic field surrounding a 
long, straight wire carrying a current

Magnetic �eld line Direction of magnetic
�eld lines

Direction of conventional
current

Current

FIGURE 14.17 Right-hard grip rule

FIGURE 14.15 Hans 
Christian Oersted (1851)
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Current

FIGURE 14.14 Oersted’s 
experiment
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Magnetic fields directed into and out of the page are represented by the symbols ‘x’ and ‘•’. Figure 14.19 
shows the magnetic field at the sides of a wire carrying a conventional current towards the right of the page. 
By the right-hand grip rule, the magnetic field comes out of the page above the wire and goes into the page 
below the wire.

14.3.2 Magnetic field strength around a current-
carrying wire
The strength of the magnetic field produced by a long straight wire through 
which a current flows depends upon the size of the current and the distance 
from the wire at which the field is being measured. This relationship can be described by the equation:

B = µ o  
2π

 
I
r

where I is the current through the wire, r is the perpendicular distance from the wire and μo is a constant 
referred to as the permeability of free space. The value of μo is taken to be equal to  4π × 10–7 T m A–1.

It should be noted that this equation assumes that r is much smaller than the distance to the ends of the 
wire.

14.3 SAMPLE PROBLEM 1

A long straight wire carries a current of 10  A  
from west to east. What will be the magnetic field  
strength at a point 20 cm above the wire?

SOLUTION

By using the right-hand grip rule, we can see  
that, if the current is travelling west to east, the  
direction of the magnetic field above the wire  
will be directed from north to south.

To calculate the magnitude of the field, we  
substitute values into the wire equation:

B =  
μo

2π
 
I
r

 =  
4 π ×   10−7 T m A−1 ×  (10 A) 

2π ×  (0.2 m)
=  1  ×  10–5  T

Therefore, the magnetic field strength is 1 ×  10–5 T, south.

20 cm

side view

top view

W

W

B

B

E

E

l = 10A

FIGURE 14.20

(b) Conventional current out of page

B

(a) Conventional current into page

B

I I

FIGURE 14.18 Magnetic fields surrounding currents passing into 
and out of the page

(out of page)B

(into page)B

Conventional current

FIGURE 14.19 Magnetic 
fields into and out of the 
page
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14.3.3 Magnetic field produced by a solenoid  
carrying a current
If a straight wire carrying a current is bent into a loop, the magnetic field is 
as shown in figure 14.21. The magnetic field lines come out at one side of 
the loop, which is therefore like the north pole of a magnet. The magnetic 
field lines go in to the other side of the loop, which is therefore like the 
south pole of a magnet. The right-hand grip rule, applied to a section of the 
loop, gives the direction of the magnetic field.

Magnetic fields produced by coils have many more practical applica-
tions than magnetic fields produced by straight wires.

The strength of the magnetic field can be increased by using a coil 
with many turns.

A solenoid is a wire that has been wound into a closely packed helix 
(corkscrew shape). When a current passes through a solenoid, magnetic 
fields are produced both inside and outside the solenoid. The magnetic 
field outside the solenoid is similar to the magnetic field surrounding a bar 
magnet. For the solenoid, however, the lines of magnetic field do not stop 
at the ends of the solenoid but pass through the inside as parallel lines. The 
lines of magnetic field form closed loops. The end where the lines of mag-
netic field emerge from the solenoid is the north pole. The end where the 
lines of magnetic field enter the solenoid is the south pole. There are two 
methods of determining which end of a solenoid is the north pole.
1. Grip the solenoid with the right hand, with the fingers pointing in the 

direction of the conventional current around the solenoid. The thumb 
will point in the direction of the north pole of the solenoid.

2. Observe the solenoid end on. If the direction of the conventional 
current is anti-clockwise, the end is a north pole; if the conventional 
current is clockwise, the end is a south pole. This can be remembered 
by writing an N or an S with arrows as shown in figure 14.24.

14.3.4 Magnetic field inside a solenoid
The strength of the magnetic field inside a solenoid is directly proportional to the number of coils the sole-
noid has and the size of the current flowing through them, and is inversely proportional to the solenoid’s 
length. The relationship between these variables is described by the equation:

B =  
μo N I

L
where N is the number of loops or coils in the solenoid, I is the current, L is the solenoid length and µo  is 
the permeability of free space.

As B is uniform inside the solenoid, the field strength is independent of the position.

NS I

B

FIGURE 14.21 Magnetic 
field produced by a current 
loop

S N

FIGURE 14.22 Magnetic 
fields produced by a current 
in a solenoid

N S

Fingers in direction of current

Thumb points
to north pole
of solenoid

Conventional current

FIGURE 14.23 Poles of a solenoid — first method

Current clockwise
when observed
from this end

Current anticlockwise
when observed
from this end

Conventional
currentConventional

current

FIGURE 14.24 Poles of a solenoid — second 
method
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14.3 Exercise 1
1 A magnetic field is set up in a solenoid. What would happen to the magnetic field strength inside the 

solenoid if:
(a) the current was doubled
(b) the solenoid was stretched so that its coils were further apart
(c) the direction of the current through the coil was reversed?

2 The equation for the magnetic field strength around a current-

carrying wire may also be encountered in the form B = k 
I
r
. 

Calculate the value of k.

3 A loop of wire has a current flowing through it as shown:
4 A vertical wire attached to a wall carries a current of 4.0 A upwards. 

What is the magnitude and direction of the magnetic field at a point 
50 cm in front of the wire?

5 A magnetic field of 0.3 mT is measured inside a solenoid that 
has a current of 5.0 A passing through it. How many coils per 
metre does the solenoid have?

6 Two 3 m long, current-carrying wires are positioned vertically 
as shown:
(a) What is the magnetic field strength due to wire A at point P?
(b) What is the magnetic field strength due to wire B at P?
(c) What is the net magnetic field strength experienced at  

point P?
(d) The direction of the current in wire A is reversed. What is the 

magnetic field strength at P now?
7 A 40 cm long, thin solenoid has 2000 loops of wire along its 

length. What is the magnitude of the magnetic field inside the 
solenoid if a current of 10 A passes through the coils?

I

I

FIGURE 14.26

8 mm

2 cm

I = 3 A I = 2 A

P

wire A wire B

FIGURE 14.27

14.3 SAMPLE PROBLEM 2

A 2.0 A current flows through a 5  cm  long thin  
solenoid as shown.

What is the magnetic field strength in the 
solenoid’s interior if it has 500 turns of wire?

SOLUTION

Using the right-hand rule for coils, it can be deter-
mined that the North pole of the solenoid will be on 
the right side of the coil. This means that the magnetic 
field inside the coil will be directed from left to right.

Substituting values into the coil equation:

B =  
μo N I

L

 = (4 π ×  10−7 T m A−1)  (500) (2.0  A)
(0.05  m)

= 0.025 T

Therefore, the magnetic field strength inside the coil is 25  mT, directed from left to right.

5 cm

I = 2.0 A

FIGURE 14.25
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14.4 Magnets and electromagnets
14.4.1 Ferromagnetism

14.4.2 Temporary and permanent magnets
When a magnetic material, such as iron, is placed in a magnetic field, it becomes magnetised. ‘Soft iron’ 
is a type of iron that becomes magnetised very quickly when placed in a magnetic field, and loses its 
magnetism very quickly when removed from the field. When soft iron is magnetised by being placed in a 
magnetic field, it is said to be a temporary magnet.

A piece of iron is attracted to a magnetic pole because it becomes magnetised by the magnetic field 
surrounding the pole.

8 A 30 cm long solenoid with a 2 cm diameter is to produce a 0.2 T magnetic field in its centre. If the 
maximum current is 8 A, how many turns must the solenoid have? (Assume that each coil is circular 
rather than helical.)

9 A solenoid with a radius of 1 cm has a magnetic field of 0.1 mT inside it directed from east to west. 
A long, straight wire is placed inside the solenoid along the solenoid’s central axis. If a current of 10 A is 
passed through the wire from west to east, what will be the magnitude of the magnetic field experienced 
at a distance of 4 mm from the wire?

10 If a maximum magnetic field strength of 1 mT is allowed at a distance of 30 cm from an electrical wire, 
what is the maximum current that the wire can carry?

It is now thought that all magnetic fields (including the magnetic fields of magnets) are produced by electric 
currents. This raises the question: ‘Where is the electric current that produces the magnetic field of a 
magnet?’.

Within every atom there are electric currents due to the movement of the electrons. Each electron moves 
in an orbit around the nucleus and spins on its axis. (This picture of the motion of an electron in an atom is 
much simpler than what physicists believe to be the actual situation.)

As a result of the movement of its electrons, each atom behaves like a current loop with a north and south 
pole. The magnetic properties of a material are due to the magnetic properties of its atoms.

As all materials consist of atoms, it follows that all materials will have magnetic properties. For most 
materials, the magnetism is very weak and cannot be detected without using very strong magnetic fields. In 
a few materials, the magnetism is strong. In these materials, the spins of the electrons producing the atomic 
magnetism tend to line up in neighbouring atoms. As a result, the north and south poles of the atomic 
magnets tend to line up and point in the same direction producing 
a strong magnetic field. These materials are called ferromagnetic 
materials. Examples of ferromagnetic materials are iron, cobalt and 
nickel. Magnets are made of ferromagnetic materials.

A ferromagnetic material is made up of many magnetic domains. 
Within each domain nearly all the atomic magnets are lined up in the 
same direction. Each domain contains 109–1015 atoms. When a ferromag-
netic material is unmagnetised, the domains are magnetised in random 
directions so that there is no overall magnetism.

When the ferromagnetic material is placed in a magnetic field, the 
directions of magnetism of the domains tend to line up in the direction 
of the magnetic field. When all the domains are lined up with the mag-
netic field, the material is fully magnetised, or saturated. Figure 14.28 
shows the magnetic domains in an unmagnetised, a partially magnet-
ised and a fully magnetised sample of ferromagnetic material.

(a) Random direction of domains of an
unmagnetised magnetic substance

(b) Domains begin to face in same
direction, producing a weak magnet.

(c) All domains face the same direction, 
resulting in a strong magnet.

FIGURE 14.28 Magnetic domains
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‘Hard iron’ is used to refer to any alloy of iron that becomes magnet-
ised slowly when placed in a magnetic field, but retains its magnetism 
for a long time after it is removed from the field. Such an alloy is used 
to make a permanent magnet. To make a permanent magnet, a bar of 
hard iron is placed inside a solenoid, and a current is passed through 
the solenoid for a sufficient time to magnetise the iron.

A solenoid with a soft iron core is called an electromagnet. 
A current through the coil produces a magnetic field that magnet-
ises the soft iron core almost instantaneously. This produces a much 
stronger magnet than would be produced by the solenoid without the 
soft iron core. When the current is switched off, the soft iron core loses 
its magnetism almost instantaneously.

Electromagnets have many practical applications.
Figure 14.31 shows a circuit breaker that uses an 
electromagnet. If a sufficiently high current passes 
through the solenoid, the electromagnet will trip the 
mechanism and break the circuit.

N S N

S N S

Iron becomes magnetised and is
attracted to the north pole

(a)

Iron becomes magnetised and is
attracted to the south pole

(b)

FIGURE 14.29 Attraction of 
iron to (a) a noth pole and 
(b) south pole

Iron core

SN

FIGURE 14.30 (a) An electromagnet (b) An electromagent in action

(a) (b)

Spring

Release
button

Catch
Switch-
operating
button

FIGURE 14.31 A circuit breaker
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14.5 Magnetic force
14.5.1 Magnetic force on an electric current
Once the technology of electromagnets was developed, very 
strong magnetic fields could be achieved. This enabled the 
reverse of Oersted’s discovery to be investigated: what is the 
effect of a magnetic field on a current in a wire?

In Oersted’s experiment the magnetic field due to the cur-
rent exerts a force on the magnetic field of the compass. So, 
according to Newton’s Third Law of Motion, the compass 
exerts an equal and opposite force on the current. What is the 
size of this force and in what direction does it act?

Observations of the magnetic force applied to the 
current-carrying wire show that:
 • if the strength of the magnetic field increases, there is a 

larger force on the wire
 • if the magnetic field acts on a larger current in the wire, 

there is a larger force
 • if the magnetic field acts on a longer wire, there is a larger force
 • it is only the component of the magnetic field that is perpendicular to the current that causes the force
 • if there are more wires in the magnetic field, there is a larger force.

Combined, these findings can be expressed as:
 magnetic force on a current (F) =  number of wires (n) ×  current in each wire (I) ×  length of wire (l) ×  
strength of the magnetic field (B),
or

F = n × I × l ×B.

The units are expressed as:
1 newton = 1 × 1 ampere × 1 metre × 1 tesla.

When the magnetic field is perpendicular to the direction of the current (and hence the length vector) in a 
single wire, the magnitude of the force is given by:

F = IlB.

When the magnetic field is not perpendicular to the direction of the current, it is important to remember 
that the force on the wire is less. In fact, if the magnetic field is parallel to the direction of the current, 
the force on the wire is zero. That is because the component of magnetic field perpendicular to the 
current is zero.

14.4 Exercise 1
1 Explain in terms of domains how a magnetic material can be ‘demagnetised’ when it is heated.
2 Which of the following materials can be described as ferromagnetic:

(a) aluminium
(b) stainless steel
(c) copper
(d) nickel?

3 What is the function of the coil in an electromagnet?
4 Explain why iron is used as the core of an electromagnet.
5 How could naturally occurring magnets have been formed?

+ –

N

S

force

current

FIGURE 14.32 The magnetic field exerts a 
magnetic force on a current-carrying wire.
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If the magnetic field is pointing to the right across the page, and  the 
current is going down the page, the direction of the magnetic force is up, 
out of the page. The direction of this force will be important in applications 
such as meters and motors, so it is necessary to have a rule to determine the 
direction of the force in a variety of situations. There are two alternative 
hand rules commonly used. These are described below.

Left-hand rule
The left-hand rule applies as follows:
 • the index finger, pointing straight ahead, represents the magnetic field (B)
 • the middle finger, at right angles to the index finger, represents the current (I)
 • the thumb, upright at right angles to both fingers, represents the force (F).

Lock the three fingers in place so they are at right angles to each other. 
Now rotate your hand so that the field and current line up with the directions 
in your problem. The thumb will now point in the direction of the force.

Right-hand-slap rule
The right-hand-slap rule applies as follows:
 • the fingers (out straight) represent the magnetic field (B)
 • the thumb (out to the side of the hand) represents the current (I)
 • the palm of the hand represents the force (F).

Hold your hand flat with the fingers outstretched and the thumb out 
to the side, at right angles to your fingers. Now rotate your hand so 
that the field and current line up with the direction in your problem. 
The palm of your hand now gives the direction of the force, hence 
the name.

14.5.1 SAMPLE PROBLEM 1

If a straight wire of length 8.0 cm carries a current of 300 mA, calculate the magnitude of the force 
acting on it when it is in a magnetic field of strength 0.25 T if:
(a) the wire is at right angles to the field
(b) the wire is parallel with the field.

SOLUTION:

(a) The magnetic field is perpendicular to the direction of current.

F = IlB
= 3.00 × 10−1A × 8.0 × 10−2 m × 0.25 T
= 6.0 × 10−3 N

(b) The magnetic field is parallel to the direction of current. Therefore the component of magnetic 
field that is perpendicular to the current is zero.

 
F = IlB

= 3.00 × 10−1 A × 0 m × 0.25 T
= 0

force (F ) magnetic
�eld (B)

current (I)

FIGURE 14.33 Left-hand 
rule for determining the 
direction of the magnetic 
force of a magnetic field 
on a current

force (F )
(outwards
from palm)

magnetic
�eld (B)

current (I)

FIGURE 14.34 Right-hand- 
slap rule for determining 
the direction of the 
magnetic force of a 
magnetic field on a current
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14.5.2 Magnetic force on charges
Electric current consists of electrons moving in a wire. A magnetic field acts on the electrons and 
pushes them sideways. This force then pushes the nuclei in the wire, and the wire moves. If the 
moving electrons were in a vacuum, free of the wire, the magnetic field would still exert a force at 
right angles to their velocity. What would be the effect of this force on a freely moving electron?

When an electron is moving across a magnetic field, it experiences a sideways force, which 
deflects the movement of the electron. The electron now moves in another direction given by the 
hand rule; however, it is still moving at right angles to the magnetic field, so the strength of the 
force is unchanged. The direction of the force will again be at right angles to the electron’s motion, 
and deflecting it again. The deflecting force on the moving electron will be constant in size and will 
always be at right angles to its velocity. This results in the electron travelling in a circle.

The magnetic force is always at right angles to the direction of the charge’s motion. So the magnetic 
force cannot increase the speed on the charge; it can only change its direction at a constant rate.

The mass spectrometer, the electron microscope and the synchrotron are instruments that use a magnetic 
force in this manner.

So what is the radius of the circle? How does it depend on the strength of the magnetic field, the speed 
of the charge and size of the charge?

The magnitude of the magnetic force on a current-carrying wire is given by:
F = IlB (1)

Imagine a single charge, q, travelling along at speed, v. The charge travels through a distance, or length, 
in a time of t seconds given by:

length = speed × time
        l = vt

 (2)

The electric current is given by:

current = charge
time

         I = q
t

 (3)

Substituting equations (2) and (3) into (1):

      F = q
t

× vt × B

⇒ F = qvB
Does this relationship make sense?

What do we observe? What does the formula predict? Match

If the charge is stationary, the current is zero, so no force. If v = 0, then F = 0. Yes

A stronger magnetic field will deflect the charge more. Force is proportional to the field. Yes

The magnitude of the net force on the charged particle as it moves in the magnetic field is:
Fnet = ma.

In this case the only significant force is the magnetic force, F = qvB.
⇒ qvB = ma

Because the acceleration is centripetal and constant in magnitude, its magnitude can be expressed as

a =  
v2

r
, where r is the radius of the circular motion.

⇒ qvB =  
mv2

r
The expression for the radius is therefore:

r =  
mv
Bq

.
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Does this relationship make sense?

What do we observe? What does the formula predict? Match

Hard to turn heavy objects The heavier the mass, the larger the radius Yes

Hard to turn fast objects The faster the object, the larger the radius Yes

The larger the force, the smaller the radius The stronger the field, the smaller the radius; 
the larger the charge, the smaller the radius

Yes

Note that because the direction of the magnetic field is always at right angles to the direction in which 
the charged particles are moving, the magnetic field cannot make the particles go faster — it can only 
change their direction. In this context, magnetic fields are not ‘particle accelerators’.

14.5.1 SAMPLE PROBLEM 2

An electron travelling at 5.9 × 106 m s−1 enters a magnetic field of 6.0 m T. What is the radius of its 
path?

SOLUTION: 

m = 9.1 × 10−31 kg,  q = 1.6 × 10−19 C,  v = 5.9 × 106 m s−1,  B = 6.0 mT

r =  
mv
Bq

 =  
9.1 × 10−31 kg × 5.9 ×  106  m s−1

6.0 ×  10−3 T ×  1.6 ×  10−19 C
= 5.6 ×  10−3 m =  5.6 mm

β

α

(c)

projector
lens

(e)

image

specimen

particles accelerated
into magnetic �eld

magnet

sample
injected

(b)

vapourising
heater

sample ionised
by electron beam

beam of
charged
particles

magnetic �eld
separation

FIGURE 14.35 (a) and (b) A mass spectrometer. (c) Positive alpha particles are deflected up and beta particles 
are deflected down. (d) and (e) An electron microscope.

(d)

(e)

(a)

UNCORRECTED P
AGE P

ROOFS



TOPIC 14 Magnetism 15

c14Magnetism.indd Page 15 01/08/17  11:50 AM

14.5.3 Crossed electric and magnetic fields
For mass spectrometers and electron microscopes to work, the 
charged particles all need to be travelling at the same speed This 
is because the radius of the path in a magnetic field for a particle 
with a given charge and mass depends on the particle’s speed.

In 1898, Wilhelm Wien (after whom Wien’s Law in thermodynamics 
is named) was investigating the charged particles that are produced 
when electricity is passed through gases. To investigate their speed and 
their charge, he set up a magnetic field to deflect the beam of charged 
particles in one direction, and an electric field to deflect the beam in the 
opposite direction. For the charged particles that were undeflected, the 
magnetic force must have been balanced by the electric force.

The electric force on a charge in an electric field is F = qE, and 
the magnetic force on a moving charge is F = qvB. Equating these formulae gives

qE = qvB
and cancelling q gives

v =  
E
B

This configuration is now called a Wien filter.

–

+

E

B

+ v =v = E
B

v ≠v ≠ E
B

v ≠v ≠ E
B

FIGURE 14.36 A Wien filter 
(also known as a velocity 
selector)

AS A MATTER OF FACT
What happens to a stationary electron in a magnetic field? Surprisingly, there is no force! The electron is not 
moving, so there is, in effect, no current, and therefore no magnetic force. Similarly, the faster the electron 
moves, the stronger the force. This is a strange situation — that the size of a force on an object is determined 
by how fast that object is travelling. This raises an interesting conundrum: if you were sitting on an electron 
moving through a magnetic field, what would you observe? This question can only be resolved by Einstein’s 
Special Theory of Relativity.

AS A MATTER OF FACT
The aurorae at the North Pole and South Pole are glorious displays of waves of coloured light high in the 
atmosphere. They are produced when charged particles ejected by the Sun enter Earth’s magnetic field.
The particles spiral down to the pole, producing an amazing display of light as they move in smaller and smaller 
circles from the increasing magnetic field.

N

S

charged 
particles

FIGURE 14.37 Charged particles 
entering Earth’s magnetic field

FIGURE 14.38 Aurora Australis, seen from the 
International Space Station
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14.5.4 Harnessing magnetic forces
Magnetic propulsion
When a current flows along the closest rail (the lower of the two 
rails in the figure at right, through the conductor rod and back to the 
power supply, the conductor will experience a force to the right due 
to the magnetic field. This force will make the conductor accelerate. 
If there is little friction, it can move at high speeds.

Meters
In the electrical meter illustrated in the figure at right, the force on 
the wire BA is out of the page. The current travels around to D and 
then to C, so the force on wire DC is into the page. The two forces 
are the same size because the strength of the magnetic field is the 
same on both sides of the coil, the current through the coil is the 
same at all points and the lengths BA and DC are the same. How-
ever, the forces are in opposite directions. The net force is therefore 
zero. However, the forces do not act through the centre of the coil, 
so the combined forces have a turning effect. The turning effect of 
the forces is called a torque. The magnitude of the torque on a coil 
is the product of the force applied perpendicular to the plane of the 
coil and the distance between the line of action of the force and the 
shaft or axle.

If a spring is attached to the axle, the turning effect of the forces 
unwinds the spring until the spring pushes with an equal torque. 
A pointer attached to the axle measures the size of the torque, 
which depends on the size of the current. The larger the current 
through the meter, the larger the magnetic force and torque on 
the coil and the further the spring and the pointer are pushed 
back to achieve balance. Spiral springs have the fortunate prop-
erty that the deflection of the pointer is proportional to the 
torque. This means that the scale on the meter can be linear, or 
evenly spaced.

DC motors
A DC motor (a simplified example of which is 
given in the figure at right) uses the current from a 
battery flowing through a coil in a magnetic field 
to produce continuous rotation of a shaft. How is 
this done?

A first attempt at a design might be to remove 
the restoring spring that is used in a meter.

When a coil is in position 1 (as shown in the 
top left figure on the opposite page), the forces 
will make it rotate. As the coil rotates (position 2) 
the forces remain unchanged in size and direc-
tion. This is because the magnetic field and the 
current in the wire are still the same size and in 
the same direction. However, their lines of action 

F

battery

brushes

split ring
commutator

shaft F

I

I

N
S

FIGURE 14.41 A simplified DC motor

I

I

F

magnetic �eld out of page

conductor rod rails

FIGURE 14.39 A metal 
conductor rod rolling along 
two rails

+

–

N S
iron
core

jewel pivot

jewel pivot

pointer

A

B C

D

axle

insulator

FIGURE 14.40 An electrical 
meter
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are closer to the axle, so they have less turning effect. When the coil reaches position 3, at right angles 
to the magnetic field, the forces are still unchanged in size and direction, but in this case the lines of 
action of the forces pass through the axle and have no turning effect. Since the coil was already moving 
before it got to position 3, the momentum of its rotation will carry it beyond position 3 to position 4(a). 
In position 4(a) the current is still travelling in the same direction, so in this position the forces will act 
to bring the coil back to position 3.

If this was the design of a DC motor, the coil would turn 90° and then stop! If the coil was in position 3 
when the battery was first connected, the coil would not even move.

So, if the motor is to continue to turn, it needs to be modified when the coil reaches position 3. If the 
direction of the forces can be reversed at this point, as shown in position 4(b), the forces will make the coil 
continue to turn for another 180°. The coil will then be in the opposite position to that shown for position 3. 
The current is again reversed to complete the rotation.

The current needs to be reversed twice every rotation when 
the coil is at right angles to the magnetic field.

This reversal is done with a commutator. The commu-
tator consists of two semicircular metal pieces attached to 
the axle, with a small insulating space between their ends. 
The ends of the coil are soldered to these metal pieces.

Wires from the battery rest against the commutator pieces. 
As the axle turns, these pieces turn under the battery con-
tacts, called brushes. This enables the current through the 
coil to change direction every time the insulating spaces pass 
the contacts.

Brushes are often small carbon blocks that allow charge 
to flow and the axle to turn smoothly.

A DC motor is a device used to turn electrical energy 
into kinetic energy, usually rotational kinetic energy. As an energy transfer device of some industrial sig-
nificance, there are some important questions to be asked about the design for a DC motor. Are there some 
starting positions of the coil that won’t produce rotation? How can this be overcome? Can it run backwards 
and forwards? Can it run at different speeds? Log in to www.jacplus.com.au to locate the DC motor applet 
weblink for this chapter.

F
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S N
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current �ow
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current �ow
F

F

S N

Position 4(b)

S

C

B

D

A
current �ow

N N

N N

FIGURE 14.42 Force on a coil in a DC motor

FIGURE 14.43 Commutator and coil from a 
hair dryer
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14.5 Exercise 1
1 Explain how a moving electron could remain undeflected by a magnetic field.
2 Can a magnetic field move a stationary electron? Explain.
3 An electron and a proton are fired vertically upwards through a magnetic field that runs parallel to the 

earth from north to south. Describe the paths of the two particles.
4 Identify the direction of the force acting on 

each of the current-carrying conductors 
shown in figure 14.44. Use the terms ‘up the 
page’, ‘down the page’, ‘into the page’, ‘out 
of the page’, ‘left’ and ‘right’.

5 A wire of length 25 cm lies at right angles to 
a magnetic field of strength 4.0 × 10−2 T. A 
current of 1.8 A flows in the wire. Calculate the 
magnitude of the force that acts on the wire.

6 A long straight wire carries a current of 50 A. 
An electron, travelling at 107 m s–1, is 5 cm from 
the wire. What force acts on the electron if the 
electron’s velocity is directed
(a) perpendicular to the wire
(b) parallel to the wire?

7 Calculate the force on a 100 m length of 
wire carrying a current of 250 A when the strength of Earth’s magnetic field at right angles to the wire is 
5.00 × 10−5 T.

8 The force on a 10 cm wire carrying a current of 15 A when placed in a magnetic field perpendicular to B 
has a maximum value of 3.5 N. What is the strength of the magnetic field?

9 Calculate the speed of an electron that would move in an arc of radius 1.00 mm in a magnetic field of 6.0 mT.
10 What magnetic field strength would cause an electron travelling at 10% of the speed of light to move in 

a circle of 10 cm?
11 Calculate the size of the force of a magnetic field of strength 0.25 T on a wire of length 0.30 m carrying a 

current of 2.4 A at right angles to the field.
12 A wire of length 25 cm lies at an angle of 30o to a magnetic field of strength 4.0 × 10−2 T. A current of 

1.8 A flows in the wire. Calculate the magnitude of the force that acts on the wire. (Hint: you will need to 
consider the components of the magnetic field that lie perpendicular or parallel to the wire.)

13 Deduce both the magnitude and direction of the force acting on the lengths of conductors shown in 
figure 14.45.

AS A MATTER OF FACT
The principle of the electric motor was proposed by Michael Faraday in 1821, but a useful commercial motor 
was not designed until 1873. Direct current (DC) motors were installed in trains in Europe in the 1880s.

FIGURE 14.44

(a)

N SI

(b)

N
I

S

(c)

B
I

B = 4.5 mT

I = 3.5 A

l = 43 cm

B = 6.5 10–4 T

I = 2.5 A

63

10.5 cm

SN

FIGURE 14.45
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 Explore more with this weblink: Lorentz force applet

 Try out this interactivity: Torque
Searchlight ID: int-0049

 Watch this eLesson: Torque
Searchlight ID: eles-0025

 Watch this eLesson: How maglev trains work
Searchlight ID: eles-2566

 Explore more with this weblink: DC motor applet

 Complete this digital doc: Investigation 6.3: Measuring the strength of a magnetic field
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Searchlight ID: doc-18541

 Complete this digital doc: Investigation 6.5: Meters
Searchlight ID: doc-18542

 Complete this digital doc: Investigation 6.6: Electrons in a magnetic field
Searchlight ID: doc-18543

 RESOURCES

14.6 Review
14.6.1 Summary
 • Like magnetic poles repel; unlike magnetic poles attract.
 • The direction of a magnetic field is the direction of the force that acts on a very small north pole placed 

in the field.
 • Magnetic fields point away from north poles and towards south poles.
 • Magnetic field lines are used to represent magnetic fields.
 • An electric current in a long, straight wire produces a magnetic field represented by field lines in the 

form of concentric circles around the wire.
 • The right-hand grip rule relates the direction of the current in a wire to the direction of the magnetic 

field.
 • The magnetic field produced by a current in a solenoid is similar to that produced by a magnet.
 • An electromagnet consists of a solenoid with a soft iron core. When a current flows through the solenoid, 

the soft iron core becomes strongly magnetised.
 • A magnetic field exerts a force on a wire carrying an electric current. When the magnetic field and 

electric current are perpendicular to each other, the magnitude of the force can be calculated using the 
formula F = IlB.

 • The magnetic field affects moving charge as if it were an electric current in a wire.
 • The force by a magnetic field on a moving charged particle is always at right angles to the direction 

the particle is heading. The force constantly changes the direction of travel, producing a circular 
path.

 • The size of the magnetic force on a moving charged particle is equal to qvB, where q and v are the 
charge and speed of the particle respectively, and B is the strength of the magnetic field.
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FIGURE 14.52
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FIGURE 14.47

14.6.2 Questions
1. Two identical magnets are placed in each 

of the positions shown in figure 14.46. For 
each case draw a diagram showing the forces 
acting between the poles of one magnet and 
the poles of the other magnet (four pairs of 
forces in each case). Indicate the strengths 
of the forces by the lengths of the lines 
representing the forces. For each case, state 
whether the magnets will attract or repel one 
another.

2. In each of the cases shown in figure 14.47, 
sketch the magnetic field and mark the 
direction of the magnetic field at the points X,  Y and Z.

3. Sketch the magnetic fields due to the solenoids shown in 
figure 14.48. Mark the north and south poles in each case. Show 
the direction in which a compass needle will point at points X, 
Y and Z in each case. In each case, state the direction in which a 
compass needle inside the solenoid would point.

4. The diagrams in figure 14.49 represent currents in wires perpendicular 
to the page (⊗ represents a current into the page and ⨀ represents a 
current out of the page). For each case, draw lines of magnetic field 
strength to represent the magnetic field surrounding the wire. Mark 
the directions in which the north pole of a compass would point at 
X,  Y and Z in each of the cases shown.

5. In each of the cases shown in figure 14.50, show the magnetic 
field using the symbol ‘x’ to represent a field into the page and 
the symbol ‘•’ to represent a field out of the page.

6. Figure 14.51 represents a magnet placed in a magnetic field. 
Draw a diagram showing the forces that act on the poles of the 
magnet. If the magnet is free to move, how will it move? Justify 
your answer.

7. Figure 14.52 shows two electromagnets. Will they attract or 
repel one another? Justify your answer.

8. State the law of magnetic poles.
9. Draw a bar magnet and the magnetic field around it. Label 

the diagram to show that you understand the characteristics of 
magnetic field lines.

10. Are the north magnetic pole of the Earth and the north pole of a 
bar magnet of the same polarity? Explain your reasoning.

(b)(a)

X

XY

Y

Z

Z

FIGURE 14.48
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FIGURE 14.50
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11. Figure 14.53 shows three bar magnets and some of the field lines of 
the resulting magnetic field.
(a) Copy and complete the diagram to show the remaining field 

lines.
(b) Label the polarities of the magnets.

12. Draw a diagram to show the direction of the magnetic field lines 
around a conductor when the current is (a) travelling towards you  
and (b) away from you.

13. Each diagram in figure 14.54 represents two parallel current-carrying conductors. 
In each case, determine whether the conductors attract or repel each other. Explain 
your reasoning.

14. Each empty circle in figure 14.55 represents a plotting compass near a coiled 
conductor. Copy the diagram and label the N and S poles of each 
coil, and indicate the direction of the needle of each compass.

15. The diagrams in figure 14.56 show electromagnets. Identify 
which poles are N and which are S.

16. In figure 14.57 a current-carrying conductor is in the field 
of a U-shaped magnet. Identify the direction in which the 
conductor is forced.

17. A student wishes to demonstrate the strength of a magnetic 
field in the region between the poles of a horseshoe magnet. He 
sets up the apparatus shown in figure 14.58.

The length of wire in the magnetic field is 2.0 cm. When the 
ammeter reads 1.0 A, the force measured on the newton meter is 
0.25 N.
(a) What is the strength of the magnetic field?
(b) In this experiment the wire moves to the right. In 

what direction is the current flowing, up or down the 
page?

18. A wire with the shape shown in figure 14.59 carries a 
current of 2.0 A. It lies in a uniform magnetic field of 
strength 0 .6 0  T.
(a) Calculate the magnitude of the force acting on the 

section of wire, AB.
(b) Which of the following gives the direction of the force acting on the wire at the point, C?

i. Into the page ii. Out of the page
iii. In the direction OC iv. In the direction CO
v. In the direction OD vi. In the direction DO

S

FIGURE 14.53

(a)

(b)

FIGURE 14.54
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(c) Which of the following gives the direction of the net force acting on the semicircular section of wire?
i. Into the page
ii. Out of the page

iii. In the direction OC
iv. In the direction CO

v. In the direction OD
vi. In the direction DO

19. Draw the magnetic field lines for the following items (shown 
below):
(a) a loudspeaker magnet
(b) a horseshoe magnet.

20. In Oersted’s experiment, the compass needle initially points 
north–south. What would happen if the current in the wire 
above the needle ran:
(a) west–east
(b) east–west?

21. Use the right-hand-grip rule to determine the direction of the 
magnetic field at point X in the following diagrams.

22. Copy the following diagrams and use the right-hand-grip rule 
and the direction of the magnetic field at X to determine the 
direction of the current in the wire in each case.

23. Use the right-hand-grip rule to determine the direction of the 
magnetic field at W,  X,  Y,  Z in the following diagrams. Figure (a) represents a circular loop of wire 
with a current and figure (b) represents a solenoid.

24. Use the answer key provided to indicate the direction of the force of the magnetic field on the current-
carrying wire in diagrams (a) to (h) below.
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FIGURE 14.64
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25. Wires A and B are parallel to each other and carry current in the same direction.
(a) Draw a diagram to represent this situation, and determine the direction of the magnetic field at B 

due to wire A.
(b) This magnetic force will act on the current in wire B. What is the direction of the force by wire A 

on wire B?
(c) Now determine the direction of the magnetic field at A due to wire B and the direction of the force 

by wire B on wire A.
(d) Is the answer to (c) what you expected? Why? (Hint: Consider Newton’s laws of motion.)

26. Calculate the size of the force on a wire of length 0.05 m in a magnetic field of strength 0.30 T if the 
wire is at right angles to the field and it carries a current of 4.5 A.

27. Calculate the size of the force exerted on a loudspeaker coil of radius 1.5 cm and 500 turns which 
carries a current of 15 mA in a radial magnetic field of 2.0 T. (Hint: Consider what aspect of the circle 
takes the place of l in this question.)

28. Calculate the size of the force on a wire carrying a current of 1.8 A at right angles to a magnetic field 
of strength 40 mT, if the length of the wire is 8.0 cm.

29. Design a compass without a permanent magnet.
30. Describe a method to use a moving charge to determine the direction of a magnetic field.
31. Describe and discuss the force of Earth’s magnetic field on a horizontal section of a power line that 

runs in an east–west direction.
32. (a)  A beam of electrons is directed at right angles to a wire carrying a conventional current from left 

to right. What happens to the electrons?
(b) A beam of electrons is directed parallel to the same wire with the conventional current travelling 

in the same direction. What happens to the electrons?
33. An electron moving north enters a magnetic field that is directed vertically upwards.

(a) What happens to the electron?
(b) If the electron’s motion was inclined upwards at an angle, as well as travelling north, what would 

be the path of the electron?
34. An electron travelling east at 1.2 × 105 m s−1 enters a region of uniform magnetic field of strength 

2.4 T.
(a) Calculate the size of the magnetic force acting on the electron.
(b) Describe the path taken by the electron, giving a reason for your answer.
(c) Calculate the magnitude of the acceleration of the electron.

35. (a)   What is the size of the magnetic force on an electron entering a magnetic field of 250 m T at a 
speed of 5.0 × 106 m s−1?

(b) Use the mass of the electron to determine its centripetal acceleration.
(c) If a proton entered the same field with the same speed, what would be its centripetal acceleration?

36. Determine the direction of the magnetic force in the following situations, using your preferred hand 
rule. Use the following terminology in your answers: up the page, down the page, left, right, into the 
page, out of the page.
(a) Magnetic field into the page, electron entering from left

(b) Magnetic field down the page, electron entering from left
(c) Magnetic field out of the page, proton entering obliquely from left
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37. An ion beam consisting of three different types of charged 
particle is directed eastwards into a region having a uniform 
magnetic field, B, directed out of the page. The particles making 
up the beam are (i) an electron, (ii) a proton and (iii) a helium 
nucleus or alpha particle. Copy the following figure and draw the 
paths that the electron, proton and helium nucleus could take.

38. In a mass spectrometer, positively charged ions are curved in a 
semicircle by a magnetic field to hit a detector at different points 
depending on the radius and mass. The ions enter the chamber 
at the top left corner, and curve around to hit the detector (see at 
right). What should be the direction of the magnetic field for the 
spectrometer to work properly? Use the answers from question 32.

39. Calculate the radius of curvature of the following particles 
travelling at 10% of the speed of light in a magnetic field of 4.0 T.
(a) An electron
(b) A proton
(c) A helium nucleus

40. What strength of magnetic field would be needed to obtain a 
radius of 1000 m if an electron has momentum of 1.0 × 10−18 kg m s−1? (Assume the direction of the 
momentum of the electrons is perpendicular to the direction of the magnetic field.)

41. The storage ring of the Australian Synchrotron has a radius of 34.4 m and the strength of the magnetic 
field is 2.0 T. What is the momentum of an electron in the storage ring?

42. Design a velocity selector with a magnetic field down the page, assuming the charged particles are 
coming from the left.

43. (a) Calculate the speed acquired by an electron accelerated by a voltage drop of 100 V.
(b) The electron from part (a) enters a velocity selector with a magnetic field of strength 6.0 mT. For 

what electric field strength would the electron be undeflected?
(c) If the plate separation for the electric field was 5.0 cm, what is the voltage across the plates?

PRACTICAL INVESTIGATIONS

Investigation 14.1: Magneticfield surrounding a magnet
Aim
To use a compass to map the magnetic field surrounding a bar magnet

Apparatus
bar magnet
compass
large sheet of paper

Theory
The direction of a magnetic field at a point can be found by placing a small compass at the point. The north 
pole of the compass points in the direction of the magnetic field at the point.

Method
1. Place the sheet of paper on a horizontal surface.
2. Use the compass to find the N–S direction and mark this direction at the centre of the paper.
3. Place the bar magnet on the paper along the N–S line marked on the paper with the north pole of the 

magnet pointing north.
4. Mark on the paper the outline of the magnet and label the poles N and S.
5. Place the compass at a point near the north pole of the magnet. Mark with two points the position taken up 

by the compass needle.
6. Move the compass to a new position so that the position of the compass needle follows from the previous 

position. This is illustrated in figure 14.70.
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7. Continue in this way until you reach a position near 
the south pole of the magnet.

8. Draw a continuous curve through the points you have 
marked on the paper.

9. Mark with arrows the direction of the magnetic field 
at several points along your line.

10. Repeat five times starting from different positions of 
the compass.

Analysis
1. At which pole do the magnetic field lines begin?
2. At which pole do the magnetic field lines end?
3. Where is the magnetic field strongest? How is this 

shown by the magnetic field lines?

Investigation 14.2: Magnetic field produced 
by a current in a long, straight wire
Aim
To map the magnetic field surrounding a long, straight wire carrying an electric current

Apparatus
50 cm length of straight wire
sheet of cardboard approximately 20 cm × 20 cm 
power supply
variable resistor
connecting wire
switch
compass
some means of supporting the wire
some means of supporting the cardboard

Method
1. Set up the apparatus as shown in figure 14.71. To increase 

the strength of the magnetic field, a number of loops of wire 
can be used.

2. Connect the power supply so that the conventional current 
flows downwards through the wire.

3. Adjust the voltage of the power supply and the variable 
resistance so that the current has the value given by your 
teacher.

4. Place the compass about 5 cm from the wire.
5. Switch on the current and mark the positions of the ends of 

the compass on the cardboard.
6. Proceed as in practical activity 8.2, tracing out the magnetic 

field line. (Ideally this should return to the starting point to 
form a closed loop.)

7. Mark the direction in which the north pole of the compass pointed at several places on the magnetic field 
line.

8. Repeat this a number of times with the initial position of the compass at different distances from the wire.
9. Draw smooth lines of magnetic field through each set of points.

10. Reverse the direction of the current and observe what happens to the compass needle.

Analysis
Show that your result is compatible with the right-hand grip rule.

Questions
1. When the current was coming upwards out of the cardboard, was the direction of the magnetic field lines 

around the wire clockwise or anticlockwise?
2. Can you use this to formulate an alternative rule for determining the direction of the magnetic field 

surrounding a current-carrying wire?

A

Compass on cardboard

FIGURE 14.71

S N

(a) Mark �rst direction of compass.
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(b) Place compass so that the direction follows on from 
     the previous direction.

FIGURE 14.70
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Investigation 14.3: Magneticfield of a solenoid carrying a current
Aim
To map the magnetic field surrounding a solenoid

Apparatus
solenoid
sheet of cardboard approximately 20 cm × 20 cm
scissors
connecting wires
power supply
variable resistor
switch
compass

Method
1. Connect the apparatus as shown in figure 14.72.
2. Note the direction of the conventional current around the solenoid.
3. Map the magnetic field around the solenoid using the same method as 

was used in the previous two practical activities.
4. Reverse the direction of the current through the solenoid. Note what 

happens to the direction of the magnetic field.

Analysis
1. With the first direction of the conventional current, which end of the 

solenoid was the north pole? Explain.
2. Is this result compatible with the right-hand grip rule for solenoids?
3. Draw a sketch showing how the right-hand grip rule for solenoids 

applies to your result.
4. What happened to the magnetic field when the direction of the current 

was reversed?
5. How does the magnetic field produced by a current in a solenoid compare with the magnetic field 

surrounding a magnet?

Investigation 14.4: Building an electromagnet
Aim
To build an electromagnet and observe its properties

Apparatus
iron rod for core of electromagnet
insulated conducting wire for coil
power pack
connecting wire
variable resistor
ammeter
small iron nails

Theory
A soft iron core is placed in a solenoid carrying a current and becomes magnetised. When the current is 
switched off the soft iron core loses its magnetism.

Method
1. Build the electromagnet by winding the conducting wire 

closely from one end of the iron core to the other. To make 
the electromagnet stronger one or more layers of coils can be 
wound on top of the first. It is essential that all layers of coils 
are wound in the same direction around the core.

2. Connect the electromagnet to the power supply as shown in 
figure 14.73.

3. Test the magnetism of the electromagnet by observing the 
attraction of small iron nails to the end of the soft iron rod. 
The greater the number of iron nails attracted to the rod, the 
greater is the magnetism.

A

FIGURE 14.73

Iron core
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Cardboard

FIGURE 14.72
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4. Observe the magnetism of the electromagnet when there is no current.
5. Observe the magnetism of the electromagnet for a range of currents.
6. Observe how much time is taken for the electromagnet to gain and lose its magnetism when the current is 

switched on and off.

Analysis
1. How did the magnetism change as the current was increased?
2. Was there any delay observed in the gain or loss of magnetism when the current was switched on or off?
3. Was there any magnetism left when the current was turned off?
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