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12 Magnetism and electromagnetism

Specification points
This chapter covers sections 2.4.1 to 2.4.11 of the Physics
specification and 2.4.1 to 2.4.3 of the Double Award
specification. It is about plotting magnetic fields, investigating
the factors affecting the strength of a magnetic field and the
application of Fleming’s left-hand rule. It goes on to cover
electromagnetic induction and the generation, transmission
and distribution of electricity.

Magnetic field pattern around a bar
magnet
Magnetic fields can be investigated using a small plotting compass.
The ‘needle’ in the compass is a tiny magnet which is free to turn
on its spindle. When held near a bar magnet, the needle is turned
plotting
compass
by forces between its poles and the poles of the magnet. The needle
comes to rest so that the turning effect is zero. Figure 12.1 shows how
dots marked
on paper
a plotting compass can be used to plot the field around a bar magnet.
Starting with the compass near one end of the magnet, the needle
position is marked using two dots. The compass is then moved so
magnetic field line
that the needle lines up with the previous dot. Another dot is added
and so on. When the dots are joined up, the result is a magnetic
bar magnet
field line. More lines can be drawn by starting with the compass in
different positions. In Figure 12.2, a magnetic flux (a selection of field
lines) has been used to show the magnetic field around a bar magnet.
It should be noted that:
 Figure 12.1 Plotting the field
around a bar magnet using a compass  The field lines run from the North pole (N) to the South pole (S) of
the magnet.
 The field direction, shown by the arrowhead, is defined as the
direction in which the force on a North pole would act. The N end
of the compass needle would point in this direction.
 The magnetic field is strongest where the field lines are closest
together at the poles of the magnet. There are no field lines in the
middle of the magnet, so there is no magnetic field here.
If two magnets are placed near each other, their magnetic fields
combine to produce a single field.

 Figure 12.2 Magnetic field lines
around a bar magnet

4

Clear and colourful
diagrams help develop
knowledge.

Magnetic field pattern due to a

Magnetic field pattern due to a
current-carrying coil
A coil with one turn
B
S

N
A

 Figure 12.3 The magnetic field
around a single loop of currentcarrying wire

N

S

 Figure 12.4 The pattern of
magnetic field around a solenoid

Figure 12.3 shows the magnetic field around a single loop of wire
which is carrying a current. Near A, the field lines point anticlockwise
and near B, the lines point clockwise. In the middle, the fields from
each part of the loop combine to produce a magnetic field running
from left to right. This loop of wire is like a very short bar magnet.
Magnetic field lines come out of the left-hand side (North pole) and
go back into the right-hand side (South pole).
The strength of the magnetic field can be increased by:
 increasing the number of turns of wire in the coil
 increasing the current through the coil.

A coil with many turns
A stronger magnetic field can be made by wrapping a wire in the
form of a long coil. This is referred to as a solenoid. A current must
be passed through it, as illustrated in Figure 12.4.
The magnetic field produced by a solenoid has the following features:
 The shape of the field is similar to that around a bar magnet and
there are magnetic poles at the ends of the coils.
 Increasing the current increases the strength of the field.
 Increasing the number of turns on the coil increases the strength
of the field.

Polarity

N

S

The right-hand grip rule, as shown in Figure 12.5, can be used to help
you work out which way round the poles are in a solenoid. Imagine
gripping the solenoid with your right hand, so that your fingers point
in the direction of the conventional current. Your thumb will point
towards the North pole of the solenoid.

Test yourself

+

–

 Figure 12.5 The right-hand
grip rule

Consolidate
learning with
regular Test
Yourself questions.

1 Compare and contrast the magnetic field pattern of a bar magnet and a
current-carrying solenoid.
2 Draw a sketch of the magnetic field produced by a bar magnet.
3 Copy the diagrams below (Figure 12.6) and label the poles (A, B, C, D)
‘North’ or ‘South’.

A

B

C

D

 Figure 12.6
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Show You Can
questions are
designed for class
discussion or to
enhance individual
learning.

Show you can
a) Plot the field pattern of a single bar magnet using the technique described on
page 4. Then, using two bar magnets in the positions shown in Figure 12.7, verify
that the field patterns would be as illustrated in the diagram.
neutral point

Enhance practical
and enquiry
skills with full
coverage of the
CCEA prescribed
practicals.

N

N

S

N

 Figure 12.7

b) Explain the meaning of the term ‘neutral point’
Prescribed practical
Practical P9: Investigating the factors affecting the strength of an electromagnet
An electromagnet is a solenoid wrapped around a soft iron core. The strength
of an electromagnet, in other words the strength of its magnetic field, is
measured by finding the mass of iron the electromagnet will attract. Iron
nails or paper clips may be used.
Three factors can vary the strength of the electromagnet and these are
discussed in turn below.

1 Investigating the effect of the current on the strength of the
magnetic field
Apparatus:
• A thick insulated coil of copper wire
• A soft iron core
• An ammeter
• A supply of iron nails
• A variable power supply
Method:
1 Construct an electromagnet using 50 turns of insulated
wire around a soft iron core.
2 Connect it to the circuit as shown in Figure 12.8.
3 Using the rheostat, increase the current in steps,
measuring the number of iron nails attracted to the
electromagnet for each current.
4 Record your results in a suitable table, similar to
Table 12.1 on the next page.
5 Plot a graph of number of nails lifted on the y-axis
versus current on the x-axis.
6 What does this graph show?

6

A

turns of wire

core
rheostat
iron nails
(or paperclips)

 Figure 12.8 Investigating the strength of an
electromagnet

Magnetic field pattern due to a

Table 12.1 Results table
Current/A
Number of nails lifted

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Number of nails

A graph similar to Figure 12.9 should be obtained.

40

2 Investigating the effect of the number of turns
on the strength of the magnetic field

30
20

Apparatus:
• A thick insulated coil of copper wire
10
• A soft iron core
0
• An ammeter
0.0
0.5
1.0
• A supply of iron nails
Current (A)
• A variable power supply
Method:
 Figure 12.9 A typical graph of results
1 Keeping the current at 2.5 A and the material of
the core constant, increase the number of turns of wire in steps of 10.
2 For each number of turns, measure the number of nails lifted.
3 Record your results in a suitable table, similar to Table 12.2.
4 Plot a graph of number of turns versus number of nails lifted.
5 What does your graph tell you?

1.5

Table 12.2 Results table
10
Number of turns
Number of nails lifted

20

30

40

50

60

3 Investigating the effect of the material of the core on the
strength of the magnetic field
Apparatus:
• A thick insulated coil of copper wire
• Cores made from various materials
• A supply of iron nails
• A power supply
Method:
1 For this third investigation, keep the number of turns of wire and the
current constant at 3.0 A but change the material of the core from soft
iron to steel, copper, plastic, wood or air (no material).
2 In each case, measure the number of iron nails lifted and record your
results in a table.
3 Draw a bar chart of your results and describe your findings.
Table 12.3 Results table
Type of
material

Soft iron

Steel

Copper

Plastic

Wood

No material
(air)

Number of
nails lifted
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Magnetic force on a current-carrying
wire: the motor effect

upward
force

—

+

current-carrying wire

 Figure 12.10 The movement of
a current-carrying wire in a magnetic
field

movement
wire
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uniform field
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Field

 Figure 12.11 Fleming’s left-hand
rule

loop

N

—

S
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 Figure 12.12 When a current is
passed through the loop, it
experiences a turning effect
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Figure 12.10 shows a length of copper wire that has been placed in a
magnetic field. The copper wire is not magnetic so the wire itself is
not affected by the magnet. However, with a current passing through
it, there is a force on the wire. Where does this force come from?

Fleming’s left-hand rule
The force arises because the current produces its own magnetic field
which interacts with the field of the magnet. The resulting magnetic
field is shown in Figure 12.11. Note how the field lines that were
originally circular have become distorted due to the current in the
wire. The field lines below the wire are concentrated, while the field
lines above the wire are not. The result is that the wire experiences a
force as the field lines tend to straighten.
If the current in the wire changes direction, or the polarity of the
magnet is reversed, then the direction of the force on the wire is
reversed.
The force is increased if:
 the current in the wire is increased
 a stronger magnet is used
 the length of the wire exposed to the magnetic field is increased.
The relationship between the direction of motion, the current and
the magnetic field when a current-carrying wire is in a magnetic field
is predicted by Fleming’s left-hand rule. The rule states that if the
thumb and first two fingers of the left hand are held at right angles
to each other, then the thumb points in the direction of the force or
motion, the first finger will be pointing in the direction of the field
and the second finger will be pointing in the direction of the current.
When applying this rule, it is important to remember how the field
and current directions are defined:
 The field direction is from the N pole of a magnet to the S pole.
 The current direction is from the positive (+) terminal of a battery
round to the negative (−).
Fleming’s left-hand rule only applies if the current and field
directions are at right angles to each other. If the current and fields
are parallel, there is no force on the wire and it will not move.
Several devices use the fact that there is a force on a current-carrying
conductor in a magnetic field, such as loudspeakers and electric
motors.

The turning effect on a current-carrying coil in
a magnetic field
The loop in Figure 12.12 lies between the poles of a magnet. The
current flows in opposite directions along the two sides of the loop. If
you apply Fleming’s left-hand rule, when a current is passed through
the loop, one side of the loop is pushed up and the other side is
pushed down. In other words, there is a turning effect on the loop.
If the number of loops is increased to form a coil, the turning effect is
greatly increased. This is the principle involved in electric motors.

Magnetic force on a current-carrying wire: the motor effect

The d.c. electric motor

pivot
magnet

rotation
produced

coil

A

N

S

Figure 12.13 shows a simple electric motor. It runs on direct current
(d.c.), the unidirectional current that flows from a battery. The coil
is made of insulated copper wire. The coil is free to rotate on an axle
between the poles of a magnet. The commutator, or split-ring, is fixed
to the coil and rotates with it. Figure 12.14 details this action. The
brushes are two contacts which rub against the commutator and
keep the coil connected to the battery. They are usually made 		
of carbon.

Tip

B

Note that details of the commutator are not required by the specifications.
split-ring
commutator

carbon
brushes

 Figure 12.13 A simple electric
motor
split-ring commutator
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A direct current (d.c.) always flows in the same direction: from a fixed
positive terminal to the fixed negative terminal of a supply.
A typical d.c. circuit is shown in Figure 12.15. A cell or battery gives a
constant, steady, direct current. A graph of voltage versus time for a
d.c. supply is shown in Figure 12.16. The current is described as being
unidirectional.
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Alternating and direct currents
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When the coil is horizontal, the forces are furthest apart and have
their maximum turning effect on the coil. With no change to the
forces, the coil would eventually come to rest in the vertical position.
However, as the coil overshoots the vertical, the commutator changes
the direction of the current through it. So the forces change direction
and push the coil further around until it is again vertical, and so on.
In this way the coil keeps rotating clockwise, half a turn at a time.
If either the battery or the poles of the magnet are reversed, the coil
will rotate anticlockwise.
The turning effect on the coil can be increased by:
 increasing the current in the coil
 increasing the number of turns on the coil
 increasing the strength of the magnetic field
 increasing the area of the coil.

A

S

I

voltage

d.c.
time

+

 Figure 12.14 The turning action of
the coil in the electric motor

 Figure 12.15 A simple d.c. circuit

 Figure 12.16 A graph of voltage
against time for a d.c. supply

The electricity supply in your home is an alternating current (a.c.)
supply. In an a.c. supply, the voltage changes size and direction in a
regular and repetitive way (Figure 12.17).
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In fact, the mains voltage changes from +325 V to −325 V. The average
value of the voltage is 230 V. The current changes direction 100 times
every second and makes 50 complete cycles per second; hence the
frequency of the mains is 50 Hz.
It is clear from Figure 12.18 why an a.c. supply is said to be
bidirectional.

live
230 V
mains

cooker
neutral

positive current

live

peak
forward

voltage
230 V
mains

a.c.

cooker

time

neutral
negative current
325 V

230 V
time

a.c. mains
voltage

peak
reverse

– 325 V

 Figure 12.18 A trace for an a.c. supply
 Figure 12.17 An a.c. supply

Test yourself
4 Using a diaGram, state Fleming’s left-hand rule.
5 Use Fleming’s left-hand rule to complete the following exercises.
a) Copy the diagrams in Figure 12.19. Draw arrows on parts A and B to
show the directions of the forces on the current-carrying wires.
Means current is perpendicular to and into the plane of the paper
Means current is perpendicular to but out of the plane of the paper

A

B
N

N
magnetic
field direction

magnetic
field direction

S

S

 Figure 12.19
b) In Figure 12.20, indicate the direction of the current in the wire and the
direction of the magnetic field in C. In D, indicate the direction of the
magnetic field and label the polarity of the magnets.
C

D
S

Force

Force
N

 Figure 12.20
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Electromagnetic induction

3
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1
0
–1
–2
–3

C
Voltage/V

3
2
1
0
–1
–2
–3

Voltage/V

Voltage/V

6 Look at Figure 12.21 which shows five displays on a cathode ray
oscilloscope (CRO) screen. Which of the displays illustrate
a) d.c. voltages
b) a.c. voltages?
B
A

3
2
1
0
–1
–2
–3

Time/s

Time/s

E

3
2
1
0
–1
–2
–3

Voltage/V

Voltage/V
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Time/s
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1
0
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 Figure 12.21

Electromagnetic induction

a)
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of magnet

0

induced current
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 Figure 12.22 Inducing a current
by moving the magnetic field

Electromagnetic induction (EMI) is the reverse of the motor effect.
It is Michael Faraday who is generally credited with its discovery
in 1831. In EMI, the user supplies a magnetic field and motion to
produce a voltage that can cause a current.
The easiest way to demonstrate electromagnetic induction is with a
magnet and a coil of wire. A centre-zero ammeter can then be used
to measure the induced current and detect the direction in which it
is flowing. In Figure 12.22, a current is generated when the magnet is
moving into or out of the solenoid. No current is generated when the
magnet and coil are stationary.
We can predict the direction of the current flowing in the coil using
Lenz’s Law. The current always flows in the direction that will set up
a magnetic field to oppose the motion causing it. In Figure 12.22a),
the current flowing in the coil produces a North pole at the left-hand
end of the coil. As the magnet moves towards the solenoid, there is
a magnetic force that repels it, so you have to do some work to push
the magnet into the solenoid. This pushing generates the electrical
energy.
In Figure 12.22b), the magnet is being pulled out of the solenoid. The
direction of the current is reversed and so there is now an attractive
force acting on the magnet. The hand pulling the magnet is still doing
work to produce electrical energy.
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It is possible, although much less convenient, to induce a current
without moving the magnet, but by moving the coil instead. So, in
Figure 12.22a) we would get the same effect as moving the magnet
to the right by moving the coil to the left. The important idea is that
there must be relative movement between the magnet and the coil.
When a current is produced by electromagnetic induction, energy
is always needed to create the electrical energy. In the example
described in Figure 12.22, the energy originally came from the
muscles working the hand holding the magnet. So, electromagnetic
induction is a way of converting mechanical energy to electrical
energy. This is the principle behind transformers and electricity
generation in our power stations. We will come back to this idea later
in this chapter, in the section on the a.c. generator.
What happens if the coil is not part of a closed loop? Then a moving
magnet induces a voltage across the ends of the coil, but because
there is no complete circuit, no current flows.
Faraday made three important discoveries about EMI. He found out
that he could increase the size of the induced current by:
 moving the magnet faster
 using a stronger magnet
 using a coil with a greater number of turns.
All three of the above have the effect of increasing the rate at which
the magnetic field linked with the coil is changing.
It is also possible to induce an electric current by rotating a magnet
within a coil of wire. This is the principle of the bicycle dynamo. The
dynamo spindle turns when the wheels of the bicycle are rotating.
The output from this type of dynamo is alternating current.

Tips are given
throughout to aid
understanding.

Tip
If you are asked what happens
when a magnet is moved into a
coil, be sure to say that the current
is momentary and then returns to
zero. Remember there is only a
current while the magnet is actually
moving.

body of
dynamo
flow of
current

permanent
magnet

X
Y'
Z'
movement

N

A

Z
Y

S

rotation
of magnet

outer coils
of wire
N

S

electrical
output

induced
X' current
B

 Figure 12.23 How a current is induced in a bicycle dynamo
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 Figure 12.24 Electromagnetic
induction using a single wire
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flow of
current
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EMI can also be demonstrated by moving a single wire between the
opposite poles of a horseshoe magnet.
By carrying out the investigation shown in Figure 12.24, it can
be shown that generation of current depends on the direction of
movement of the wire. To generate a current, the wire must cross the
magnetic field lines. A current is produced if the wire is moved up
and down along the direction XX’, but there is no current if the wire
moves along ZZ’ or YY’. Reversing the direction of movement reverses
the current.

Faraday's iron ring experiment
So, if moving the wire up makes the pointer in the meter move to the
right, then moving the wire down will make it go to the left.
The size of the current generated can be increased in the following
ways:
 moving the wire more quickly
 using a stronger magnet
 looping the wire so that several turns of wire pass through
the poles.
It is also possible to induce a current with this apparatus by keeping
the wire stationary and moving the magnet. In this case, the magnet
would have to move parallel to the line XX’.

Test yourself

Show you can

7 Describe how you could
demonstrate electromagnetic
induction using a coil, a magnet
and a centre-zero ammeter.
8 Describe the relationship
between the polarity of the
magnet and the direction of the
induced current in a coil.

a) Explain in terms of energy why there
is no induced current if both the coil
and the magnet are stationary.
b) Explain how you could produce
alternating current by rotating a
magnet.

Faraday’s iron ring experiment
Michael Faraday’s iron ring experiment is one of the classic
experiments of the nineteenth century. Look at Figure 12.25. The soft
iron ring in the centre has two coils wrapped around it. The coil on
the right is connected to a switch and a small battery. The coil on
the left is connected to a centre-zero ammeter. The coils are made
of insulated copper wire. No current can flow in the iron core when
the switch is open. In the situation shown in the diagram, there is no
current flowing in either coil.
centre-zero ammeter

switch

battery

iron ring

 Figure 12.25 The apparatus needed for Faraday’s iron ring experiment
What happens when the switch is closed? A current immediately
flows in the coil on the right. But Faraday observed that there was a
momentary deflection in the centre-zero ammeter. How could this be
explained?
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Faraday argued:
 closing the switch caused an increase in the current in the righthand coil
 this caused an increasing magnetic field in the right-hand coil
 since the iron core links the two coils magnetically, there is an
increasing magnetic field in the left-hand coil
 the increasing magnetic field in the left-hand coil caused an
induced current which flowed through the ammeter.
In 1824, Faraday was made a fellow
of the Royal Society for his work
on electricity. It is reported that
the Prime Minister of the day, Mr
Gladstone, asked Faraday what
good would come of his discovery
of electromagnetic induction.
Faraday is said to have answered
softly, ‘Why Prime Minister, someday
you can tax it.’

The effect is momentary; there is a deflection of the ammeter needle
only when the current in the right-hand coil is changing. When there
is a steady current in the right-hand coil, there is a steady magnetic
field in both coils. For induction to occur we need the current in the
left-hand coil to be changing!
What then happens when the switch is opened? There is a
momentary deflection of the ammeter needle, but this time it is in
the opposite direction, because the field in the left-hand coil is now
decreasing.
This simple experiment is the basis for the transformer, without
which electrical energy could not be transmitted efficiently from a
power station to our homes.

Test yourself
9 a) Look at Figure 12.26. If the magnet is stationary above the coil, the 		
reading on the centre-zero ammeter is zero. When the North pole of the
magnet moves into the coil, the needle moves to the right. When the
magnet is stationary inside the coil, the needle on the ammeter returns
to zero.
i) What name is given to this effect?
ii) Explain these observations.
b) Describe what would be observed when the magnet is pulled up out of
the coil.
c) What energy provides the source for the electrical energy in the coil?
10 Figure 12.27 shows the apparatus used in Faraday’s iron ring
experiment. The coils wrapped around the iron ring are made of
insulated copper wire.
a) Explain why a current flows in the secondary coil when the switch is
closed.
b) Explain why a current flows in the secondary coil
when the switch is then opened.
c) In what way is the current in the secondary coil
different in parts (a) and (b)?
d) How could the apparatus be changed to produce an
a.c. current in the secondary coil?
11 State the relationship between the size of the
battery
induced current and the speed of the magnet.
12 State the relationship between the direction of the
induced current and the direction of the magnet’s
motion.
13 State how alternating current can be induced using a
coil and a magnet.
 Figure 12.27
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 Figure 12.26
switch
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centre-zero
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primary
coil

secondary
coil

The a.c. generator

Show you can
a) Describe how you could demonstrate electromagnetic induction using a coil, a magnet
and a centre-zero ammeter.
b) Describe what happens in one coil when the current in a neighbouring coil is switched
on and off.
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The a.c. generator
B

N

S

D

2

slip-rings

A

1

to oscilloscope
b)
(ii)
(iii)

(v)

(i)
(iv)

c)

end view
of coil A
magnetic
A
field
(ii)
D
(i)

A

D
D

D

A
(iv)

A
(iii)

D
(v)

 Figure 12.28 a) An a.c. generator
b) How the voltage waveform
produced by the generator appears
on an oscilloscope screen
c) The position of the coil

Figure 12.28 shows the design of a simple a.c. generator. It only
produces alternating current, so it is called an alternator.
Turning the axle makes the coil rotate in the magnetic field. The coil
is shown with a single turn to keep the diagram as simple as possible.
The rotation of the coil causes a voltage to be induced across the
ends of the coil.
As the coil turns, the slip rings rotate. In contact with the slip rings
are stationary brushes (marked 1 and 2 in the diagram). These
provide a continuous contact between the coil and the cathode ray
oscilloscope (CRO).
Figure 12.28b shows how the induced voltage changes with time. This
can be observed on the CRO. Figure 12.28c shows the position of the
coil at various times.
i) The coil is vertical. Sides AB and CD are moving parallel to the
field lines, so no voltage is induced.
ii) The coil is horizontal. In this position, sides AB and CD are cutting
the field lines at the greatest rate, so the induced voltage is a
maximum.
iii) The coil is vertical once more, so there is no induced voltage.
iv) The coil is horizontal once more, but notice that AB and CD are
moving through the field in the opposite direction when compared
with position (ii). So, the induced voltage is once again
a maximum, but now it is in the opposite direction.
v) The coil is vertical once more, so there is no induced voltage.
The size of the induced voltage can be made larger by:
 rotating the coil faster
 using stronger magnets
 using a coil of more turns
 wrapping the coil around a soft iron core.
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a)
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 Figure 12.29 a) A step-up
transformer b) A step-down
transformer c) The circuit symbol
for a transformer

A transformer works only with alternating current. Both the input
and the output voltages are a.c.
Figure 12.29a shows the construction of a transformer. All
transformers consist of two coils of wire wrapped round a laminated
iron core. This is an example of a step-up transformer; it has fewer
turns in the primary coil than in the secondary coil. A step-up
transformer is used to increase the voltage.
Figure 12.29b shows the construction of a step-down transformer,
one that has fewer turns in the secondary coil than in the primary
coil. A step-down transformer is used to decrease the voltage.
Figure 12.29c shows the circuit symbol for a transformer.
All transformers have three parts:
 a primary coil; the incoming voltage Vp (voltage across primary
coil) is connected across this coil
 a secondary coil; this provides the output voltage Vs (voltage
across the secondary coil) to the external circuit
 a laminated iron core; this links the two coils magnetically.
There is no electrical connection between the two coils which are
constructed using insulated wire.
To step up the voltage by a factor of 10, there must be 10 times as
many turns on the secondary coil as on the primary. The turns ratio
tells us the factor by which the voltage will be changed.

Tip
According to the principle of conservation of energy, if the voltage is stepped
up then the current must be stepped down and vice versa. The energy per
second going into the transformer must equal the energy per second leaving
the transformer.
There is an important equation, known as the transformer equation,
which relates the two voltages Vp and Vs to the number of turns on
each coil, Np and Ns.
Voltage across primary coil
number of turns in primary coil
Vp

Example

Np

=
=

Voltage across secondary coil
number of turns in secondary coil
Vs
Ns

A transformer is needed to step down the mains voltage at 240 V to
supply 20 V. If the primary coil has 4800 turns, how many turns must the
secondary coil have?
Answer
Vp = 240 V; Vs = 20 V; Np = 4800;
Ns = ?
Ns = 20 × 4800
240
= 400 turns
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Electricity transmission

Power in transformers
Transformers are very efficient devices with an efficiency that is
typically above 99%. At GCSE we can treat transformers as being
100% efficient. For such a transformer we can write:
input electrical power to primary coil = output electrical power from secondary coil
			
VpIp = VsIs
where
Vp = the voltage across the primary coil
Ip = the current in the primary coil
Vs = the voltage across the secondary coil
Is = the current in the secondary coil

Electricity transmission
Electrical power is distributed around the country from power
stations through a grid of high-voltage power lines. The electricity in
overhead power lines is transmitted to our homes and industry at
275  kV or 400 kV. The high voltages used in electricity transmission
are extremely dangerous, which is why the cables that carry the
power are supported on tall pylons high above people, traffic and
buildings. High voltages are used because this means that there is a
low current in the cables and so less energy is wasted.
When a current flows in a wire or cable, some of the energy it is
carrying is lost because of the cable’s resistance; the cables get hot.
A small current wastes less energy than a high current.
Consider the following two methods of transmitting electricity:
Method 1

Method 2

Let the resistance of the cable be 10 Ω
while carrying a current of 1000 A.
Then
R = 10 Ω
I = 1000  A
Power lost = I2R = 10002 × 10
= 10 000 000 W
= 10 MW

Let the resistance of the cable be 10 Ω,
while carrying a current of 100 A.
Then
R = 10 Ω
I = 100 A
Power lost = I2R = 1002 × 10
= 100 000 W
= 0.1 MW

Clearly, transmitting the smaller current reduces the heat lost in the
cables dramatically.
Before electricity reaches homes, the high voltage must be stepped
down to a much safer 230 V. Today, almost all domestic electrical
appliances in Europe operate at 230 V. This is called the electricity
distribution network.
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Test yourself
14 An electric current flows in a conductor in a magnetic field, as is shown in
Figure 12.30. Copy the diagram and mark on it the direction of the force on
the wire.
–

+

 Figure 12.30
15 A bar magnet is moving towards a loop of wire as shown in Figure 12.31.
a) Is an emf (voltage) induced in the wire? Give a reason for your answer.
b) Is a current induced in the wire? Give a reason for your answer.
c) The open ends of the wire are now connected to a torch bulb.
Copy Figure 12.31, add the bulb and mark on your diagram the direction
in which the current flows.
16 A coil of insulated copper wire wrapped around a ring of soft iron is
connected to a battery via a switch. A coil on the other side of the ring is
connected to a centre-zero ammeter. Describe and explain what is
seen on the ammeter when:
a) the switch is closed
b) the switch is re-opened.

 Figure 12.32
17 A coil is connected to a cathode ray oscilloscope. When a bar magnet falls
through the coil two spikes are observed on the CRO. Describe and explain
the appearance of the trace on the screen of the CRO.
Voltage
CD
A B
Time

 Figure 12.33
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 Figure 12.31

Electricity transmission

18 An anemometer is a device to measure wind speed. Figure 12.34 shows a
simple anenometer. When the wind blows, the plastic cups turn.
a) Explain why the wind causes the voltmeter to give a reading.
b) Explain why the reading on the voltmeter is a ‘measure’ of the wind
speed.
The gauge is not sensitive enough to measure the speed of a gentle
breeze.
c) Suggest one way that the design can be modified to make the
anemometer more sensitive.
19 Jo makes a model generator using the apparatus shown in Figure 12.35.
Jo pulls down the bar magnet and then lets go. The magnet oscillates into
and out of the coil.
a) Explain why a current flows in the coil.
b) Is the current in the coil alternating or direct? Give a reason for your
answer.
c) Copy the axes below and sketch the graph of current against time for
the model generator above.

wooden frame

spindle

N

S

iron nail
V

 Figure 12.34

current

0

plastic cup

clamp

time

0

spring

    Figure 12.36
20 The diagram below shows how electricity from a power station is
distributed to homes.
..................... voltage ..................... voltage
power station

cardboard
tube
coil of
copper
wire

bar magnet

A

 Figure 12.35
.............. transformer

.............. transformer

 Figure 12.37
a) Copy the diagram and write the names of the types of transformer in
the boxes.
b) In the appropriate boxes on your diagram, label those parts of the
distribution system where the voltage is high and those parts where it
is low.
c) Why are high voltages used in the national distribution of electricity?
21 At a power station, the main transformer is supplied from a 25 kV
generator.
a) How much energy is transferred from the generator for each coulomb
of charge?
b) The main transformer steps up the voltage to 275 kV before sending it
out to the grid. Describe fully the purpose of stepping up the voltage.
c) In what other part of the electricity transmission system must
transformers be used?
d) Why must these other transformers be used?
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22 Two coils are placed side by side. A current meter is connected to one coil
as shown in Figure 12.38.
a) The first coil is connected to a 25 V d.c. supply. Describe what happens
to the meter reading:
i) when the first coil moves away from the second coil
ii) when the first coil moves back towards the second coil.
b) The 25 V d.c. supply is now replaced with a 25 V a.c. 1 Hz supply
connected to the first coil. Describe what (if anything) happens to the
meter reading if the first coil remains stationary.
23 Figure 12.39 shows a transformer. The input electrical power to the
primary coil is 7.2 kW.

0

25 V d.c.

 Figure 12.38

secondary coil

primary coil

2400 turns

240 turns

 Figure 12.39
a) Calculate the voltage at the secondary coil if the voltage across the
primary coil is 8 kV.
b) Assuming the transformer has an efficiency of 100%, calculate the
maximum current which can be drawn from the secondary coil.
24 State the function of:
a) a step-up transformer
b) a step-down transformer.
25 Explain why transformers are used at the power station and at the user
substation in the transmission and distribution of electrical energy.
26 State the turns-ratio equation for transformers.

Show you can
a) Describe the design of a simple a.c. generator.
b) Draw the essential components of a simple transformer.
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current meter

Prepare students
for assessment with
topic-specific practice
questions.

Practice questions
1 An electromagnet is a coil of wire through which
a current can be passed.
a) State three ways in which the strength of the
electromagnet may be increased.
(3 marks)
b) An electromagnet may be switched on and
off. Suggest one situation where this would
be an advantage over the constant field of a
permanent magnet.
(1 mark)
c) A coil carrying a current has two magnetic
poles.

d) The rod is placed back in its original position.
What will happen to the rod if the poles of the
battery are reversed?
(1 mark)
3 Below is a simplified diagram of a d.c. motor.
The loop of wire is horizontal in a horizontal
magnetic field.

C

N

—

i) Copy the diagram and mark the magnetic
poles produced.
(2 marks)
ii) On your diagram, draw the magnetic field
produced.
(4 marks)
2 The motor effect may be demonstrated using the
apparatus shown in the diagram below. When
a current is passed through the moveable brass
rod, it rolls along the fixed brass rails.

S

A

D

current

B

+

a) What does ‘d.c.’ mean?
(1 mark)
b) In which direction is the force on side AB of
the wire loop?
(1 mark)
c) In which direction is the force on side CD of
the wire loop?
(1 mark)
d) Explain how these forces cause the loop to
rotate.
(1 mark)
e) What can you say about the force on side BC
of the loop?
(2 marks)
4 The diagrams show a bicycle dynamo.
bicycle tyre
rotating
ridged knob

horse-shoe
permanent
magnet
N

moveable brass rod
fixed brass rail

connection
to bicycle
frame

+

N

—
S

current

dynamo
connection to
bicycle frame

a) State the direction of the magnetic lines of
force between the poles of the magnet. (1 mark)
b) In which direction will the rod roll?
(1 mark)
c) The rod is placed back in its original position.
What will happen to the rod if the poles of the
magnet are reversed?
(1 mark)

magnet
S

light
to light

iron core

copper
coil

a) Explain fully why the lamp lights when the
bicycle wheel turns.
(3 marks)
b) Why does the lamp get brighter as the bicycle
moves faster?
(3 marks)
c) Why does the lamp not work at all when the
bicycle stops?
(1 mark)
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Transformers
5 The diagram shows a coil that can be rotated
between the poles of a permanent magnet. The
electrical output is at the connections to the
brushes. The handle is turned vigorously.

a) Is the electrical output a.c. or d.c.?
(1 mark)
b) Explain why there is no electrical output when
the plane of the coil is vertical.
(2 marks)
c) Explain why the electrical output is greatest
when the plane of the coil is horizontal. (2 marks)
d) State three ways in which the electrical output
from this device could be increased.
(3 marks)
6 The diagram shows an iron ring on which two
coils are wound.
primary circuit

core

50 turns
primary
voltage
16 V
primary coil

secondary
voltage
100
turns
secondary coil

switch

A
ammeter

iron ring

secondary circuit

Describe and explain what would be observed on
the ammeter when
a) the switch is closed
(2 marks)
b) the closed switch is then opened.
(3 marks)
7 The diagram shows a laboratory demonstration
of how a transformer can be used to produce
very large currents. Here the current is used to
melt an iron nail.

nail

230 V
mains supply

iron ring

22

There are 500 turns in the coil on the left-hand
side of the diagram and five turns in the coil on
the right-hand side of the diagram.
a) Show that the voltage across the nail is 2.3 V.
(3 marks)
b) If the current in the coil with 500 turns is
1.15 A, calculate the current in the nail,
assuming the transformer has an efficiency of
100%.
(3 marks)
c) Explain why the wires in the left-hand coil
must be quite thin, but those in the right-hand
coil must be very thick.
(2 marks)
8 The diagram shows a simple transformer. The
primary coil is connected to an a.c. supply.

a) What do the letters a.c. stand for? How is a.c.
different from d.c.?
(3 marks)
b) The primary and secondary coils are both
wound on the same core. What is this core
made of?
(1 mark)
c) Using the information shown on the diagram,
calculate the secondary voltage. Show clearly
how you get your answer.
(4 marks)
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