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Chapter 7: Electromagnetism 
Lesson 7.1 Magnetism and magnetic forces 
1 They repel each other. 

2 You need to see which way the compass points at 
different places so that you can plot the field lines. 

3 When the pins and tacks are inside a magnetic 
field they become magnets themselves. When 
they are removed from the magnetic field, the 
tacks lose their magnetism straight away because 
they are made of iron but the pins remain 
magnetised because they are made from steel. 

4 The iron tacks become magnetised so they are 
magnetic materials whereas the pins remain 
permanently magnetised. Therefore, the tacks will 
have no effect on other tacks; the tacks and pins 
will always attract each other; the pins will either 
attract or repel other pins depending on which way 
round they are. 

5 A magnet will be repelled by another magnet. A 
material like iron can only be attracted by another 
magnet. 

6 The magnetic compass experiences forces of 
attraction and repulsion from the Earth which 
would suggest that the core of the Earth is 
magnetic. 

Lesson 7.2 Compasses and magnetic fields 
1a   

 

1b  

 
2 A magnetic compasses point away from the 

geographic south pole so the polarity of the 
geographic south pole is actually north. 

3 It seeks out (i.e. points towards) the Earth’s North 
Pole. 

4
 

 

 

5
 

 

 

6 The magnetic field produced by the current is very 
weak and it is even weaker the further you are 
from the wire. Therefore, a compass towards the 
edge of the card will be affected by the Earth’s 
magnetic field as much as the wire’s. 

Lesson 7.3 The magnetic effect of a solenoid 
1 The magnetic field is in the opposite direction. 

2 The south pole. 

3 All of these will make the magnetic field stronger: 
Increase the number of turns of wire; increase the 
current; place iron inside the coil. 

4a To the right 

4b Assuming the current is in the original direction, 
the wire moves to the right. If the current remains 
reversed, then the wire would move to the left.  

5 You could reduce the current or reduce the 
strength of the magnetic field by using a weaker 
magnet. 

6 Applying Fleming’s left hand rule: the first finger 
needs to point from N to S; the second finger 
needs to point down along the wire. This means 
that the thumb is pointing out of the magnet 
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towards the switch. So the vertical wire will move 
to the right towards the switch (whilst remaining 
vertical). 

Lesson 7.4 Electromagnets in action 
1 Iron is a magnetic material and so becomes 

magnetised in the coil’s magnetic field. This makes 
the magnetic field stronger. 

2 Once steel has been magnetised it remains 
permanently magnetised. So once the 
electromagnet is switched on it will be permanently 
magnetised even when it is switched off. 

3 The iron contact strips alternately makes contact 
and breaks contact. 

4 The electromagnet attracts the iron contact strip 
when a current flows through it. 

5 When the hammer strikes the gong the contact is 
broken so no current flows. The electromagnet no 
longer attracts the iron contact strip and the spring 
is able to move the hammer back. 

6 A large current needs to pass through the starter 
motor. If this current passed through the switch 
(that is operated by the driver) then this could be 
dangerous. 

7 You would have to rewire the bell so that the 
electromagnet is a complete circuit. So disconnect 
the wire at x, disconnect the wire from the top end 
of the hammer and join these two wires together. 
Now we can make the hammer and the gong act 
as the switch that controls the circuit with the large 
current. So connect up a high p.d. power supply to 
the hammer and the rest of the circuit to the gong 
– so the gap between the hammer and the gong is 
like an open switch.  Pressing the push button 
switch will magnetise the electromagnet using a 
small current. This makes the hammer touch the 
gong, which completes the circuit that has the 
large current. When the push button is released, 
the electromagnet switches off and the spring pulls 
the hammer/gong switch open which switches off 
the circuit with the large current. 

Lesson 7.5 Calculating the force on a conductor 
1 The magnetic field inside the solenoid is uniform 

(the same everywhere). This can be seen by the 
field lines that are parallel and equally spaced. The 
strength of the field is indicated by how close the 
lines are together and they remain the same 
distance apart throughout. 

2a The force doubles. 

2b The force is four times bigger. 

3a F = BIl = 0.05 × 0.5 × 2 = 0.05 N 

3b F = BIl = 0.1 × 2 × 0.5 = 0.1 N 

4 I = F / Bl = 0.03 / (0.02 × 0.3) = 5 A along the wire. 

5 B = F / Il = 0.05 / (3 × 0.25) = 0.067 T 

6 No. When the length of wire is parallel to the 
magnetic field then no force acts; a maximum 
force acts when they are at right angles to each 
other. 

7a Force needed to lift wire = 0.30 N 

F = BIl 

So 0.30 = 0.00003 × I × 2.0 

I = 0.30 / (0.00003 × 2.0) = 5000 A. 

7b No, it wouldn’t be possible. The magnetic field 
lines near a pole would be vertical. The force 
needs to be at right angles to the field lines (from 
Fleming’s left hand rule) so there is no orientation 
of the wire that can produce a force upwards. 

Lesson 7.6 Electric motors 
1 e.g. washing machine, fan, vacuum cleaner 

2 The magnetic field produced by the electric current 
interacts with the magnetic field produced by the 
magnets. This creates forces on the coil which 
push one side up and the other side down. These 
forces turn the coil. 

3 The split-commutator connects the coil to the 
power supply. However, the connections swap to 
the other side of the coil every time the coil makes 
half a turn. This ensures that the direction of the 
current is correct for the forces to continue to spin 
the coil in the same direction. 

4 When a current is parallel to the magnetic field 
from the magnets then no force acts. 

5 There would be no effect if the current was 
reversed as this is an ac current so it keeps 
changing direction anyway. However, if the 
magnetic field is reversed then the coil rotates in 
the opposite direction. So the overall effect is that 
the coil rotates in the opposite direction. 

6 Reduce the current / Reduce the strength of the 
magnetic field / Reduce the number of turns on the 
coil. 

7 As the coil rotates, the wires would become all 
tangled up. 

8 The iron will magnetise with the same shape as 
the magnetic field that is present. This makes the 
magnetic field much stronger and therefore the 
motor will turn faster. 

Lesson 7.7 Loudspeakers 
1 Sound waves are produced by vibrating objects, 

which in turn make the air vibrate. 

2 The alternating current keeps changing direction. 
This produces a force on the loudspeaker cone 
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which keeps changing direction – so the 
loudspeaker cone vibrates. 

3 The louder speaker could have more turns in its 
coil and/or it could be using a stronger magnet. 
Also the coil might be made of lighter wire so it can 
move more easily. 

4 This is an accurate statement. The headphones 
are just very small loudspeakers. 

5 The sound needs to be much louder from 
loudspeakers as they are much further away from 
your ear. This means they need to transfer energy 
more quickly and need a source of power which is 
greater than a mobile phone can provide. 

6 At the top of the coil, the current would be flowing 
in a direction up, out of the page. The magnetic 
field above the coil is in the upwards direction. 
Apply Fleming’s left hand rule, the direction of the 
force on the top of the coil would be to the left. So 
the cone would move to the left. (You can check 
this below the coil too: here, the current would be 
going into the page and the magnetic field would 
be downwards – the direction of the force is also to 
the left.) 

Lesson 7.8 The generator effect 
1 By changing the magnetic field – either by varying 

the strength of the magnets or by moving the wire 
relative to the magnets. 

2  0 V – since the magnetic field doesn’t change. 

3 You can move the magnet more slowly, use a 
weaker magnet or use a solenoid with fewer turns. 

4a The induced current is flowing through the 
solenoid. This current produces the second 
magnetic field. 

4b On the left hand diagram the left hand end of the 
coil is a north pole and the right hand end is a 
south pole. On the right hand coil, the left hand 
end is a south pole and the right hand end is a 
north pole. You can work this out by knowing that 
the coil opposes the motion of the magnet (so it 
must repel the magnet in the left diagram and 
attract the magnet in the right diagram). 

4c The magnetic field produced by the current in the 
coil attracts and repels the magnet, making it 
harder for the magnet to move. Therefore, you 
need to apply a force to balance out this magnetic 
effect. 

4d For example on the diagram on the left – this time 
the coil would attract the magnet. The magnet 
would speed up and therefore there would be 
more energy in its kinetic energy store. This 
energy would have come from nowhere and so 
energy has not been conserved. Therefore it is 
impossible for the induced p.d. to be in this 
direction. 

5 There would not be a complete circuit so no 
current flows. Therefore, the meter would always 
be pointing to 0 A. 

Lesson 7.9 Key Concept: The link between 
electricity and magnetism 
1 e.g. an electromagnet, a bell, a relay, a motor, a 

loudspeaker  

2 e.g. a motor, a loudspeaker 

3 e.g. a dc or ac generator, a microphone, an 
electric guitar pickup 

4 A motor consists of a coil of wire which carries a 
current and the coil is inside a magnetic field. The 
current in the coil produces its own magnetic field 
which interacts with the magnetic field from the 
magnet. This interaction produces forces on the 
coil. The forces act upwards on one side of the coil 
and downwards on the other side which makes it 
turn. The coil is connected to a power supply using 
a split ring commutator. The commutator ensures 
that the current goes through the coil in the correct 
direction to make the coil keep turning the same 
way. It does this by reversing the direction of the 
current every half turn. 

5 You can use Fleming’s Left Hand Rule. Place your 
thumb, first finger and second finger of your left 
hand at right angles to each other. The first finger 
needs to point in the direction of the magnetic field 
produced by the magnets (north pole to south 
pole) and the second finger needs to point in the 
direction of the current. Your thumb will point in the 
direction of the magnetic force. In Figure 7.31 you 
can see that the force would push the wire down 
towards the bottom of the magnet. 

6 Motors and generators both consist of a rotating 
coil inside a magnetic field. However, motors 
require a power supply and an electric current is 
used to produce motion. Generators, however, do 
not require a power supply but they do require 
something to rotate the coil. They use the rotation 
of the coil to generate an electric current. 

 

Lesson 7.10 Using the generator effect 
1 A microphone has the same components as a 

loudspeaker – a diaphragm / cone, a magnet and 
a coil.  

2 The pressure variations in the sound waves make 
the diaphragm vibrate which makes the coil 
vibrate. The moving coil in the magnetic field 
induces a current in a coil due to the generator 
effect. So the pressure variations produce 
variations in the current flowing through the coil. 

3 This makes the microphone more sensitive to 
vibrations. The large number of turns means that a 
large current is produced when there is a small 
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movement and the thin wire means that the coil is 
light enough to move easily when the sound 
waves hit the diaphragm. 

4 You can use a higher current, a stronger magnet 
or more turns in the coil. 

5 In a d.c. dynamo you use a split ring commutator 
where each side of the coil switches its connection 
to the output terminals every half turn. This means 
that one terminal will always be positive and the 
other terminal will always be negative as you turn 
the dynamo. In an a.c. generator each side of the 
coil is connected to its own slip ring. This means 
that the polarity of the output terminals swaps 
every half turn of the coil.  

6 The coil moves through a magnetic field which 
induces the potential difference from the generator 
effect. The potential difference is alternating 
because one side of the coil is alternately moving 
upwards then downwards through the magnetic 
field as the coil turns. 

7 The induced p.d. will be larger and the output will 
vary quicker. This means that the graph will have 
higher peaks and lower troughs and the horizontal 
distance between the peaks and troughs will be 
smaller. 

8 When the p.d. is zero, the sides of the coil are 
moving parallel to the magnetic field. 

9 Rotate the coil faster, use stronger magnets, use 
more turns, decrease the resistance of the circuit. 

10 There is no longer a complete circuit so a current 
doesn’t flow in the coil. This means that there is no 
longer a magnetic field produced by the current in 
the coil, which opposes the motion of the coil. 
(Alternatively this can be argued in terms of 
energy: When the light bulb is shining then you 
have to do work while rotating the coil in order to 
transfer the energy. When the light bulb blows 
then no work needs to be done so you don’t need 
to apply a force to turn the coil in order to do the 
required work.) 

Lesson 7.11 Transformers 
1a Step up 

1b Step down 

2 Transformers need an alternating potential 
difference to work. A battery is d.c. 

3 The magnetic field in the iron core is changing. So 
the secondary coil is in a changing magnetic field 
which means there is a p.d. induced in the 
secondary coil due to the generator effect. 

4 Vp / Vs = np / ns  

 240 / 12 = 720 / ns 

 20 = 720 / ns 

 ns = 720 / 20 = 36 

5 Vp / Vs = np / ns 

 240 / 20 = np / 100 

 12 = np / 100 

 np = 12 × 100 = 1200 

6 Vp / Vs = np / ns 

 240 / Vs = 100 / 10 

 Vs = 240 / 10 = 24 V. 

7 Power output = IV = 3.4 × 19 = 64.6 W 

 Assume the transformer is 100% efficient. 

 Power in = 64.6 W 

 So 240 × I = 64.6 

 I = 64.6 / 240 = 0.27 A (to 2 significant figures). 

8a Vs × Is = Vp × Ip 

 60 000 × Is = 3000 × 20 

 Is = 60 000 / 60 000 = 1 A 

8b Vp / Vs = np / ns 

 3000 / 60 000 = 500 / ns 

 0.05 = 500 / ns 

 ns = 500 / 0.05 = 10 000 turns. 

Lesson 7.12 Maths Skills: Rearranging equations 
1 F = BIL = 3 × 10-5 × 3 × 25 = 0.00225 N = 2.25 × 

10-3 N  

2a Method 1 

F = BIL 

 0.125 = 1.0 × 10-4 × I × 250 

 0.125 = 0.025 I 

 I = 0.125 / 0.025 = 5 A 

 Method 2 

F = BIL 

I = F / BL = 0.125 / (1.0 × 10-4 × 250) = 5 A 

2b Method 2 is quicker but you need to be good at 
algebra. Most people find method 1 easier. 

3 e.g.  

 L = F / BI 

 = 0.05 / (3 × 10-5 × 2.5) 

 = 670 m (to 2 significant figures) 
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End of Chapter Questions 
1 A Near the poles [1 mark] 

2 B Stripping the plastic insulation off the wire. [1 
mark] 

 (Using a thicker wire reduces the resistance so the 
current would be larger) 

3 Permanent magnet remains magnetised when 
removed from another magnetic field but an 
induced magnet loses its magnetism. [1 mark] 

A permanent magnet attracts and repels other 
magnets but an induced magnet is only attracted 
to other magnets. [1 mark] 

4 C They repel 

5 e.g. hang both iron bars from a piece of cotton [1 
mark] 

 The iron bar that rotates and points due North is 
the magnetised one [1 mark] 

 (Allow 1 mark for the description of the procedure 
and 1 mark for explaining how the magnetised bar 
can be found) 

 (Finding out which bar attracts the other one is 
incorrect as you still would not know which one 
was magnetised). 

6 C Seeing what potential difference the power 
supply is set to. 

This doesn’t directly indicate the strength of the 
field but changing it to a higher value would 
probably make the magnetic field stronger.  

7 C Attract the striker to hit the gong. 

8 D Towards the magnet’s south pole [1 mark] 

9 D Pressure differences due to sound make the coil 
move. [1 mark] 

10 A Increase the potential difference. [1 mark] 

11 Any two out of: 

• Have a large number of turns in the solenoid 
• Use a large current / large potential difference 

across it 
• Put iron in the middle 

[2 marks] 

12a Vp / Vs = np / ns [1 mark] 

 240 / 12 = 500 / ns  

 ns = 500 / 20 = 25 [1 mark] 

12b Power supplied to engine = VI  

= 12 × 1.5 = 18 W [1 mark] 

So power supplied to transformer = 18W 

I = P / V 

= 18 / 240 = 0.075 A [1 mark] 

13 The student needs to identify variables other than 
the length, which would also affect the magnetic 
force and needs to makes sure they are kept 
constant [1 mark]. These variables include the 
current and the magnetic flux density/the distance 
from the magnet [1 mark for identifying one of 
these variables]. 

14 B How hard the person pushes the wire [1 mark] 

15 C There should be fewer coils on the secondary 
coil than on the primary [1 mark] 

16 The current through the coil and the magnetic field 
from the permanent magnet produce a force on 
the cone. [1 mark] 

The alternating current means that the force on the 
cone goes backwards and forwards so the cone 
vibrates which produces sound. [1 mark] 

[1 mark is for a description of the motor effect and 
1 mark is for linking this to the motion of the cone] 

17 Level 3: A clear and logical description is made in 
a coherent sequence of steps. The description 
includes why a potential difference is induced in 
the solenoid. It also links the shape of the graph to 
the motion of the magnet including a discussion 
about the why the potential difference starts 
positive and ends up negative. The fact that the 
magnet speeds up is identified and this is linked to 
both the size of the maximum positive and 
negative potential difference and the difference in 
the time when the pd is positive compared to when 
it is negative. (5-6 marks) 

 Level 2: A clear description is made which links 
the fact that there is an induced potential 
difference to the motion of the magnet. An attempt 
is made to explain why the potential difference 
changes sign and that the negative pd has a 
greater magnitude by linking this to the motion of 
the magnet. (3-4 marks) 

 Level 1: A basic description about why a potential 
difference is induced is made and there is some 
comment about the shape of the graph. (1-2 
marks) 

 Indicative content 

• A potential difference is induced when the magnet 
moves through the solenoid 

• This is due to the fact that the solenoid is cutting 
through the field lines or that the magnetic field is 
changing 

• The induced potential difference is positive when 
the magnet enters the solenoid and is negative 
when the magnet leaves the solenoid 
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• This is because the magnetic field is changing the 
opposite way: it gets bigger as the magnet enters 
the solenoid and it gets smaller as it leaves the 
solenoid 

• Another way of thinking about the direction is that 
any current induced in the solenoid would act to 
stop itself being formed so the polarity of the 
solenoid would repel the magnet as it was entering 
and attract the magnet as it was leaving – and so 
the pd must swap direction halfway through. This 
would exert a force on the magnet to reduce its 
motion. 

• The magnet is leaving the solenoid at a quicker 
speed than it is entering, so it must have 
accelerated inside the solenoid. 

• You can see this because the time it takes when 
the pd is positive is longer than when it is negative 
due to the wider peak. 

Also the magnitude of the pd when it is negative is 
higher than when it is positive and moving the 
magnet faster increases the size of the pd. 

18 You can reverse the direction of motion in the coil 
in the generator [1 mark]. 

 You can reverse the polarity of the magnetic field 
[1 mark]. 

19 When the coil is vertical, its edges (A and B) are 
moving parallel to the magnetic field so there is no 
potential difference induced. [1 mark] 

 When the coil is horizontal, its edges are moving 
at right angles to the magnetic field so there is a 
maximum potential difference induced. [1 mark] 

 The induced p.d. changes direction because each 
side passes up and then down through the 
magnetic field. [1 mark] 

[Maximum of 2 marks] 

20 Work out the power loss in the lines when the 
potential difference is not transformed: 

P = I2R = 122 × 50 = 7200 W [1 mark] 

 Work out the current in the transmission lines if the 
p.d. is transformed to 2.25 kV: 

Power in = power out 

P = IV [1 mark] 

So 12 × 750 = 2250 × I (where I is the current in 
the transmission lines) [1 mark] 

I = 4 A [1 mark] 

Work out the power loss in the lines when the p.d. 
is transformed: 

P = I2R = 42 × 50 = 800 W [1 mark] 

So the power that would be saved = 7200 – 800 = 
6400 W [1 mark] 
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