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GRADE 8: Physical processes 2 

Electromagnetism 

About this unit 
This unit is the second of four units on physical 
processes for Grade 8.  

The unit is designed to guide your planning and 
teaching of lessons on physical processes. It 
provides a link between the standards for 
science and your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 9 and Grade 7. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 'real 
life' applications. 
 

Previous learning 
To meet the expectations of this unit, students should already understand 
that magnetism is a force that acts at a distance and that similar magnetic 
poles repel each other and opposite ones attract. Students should also be 
able to set up working DC circuits. 
 

Expectations 
By the end of the unit, students name factors affecting the strength of an 
electromagnet and describe some applications of electromagnets in 
everyday life. They know how a current-carrying wire moves in a magnetic 
field and can apply this to make an electric motor. They make working 
models to illustrate scientific ideas and solve scientific problems. 

Students who progress further know why iron, but not other metals, is 
used to make the core of practical electromagnets. They build simple relay-
operated control circuits. They predict correctly the direction of the magnetic 
field around a wire and in a solenoid and also predict correctly the direction 
of rotation of a DC motor 

 

Resources 
The main resources needed for this unit are: 
• sufficient mains operated laboratory power supplies for group work 
• investigation planning poster 
• electromagnetic equipment kit that includes all the small items and 

materials needed to make and test electromagnets and motors 
• ceramic magnets with poles on the faces 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• magnetism, magnetic field, compass 
• solenoid, electromagnet, core, laminated core 
• relay, trembler bell, solenoid tap, loudspeaker 
• motor, coil, commutator 

UNIT 8P.2 
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Standards for the unit 

8 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 8 standards 
 EXTENSION STANDARDS 

7.19.4 Distinguish between the north and 
south poles of a magnet and know 
that similar magnetic poles repel 
each other and opposite poles attract 
each other.  

8.19.1 Know that a coil of wire carrying a current produces a magnetic field similar 
to a bar magnet; list the factors affecting the strength of an electromagnet. 

 

 8.19.2 Explain the function of the electromagnet in some everyday examples, 
such as in relays, electric bells and lifting devices.  

 

 8.19.3 Demonstrate that a wire carrying a current creates a magnetic field.  

 8.19.4 Demonstrate and explain how a wire and a coil carrying a current move in 
a magnetic field.  

 

 8.19.5 Know how the movement of a current-carrying wire in a magnetic field can 
be exploited to make an electric motor; know how and why an electric 
motor turns and understand the function of the commutator. 

 

 8.19.6 List and explain the main differences between a model electric motor, with 
a single coil and a permanent magnet, and commercial electric motors. 

9.22.1 Distinguish alternating current (AC) 
from direct current (DC) and know 
why household electricity is AC and 
not DC. 

4 hours 

Electromagnets 
 

4 hours 

Electric motors 

 

 8.1.3 Make working models to illustrate scientific concepts and applications. 
 

 

Unit 8P.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Making an electromagnet 
Recall work on magnetism from Grade 7, particularly on the shape of the field due to a bar 
magnet and the rules of magnetic attraction and repulsion. 

Ask students, in groups, to make an electromagnet using a large nail and plastic covered wire. 
Tell them to test the magnet by picking up paper clips or iron filings, and to find out what 
happens when the current is switched off. Ensure they understand the meaning of the word 
solenoid. 

Challenge the groups to design an investigation on how the current taken by the magnet might 
affect its strength. 

Ask them to use a compass needle to find, and identify, the poles of an electromagnet. 

 

Electromagnets take a large current from cells. It 
is best to use laboratory power supplies set at a 
low voltage for this work. Use at least 1 m of wire 
to make the magnet. 

Students could use a variable resistor in series 
with the magnet to vary the current. This will 
allow the power supply to be set at a fixed low 
voltage that will avoid overheating of the wire. 

Enquiry skill 8.1.1 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Plotting the field of an electromagnet 
Recall work from Grade 7 on plotting magnetic fields using iron filings and plotting compasses. 
Ask each group to repeat the work using their electromagnet. 

Ask them to investigate the effect of reversing the current direction. Challenge them to devise a 
means of predicting the polarity knowing the current direction (or vice versa). Show them one or 
two of the methods that have been developed to do this. 

Demonstrate, for more advanced students, the field down the centre of an electromagnet made 
from wire wound around a glass tube wide enough to put a plotting compass inside. Draw on the 
board or OHP the complete field due to a solenoid, including the direction of the lines of force. 

  

4 hours 

Electromagnets 
Know that a coil of wire 
carrying a current produces a 
magnetic field similar to a bar 
magnet; list the factors 
affecting the strength of an 
electromagnet. 

Explain the function of the 
electromagnet in some 
everyday examples, such as 
in relays, electric bells and 
lifting devices.  

 

What is the best material for the core of the magnet? 
Challenge the group to design an investigation that will find out what is the best material for 
making the core of an electromagnet. 

Discuss the results of this investigation with the class. Draw from them, and list on the board or 
OHP for them to note as important conclusions, the following: 
• only a core that contains iron will enhance the strength of an electromagnet; 
• if a hard steel core is used, the core becomes permanently magnetised; 
• if a soft iron core is used, most of the magnetism is lost when the current is switched off. 

Ask students about the advantages and disadvantages of the permanent magnetisation of the 
core. They should understand that for many uses, such as moving steel objects around in scrap 
yards, it is desirable that the magnetism should not be retained after the current is switched off. 

Give out laminated C-cores to each group and invite them to make and test horseshoe magnets 
with them. These lose their magnetism almost completely when the current is switched off. The 
importance of laminated cores will be discussed in Grade 9 when alternating current is introduced. 

More advanced students can be taught an explanation for the enhancement of the strength of 
the field by the iron core in terms of molecular magnets. This will explain why non-magnetic 
materials such as aluminium or copper are unsuitable for making the core of an electromagnet. 

 
A variety of materials in a suitable form should 
be made available, including metals, such as 
aluminium and copper, and non-metals, such as 
wood and plastics. The examples should include 
both mild steel and a high carbon alloy steel. 

The ‘soft iron’ often referred to in physics books 
as the ideal core is not commonly available. Mild 
steel (common nails) is a satisfactory alternative. 

 

Unit 8P.2 
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Objectives Possible teaching activities Notes School resources 

Uses of electromagnets 
An important use of electromagnets that students will probably be familiar with is sorting scrap 
steel in scrap yards. 

Give groups some applications of electromagnets, such as trembler bells, relays and electrically 
operated water taps, security locks and the coil in a loudspeaker. Ask them to look at these and 
explain how they work. Have OHT diagrams available showing what happens in each 
application when a current passes. Of particular importance is the relay, which provides a 
mechanism for a small current, as in an electronic circuit, to switch a large one, as in a 
commercial electric motor. 

Challenge more advanced students to build (at home) circuits that will control a large electric 
motor (such as that from a washing machine) or a solenoid water tap, using a circuit powered 
by a1.5 volt cell. This can form the basis for understanding control circuitry (Grade 11).  

 

Many working relays can be obtained from 
broken and discarded household appliances, 
such as washing machines, which will also 
probably contain working electromagnetically 
operated water taps. 

Safety: Mains voltage should not be used; most 
mains motors and solenoid taps will also run on 
the output of a low-voltage power supply. 

 

 

A simple electric motor 
Demonstrate a simple model motor that can be assembled, in front of the class, from everyday 
materials in a short time. Ask the class whether they can explain how it works. They will not 
understand it in detail, but careful questioning should bring out that the motor involves a coil 
with a current passing through it, which they know to have the properties of a magnet and is 
therefore capable of being repelled by a permanent magnet. 

 

Ideas for model motors can be found on the 
Internet – see, for example, www.howtoons.org, 
which shows one made of a coil, two safety 
pins, a ceramic magnet and a 1.5  volt cell. 

 

The magnetic effect of an electric current 
Perform the classic 1820 demonstration of Oersted. Place a wire over the top of a compass 
needle and pass a direct current through the wire from a power supply. Note the movement of 
the compass needle. Reverse the current direction to note that the compass deflection is 
reversed (if you prefer, you could do this demonstration at the beginning of the unit). Through 
discussion, draw out the conclusion that a conductor carrying a current must generate a 
magnetic field around it.  

Discuss the shape of the field around the conductor, drawing diagrams on the board or OHP 
and mentioning the corkscrew rule to help students predict the field direction. 

Set up the ‘kicking coil’ demonstration using a magnetic field created by two ceramic magnets 
on a former. Label the poles of the magnets clearly so that they can be seen by the class. Show 
that the coil moves out of the field when the current flows. Show the effects of reversing the 
current and then reversing the field direction.  

 
This demonstration can effectively adapted for 
most overhead projectors. Orient the wire and 
needle with the Earth’s field before switching on 
the current. 

 
 
 
 

A coil of about 10 turns some 30–40 cm in 
diameter is suitable 

 

Draw diagrams on the board or OHP illustrating how the two magnetic fields interact creating a 
‘catapult’ effect that explains the direction of movement of the coil. 

Introduce Fleming’s left-hand rule at this stage to help students predict the direction of 
movement. 

  

4 hours 

Electric motors 
Demonstrate that a wire 
carrying a current creates a 
magnetic field. 

Demonstrate and explain 
how a wire and a coil carrying 
a current move in a magnetic 
field. 

Know how the movement of a 
current-carrying wire in a 
magnetic field can be exploited 
to make an electric motor; 
know how and why an electric 
motor turns and understand 
the function of the commutator. 

List and explain the main 
differences between a model 
electric motor, with a single 
coil and a permanent 
magnet, and commercial 
electric motors. 

Make working models to 
illustrate scientific concepts 
and applications.    
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Objectives Possible teaching activities Notes School resources 

Making a motor 
Support a small coil of about 6 turns between the poles of the magnet used in the last 
demonstration. Ask the class to predict what will happen when a current is passed through the coil. 
Discuss their predictions and arrive at a conclusion that the coil will turn until the north pole of the 
coil (refer back to the work on electromagnets) faces the south pole of the magnet and vice versa. 

  

Ask the class what will happen if the current in the coil is then reversed. They will probably 
correctly predict that it will turn through 180 degrees, and this can then be demonstrated. Draw 
attention to the fact that the wires to the coil are becoming twisted. 

Conclude with the class that this arrangement is the possible basis of an electric motor but that 
two technical problems require solutions: 
• a mechanism for reversing the current every 180 degrees must be developed; 
• a mechanism is required that ensures that the wires do not become twisted. 

Give each group all the parts needed to make a working model electric motor that solves both 
these problems. Also give them a set of complete instructions, in diagrammatic form, for them to 
follow. Challenge them to produce a motor that will lift a mass attached to a cotton thread using 
no more than a 4.5 volt supply (three cells). Groups will need assistance, particularly with the 
construction of an effective commutator. Assist with advice only. 

 
 
 

 
 
 

 

A small token prize could be awarded to the 
group building the motor that lifts the heaviest 
mass a given distance.  

 

Using the motor as a generator 
The motor that students have made can be used as a generator. Tell them to wrap a piece of 
cotton once around the axle so that the axle can be turned by pulling on the cotton. Tell them to 
connect the leads from the motor to a microammeter. They will discover that turning the motor 
causes a deflection of the microammeter needle. Turning the motor the opposite way will cause 
the reverse deflection. 

This observation will be taken further in Grade 9. 

 

 

 

 

Practical electric motors 
Ask students to bring examples of electric motors to the classroom and/or to search the Internet 
for illustrations of motors of different kinds. This will offer an opportunity to study the very wide 
range of different kinds of electric motors in use. Ask students to find examples of very large 
and very small motors. Interesting topics that may arise are: 
• induction motors, particularly the linear induction motor; 
• very small motors – this could provide an opportunity for introducing the concept of 

nanotechnology; 
• motors that run at precisely determined speeds, such as those in a digital watch or a CD 

player; 
• stepper motors, which turn by an exactly predetermined amount – also found in CD players 

and disk drives; 
• motors that drive very large pumps, such as those that pump cooling water at the Ras Laffan 

industrial site. 
 

 
A collection of different kinds and sizes of 
motors, built up over time, is a valuable visual 
aid for this and other units. 

ICT opportunity: Use of the Internet. 

It is not intended that students should know how 
all these motors work as the detail of the 
mechanisms is beyond their knowledge. The 
intention is to alert students to the variety of 
sizes and uses of electric motors and to note 
that all work according to the same principle: the 
interaction of two magnetic fields. 
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Assessment 

 Possible assessment activities Notes School resources 

The diagram shows a car park barrier. The weight of the barrier is balanced by an iron 
counterweight. When the switch is closed the barrier rises. Explain how the electromagnet can 
be used to raise the barrier. 

 
QCA Key Stage 3, 2004, level 7 (part question) 

  

A pupil wound a coil of copper wire around a glass tube and connected the wire to a battery. 
She placed a compass at each end of the tube and one compass beside the tube as shown. 

Complete the diagram by drawing arrows in compasses X and Y to show the direction of the 
magnetic field. 

Draw an arrow in the middle of the glass tube to show the direction of the magnetic field in the 
glass tube. 

When the switch is opened, in which direction will the three compass needles point? 

Give one way to reverse the magnetic field around the glass tube. 

Two pieces of iron are placed, end to end, inside the glass tube as shown. When the switch is 
closed, the magnetic field is the same as in the first diagram. The pieces of iron become 
magnetised. Label the four poles on the pieces of iron.  

When the switch was closed, the pieces of iron moved. Explain why they moved. 

QCA Key Stage 3, 2000, level 7 

 
 

 

 

What is a solenoid? 

Draw a diagram of a solenoid and show the lines of force of its magnetic field when a current 
passes through it. 

Give three ways of increasing the strength of the magnetic field caused by a solenoid. 

Give two uses of a solenoid. In each case explain what the solenoid does 

 
 

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Design a simple door lock that can be opened by passing a current through a coil but remains 
locked when no current passes. Draw a diagram of your design. 
 

  

 

Unit 8P.2 
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