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GRADE 10A: Physics 6 

Electrostatics and magnetism  

About this unit 
This unit is the sixth of seven units on physics for 
Grade 10 advanced.  

The unit is designed to guide your planning and 
teaching of physics lessons. 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 11A and Grade 9. 

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 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already know that 
objects can be charged by friction, that there are two types of charge, and 
that unlike charges attract each other and like charges repel. They should be 
able to distinguish between north and south poles of a magnet and know 
that similar magnetic poles repel each other and opposite poles attract.  
 

Expectations 
By the end of the unit, students generate electrostatic charge in 
insulators, know the rules of electrostatic attraction, know how to use an 
electroscope to investigate charge and understand distribution of charge on a 
conductor. They detect electric fields and know that they can exert a force on a 
charge They know that magnets have north and south poles and generate 
fields, the shape of which they plot, that exert forces on other magnets. 

Students who progress further define electric field strength and draw and 
interpret field lines representing the strength and direction of electric and 
magnetic fields.  

Resources 
The main resources needed for this unit are: 
• Van de Graaff generator 
• gold-leaf electroscopes 

• selection of insulating rods (e.g. glass, acetate, polythene) 

• selection of insulating cloths (e.g. cotton, wool, fur) 

• selection of other objects that can be charged (e.g. balloon, plastic pen) 
• ping-pong ball coated with conductive paint 
• EHT supply 
• pair of metal plates (e.g. 20 cm × 20 cm) 
• castor oil 
• semolina, rice grains or grass seeds 
• piezo-electric gas lighter 
• thick metal foil 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• charge, electrostatics, electric field, electric field line, electric dipole 
• magnetic pole, magnetic field, magnetic field line, magnetic dipole, neutral 

point 
• ferromagnetic material 
 

UNIT 10AP.6 
7 hours 
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Standards for the unit 

7 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 10 standards 

EXTENSION STANDARDS 

7.18.1 Know that electrostatic charges are 
caused by friction when an insulator 
is rubbed, that two kinds of charge, 
positive and negative, can be created 
in this way and that unlike charges 
attract each other and like charges 
repel. 

10A.30.2 Know that friction can generate two kinds of electric charge on an insulator 
and that opposite charges attract but like charges repel each other. 

 

 10A.30.3 Describe an electric field as an example of a field of force and know that 
electric field strength can be defined as force per unit positive charge and 
that an electric field can be represented by means of field lines. 

11A.32.9 Show an understanding of the 
properties of the electron and the 
operation of the cathode-ray tube and 
the television tube. 

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

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. 

10A.30.4 Make magnets from magnetic materials by a variety of methods. Know that 
they have north and south poles and that unlike poles attract and like poles 
repel each other. 

10A.30.7 Know the pattern of the magnetic flux 
due to a single current-carrying wire, a 
coil and a solenoid, and know how an 
iron core can affect the field due to a 
solenoid. 

10A.30.5 Describe a magnetic field as an example of a field of force and know that it 
can be represented by means of field lines. 

10A.30.8 Know that the magnetic field around a 
current-carrying conductor (both a 
straight wire and a solenoid) can 
interact with a fixed magnetic field in 
which it is placed, generating a force 
that can be detected, measured and 
exploited. 

4 hours 

Electrostatics 

 

3 hours 

Magnetism 

 

 

10A.30.6 Explain the properties of ferromagnetic materials in terms of the magnetic 
moment of unpaired electrons.  

11A.31.1 Describe the production of an induced 
e.m.f. by the relative motion between 
a conductor and a magnetic field and 
know the factors that influence the 
magnitude of the e.m.f. 

Unit 10AP.6 
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Activities 

Objectives Possible teaching activities Notes School resources 

Electrostatic charge 
Introduce the topic by demonstrating the production of a spark with a Van de Graaff generator. (First 
charge the main dome, then bring a small metal sphere gradually closer until a spark is produced.) 
By suitable questioning, establish that the spark is a sudden movement of electric charge. Establish 
that electrostatics is the study of charge that is either stationary or makes sudden movements (as 
occurs in sparks), in contrast to current electricity, which involves continuous motion. 

Divide the class into small groups and set the task of preparing a sequence of demonstrations 
showing how objects can be charged, and how charged objects affect one another, including the 
operation of a gold-leaf electroscope (charged by contact, not induction). Tell them to refer to their 
own records of work from earlier grades and/or standard texts and/or Internet sites. Encourage 
them to discuss among themselves and to consult you for advice and information. Depending on 
how much previous work they recall, you might need to carry out some demonstrations yourself. 

Tell students to pitch their demonstrations and explanations at those meeting this topic for the 
first time in Grade 7. After preparing and rehearsing their demonstrations they should, if 
possible, should perform them to members of a Grade 7 science class.  

As a follow-up to the student demonstrations establishing the basic ideas of attraction and 
repulsion, demonstrate and explain how an electroscope can be charged by induction. Then 
show how an electroscope carrying charge of a known sign can be used to determine the sign 
of charge on another object. Ask students to carry this out themselves in pairs. 

Tell them to draw labelled diagrams to record their work.  

 
Suitable apparatus includes: 
• gold-leaf electroscope; 
• selection of insulating rods (e.g. glass, 

acetate, polythene); 
• selection of insulating cloths (e.g. cotton, 

wool, fur); 
• selection of other objects that can be charged 

(e.g. balloon, plastic pen); 
• means of suspending or supporting charged 

rods (e.g. thread, strips of paper, wooden 
stands). 

ICT opportunity: Use of the Internet. 

Enquiry skills 10A.3.4, 10A.4.1 

 

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

 

4 hours 

Electrostatics 
Know that friction can 
generate two kinds of electric 
charge on an insulator and 
that opposite charges attract 
but like charges repel each 
other. 

Describe an electric field as 
an example of a field of force 
and know that electric field 
strength can be defined as 
force per unit positive charge 
and that an electric field can 
be represented by means of 
field lines. 

 

Electric fields 
Perform these two demonstrations to the whole class.  

Conduction of coloured ions – Place a piece of moist filter paper on a microscope slide. Near 
the centre, place one small crystal of potassium manganate (VII) (potassium permanganate) 
and another of copper(II) sulfate. Using crocodile clips, connect the slide to an EHT supply.  

Ask students to note the direction of motion and to estimate the speed. (The purple MnO4
–
 ions 

slowly move towards the positive terminal and the blue Cu
2+

 towards the negative.) 

Shuttling ping-pong ball – Coat a ping-pong ball with conductive paint and suspend it from an 
insulating thread. Mount two metal plates a few centimetres apart, either side of the suspended 
ball. Connect the plates in series with an ammeter and an EHT supply. Using the thread, move 
the ball to one side so that it touches a plate, then release it.  

Ask students to explain the motion of the ball, then to predict what happens to the motion of the 
ball and the ammeter reading as the potential difference and/or the plate separation is changed. 
(The ball is attracted to one plate and repelled by the other. As it touches a plate, it acquires 
charge of the opposite sign, reversing the motion so that it oscillates continuously between the 
plates, transferring charge. Increasing the potential difference and/or reducing the plate 
separation increases the rate at which charge is transferred – i.e. increases the current.) 

 
 

Safety: When using an EHT supply, ensure that 
the safety resistor is included in the circuit and 
that no one comes into electrical contact with the 
terminals.  

 

 

Unit 10AP.6 
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Objectives Possible teaching activities Notes School resources 

In a discussion with the whole class, first establish that these demonstrations can be explained 
in terms of attraction and repulsion between charged objects. Then introduce the term electric 
field to mean a region where a charged particle experiences a force. Establish that there is an 
electric field within the moist filter paper, and between the metal plates. Explain that a field can 
be described quantitatively in terms of the magnitude and direction of the force exerted on a 
charged particle.  

  

If students are not already familiar with the SI unit of charge, the coulomb (C), introduce it now. 
Explain that electric field strength, E, at a point is defined as the magnitude of the force, F, 
experienced by a charge of 1 C placed at that point, and that a charge q placed at that point 
experiences a force F = qE. Students should be able to deduce the SI units of electric field 
strength (i.e. N C–1). 

Provide numerical and algebraic examples that allow students to practise using the relationship 
between force, charge and field strength.  

Explain that the direction of an electric field at a given point is defined as that of the force acting 
on a positive charge placed at that point. Use diagrams on the board or OHP to show the 
conventions for drawing electric field lines. Ask students to suggest how to draw the lines 
representing the field between the plates in the shuttling ball demonstration (they should be able 
to suggest equally spaced straight parallel lines with arrows pointing from the positive to the 
negative plate).  

To demonstrate electric field lines, float some grass seeds, rice grains or semolina on castor oil 
in a Petri dish, and place the dish on an OHP so that shadows are cast on the screen. Connect 
two strips of thick metal foil, using connecting wire, to the terminals of a piezo-electric gas lighter 
and place them in the dish. Use the lighter to produce a high voltage between the foil strips and 
observe that the grains or seeds become aligned along the direction of the electric field. Explain 
that the field causes some movement of charge within the grains so that they become polarised 
to form an electric dipole (i.e. one end acquires a slight positive change and the other a slight 
negative charge); electrostatic forces between the grains then cause them to line up along the 
direction of the field.  

Ask students to work in pairs to explore various electric field configurations. The field due to a 
point charge can be shown by dipping a single piece of stiff wire into the oil, and other 
configurations can be produced by bending foil strips into different shapes. Tell students to 
record their observations using diagrams.  

 
 
 
 
 

 
 

 
 
 
 
 
 

Safety: Students should not use a mains-
powered high-voltage generator. Instead, use 
the high voltage produced by a piezo-electric 
gas lighter. Solder pieces of connecting wire to 
each side of the spark gap.  

Enquiry skills 10A.4.1, 10A.4.2 

 

 

Charged conductors 
Divide the class into small groups and ask them to brainstorm the following questions: 
• If a conducting object is given an overall charge (i.e. it is supplied with extra electrons, or 

electrons are removed), how would you expect the charge to be distributed within it? 
• Sketch a diagram to show how you would expect charge to be distributed within a hollow 

metal sphere. How could you test your prediction(s) experimentally? 

Hold a plenary session to discuss students’ suggestions. It is likely that they will be able to suggest 
that the electrons move so as to be as far apart as possible. The other questions are more 
challenging; acknowledge this and suggest that the questions should be explored experimentally. 

 

This section is intended mainly for advanced 
students and could be omitted by other groups.  

Enquiry skills 10A.1.1, 10A.1.2 
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Objectives Possible teaching activities Notes School resources 

Explain to students how to use a proof plane to transfer charge from a charged object to an 
electroscope. Use a Van de Graaff generator to show that there is no charge inside a hollow 
conductor (e.g. a metal can). Attach the can to the dome of the generator and charge it. Show 
first that the outside of the can is charged; charge can be transferred to an electroscope by a 
proof plane. Then show that any attempt to transfer charge from the inside of the can has no 
effect on the electroscope: there is no charge inside the can.  

By suitable questioning and discussion, establish that the absence of charge implies that there 
is no electric field inside a hollow conductor. Tell students that this effect can be exploited using 
a so-called Faraday cage to protect electrical equipment from external electric fields, including 
those associated with radio waves and other electromagnetic radiation. Students might have 
noticed that radio and mobile phone reception can be poor inside metal-framed buildings: the 
metal frame acts as a Faraday cage.  
 

 
 
 
 
 
 

Students might not be aware of the relationship 
between electromagnetic radiation and electric 
fields, so you may prefer to omit this from the 
discussion except with some advanced groups. 

 

 

 

Magnetic forces 
Ask students, in pairs, to complete a structured sequence of activities relating to permanent 
magnets and the forces between them. Give each pair a set of apparatus and a worksheet that 
guides them through the activities, draws attention (through suitable questions) to the key points 
and prompts them to record their findings. Encourage students to refer to textbooks and to their 
own records of work from previous grades. Suitable activities include the following.  
• Suspend a bar magnet so that it is free to move in a horizontal plane: it points north–south 

and hence the ends (poles) can be labelled ‘north-seeking’ and ‘south-seeking’ (usually 
abbreviated to N and S, respectively).  

• Test a variety of materials to see whether they are attracted to a magnet, and classify them 
as ferromagnetic and non-magnetic; materials containing iron are generally ferromagnetic 
(though some steels are only weakly so). 

• Explore the forces between a pair of bar magnets: like poles repel and unlike poles attract. 
• Consider the nature of the Earth’s magnetism; it is as though there is a bar magnet (nearly) 

aligned with the rotation axis, with a north-seeking pole at the geographical south.  
• Use a magnetic compass to deduce the direction (e.g. ‘south-east’) to various local 

landmarks. 
• Use a magnetic compass to identify the poles of a flat magnet (which has poles on its faces). 

 
Prepare a suitable worksheet.  

Each pair of students will need: 
• two bar magnets; 
• a variety of objects made from magnetic and 

non-magnetic materials; 
• a means of suspending a magnet so that it is 

free to point north–south (e.g. a paper sling 
and a wooden stand); 

• a magnetic compass; 
• one or more magnets with poles on their 

faces. 

Some types of fridge magnet have both N and S 
poles on a single face. If such magnets can be 
obtained, ask students to investigate them. 

Enquiry skills 10A.4.1, 10A.4.2 

 3 hours 

Magnetism 
Make magnets from magnetic 
materials by a variety of 
methods. Know that they 
have north and south poles 
and that unlike poles attract 
and like poles repel each 
other. 

Describe a magnetic field as 
an example of a field of force 
and know that it can be 
represented by means of field 
lines. 

Explain the properties of 
ferromagnetic materials in 
terms of the magnetic 
moment of unpaired 
electrons. Magnetic fields 

Show this demonstration to the class. Wrap a bar magnet in clingfilm and place it on an acetate 
sheet on an OHP, then sprinkle iron filings around the magnet. Draw attention to the pattern 
produced and introduce the term magnetic field, meaning a region in which a magnetic material 
experiences a force.  

Show how to use a plotting compass to trace the magnetic field lines of a bar magnet. Establish 
the conventions for drawing arrows on magnetic field lines: they indicate the direction along 
which the N pole points.  

Ask students, in pairs or individually, to use iron filings and a plotting compass to trace the lines 
of a variety of magnetic fields. Include the fields of two bar magnets with like poles adjacent, 
and various other configurations. Tell students to draw diagrams to record their results.  

 
Enquiry skills 10A.1.2, 10A.3.4 
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Objectives Possible teaching activities Notes School resources 

Discuss students’ results and introduce the term neutral point. Students should be able to 
explain that at such points two (or more) magnetic fields cancel each other.  

Ask students to predict the location of any neutral points when a single bar magnet is placed in 
the Earth’s magnetic field in various orientations. Then let them use a bar magnet and plotting 
compass to test their predictions.  

Compare and contrast electric and magnetic forces in a class discussion; include the following 
points: 
• magnetic fields involve forces on magnetic materials, whereas electric fields involve forces on 

electric charge; 
• while it is possible to have an isolated positive or negative charge, it is impossible to have a 

magnetic N pole without an associated magnetic S pole (and vice versa) (i.e. a magnetic pole 
is always part of a magnetic dipole); 

• in both electric and magnetic fields:  
 – the lines indicate the direction of a force 
 – the closer the lines, the stronger the field 
 – the lines never cross over one another. 

Making and explaining magnets 
Show students how to magnetise a steel rod by stroking it with one pole of a permanent 
magnet. Ask students how they would test, experimentally, that the rod was indeed magnetised. 
Suggestions might include: explore around it with a plotting compass; suspend it and see 
whether it points north–south.  

Then ask students to work in pairs or individually to magnetise a steel rod and carry out their 
own suggestions for testing it. When the rod has been magnetised, ask students to use tongs to 
hold it in a hot Bunsen burner flame, allow it to cool, then test it again for magnetism (it will be 
destroyed).  

Provide students with a briefing sheet instructing them how to magnetise an iron or steel rod 
using a current-carrying coil of wire. If necessary, review students’ work from earlier grades and 
establish that current in a coil gives rise to a magnetic field similar to that of a bar magnet. Then 
ask students to work in pairs to carry out this technique. Make sure they test the rods for 
magnetism before and after the current has been switched off.  

Discuss the results with the whole class and establish that magnetic materials can be 
magnetised by an external magnetic field, which can be that of a permanent magnet or 
electromagnet. Point out to advanced students that iron readily acquires and loses magnetism, 
whereas steel is more difficult to magnetise but it then retains its magnetic field. 

 
Enquiry skills 10A.4.1, 10A.4.2 
 
 
 

 
 
 
 

Prepare a suitable briefing sheet. 

 

Perform this demonstration to the whole class. Place a large number of plotting compasses (say 
12 or more) in a two-dimensional array (not necessarily regular) in a shallow tray. Point out that 
the compass needles initially point in different directions (though there will be some degree of 
order as they exert forces on one another). Then sweep the pole of a bar magnet over the 
array: the compass needles become aligned. Show that shaking the tray restores the original 
disorder.  

This demonstration can be carried out very 
effectively in a transparent tray on an OHP if you 
have plotting compasses whose cases are 
transparent top and bottom. 
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Objectives Possible teaching activities Notes School resources 

 

Divide the class into small groups and ask them to think about the demonstration they have just 
seen and to recall their earlier work on the kinetic particle model. Ask them to brainstorm 
suggestions about what might be happening to the particles (atoms) within an iron or steel rod 
that is first magnetised then demagnetised. 

Discuss students’ suggestions with the whole class. By suitable questioning, establish a ‘little 
magnets’ picture of magnetic materials. Each atom behaves like a small magnet. When 
unmagnetised, the atomic magnets point in random directions, but suitable treatment with an 
external field causes the atomic magnets to align. The magnetism can be destroyed by vibrating 
the atomic magnets (i.e. by heating).  

Extend the discussion with advanced students to consider what happens within the atoms. 
Explain that the atoms of ferromagnetic materials contain unpaired electrons, and that the 
motion of these can be considered as rather like the current in a coil (i.e. the moving charge 
gives rise to a magnetic dipole).  
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Draw a sequence of labelled diagrams to explain how an electroscope can be charged by 
induction.  

  

A high-voltage supply is connected to two metal plates and provides an electric field of strength 
2.00 × 104 N C–1. 

a. What is the force on a single electron within the field? 

b. A charged ping-pong ball experiences a force of 4 × 10–4 N when placed in the field. What is 
the charge on the ball? 

Electron charge e = 1.60 × 10–19 C.  

  

Draw diagrams to show the electric field lines of:  

a. an isolated sphere of positive charge; 

b. a uniform sheet of negative charge.  

 
 

Explain what is meant by a neutral point in a magnetic field. Draw a diagram to show how such 
a point can be produced using two bar magnets. Include magnetic field lines in your diagram.  

  

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. 

Write a set of instructions for making a magnet from a steel rod and testing that the process had 
succeeded. 
 

  

 

 

Unit 10AP.6 
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