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GRADE 9: Physical processes 2 

Electricity and energy 

About this unit 
This unit is the second of four units on physical 
processes for Grade 3. It builds on work done on 
electricity in Units 7P.5 and 8P.2 and on 
Unit 8P.1 on energy. It is useful if Unit 9M.1 is 
taught before this unit, as a knowledge of 
electrons is required. 

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 Grades 11F and 12F 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 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
construct simple DC series and parallel circuits and be able to measure the 
current flowing at any point in the circuit. They should know that the 
magnitude of the current depends on how many energy-converting devices 
it flows through. 
 

Expectations 
By the end of the unit, students measure the potential difference between 
two points in a circuit and know that the sum of the potential differences 
between the ends of each component in a series circuit is equal to the total 
potential drop around the whole circuit. They recognise that the potential 
difference across a component is a measure of the energy carried by the 
current and transferred by the component, and know that the electrical 
energy comes from the cell or power generator. They know how electricity is 
generated commercially from fuels and from hydroelectric generators. They 
use the relationship between the voltage across a conductor and the current 
flowing through it, and know that all conductors have resistance, measured 
in ohms, that impedes the flow of electricity through them. They know how 
the resistance of a wire depends on its diameter, length and the material 
from which it is made. They distinguish AC from DC, are familiar with 
household ring main circuits, are aware of the dangers of mains electricity 
and are familiar with safety devices such as fuses, circuit breakers and the 
earth wire. They calculate the cost of running household appliances.  

Students who progress further interpret current/voltage relationships for 
non-ohmic conductors. They calculate the resistance of circuits with series 
and parallel resistors and know about factors that affect the resistance of 
LDRs and thyristors. They use the oscilloscope to investigate varying 
voltages and know how a moving magnetic field can induce a current in a 
conductor placed in it. They understand the function of transformers in 
transmitting electricity. 
 

Resources 
The main resources needed for this unit are: 
• software versions of current and voltage analogies 
• posters, overhead transparencies (OHTs) and videos showing aspects of 

household wiring and electricity generation 
• investigation planning poster 
• datalogger  
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• current, voltage, potential difference, resistance 
• series, parallel, circuit 
• semiconductor, thyristor, light-dependent resistor, diode 
• oscilloscope, voltmeter, ammeter, galvanometer 
• generator, commutator, slip rings, transformer 
• alternating current, direct current, hertz 
• trip switch, earth, live, neutral 
• power, energy, kilowatt-hour 

UNIT 9P.2 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.21.1 Understand the concept of electrical potential difference between two 
points on a circuit and know that it is measured in volts using a voltmeter.  

 

9.21.2 Know that the total potential drop around a circuit is equal to the sum of the 
potential differences across each series component.  

7.20.4 Know that the current in a series 
circuit is the same at all points in the 
circuit and divides along the 
branches of a parallel circuit. 

9.21.4 Show the relationship between the voltage across a conductor and the 
current flowing through it.  

 9.21.5 Know that electrical components have resistance that impedes the flow of 
electricity through them and that this is measured in ohms.  

 9.21.6 Calculate the resistance of a component knowing the current passing 
through it and the potential difference between its ends. 

9.21.3 Recognise that the potential difference 
across a component is a measure of 
the energy carried by the current and 
transferred by the component, and 
that a potential difference only occurs 
in a circuit when a component offers 
some resistance to the flow of the 
current. 

 9.21.7 Know how the resistance of a wire depends on its diameter, length and the 
material from which it is made.  

9.21.8 List, and account for, the electrical 
uses of metals such as gold, copper, 
nichrome and tungsten. 

  11F.23.3 Define resistance and solve problems 
using the relationships V = IR and 
R = ρl/A for multiple resistances 
connected in series and in parallel.  

  12F.22.1 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.  

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

 

9.22.2 Know that household electrical energy comes from a cell which generates 
DC or from an electrical power generator which generates AC. 

9.22.3 Know how AC is produced commercially using a generator that is usually 
driven by a steam turbine, a gas turbine or a diesel engine, or by moving 
water from a dam. 

9.22.5 Know that transducers such as radios 
and light bulbs convert less electrical 
energy over a given time than 
appliances such as heaters and 
cookers. 

9.22.6 Be familiar with household ring main circuits, with the common dangers of 
household electricity, and with the purpose and operation of safety devices 
such as fuses, circuit breakers and the earth wire 

6 hours 

Potential 
difference and 
resistance 
 

3 hours 

Generating 
electricity 
 

3 hours 

Household 
electricity 

9.22.4 Know that electricity in Qatar is 
generated using gas turbines and 
that much of the waste heat from the 
turbines is used to make potable 
water from seawater.  

9.22.8 Know that the unit of household electrical energy is the kilowatt-hour and 
be able to work out the cost of running different appliances from their 
power rating. 
 

9.22.7 Know why mains circuits that supply 
the sockets are made of thicker wires 
and have higher rated circuit breakers 
than lighting circuits.  

Unit 9P.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
Recall work on electric current from Grade 7. Demonstrate some simple circuits to show the 
effect on the current passing of adding more cells and bulbs in series and in parallel. Ascertain 
the state of students’ understanding of circuits by, for example, showing faulty circuits and 
asking students to remedy them or asking students to predict the consequences of making 
changes in circuits. Ensure through questioning that students have a clear idea of what electric 
current is. 

Question the class on their understanding of what an electric current is, referring to work done 
in Unit 9M.1 on the structure of the atom. Students must be clear that the current in a wire is 
moving electrons (but flowing in the opposite direction to the conventional current direction). 

 

 

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

 

Voltage and energy 
Recall work from Grade 8 on energy conversions. Ask for, and list, examples that involve the 
conversion of electrical energy in a cell to other forms of energy (e.g. torch, buzzer, bell, motor). 
Remind students that the energy came originally from the cell where it was stored as chemical 
energy. 

Use analogies to show how the current is the vehicle for transporting energy around the circuit 
and the amount of energy it carries is represented by the voltage. In one analogy, students can 
be the current and the money they carry around is the energy. They are given a fixed amount of 
money as they pass through a cell. The money has to be ‘spent’ in the devices on the way 
around the circuit. Doubling the number of cells in series doubles the amount of money each 
student is given to spend. Another analogy uses bread delivery lorries as the current, bakeries 
as cells and supermarkets as transducers. 

 
ICT opportunity. Use of software illustrating 
current and voltage analogies. 

 

Measuring voltage 
Provide students, in groups, with equipment to investigate how the total potential drop around a 
circuit is equal to the sum of the potential differences across each series component. Show 
them how to use a voltmeter in parallel with a component; they are finding out how much 
‘money’ is ‘spent’ in the component by measuring the difference between how much goes in 
and how much comes out . Ask them to draw the circuits that they set up and indicate the 
voltmeter reading next to each symbol representing a component. 

 
Enquiry skill 9.4.2 

 

6 hours 

Potential difference and 
resistance 
Understand the concept of 
electrical potential difference 
between two points on a 
circuit and know that it is 
measured in volts using a 
voltmeter.  

Know that the total potential 
drop around a circuit is equal 
to the sum of the potential 
differences across each 
series component.  

Show the relationship 
between the voltage across a 
conductor and the current 
flowing through it.  

Know that electrical 
components have resistance 
that impedes the flow of 
electricity through them and 
that this is measured in 
ohms.  

Calculate the resistance of a 
component knowing the 
current passing through it and 
the potential difference 
between its ends 

Know how the resistance of a 
wire depends on its diameter, 
length and the material it from 
which it is made.  

Resistance 
Ask each group to set up a circuit with two different bulbs in parallel, one of which glows brighter 
than the other. Ask them to state which converts most energy and to predict, and then check, 
which will have the greater voltage drop across it. Introduce the concept of resistance as a 
property of a conductor that resists the flow of electricity and, in the process, transforms 
electrical energy into other forms of energy (e.g. heat and light). Note that common resistors are 
thin wires. Proceed to the next activity to quantify the concept. 

  

Unit 9P.2 
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Objectives Possible teaching activities Notes School resources 

Ohm’s law 
Set up a circuit using a variable power supply that allows you to increase the voltage across a 
bulb. Ask students to predict what they think is happening to the current going through the bulb 
as the voltage is increased. Challenge the groups first to investigate their prediction using a 
length of resistance wire, not a bulb (explain the need to control the variable of temperature). 

Processing the results gives an opportunity to express the relationship graphically and interpret 
the straight-line graph, including calculating the gradient. If different groups use different lengths 
or gauges of wire, they will obtain different values for the gradient. Define the gradient as the 
resistance of the wire and show that it is equal to V / I. Introduce the ohm as the unit of 
resistance (named after the German scientist who quantified the concept). 

Go through some examples of problems using the relationship V = IR. Give more examples for 
students to solve to consolidate the work. Give assistance where needed. 

Ask more advanced students to investigate and interpret the voltage/current relationship for a 
non-ohmic conductor such as a torch bulb filament. 

 

Enquiry skills 9.2.5, 9.3.3, 9.4.2 

 

Resistors in series and parallel 
Present the class with a problem. If the resistance of a circuit containing one resistor is, say 
12 ohms, will the overall resistance be increased or decreased if a second resistor is connected 
first in series and then in parallel with the first one? Many students will probably be able to work 
out the answer correctly using logical reasoning. Then challenge them to design, working in 
groups, an investigation to provide a quantitative answer. Have some instructions ready for any 
groups that are not be able to develop the investigation themselves. 

Summarise the conclusions in qualitative terms; overall resistance is decreased if the resistors 
are in parallel and increased when they are in series. Many groups will discover the relationship 
between the overall resistance and the individual ones for the series case.  

Give more advanced students the equation for the relation in the parallel case (you could also 
give them the mathematical derivation of the equation from Ohm’s relationship). 

  

Factors affecting resistance 
Question students about what factors might affect the resistance of a wire. List the variables 
that are suggested. Challenge them to develop an investigation to test their ideas. This is best 
done collectively with the help of an investigation poster, as a number of different experiments 
must be done to cover all the possible variables. Develop the experiments needed and assign 
one to each group. 

Collect all the results together in a table and ask the class collectively to draw conclusions from 
it. List the conclusions on the board OHP for students to put in their books. 

  

Semiconductors 
Ask more advanced students to investigate practically the resistance of a number of 
semiconductor components, such as the thyristor, the light-dependent resistor (LDR) and the 
diode. They will need help with the circuitry to ensure that the components are not damaged. 
They may also need help with the subsequent calculations.  
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Objectives Possible teaching activities Notes School resources 

This work could lead more advanced students to the idea of two resistors as a potential divider 
and subsequently to some elementary electronics, although this is somewhat outside the scope 
of the standards at this level. 

  

Using an oscilloscope as a voltmeter 
Demonstrate the use of an oscilloscope as a voltmeter and measure the voltage of one or more 
cells in series. You do not need to describe the details of how it works. 

Introduce more advanced students to the problem associated with the use of conventional 
voltmeters; namely, that some of the current flows through the voltmeter itself when it is 
connected and hence affects the potential difference it is designed to measure. Introduce the 
oscilloscope as a means of studying voltages that does not itself take any current.  
 

Enquiry skill 9.4.3  

Introduction 
Set up a permanent magnet hanging on the end of a spring so that it oscillates slowly up and 
down. Place under it a coil of several hundred turns and connect the coil to the X-plates of an 
oscilloscope with the time base set at a slow sweep of 5 seconds or more. Ask students to try to 
explain the oscillating voltage they see on the screen. Show them that the voltage goes to zero 
when the magnet is held still. 

They should be guided to two conclusions: 
• that the oscillating movement of the magnet in and out of the coil generates an oscillating 

voltage in the coil; 
• that there is a relationship between the speed of the movement and the size of the voltage 

generated. 

Conclude that these observations mean that moving a magnetic field in a coil (or moving a coil 
in a magnetic field) can generate electricity and this is the basis of the operation of a power 
station. Refer to the current being induced in a circuit that contains a coil that is placed in a 
changing magnetic field. 

  

Recall work on the electric motor 
At the end of the work in Grade 8 on the electric motor, students were encouraged to turn the 
motor over manually and connect the leads to a microammeter or galvanometer. Repeat this as 
a demonstration using a toy motor to show again that the principle of how a generator works is 
the reverse of the motor principle. 

 

 

 

 

3 hours 

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

Know that household 
electrical energy comes from 
a cell which generates DC or 
from an electrical power 
generator which generates 
AC. 

Know how AC is produced 
commercially using a 
generator that is usually 
driven by a steam turbine, a 
gas turbine or a diesel 
engine, or by moving water 
from a dam. 

Alternating and direct current 
Use the oscilloscope to demonstrate the differences between alternating and direct current. 
Explain that alternating current is easier to produce and manage than direct current and also 
that it has many important uses.  

Ask more advanced students, working in groups, to use the motor kit from Grade 8 to make DC 
and AC generators, and to test the output using an oscilloscope. Emphasise the difference 
between slip rings and the commutator.  

Explain the difference in terminology when referring to the wires carrying AC and DC. 
Demonstrate the insulation colour codes of AC cable. 
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Objectives Possible teaching activities Notes School resources 

Explain that mains electricity changes direction exactly 50 times a second. This can be shown 
using a datalogger to take several hundred readings a second from a photomultiplier tube 
logging light from a fluorescent light. The result is a square wave as the light switches on and 
off. Discuss why our eyes cannot detect this switching. 

Introduce the hertz as the unit of frequency. 

CT opportunity. Use of a datalogger to collect 
data recording rapid changes and presenting 
them in a form that can be analysed. 

Enquiry skill 9.4.1 

 

Step-up and step-down transformers 
The operation of transformers need not be covered at this stage, they are part of the Grade 11 
standards, but students should know what they do and why they are needed. Show pictures of 
typical transformers and ask students to find the one that serves the school or their home 
suburb. Show them some small ones taken from scrap household electrical appliances. 

Encourage more advanced students to study in more detail how transformers work through the 
following activities. 

Repeat the work done in Grade 8 making horseshoe electromagnets using laminated C-cores 
wound with wire taking direct current. Recall the magnetic field produced by the electromagnet. 

Ask what kind of magnetic field would be produced by alternating current? Follow this by asking 
what might happen if a coil that was part of a circuit was placed in this changing magnetic field. 
Allow groups to test this by connecting the C-core to an AC source and placing a second C-core 
pole-to-pole with the first. The second core should also have a coil wrapped around it which can 
be connected to an AC voltmeter (multimeter set to AC volts). This could be taken further by 
investigating how the output voltage depended on the ratio of the number of turns in the two 
coils 

  

Generating and transmitting mains electricity 
Find useful resources either on video or on the Internet suitable for introducing students to 
electricity generation. They should have an opportunity to visit a power station later in the year.  

Develop, on the board or OHP or as part of a display, a flow chart showing all the steps in the 
process of electricity generation, including the energy transformation at each step. Explain that 
there are several primary energy sources that can be used. As a homework or library exercise, 
ask students to investigate the advantages and disadvantages of each. (Link this to the work in 
Unit 9M.3 on energy resources in semester 2.) 

Show that the primary source is used to drive a turbine. This is very often a steam turbine in 
which steam is generated by heating water by burning a fuel. In Qatar, however, the fuel is gas, 
which is used directly in a gas turbine. Explain, with pictures, what a turbine is and how it works. 

The turbine then drives the generator, which makes AC current. Refer to the turbine and 
generator speed of 50 Hz. Demonstrate a trace of mains voltage on an oscilloscope and work 
out the frequency. 

Explain that the voltage supplied to houses is 240 volts. Discuss the concept of root mean 
square voltage with more advanced students. 

Complete the flow chart sequence showing the use, and reasons for use, of step-up and step-
down transformers leading eventually to houses and factories.  
 

 

 

 



373  |  Qatar science scheme of work  |  Grade 9  |  Unit 9P.2  |  Physical processes 2 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

House circuits 
Recall work on bulbs in series and parallel and ask the class whether they think house lights are 
connected in series or in parallel and why?  

Show a diagram, or a model, of a ring main and discuss the advantages of supplying all the 
outlets through a ring. Explain that a house will probably have several rings, some for lighting 
and some for sockets, and that each ring would have an earth wire and a trip switch as a safety 
feature. Explain the reason for this and how it works. All the trip switches and the house master 
switch are placed in a single control box. 

In the ring main and control box diagram, show one or two appliances that draw a heavy current 
and so have their own circuits and trips (e.g. cookers, water cylinder heaters). 

Students could, as a project, build a model of a lighting main in a house, including junction 
boxes and switches. More advanced students could incorporate features such as two-way 
switches for stairwell lights controlled by two switches.  

For homework, ask students to look at a number of appliances and read the power rating on the 
label. Compare, in a table, the different power ratings of household appliances and arrange 
them in order of increasing power demand. Show and compare the wires used for lighting, 
socket and cooker circuits and ask the class to suggest reasons why the thickness of these 
wires varies according to what they are used for. Ask students why it might be dangerous to run 
something like a kettle from the lighting circuit. 

 

 

 

Plug wiring 
Ensure that all students can wire a plug correctly by giving them a wire, a plug and the 
necessary tools and asking them to do it. Inspect what they have done and correct errors. 

  

3 hours 

Household electricity 
Know that household 
electrical energy comes from 
a cell which generates DC or 
from an electrical power 
generator which generates 
AC. 

Be familiar with household 
ring main circuits, with the 
common dangers of 
household electricity, and 
with the purpose and 
operation of safety devices 
such as fuses, circuit 
breakers and the earth wire 

Know that the unit of 
household electrical energy is 
the kilowatt-hour and be able 
to work out the cost of 
running different appliances 
from their power rating. 

 

Electrical energy and power 
The derivation of the relationships between voltage, current, power and energy requires an 
understanding of physics beyond this grade level. Provide students with the key relationships 
and definitions and set some simple questions to give them practice using the relationships to 
solve problems. 

Recall from Grade 8 the joule as the unit of energy. Define power as the rate of energy 
conversion and introduce the watt as the SI unit of power. Give the relationship P = E / t, show 
some examples of using the relationship to solve simple problems and give students some 
additional problems that allow them to practise using the relationship. 

Give the relationship P = VI and show some examples based on power ratings of common 
appliances working on a 240 volt supply.  

Give more advanced students problems to solve using combinations of the three relationships, 
V = IR, P = E / t and P = VI. 

Provide examples of electricity bills and note that the practical unit of electrical energy that is 
charged for on the bill is the kilowatt-hour. Work out on the board or OHP how many joules 
there are in one kilowatt-hour. 

Demonstrate how to calculate the cost of running a particular appliance for a given time and set 
practice problems. 
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Objectives Possible teaching activities Notes School resources 

 

 

Safety 
Explain what happens when someone receives an electric shock. Explain and demonstrate the 
procedure to be followed when someone receives a shock. 

Discuss the function of the earth wire. Properly qualified teachers can demonstrate what 
happens when an appliance shorts to earth creating a surge through the trip switch. Many trip 
switches have such an earth leak test facility built into them, which can be demonstrated. 

Many students will already have some knowledge of the dangers of electricity and the common 
things that can go wrong in the home (e.g. frayed wires, damaged plug tops, damaged 
insulation). They may also be aware of some of the safety regulations and why these exist, 
such as no sockets or accessible light switches in the bathroom. Ask them about what they 
know and prepare a table listing Do’s and Do not’s – precautions that you should take and 
dangers that you should be aware of – when using domestic electricity. Tell students to copy 
this table into their books and make sure they are familiar with the points on it. 

Make sure that students understand the danger of fire arising from an overloaded circuit where 
the wires can get hot enough to burn the insulation. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

a. What is the current taken by the following devices? 

 i. A car headlight rated at 24 W running off the 12 V car battery. 

 ii. A kettle rated at 2 kW running off the 240 V house supply. 

 iii. A 100 W bulb running on the 240 V house supply. 

b. What is the resistance of the car headlight? 

Enquiry skill 9.3.2  

An electric water pump is operated from a 240 V mains supply. It is used to pump water to a 
tank on the roof of a house. 

a. Draw a flow chart showing all the energy changes in this process. 

b. If the pump draws a current of 5 A from the mains, what is the power taken from the mains? 
How much electrical energy is supplied to the pump when it works for 1 minute? 

c. What is the resistance of the pump motor? 

d. If only 60% of the electrical energy that is supplied to the pump is given to the water, what is 
the final potential energy of the water pumped to the roof in 1 minute? What happens to the 
other 40% of the energy supplied to the pump? 

Enquiry skill 9.3.2  

A resistor was connected to a variable DC power supply. The current passing through the 
resistor was measured using an ammeter in series and the voltage across it was measured 
using a voltmeter. 

a. Draw a diagram of the circuit showing both the ammeter and the voltmeter. 

b. The results are shown in the table. Plot a graph of them with voltage, V, on the y-axis. 

c. From the graph, calculate the resistance of the resistor when the voltage was below 8 V. 

d. What happened to the resistance when the voltage rose above about 8 V? What do you think 
might have caused this change?  

 
 

Voltage / V Current / I 

2 0.3 

4 0.6 

6 0.9 

8 1.2 

10 1.4 

12 1.5 

Enquiry skill 9.3.3 

 

Design a poster that warns people who may not know much about electricity about common 
dangers of electricity in the home. 

  

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. 

Find out the cost of a kilowatt-hour of electricity in your home. Look up the power rating of a 
number of appliances, such as a bedside light, a television and a washing machine, and 
calculate how much it will cost to run them for half an hour. 
 

  

 

 

Unit 9P.2 
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