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Science scheme of work: Grade 9 units 180 hours
1st semester
90  teaching hours

Unit 9L.0: Preliminary unit
Introduction to grade and revision of
key ideas from previous grades.
1 hour

Life science: 30 hours Materials: 25 hours Physical processes: 35 hours

Unit 9L.1: Cell activity
Cell division. Movement of substances
in and out of cells by diffusion and
osmosis.
8 hours

Unit 9L.2: Respiration and
photosynthesis
Aerobic respiration in plants and
animals. Comparison of respiration and
photosynthesis.
11 hours

Earth and space: 0 hours

Unit 9M.0: Preliminary unit
Introduction to grade and revision of
key ideas from previous grades.
1 hour

Unit 9M.1: Atomic and molecular
structure
Structure of the atom. Covalent and
ionic bond formation. Metallic bonding.
Valency. Structure and properties of
compounds.
12 hours

Unit 9P.0: Preliminary unit
Introduction to grade and revision of
key ideas from previous grades.
1 hour

Unit 9P.1: Pressure
Pressure in solids, liquids and gases.
Pneumatics and hydraulics.
6 hours

Unit 9M.2: Pollution
Causes and effects of air and water
pollution. Local and global pollution
issues.
12 hours

Unit 9P.2: Electricity and energy
Potential difference and resistance.
Ohm's law. Potential difference and
energy. Electricity generation,
transmission and use. Electrical energy
and power.
12 hours

Unit 9L.3: Disease and micro-
organisms
Micro-organisms and disease. Function
of antibodies, antibiotics and
vaccination.
10 hours

Unit 9P.3: Waves
Transmission of energy in longitudinal
and transverse waves. Velocity,
frequency and wavelength. Reflection
and refraction.
12 hours

Unit 9P.4: The electromagnetic
spectrum
Electromagnetic radiation and the
electromagnetic spectrum. Properties of
different forms of radiation.
4 hours

 



 

Science scheme of work: Grade 9 units 180 hours
2nd semester
90  teaching hours

Unit 9L.R: Review unit
Revision of key ideas from first
semester.
1 hour

Life science: 30 hours Materials: 23 hours Physical processes: 25 hours

Unit 9L.4: Movement
Bones and joints of human skeleton.
Antagonistic muscle action.
6 hours

Unit 9L.5: Inheritance
Sexual and asexual reproduction.
Cloning and genetic engineering.
Inheritance of sex. DNA, genes and
alleles. Inherited disorders. Evolution.
12 hours

Earth and space: 12 hours

Unit 9M.R: Review unit
Revision of key ideas from first
semester.
1 hour

Unit 9M.3: Energy resources
Endo- and exothermic changes.
Reaction energy profiles. Origins and
use of fossil fuels.
10 hours

Unit 9P.R: Review unit
Revision of key ideas from first
semester.
1 hour

Unit 9P.5: Moments and levers
Work. The lever and other simple
machines. Moments.
9 hours

Unit 9M.4: Polymers
Natural and synthetic polymers and
their uses. Cement and concrete. Clay
and ceramics.
12 hours

Unit 9P.6: Structures
Compressive and tensile strength of
materials. Use of materials in buildings
and bridges.
7 hours

Unit 9L.6: Hormones and nerves
Homeostasis and role of hormones.
Nervous system and types of nerves.
Structure of human eye and ear.
11 hours

Unit 9E.1: The visible Universe
Stars and galaxies. Creation, life and
death of stars. Planetary formation.
Evolution of the Universe.
12 hours

Unit 9P.7: Sound
Sound transmission in air and other
media. Functioning of the ear.
8 hours

 



 

 



271  |  Qatar science scheme of work  |  Grade 9  |  Unit 9L.1  |  Life science 1 © Education Institute 2005 

GRADE 9: Life science 1 

Cell activity 

About this unit 
This unit is the first of six units on life science for 
Grade 9. 

This unit is designed to guide your planning and 
teaching of lessons on life science. 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 11 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 
describe and draw typical animal and plant cells, know the function of cell 
structures and relate the functions of specialised cells to their structures. 
They should already know that cells grow in size and increase in number by 
dividing in two. They should already be able to use a microscope. They 
should already be able to express qualitative and quantitative information 
through a range of techniques. 
 

Expectations 
By the end of the unit, students explain how substances get into and out 
of cells. They know how mitosis and meiosis differ. They communicate their 
results using a variety of techniques. 

Students who progress further understand the mechanisms of diffusion, 
osmosis and active transport, and relate these processes to the fluid mosaic 
model of a cell membrane. They record and process raw data appropriately 
and draw valid conclusions, allowing for errors and uncertainties.  

 

Resources 
The main resources needed for this unit are: 
• microscopes with high-power objective lenses, prepared slides of onion 

root tip squash and lily anther 
• a microscope that can be projected onto a screen 
• two different colours of plastic modelling clay, pipe cleaners or card to 

make model chromosomes 
• long glass tube sealed with rubber bungs at both ends, red litmus paper, 

ammonia solution 
• perfume, potassium permanganate or food colouring, sugar cube 
• visking tubing filled with cornflour and water, iodine solution 
• large and small balls or marbles, tray 
• grapes, potatoes, range of sugar and salt solutions 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• mitosis, meiosis, spindle, chromosome, chromatid, pole, gametes 
• osmosis, diffusion, isotonic 

UNIT 9L.1 
8 hours 
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Standards for the unit 

8 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.7.1 Explain how cells divide by mitosis during growth and by meiosis to 
produce gametes. 

11F.10.2 Recognise and describe the behaviour 
of chromosomes during mitosis and 
explain how this enables a constant 
number of chromosomes to be passed 
from cell to cell. 

7.7.2 Recognise and know the function of 
the cell nucleus, cell membrane, 
cytoplasm, vacuole and cell wall, and 
relate the overall structure of some 
specialised cells (e.g. nerve cells, 
sperm cells, xylem cells, palisade 
cells) to their functions. 

6.5.5 Know that cells grow in size and 
increase in number by dividing in 
two. 

 

11F.10.3 Recognise and describe the behaviour 
of chromosomes during meiosis and 
explain how this enables a constant 
number of chromosomes to be passed 
from generation to generation. 

 9.7.2 Explain diffusion and osmosis as mechanisms for the movement of 
substances into and out of cells. 

11F.5.2 Explain the structure and functioning 
of the fluid mosaic model of the cell 
membrane in relation to the properties 
of phospholipids and the mechanisms 
of diffusion, osmosis and active 
transport. 

3 hours 

Cell division; 
mitosis and 
meiosis 
 

4 hours 

How substances 
move in and out 
of cells by 
diffusion and 
osmosis 
 

1 hour 

Investigate rate 
of movement of 
water by osmosis 

 9.3.1 Present qualitative and quantitative data using a range of methods, such 
as descriptions and tables and through pictures graphs and diagrams, 
using ICT methods where appropriate, and draw conclusions from them. 
 

10F.3.2 Process raw data by the most 
appropriate means. 

Unit 9L.1 
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Activities 

Objectives Possible teaching activities Notes School resources 

Review with students the work they did on growth and cell division in Grade 6 (e.g. by asking 
students to put diagrams showing the steps of cell division into the correct sequence). Focus on 
the step when the nucleus divides in two and ask students ‘What must have happened to the 
genetic material in the nucleus before it divided in two?’ 

Remind students that genetic material is contained in a number of chromosomes; in humans 
there are 46 chromosomes. Define mitosis as nuclear division that results in two identical 
daughter nuclei. Show students an animation of mitosis and explain that each chromosome 
doubles to make two chromatids prior to division. The chromosomes line up on a spindle which 
then carries one of each pair of chromatids to the poles. 

Let students observe prepared slides of onion root tip squash using high magnification so they 
can see the chromosomes lining up and chromatids moving apart. If available, use a 
microscope that can be projected to show these images to the whole class. 

Several websites have animations of mitosis and 
meiosis (e.g. www.cellsalive.com/mitosis.htm) 

Students do not need to learn the names of the 
phases of mitosis. 

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

Return to the number of chromosomes in a human nucleus. Ask students ‘What would happen 
if an egg and a sperm both contained 46 chromosomes when the egg was fertilised?’ Students 
should then be able to deduce that sperm and egg must contain half the number of 
chromosomes: in humans 23. Explain that meiosis is a special type of nuclear division that only 
occurs in sex organs to produce gametes. Without naming all the phases, show students an 
animation of meiosis to show how gametes end up with half the number of chromosomes. 

Let students observe chromosomes and chromatids in prepared slides of lily anther using a 
high-magnification microscope. If available, use a microscope that can be projected to show 
these images to the whole class. 

  

3 hours 

Cell division; mitosis and 
meiosis 
Explain how cells divide by 
mitosis during growth and by 
meiosis to produce gametes. 

Present qualitative and 
quantitative data using a 
range of methods, such as 
descriptions and tables and 
through pictures graphs and 
diagrams, using ICT methods 
where appropriate, and draw 
conclusions from them. 

Divide students into two groups – mitosis and meiosis. Provide pairs of students with plastic 
modelling clay, pipe cleaners or card and ask them to make four chromosomes made of pairs of 
chromatids ready to divide. Tell students in the mitosis group to practise moving the chromatids 
apart as occurs in mitosis. Tell students in the meiosis group to practise the two divisions that 
result in gametes. Now put students into groups of four, a pair from each group, and ask each 
pair to explain and demonstrate mitosis or meiosis to the other pair. 

Then ask each group of to summarise the similarities and differences between mitosis and 
meiosis in humans in a table (e.g. where in the body it occurs, number of daughter cells made, 
number of chromosomes in each daughter cell). 
 

  

Unit 9L.1 
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Objectives Possible teaching activities Notes School resources 

Ask students to draw a large diagram of an animal cell in the centre of a page. Ask them to 
suggest some substances that may move into or out of a cell. Explain that a lot of substances 
move into and out of the cell by diffusion, and water moves in and out by osmosis. 

Demonstrate diffusion in a number of ways: 
• Ask some students to stand in a line 0.5 m apart across the length of the classroom. Spray 

perfume onto a paper towel and place this at one end of the row. Ask students to raise their 
hand when they can smell the perfume. Record the time each student raises their hand and 
plot a line graph of distance against time. Ask students to suggest reasons why the shape of 
the graph is curved. 

• Prepare a long glass tube sealed with rubber bungs at both ends with pieces of damp red 
litmus paper placed at intervals down the tube. Introduce a watch glass containing cotton 
wool soaked in ammonia solution to one end of the tube and let students observe the red 
litmus changing to blue as the ammonia diffuses along the tube. 

• Drop a crystal of potassium permanganate or a drop of food colouring into warm water and 
let students observe what happens. 

• Place a model cell made of visking tubing and filled with cornflour and water into a bowl of 
dilute iodine solution and let students observe the iodine diffusing into the model cell and 
turning the cornflour solution black. 

Define diffusion and ask students to explain what is happening in each experiment in their own 
words. To demonstrate how particles move in diffusion from a high to a low concentration, add a 
sugar cube to warm water and ask students to model the diffusion by standing close together in 
rows and then moving about and spreading out evenly across the room. 

  4 hours 

How substances move in 
and out of cells by 
diffusion and osmosis 
Explain diffusion and osmosis 
as mechanisms for the 
movement of substances into 
and out of cells. 
 

Remind students that the cell membrane allows some substances to pass through it but not 
others – it is partially permeable. Explain that osmosis is a special kind of diffusion of water 
through a partially permeable membrane. Hollow out a well in a peeled potato and place some 
salt in the well. Put the potato in a dish with a little water. Leave for some time and let students 
observe the movement of water into the well to dissolve the salt. 

Model what is happening using a tray with a barrier across the middle made of pieces of plastic 
modelling clay with small gaps between them. Place a mixture of small and large balls or 
marbles onto the tray. On one side of the barrier place mostly large balls and a few small balls 
to represent a concentrated sugar solution; on the other side place a large number of small balls 
and a few large balls to represent a dilute sugar solution. Now agitate the tray so the balls roll 
about. Students will observe that only small balls can pass through the barrier and so there is 
an overall movement of small balls from where there are a lot to where there are only a few. 

Ask students to draw and annotate their own diagram of what happens in osmosis based on the 
model. 

 

 

 

 

 

 

 

 

 

 

To illustrate osmosis further, place grapes in a range of sugar solutions and water; leave for 
24 hours. Let students observe the striking effects of osmosis: some grapes will have shrivelled 
while others will have burst. Ask students to write a conclusion to this experiment explaining 
what has happened to each grape in terms of osmosis and to identify which sugar solution is 
closest to the concentration of grape juice inside the grape. Introduce the term isotonic to 
describe two solutions that are the same concentration. 
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Objectives Possible teaching activities Notes School resources 

Extension activity 

Ask students to research isotonic drinks on the Internet and read the claims made for isotonic 
drinks on packaging and advertisements. Ask them to evaluate whether isotonic drinks are 
really necessary. Suggest that they carry out taste tests on isotonic drinks and make their own 
isotonic drinks. 
 

 

ICT opportunity: Use of the Internet. 

Enquiry skill 9.1.3 

 

1 hour 

Investigate rate of 
movement of water by 
osmosis 
Present qualitative and 
quantitative data using a 
range of methods, such as 
descriptions and tables and 
through pictures graphs and 
diagrams, using ICT methods 
where appropriate, and draw 
conclusions from them. 
 

Challenge students to investigate how much water moves into and out of cells by osmosis. 
Provide pairs of students with a potato and ask them to carry out the following procedure. Cut 
the potatoes into several chips of equal size and mass. Record the starting length and mass of 
the potato chips. Place the chips in a range of salt solutions and leave for 24 hours. Then 
measure and record the new length and mass of each chip. Ask students to present their 
results as a line graph and write a conclusion explaining what happens in terms of gain or loss 
of water by osmosis. 

 

Enquiry skill 9.3.1 
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Assessment 

Assessment Examples of assessment tasks and questions Notes School resources 

Explain the following everyday events in terms of osmosis: 

a. Raisins swell up if you soak them in water. 

b. Lettuce goes limp if you soak it in salt water to kill greenfly. 

c. Salting meat prevents bacteria from growing on it. 

  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. 

Pelargoniums (geraniums) are plants that can be grown from cuttings or seeds. 

a. When pelargoniums are grown from cuttings, what type of cell division takes place as the 
cuttings grow? 

b. A pelargonium seed is made when two gametes fuse; what are the names of these two 
gametes in plants? 

c. What type of cell division takes place to produce gametes? 

d. The cells of the pelargonium plant have 22 chromosomes. 

 i. How many chromosomes do cells of the cuttings have? 

 ii. How many chromosomes do the gametes have? 

e. Masood wants to grow new pelargonium plants that are identical to the plant he already has. 
Should he take cuttings or plant seeds from the plant? Give a reason for your answer. 

 

  

 

 

 

 

Unit 9L.1 
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Grade 9: Life science 2 

Respiration and photosynthesis 

About this unit 
This unit is the second of six units on life science 
for Grade 9. 

This unit is designed to guide your planning and 
teaching of lessons on life science. 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 12F and Grade 8. 

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 know that, 
when a substance burns, it combines chemically with the oxygen in the air 
and be able to write the word equation for burning a fuel. They should 
already know that green plants make their own food by photosynthesis, 
which requires light and the chlorophyll in chloroplasts, together with 
water and carbon dioxide, and that oxygen is produced. They should 
already be able to plan, collect data and make observations in a systematic 
way, identify patterns, consider the validity of evidence, the extent to which it 
supports a prediction, and draw conclusions. 
 

Expectations 
By the end of the unit, students explain and give the formula for 
photosynthesis. They explain and give the equation for aerobic respiration, 
and know how conditions affect respiration. They carry out systematic 
investigations, process data and evaluate evidence before drawing 
generalised conclusions. 

Students who progress further describe the structural features of 
chloroplasts and how these relate to the chemical processes of 
photosynthesis. They evaluate experimental design, identify weaknesses 
and develop realistic strategies for improvement. 
 

Resources 
The main resources needed for this unit are: 
• icing sugar, various food labels, crisps and crackers and low fat 

alternatives 
• actively respiring yeast suspension 
• maggots or similar small animals, germinating peas and boiled peas, 

glass beads, vacuum flasks 
 hydrogencarbonate indicator, potassium hydroxide, respirometers 
 geranium (pelargonium) plants, including variegated geranium, ethanol, 

iodine solution 
 Elodea, datalogger with oxygen probe, different coloured filters 

 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• respiration, aerobic, respirometer 
• photosynthesis, chloroplast, chlorophyll, biomass 

UNIT 9L.2 
11 hours 
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Standards for the unit 

11 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

8.7.1 Know the basic structure of the 
lungs and their role in gas exchange 
(breathing). 

9.8.1 Give the word and formula equations for aerobic respiration; explain the 
process as a cellular biochemical reaction in animals and plants in which 
food acts as a respiratory substrate and reacts with oxygen to release 
energy and produce carbon dioxide and water. 

 

8.7.3 Know that oxygen and carbon 
dioxide are carried round the body 
to and from cells in blood vessels. 

9.8.2 Know how the rate of respiration is affected by temperature, oxygen 
concentration and the availability of a respiratory substrate. 

 

8.10.2 Know that green plants make their 
own food by photosynthesis and 
that water and carbon dioxide are 
required and oxygen is produced. 

9.11.1 State the word and formula equations for photosynthesis; explain the 
process as a biochemical reaction in chloroplasts that involves the 
absorption of light energy, which causes water and carbon dioxide to react 
to generate glucose and oxygen.  

12F.5.1 Describe the structure of chloroplasts 
and link this to the biochemical and 
photochemical reactions of 
photosynthesis. 

 9.1.1 Plan investigations, controlling variables and collecting an appropriate 
range of evidence, using appropriate techniques to ensure accuracy, carry 
out calculations, identify patterns in observations and data, draw 
generalised conclusions and test predictions. 

10F.1.5 Evaluate experimental design, identify 
weaknesses and develop realistic 
strategies for improvement. 

4 hours 

Aerobic 
respiration in 
plants and 
animals 
 

2 hours 

Rate of 
respiration 
 

5 hours 

Photosynthesis 

8.1.2 Consider the extent to which the 
evidence justifies a conclusion or 
supports a prediction or hypothesis, 
and identify further investigations 
that might be needed. 
 

9.1.2 Evaluate the strength of evidence and assess the validity of conclusions 
before arriving at a viewpoint. 

  

Unit 9L.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Review with students work covered in Grade 7 on combustion. Provide them with the words 
fuel, oxygen, carbon dioxide and water and ask them to write the word equation for burning a 
fuel. Explain that food is the fuel for organisms to carry out a similar reaction called 
respiration. Write the equation for respiration on the board or OHP to show how similar it is to 
combustion – all that changes is that fuel is replaced by food.  

Define aerobic respiration as using oxygen. Ask students for the chemical formulae for water, 
carbon dioxide and oxygen. Provide the formula for glucose and ask students to balance the 
equation so that there are the same numbers of atoms in reactants as in products.  

Demonstrate how energy can be released from food using a spatula of icing sugar in a tin 
can – ignite the fine powder with the flame of a candle. Emphasise that the biochemical 
reaction in cells is much more controlled than this demonstration.  

 
 
 
 
 

 
 
 

Safety: Practise igniting the icing sugar safely 
before carrying out this demonstration in front of 
students. 

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

The energy content of foods 
Provide students with packaging from a variety of foods and ask them to sort the foods into 
groups that are high in fat, high in sugar, high in protein and high in fibre. Get them to compare 
the kilojoules of energy from 100 g of different foods by looking at the nutritional information 
labels. Ask them to identify a pattern linking the composition of the food to the energy content.  

Let students test the hypothesis that foods high in fat release more energy. They can do this 
by burning crisps, crackers and their low-fat alternatives below a test-tube of water held in a 
clamp stand and measuring the change in temperature of the water. Discuss with students 
how they will carry out a fair test. Encourage them to control the mass of each food, the 
volume and starting temperature of the water in the test-tube, and the distance between the 
burning food and the test-tube. 

Collect the class’s results and ask students to write a conclusion to their investigation. Also 
ask students to list the sources of error of their experimental technique and evaluate whether 
they have sufficient evidence to prove their hypothesis. 

 
Enquiry skill 9.1.2 

 

 

 

Extension activity 
Ask students to use the Internet to find out how data on nutritional labels is actually calculated by 
food scientists using a bomb calorimeter. Tell them to consider each of the sources of error of 
their experimental technique and look at how using a bomb calorimeter would overcome it. 

 
ICT opportunity: Use of the Internet. 

 

4 hours 

Aerobic respiration in 
plants and animals 
Give the word and formula 
equations for aerobic 
respiration; explain the 
process as a cellular 
biochemical reaction in 
animals and plants in which 
food acts as a respiratory 
substrate and reacts with 
oxygen to release energy 
and produce carbon dioxide 
and water. 
Evaluate the strength of 
evidence and assess the 
validity of conclusions before 
arriving at a viewpoint. 

Remind students that respiration is one of the life processes carried out by all organisms, 
including plants and micro-organisms.  

Show students a flask of respiring yeast suspension and test the bubbles of gas produced 
with limewater to show that the gas is carbon dioxide. 

 
 

 
 

 

 

Demonstrate that plants respire. Set up two vacuum flasks, one containing germinating peas 
and the other boiled peas. Leave for 48 hours and compare the temperature of the two flasks. 
Explain that a temperature rise indicates that energy is released from respiration. Ask why this 
experiment is carried out in vacuum flasks and why you have repeated it with boiled peas. 

  

Unit 9L.2 



280  |  Qatar science scheme of work  |  Grade 9  |  Unit 9L.2  |  Life science 2 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

 

Explain that hydrogencarbonate indicators show that organisms produce carbon dioxide and 
demonstrate this by setting up germinating peas and maggots in separate gauze cages over 
hydrogencarbonate indicator. Also place pondweed (Elodea) into hydrogencarbonate 
solution, cover in black paper and leave for 24 hours. The change in colour of the 
hydrogencarbonate solution in all cases shows carbon dioxide is produced. 
 

Remind students to respect and be careful handling 
all animals, including maggots.  

 

Measuring the rate of respiration 
Ask students to compare the rate of respiration of a plant and an animal. Provide groups of 
students with two respirometers, one containing germinating seeds, the other containing 
maggots or similar small organisms. Ask them to measure the rate of oxygen uptake every 
5 minutes for 20 minutes and to explain the difference in rate in terms of the level of activity 
of the organisms.  

 
Safety: Make sure students are careful when 
adding potassium hydroxide to the respirometers as 
it is poisonous; do not let it come into contact with 
the organisms they are using.  

There are several useful websites that show how to 
use respirometers (e.g. www.phschool.com/science/
biology_place/labbench/lab5/features.html) 

 2 hours 
Rate of respiration 

Know how the rate of 
respiration is affected by 
temperature, oxygen 
concentration and the 
availability of a respiratory 
substrate. 

Factors affecting the rate of respiration 
Discuss with students the factors that could affect the rate of respiration (e.g. temperature, 
oxygen concentration, the availability of glucose). Ask students to draw a sketch graph of 
how the rate of respiration will change for a temperature range of 0° C to 60° C. 

Carry out a class practical to find out how temperature affects the rate of respiration. Provide 
each group of students with two respirometers, one containing germinating peas, the other 
containing the same quantity of glass beads. Allocate groups a temperature between 0° C 
and 60° C (each temperature should be repeated at least once) and tell them to proceed as 
follows. Place each respirometer in a water bath and keep the water baths at the allocated 
temperature (e.g. using ice and hot water or a hot plate). After leaving the respirometers 
10 minutes to acclimatise, take measurements of oxygen consumption every 5 minutes for 
20 minutes. Changes in temperature during the experiment will cause the gas in the 
respirometer to expand or contract. Students will know if this has happened from the 
measurements of the respirometers containing glass beads and they can adjust their results 
for the germinating peas to take this into account.  

Collect the class’s results and ask students to calculate averages or discount anomalous 
measurements and plot a line graph of their results. Tell them to compare their graphs with 
the sketch graphs they drew before the experiment. 

Ask students to write a conclusion for their experiment describing the change in rate of 
respiration, as measured by oxygen uptake, for different temperatures. They should explain 
their results in terms of why a biochemical process is affected by temperature, including why 
the rate decreases when temperatures are too high. 
 

 
 
 
 

Enquiry skill 9.4.5 
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Objectives Possible teaching activities Notes School resources 

The process of photosynthesis 
Remind students of work they have already done on photosynthesis in Grade 8 by asking 
them to draw a concept map. Write the word photosynthesis in the centre of a page and write 
the words chlorophyll, chloroplasts, oxygen, carbon dioxide, water and sunlight around it. 
Now ask students to join words together with lines and write on the line a connecting 
sentence; give an example to get students started (e.g. sunlight provides the energy for 
photosynthesis). 

Do not mark students’ concept maps; collect them in to look at again at the end of the unit. 

Write the word and formula equations for respiration on the board or OHP. Ask students for 
the word equation for photosynthesis and write this below the other equations. Students 
should then be able to write their own balanced formula equation for photosynthesis.  

  5 hours 

Photosynthesis 
State the word and formula 
equations for photosynthesis; 
explain the process as a 
biochemical reaction in 
chloroplasts that involves the 
absorption of light energy, 
which causes water and 
carbon dioxide to react to 
generate glucose and 
oxygen. 

Plan investigations, 
controlling variables and 
collecting an appropriate 
range of evidence, using 
appropriate techniques to 
ensure accuracy, carry out 
calculations, identify patterns 
in observations and data, 
draw generalised 
conclusions and test 
predictions. 

Explain to students that the glucose formed in photosynthesis is usually stored as starch and 
ask them about a test for starch. Demonstrate how to test a leaf for starch by boiling it in 
ethanol in a hot water bath to remove the chlorophyll, and then testing the leaf for starch with 
iodine solution. 

Set up the following experiments that show each part of the equation for photosynthesis: 
1 Photosynthesis produces oxygen 
 Place pondweed (Elodea) in a brightly lit tank and use a datalogger to measure the 

oxygen content of the water. Alternatively, place the Elodea under a funnel and position a 
small inverted test-tube full of water above it to collect the bubbles of gas produced. When 
the test-tube is full (which may take several days), test the gas collected with a glowing 
splint to show that it is oxygen. 

2 Photosynthesis requires chlorophyll 
 Place a variegated geranium (pelargonium) plant in bright light for several days. Get 

students, working in groups, to remove a leaf and make a sketch of the distribution of 
chlorophyll in the leaf. Tell them to test the leaf for starch and compare the distribution of 
starch with their sketch of the distribution of chlorophyll. 

3 Photosynthesis requires carbon dioxide 
 Place a geranium (pelargonium) in the dark for 24 hours to de-starch the leaves. Now 

cover the geranium and a small beaker of potassium hydroxide (to absorb carbon dioxide) 
with a large bell jar or plastic bag. Leave this plant in bright light for several days. Tell 
students to test a leaf for starch. 

4 Photosynthesis requires light 
 Place a geranium (pelargonium) in the dark for 24 hours to de-starch the leaves. Ask 

students to fold a small piece of black paper in half and cut out a stencil on one half. Tell 
students to cover both surfaces of a leaf with the folded paper (without removing the 
leaves from the plant), and use a paper clip to hold it in place. Leave the plant in bright 
light for several days then let students remove the stencil and test the leaf for starch. 

Discuss the results of these experiments with students and ask them to summarise the 
results of all four experiments and explain their observations.  

 
 
 
 

 
 
ICT opportunity: Use of a datalogger. 
Enquiry skill 9.4.5 
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Objectives Possible teaching activities Notes School resources 

Experimental evidence for photosynthesis 
Ask students to design an investigation to find out what affects the rate of oxygen production 
in Elodea. Encourage different groups to investigate different variables (e.g. temperature, 
distance from light source, colour of light). Students may choose to count bubbles or 
measure the volume of oxygen collected in 5 minutes – depending on how active the Elodea 
is. 

Let students carry out their investigations and ask them to present their results as line 
graphs, where appropriate. 

 
Enquiry skill 9.1.1 

 

  

 

Review what students have learnt about photosynthesis by asking them to update and 
correct their concept map and add the word respiration to the map with connecting 
sentences. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Look at the following statements and indicate whether they are true or false. 

A. Plants photosynthesise during the day and only respire during the night. 

B. Plants produce oxygen for us to breathe. 

C. Only the parts of a plant that contain chlorophyll photosynthesise. 

D. The rates of both photosynthesis and respiration are affected by temperature. 

E. The rate of respiration in plants is affected by light intensity. 

F. Ethanol is used to test for the presence of starch. 

A true/false quiz like this will allow you to check 
students’ understanding of the difficult concepts in 
this unit. (C and D are true, the others are all false.) 

 

Some Grade 9 students set up five test-tubes of hydrogencarbonate indicator containing: 

1. nothing; 

2. pond snail; 

3. pond snail and pondweed; 

4. pondweed; 

5. pondweed covered in black paper. 

They left the test-tubes for three days. Write down what will have happened to the 
hydrogencarbonate indicator in each test-tube and what this shows. 

  

Apples can be stored for 6 months without losing crispness or flavour if they are kept at 0 °C 
and very low oxygen (0.5% O2). 

Use what you know about respiration to explain why these conditions help prevent apples from 
over-ripening. 

  

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. 

The rate of photosynthesis can be measured as the volume of oxygen released by a plant per 
minute. The number of bubbles of gas released per minute from pondweed is counted. 

a. The gas collected in this experiment is not pure oxygen. Suggest a reason for this. 

b. The graphs below show the effect of light intensity on the rate of photosynthesis at different 
carbon dioxide concentrations. Explain what the graphs show. 

 

 

 
 
 

 

 

Adapted from QCA Year 9 science test, 2000 

 

 

Unit 9L.2 
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Grade 9: Life science 3 

Disease and micro-organisms 

About this unit 
This unit is the third of six units on life science for 
Grade 9.  

This unit is designed to guide your planning and 
teaching of lessons on life science. 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 10 and Grade 8. 

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 know that 
some micro-organisms can cause illness. They should already be able to 
name the major groups of micro-organisms. They should already be able to 
assess the contributions of specific scientists. They should already be able 
to express qualitative and quantitative information through a range of 
techniques. 
 

Expectations 
By the end of the unit, students give examples of organisms that cause 
disease. They know about the body’s defence systems. They know the 
function of antibiotics and vaccination. They explain and give the equation 
for anaerobic respiration and fermentation. They know that science can raise 
ethical issues. They communicate their results using a variety of techniques. 
They grow and handle micro-organisms safely. 

Students who progress further classify diseases and illnesses into 
different types and distinguish between endemic, epidemic and pandemic 
diseases. They know how scientists disseminate their ideas and understand 
the historical development of major ideas. They record and process raw 
data appropriately and draw valid conclusions, allowing for errors and 
uncertainties.  
 

Resources 
The main resources needed for this unit are: 
• information about common diseases 
• Petri dishes, nutrient agar, samples of bacteria safe to use in school, discs 

of different strengths and types of antibiotics, Pasteur pipettes, glass 
spreaders, forceps, ethanol, disinfectant 

• information about antibiotics – advice leaflets and empty bottles 
 data, video clips and simulation software about what happens to antibody 

levels in the blood when you are immunised 
 flask of active yeast suspension, vegetable oil 

 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• infectious, pathogen, bacteria, fungi, mould, protozoa, viruses, vector 
• antibody, vaccine, immunity, antibiotics, Penicillium, penicillin 
• anaerobic respiration, fermentation 
• aseptic, inoculate, susceptibility 

UNIT 9L.3 
10 hours 
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Standards for the unit 

10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

8.11.1 Know that micro-organisms are 
used in making foods such as 
bread, cheese and yoghurt. 

9.12.1 Provide examples of diseases caused by micro-organisms (bacteria, fungi, 
protozoa and viruses). 

10F.9.1 Classify diseases or illnesses as 
physical, mental, social, infectious, 
non-infectious, degenerative, inherited 
or deficiency. 

6.10.2 Understand that some micro-
organisms can cause human illness 
and that regular washing and good 
food hygiene can reduce the risk of 
such illness. 

9.12.2 Know that antibiotics are effective against bacterial illness and explain why 
vaccination can protect against viral illness. 

 

 9.12.3 Know that antibodies help protect the body from the effects of microbial 
infection. 

 

 9.12.4 Give the word equations for anaerobic respiration; explain the process as a 
cellular biochemical reaction in which a respiratory substrate reacts without 
oxygen to release energy and produce carbon dioxide and alcohol or lactic 
acid; know that when carried out by micro-organisms, this is termed 
fermentation. 

 

8.2.2 Assess the importance of the work 
of specific scientists in developing 
our understanding of science. 

9.2.3 Know that science can raise ethical and moral issues, and discuss them. 10.2.1 Understand the historical development 
of the major scientific ideas. 

9.3.1 Present qualitative and quantitative data using a range of methods, such 
as descriptions and tables and through pictures graphs and diagrams, 
using ICT methods where appropriate, and draw conclusions from them. 

2 hours 

Types of micro-
organisms and 
the diseases 
they cause 
 

4 hours 

Use of 
antibiotics to 
treat bacterial 
infections 
 

1 hour 

Vaccination 
 

2 hours 

Function of 
antibodies 
 

1 hour 

Anaerobic 
respiration 

8.3.1 Present qualitative and quantitative 
data using a range of methods, such 
as descriptions and tables and 
through pictures, graphs and 
diagrams, using ICT methods where 
appropriate, and draw conclusions 
from them. 
 

9.4.4 Grow and handle micro-organisms with safety. 

10.3.4 Use an appropriate range of methods 
to communicate scientific information. 

Unit 9L.3 
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Activities 

Objectives Possible teaching activities Notes School resources 

Begin the unit by discussing definitions of health and disease with students. Ask students how 
a cold passes from person to person. Use their answers to explain the terms infectious and 
pathogen.  

Provide students with a list of diseases and ask them to sort the diseases into infectious 
diseases caused by micro-organisms and non-infectious diseases (e.g. lung cancer, measles, 
obesity, diabetes, arthritis, cholera, malaria, ringworm). Encourage students to add further 
examples of diseases to their list.  

Discuss how to conduct a survey of diseases people have had and what type of information to 
collect. For example, it would be interesting to know whether each person was male or female 
and what age bracket they fall into and at what age they had the disease. Collect the class’s 
results and ask students to draw a pie chart to show the frequency of the five most common 
infectious diseases. Get students to look for other patterns in the data they have collected 
(e.g. do people catch more infectious diseases when they are young, or do men have had 
more diseases than women?). 

 
 
 

 
 
 
 

Students should ask people whether they mind 
answering questions before interviewing them for 
the survey and only ask relations and friends. 

Enquiry skills 9.3.1, 9.3.4 

 

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

2 hours 

Types of micro-organisms 
and the diseases they 
cause 
Provide examples of 
diseases caused by micro-
organisms (bacteria, fungi, 
protozoa and viruses). 

Present qualitative and 
quantitative data using a 
range of methods, such as 
descriptions and tables and 
through pictures graphs and 
diagrams, using ICT methods 
where appropriate, and draw 
conclusions from them. 

Ask students what types of micro-organisms cause disease – they are likely to name bacteria, 
viruses and fungi, but you may need to explain what protozoa are. Divide the class into four 
groups to research each type of micro-organism. Then ask students, in pairs, to use the 
Internet and reference books to find out about their micro-organism. They should discover the 
size and structure of the micro-organisms and some examples of diseases they cause, 
including method of transmission, symptoms and treatment. Ask them to present their research 
as a poster persuading the class why their type of micro-organism has the greatest impact on 
human lives. 
 

ICT opportunity: Use of the Internet. 

 

 

4 hours  

Use of antibiotics to treat 
bacterial infections 
Know that antibiotics are 
effective against bacterial 
illness and explain why 
vaccination can protect 
against viral illness. 
Know that science can raise 
ethical and moral issues, and 
discuss them. 
Grow and handle micro-
organisms with safety. 

Ask students what they know about antibiotics. Explain that they are drugs used to treat 
diseases caused by bacteria. Demonstrate how to inoculate a nutrient agar plate aseptically. 
For this use a broth culture of bacteria such as Bacillus subtilis, Micrococcus luteus, 
Escherichia coli or Saccharomyces cerevisiae (preferably use two different species to compare 
the effect of antibiotics). Add five drops of culture to malt agar with a sterile Pasteur pipette. 
Flame a glass spreader with alcohol then move the spreader in a side-to-side motion over the 
agar to cover the whole surface of the agar with culture. Use sterile forceps (flamed with 
alcohol) to place four discs of different antibiotics on the agar (e.g. penicillin, tetracycline, 
chloramphenicol and nafcillin). Seal the plate with a cross of tape and incubate upside down at 
room temperature for 48 hours. Help students to carry out these steps using aseptic procedures. 

If the bacteria are susceptible to the antibiotic, they will be killed under and around the paper 
disc, creating a ring of inhibition. Tell students to measure the size of these rings to find out 
which antibiotic had the greatest effect on each type of bacteria.  

If possible, arrange for students to interview a pharmacist or visit a pharmacy to collect 
information on the range of antibiotics available and the infections against which they are 
effective. 

Safety: Swab benches with disinfectant and 
wash hands before and after this practical. Make 
sure students label their Petri dishes before they 
start, that they open them for the minimum time 
possible near a Bunsen burner and they place 
used pipettes in discard pots of disinfectant. 
Enquiry skill: 9.4.4 

 

Unit 9L.3 
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Objectives Possible teaching activities Notes School resources 

Explain to students that antibiotics are natural substances that are released by bacteria and 
fungi into their environment, as a means of inhibiting other organisms. Provide students with 
information about how Ernest Duchesne first noticed how mould prevented the growth of 
bacteria in 1896, and then Alexander Fleming discovered antibiotics in 1928 when Penicillium 
mould grew by chance on a contaminated agar plate of bacteria. Describe the vital 
contributions of Howard Florey and Ernst Chain, who isolated the active ingredient to produce 
the drug penicillin. Describe how, in 1947, just four years after penicillin was mass-produced, 
bacteria began to appear that were not affected by it. Explain that each year drug companies 
produce new antibiotics, including synthetic antibiotics, to keep one step ahead of drug 
resistance. Emphasise that antibiotics have no effect on fungi, protozoa or viruses, and that 
using antibiotics may actually make you susceptible to a fungal infection. 

  

 Extension activity 

Ask students to look at the instruction label for a prescription of antibiotics and find out why it is 
essential to complete a course of antibiotics even if you start to feel well again halfway through 
the course. There are lots of public health leaflets and Internet sites with this information. 
Students could also find out about antibiotic-resistant diseases such as MRSA that are a 
growing concern in hospitals. 
 

 
ICT opportunity: Use of the Internet 

 

 

Ask students about which immunisations they have had (e.g. polio, DPT (diphtheria / whooping 
cough / tetanus), HIB (Haemophilus influenzae B), MMR (measles / mumps / rubella), TB 
(tuberculosis)), and why they had them. Explain to students that many infectious diseases 
occur only once in a lifetime. This is because the body produces antibodies in response to the 
disease. These remain in the body and prevent any future attack from the same organisms. 
Explain to students how a vaccine works: it is made from killed or weakened pathogens and 
stimulates the body to produce antibodies without you becoming ill with the disease.  

Show students, using data, video clips and simulation software, what happens to antibody 
levels in the blood when you are immunised. 

  1 hour 

Vaccination  
Know that antibiotics are 
effective against bacterial 
illness and explain why 
vaccination can protect 
against viral illness. 

Ask students to research the vaccine for smallpox, first used in China and then much later by 
Edward Jenner in 1796. Jenner’s work illustrates the scientific method: he made observations, 
formulated a hypothesis and carried out experiments to test his hypothesis. Discuss with 
students the ethical issue of testing a new vaccine on a healthy child. Also discuss how a 
worldwide vaccination programme has eliminated this disease.  
 

ICT opportunity: Use of the Internet. 

Enquiry skill 9.2.3 
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Objectives Possible teaching activities Notes School resources 

Provide students with an outline of the human body. Ask them to discuss in groups all the 
different defences that the body has to prevent micro-organisms causing infection and to 
annotate the diagram. They should label the unstable surface of the waterproof skin, the acid 
stomach, saliva, mucus and tears, hairs in ears and nose. Encourage students also to label 
blood as containing platelets that form a scab to protect wounds and white blood cells that 
produce antibodies against pathogens in the blood. 

Relate this study of the body’s defences to two of the most serious worldwide diseases: 
malaria and AIDS. Explain that malaria gets round our defences because the protozoa are 
injected in to the body by a mosquito vector. Explain that the HIV virus actually infects a type of 
white blood cell, which leaves the body at risk of infection from other diseases. 

Students do not need to know the details of how 
antibodies destroy pathogens. 

 2 hours 

Function of antibodies 
Know that antibodies help 
protect the body from the 
effects of microbial infection. 

Explain that we make antibodies to destroy micro-organisms that cause disease (pathogens) 
and that each type of pathogen needs a different set of antibody-making cells. Describe to 
students how someone becomes immune to a disease and liken this to a police investigation. 
The first time a criminal enters an area he is not known by the police and commits a crime. 
When he is caught, the police store his photograph and fingerprints on file. If the criminal 
returns to the area, he may be identified and caught immediately. 

Ask students to write a list of steps to explain antibody production and immunity, or provide 
students with a set of statements to put into the correct order. 
 

  

1 hour 

Anaerobic respiration 
Give the word equations for 
anaerobic respiration; explain 
the process as a cellular 
biochemical reaction in which 
a respiratory substrate reacts 
without oxygen to release 
energy and produce carbon 
dioxide and alcohol or lactic 
acid; know that when carried 
out by micro-organisms, this 
is termed fermentation. 

Ask students for the equation for aerobic respiration, which they will have studied earlier in 
Grade 9. Remind students how to write the formula equation. Explain that respiration can also 
take place without oxygen and this is called anaerobic respiration. Ask students whether the 
products of anaerobic respiration will be the same as they are for aerobic respiration. They 
should be able to see from the formula equation that, without oxygen, the products cannot be 
the same and must be a compound containing less oxygen.  

Define fermentation as anaerobic respiration carried out by micro-organisms. Provide students 
with the word and formula equation for fermentation to produce alcohol (ethanol). Demonstrate 
fermentation by pouring a layer of oil onto a suspension of active yeast and show that it can 
still produce bubbles of carbon dioxide. Explain that ethanol is a useful biofuel to power 
vehicles; 1.8 billion gallons per year are currently produced from starchy crops such as corn. 

Explain that other organisms can respire anaerobically, including humans, and describe lactic 
acid build-up in muscles. Relate this to Grade 8 work and explain that the bacteria in yoghurt 
also produce lactic acid and this is what gives yoghurt its tangy flavour. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Give a reason why: 

a. some species of bacteria are resistant to antibiotics; 

b. people are always told to complete the course of an antibiotic; 

c. someone with chickenpox is not prescribed antibiotics; 

d. someone who has had chickenpox is unlikely ever to catch it again; 

e. it has not been possible to make a successful vaccine for the common cold (clue: the virus 
that causes the common cold keeps changing and mutating). 

  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. 

One type of bacteria that cause a sore throat is Streptococcus. Here are two agar plates to 
show antibiotic sensitivity of Streptococcus to penicillin. Samples of bacteria were removed 
from the infected throats of two different patients in 1956 and in 1996. These samples were 
spread over the agar, and then four discs with different amounts of penicillin were placed on 
top. Here are the results after incubation. 

10
20

3040

10
20

3040

 
a. Suggest which agar plate shows the result for 1996 and give a reason for your answer. 

b. Describe three ways to prevent contamination when preparing antibiotic sensitivity agar 
plates similar to the ones above.  

 

 

 

 

 

 

 

 

Unit 9L.3 
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GRADE 9: Life science 4 

Movement 

About this unit 
This unit is the fourth of six units on life science 
for Grade 9.  

This unit is designed to guide your planning and 
teaching of lessons on life science. 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 10 and Grade 5. 

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 
describe the skeleton’s role in movement, support and protection. 
 

Expectations 
By the end of the unit, students describe how skeletal joints and muscles 
enable locomotion. 

Students who progress further know how a lever can make work easier, 
and describe applications of this. 

Resources 
The main resources needed for this unit are: 
• human skeleton or model skeleton 
• dumbbell 
• chicken leg or similar 
• thick card or wood, split fasteners or nails, thick rubber bands 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• skeleton, skull, backbone, ribs, pelvis, vertebrae 
• tendon, ligament, synovial fluid, synovial membrane, cartilage 
• biceps, triceps, contract, relax, antagonistic muscles 
• joint, connective tissue, ball and socket, osteoarthritis, rheumatoid arthritis 

UNIT 9L.4 
4 hours 
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Standards for the unit 

4 hours 
 SUPPORTING STANDARDS 

Including Grade 5 standards 
 CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

Including Grade 9 standards 

 9.9.1 Describe the structure of a joint and the types of joints in the human 
skeleton. 

 2 hours 

Types of joints 
 

2 hours 

Antagonistic 
muscle action 
 

5.4.1 Recognise the main distinguishing 
features of the vertebrate groups 
(fish, amphibian, reptile, bird, 
mammal) and know how vertebrates 
differ from invertebrates. 

9.9.2 Describe how the contraction and relaxation of muscles enables 
locomotion.  

9.19.1 Know how a simple machine such as 
a lever can make work easier and that 
it has many applications. 

Unit 9L.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

Review the work students did in Grade 5 on the function of the skeleton. Ask students whether 
they can think of three functions of the skeleton. Take feedback and describe the skeleton’s role 
in movement, support and protection. Show students a human skeleton (or model) and ask them 
to identify some of the major parts (e.g. skull, backbone, ribs, pelvis, arm and leg bones). Discuss 
which parts of the skeleton protect which organs and the importance of the backbone.  

Ask students how they think the different bones of the skeleton are joined together and stay in 
place. They may be familiar with the idea that ligaments join bones together through experience 
of sports injuries. Distinguish ligaments from tendons, which attach muscles to bones. Let 
students discuss the difference between a sprain (ligament damage) and a strain (tendon or 
muscle damage). 

Students do not need to know the names of 
individual bones of the human skeleton. 

 

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

Show students a cross-section diagram or model of a synovial joint. Introduce the terms cartilage, 
synovial fluid and synovial membrane, and discuss their functions (synovial means ‘like egg 
white’). Provide students with a cross-section diagram of a joint to label and annotate with the 
function of each part. Let students dissect the knee joint of a chicken leg (or similar) to observe 
how strong ligaments are and how smooth cartilage is. 

Discuss what happens when joints are damaged by disease and distinguish between 
osteoarthritis, which usually affects knee and hip joints where cartilage is damaged, and 
rheumatoid arthritis, which affects hands and feet and is caused by inflammation of the synovial 
membrane. 

  

Use a human skeleton (or model) to demonstrate to students how the skeleton articulates and 
that there are three different types of joints, which allow bones to move in different ways. Ask 
students to draw simple diagrams and describe the movement of a ball and socket, hinge, pivot 
and gliding joint. Also describe joints that are not synovial (e.g. fixed joints held together by 
connective tissue and spine joints where vertebrae are connected by pads of cartilage). Ask 
students to list a number of examples of where each type of joint is found on a human skeleton. 

Enquiry skill 9.3.1  

2 hours 

Types of joints 
Describe the structure of a 
joint and the types of joints in 
the human skeleton. 

Extension activity 
Encourage students to use the Internet or reference material to find out about hip replacements 
and the materials used to make artificial joints. 
 

 
ICT opportunity: Use of the Internet. Useful 
information can be found at www.arthritis.org/ 
conditions/SurgeryCenter/surgerycenterflash/ 
totalhip.html 
 

 

Unit 9L.4 
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Objectives Possible teaching activities Notes School resources 

Ask students to bend their right arm with a clenched fist and feel the biceps muscle at the front of 
the upper arm contracting. Now ask them to straighten their arm as much as they can and feel the 
triceps muscle at the back of the upper arm contract. 

Ask a volunteer to hold a dumbbell and bend their arm upward, making the biceps muscle work, 
then hold their arm out bent and straighten the arm under load to feel the triceps working. Ask 
students why it takes two muscles to bend and straighten the arm and not just one. Discuss how 
bending and straightening requires a pair of muscles working on opposite sides of the joint and 
introduce the terms contract, relax and antagonistic muscles. 

Ask students to label two diagrams showing the biceps and triceps muscles as the arm bends 
and straightens. 

Extend this work on muscles and ask students where else in the body there are antagonistic 
muscles. Focus on the muscles of the leg and ask students to describe which muscles contract 
and relax in order for them to take a step forward.  

Students are introduced to the names of 
muscles in the arm as an example but do not 
need to know the names of any other 
muscles. 

 

 2 hours 

Antagonistic muscle action 
Describe how the contraction 
and relaxation of muscles 
enables locomotion. 

Provide students with materials to make a model arm – a forearm and upper arm made of thick 
card or wood and split fasteners or small nails to attach two rubber bands to represent the biceps 
and triceps. Ask students to work in pairs and bend and straighten their model arm, explaining, in 
turn, which muscles bend and contract for each action. Ask students to evaluate how close their 
model is to the actual working of a human arm (the rubber bands do not contract and relax in the 
same way as muscles). 

Link this work on muscles to the Grade 9 Physical processes Standard 19.1 on levers and ask 
students to explain how the forearm acts like a lever and where the pivot is. 
 

 
 
 
 
 
 

This activity also relates to Standard 9.19.1. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Match the type of joint with the part of the body: 
 

Type of joint Part of body 

Fixed Wrist 

Hinge Skull 

Ball and socket Elbow 

Pivot Hip 

Gliding Neck 
 
 

  

a. Why do we need joints in our skeleton? 

b. Which part of our skeleton moves so that we can breathe? 

c. Which part of our skeleton moves so that we can chew food? 

The diagram on the right shows part of the arm. 

d. Parts A and B are attached to bones. What name is given to parts of the body like parts A 
and B? 

e. Part A contracts. In which direction does the lower arm move?  

f. What happens to Part B when Part A contracts? 

Adapted from QCA Year 9 science test, 1998 
 

 

 
 

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. 

 

The diagram on the right shows the elbow joint. 

a. Tissue X covers the ends of the bones at the joint. Give the name of tissue X. 

b. Osteoarthritis is a very painful condition. In the joints of people with osteoarthritis small 
pieces of tissue X break off. Suggest two effects this could have on the joint. 

c. Explain why ligaments at the elbow need to stretch. 

Adapted from QCA Year 9 science test extension paper, 1998 

 

 
 
 

 

 

 

Unit 9L.4 
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GRADE 9: Life science 5 

Inheritance 

About this unit 
This unit is the fifth of six units on life science for 
Grade 9.  

This unit is designed to guide your planning and 
teaching of lessons on life science. 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 10F 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 
describe the function of the nucleus of a cell and understand that when the 
nucleus of an egg and sperm fuse this brings together genetic information 
from mother and father. They should be able to distinguish between 
environmental and inherited variation. They should be able to recognise that 
our understanding of science has developed over time and is the work of 
many countries. 
 

Expectations 
By the end of the unit, students distinguish between sexual and asexual 
reproduction, know that sexual reproduction is a major source of genetic 
variation and know the nature of a clone. They know how sex is inherited. 
They distinguish between genes and alleles and understand monohybrid 
inheritance. They know that a gene is a section of DNA and can explain the 
basic principle of genetic engineering and some of its social and economic 
dimensions. They know what mutation is and that random mutations cause 
variation. They know of organisms adapted to live in various conditions and 
that evolution by natural selection is an explanation for the diversity of living 
organisms. They know that some disorders are inherited. They know that 
science can raise ethical issues and that there are many questions that 
cannot be answered by science.  

Students who progress further know that the base sequence on DNA 
forms the inherited genetic code. They know the structure and function of 
chromosomes and that chromosomes carry DNA. They know that somatic 
cells have the diploid (2n) number of chromosomes and gametes the 
haploid number (n). They know how scientists disseminate their ideas, 
understand the historical development of major ideas and balance the 
opportunities of science against its environmental threats. 
 

Resources 
The main resources needed for this unit are: 
• fresh cut flowers (e.g. lilies, tulips, alstroemeria, gladioli) 
• plants that can be propagated e.g. geranium or spider plant  
• photograph of a Bryophyllum leaf 
• two bowls containing different coloured beads 
• Internet access or reference material about cloning, genetic engineering 

and evidence for natural selection and evolution 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• asexual reproduction, sexual reproduction, clone, mutation 
• genetic engineering, genetically modified (GM) food 
• DNA, chromosome, gene, allele, heterozygous, homozygous 
• natural selection, evolution 
• monohybrid cross, genotype, phenotype, Punnet square 
• haemophilia, cystic fibrosis, Huntington’s chorea 

UNIT 9L.5 
12 hours 



298  |  Qatar science scheme of work  |  Grade 9  |  Unit 9L.5  |  Life science 5 © Education Institute 2005 

Standards for the unit 

12 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 9 standards 

EXTENSION STANDARDS 

 9.5.1 Distinguish between sexual and asexual reproduction; know that sexual 
reproduction is a major source of genetic variation in animals and plants, 
while a clone produced by asexual reproduction has the same genetic 
materials as its parent and will be identical. 

 

9.5.2 Know what is meant by mutation and that random mutations cause 
variation among members of the same group of organisms. 

9.5.3 Give examples of organisms that are adapted to live in various conditions, 
some of which change over time. 

9.5.4 Explain the basic principle of genetic engineering and discuss some of the 
social and economic implications. 

 

9.5.5 Know that evolution by natural selection is an explanation for the diversity 
of living organisms. 

10F.10.3 Know that the base sequence on DNA 
forms the genetic code and is passed 
from generation to generation. 

9.6.1 Explain how sex is inherited in humans.  

9.6.2 Distinguish between genes and alleles and explain the mechanism of 
monohybrid inheritance where there are dominant and recessive alleles. 

 

9.6.3 Know that a gene is a section of DNA. 7.5.1 Know that some features of 
organisms are inherited while others 
are determined by their 
environment. 

9.6.4 Explain how colour blindness, haemophilia, cystic fibrosis and Huntington’s 
chorea are inherited. 

10F.11.1 Describe a chromosome and know 
that chromosomes carry DNA and that 
all somatic cells are diploid (2n), and 
have a double set of chromosomes, 
while gametes are haploid (n), having 
a half set of chromosomes. 

 9.2.3 Know that science can raise ethical and moral issues, and discuss them. 10F.2.3 Know that science can bring great 
advantages to humanity but can also 
cause considerable damage to the 
environment. 

3 hours 

Sexual and 
asexual 
reproduction; 
cloning 
 

3 hours 

Variation and 
genetic 
engineering 
 

2 hours 

Evolution 
 

4 hours 

Inheritance of 
sex; DNA, genes 
and alleles; 
inherited 
disorders 

 

7.2.3 Know that our understanding of 
science has accumulated and 
changed over time and is the result 
of work in many countries. 
 

9.2.5 Know that scientists work by developing conceptual models to explain the 
evidence they collect and that an important scientific process is the 
evaluation of conflicting models. 

10F.2.1 Understand the historical development 
of the major scientific ideas. 

Unit 9L.5 
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Activities 

Objectives Possible teaching activities Notes School resources 

Review what students already know about sexual reproduction of flowering plants – that the male 
sex cell (pollen) fuses with the female sex cell (ovule) to make a seed. Explain to students that 
many flowering plants have male and female parts in the same flower; while some plants 
(e.g. holly) have separate male and female flowers on different trees. Let students dissect a 
flower and identify the male and female parts. 

Tell students that not all new plants grow from seeds, and ask them to suggest how else plants 
can produce more plants. Take feedback and list a number of different ways plants can reproduce 
(or be artificially reproduced) asexually (e.g. runners, rhizomes, bulbs, tubers, cuttings). Get 
students to grow plants from cuttings (e.g. geraniums (pelargoniums)) or runners (e.g. spider 
plants). 

Be careful if dissecting a lily flower as the 
pollen can stain. 

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

Show students a photograph of a Bryophyllum leaf that shows tiny new plants growing all around 
its border. Ask students how the little plants produced this way are different from Bryophyllum 
plants grown from seed. Explain that the new plants growing on a Bryophyllum leaf are identical 
to the parent plant whereas in sexual reproduction the offspring inherit a mixture of characteristics 
from both parents, so each offspring is different. Ask students why gardeners often grow flowers 
from cuttings rather than from seeds; explain that sometimes it is useful to be able to grow an 
identical plant. Introduce the term clone to describe offspring with identical genetic information to 
their parent. 

Ask students to imagine two Bryophyllum plant communities, one produced from asexual 
reproduction, the other from sexual reproduction. How would these two populations be different? 
To emphasise the importance of variation, ask students what would happen if a deadly fungus 
infected both communities; which community would survive? Students should explain that in the 
community produced from sexual reproduction, where there is variation and plants are genetically 
different, a few individual plants will be resistant to the fungus and survive. In the community 
produced from asexual reproduction, if the fungus kills one plant, it will kill them all. 

Enquiry skill 9.1.4 

 

 

3 hours  

Sexual and asexual 
reproduction; cloning 
Distinguish between sexual 
and asexual reproduction; 
know that sexual reproduction 
is a major source of genetic 
variation in animals and 
plants, while a clone produced 
by asexual reproduction has 
the same genetic materials as 
its parent and will be identical. 

Explain to students that most animals reproduce sexually but some invertebrates reproduce 
asexually (e.g. sponges and flatworms). Describe how scientists have managed to clone animals 
(e.g. frog, mouse, cat, sheep). Ask students to draw a set of diagrams that show step by step how 
scientists  have cloned an animal. Alternatively, students can clone their own mouse on this 
interactive website gslc.genetics.utah.edu/units/cloning/clickandclone/. Discuss how students feel 
about the idea of cloning humans and what the benefits and problems could be. 
 

ICT opportunity: Use of the Internet. 

Enquiry skill 9.2.3 

 

Unit 9L.5 
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Objectives Possible teaching activities Notes School resources 

Explain to students that, while sexual reproduction is a major source of variation in the members 
of a community, mutations also cause variation. Define mutations as a change in genetic material. 
If a mutation takes place in a sex cell, it can be passed on to offspring, if it takes place in any 
other cell in the body, it will affect only that individual. Genetic material can change by chance if it 
is not copied exactly when sex cells are formed. A very small difference in genetic material can 
cause a serious disease (e.g. haemophilia is caused by a mutation that alters just one protein, 
Factor VIII, which is essential for blood to clot). 

Demonstrate the effect of mutations to students by asking them to write out a set of instructions to 
do a task, then rewrite one instruction and ask another student to try to do the task. Alternatively, 
introduce students to DNA base sequences and explain that each three bases code for a different 
amino acid. Change just one base and see how this results in a different amino acid, which will 
affect protein structure. 

  

Explain to students that, although some mutations cause illness, others can be beneficial. 
Describe a situation in which a random mutation results in a new characteristic that helps an 
organism survive. For example, if a mutation occurs in a plant that grows in mangrove swamps 
and its roots are more resistant to rotting, the mutant individual is more likely to survive and breed 
than the unmutated plants – so the new characteristic will be passed on to the mutant’s offspring. 

Provide students with data about how a population has changed over time. One example is 
changes in peppered moths in the UK when air pollution darkened tree trunks in industrial areas. 
Another example is the changes in the colour of male guppies – fish found in the streams of 
Trinidad. Female guppies are attracted to brightly coloured males but so are predators! Upstream, 
dams prevent predatory fish from reaching the guppy population, here the male guppies are very 
brightly coloured. Downstream, there are lots of predators, and male guppies have dull colours. In 
1976, the scientist Endler collected 200 dull guppies from a stream with a lot of predators and 
transferred them to a stream with no predators. Two years later, after 15 generations, the male 
guppy population had become brightly coloured.  

Ask students to use the Internet or reference materials to find out about plants that are adapted to 
desert conditions in Qatar and predict how the populations will change if global warming 
increases the average temperature and there is less rainfall. Encourage them to suggest 
mutations that may arise that would improve the desert plants’ adaptation to this harsh 
environment. 

Enquiry skills 9.1.4, 9.3.1 
 
 
 
 

 
 
 
 
 
 
You can find data on Endler’s experiments at 
www.pbs.org/wgbh/evolution/sex/guppy/ 
low_bandwidth.html. 

ICT opportunity: Use of the Internet. 

 

 

3 hours  

Variation and genetic 
engineering 
Know what is meant by 
mutation and that random 
mutations cause variation 
among members of the same 
group of organisms. 

Give examples of organisms 
that are adapted to live in 
various conditions, some of 
which change over time. 

Explain the basic principle of 
genetic engineering and 
discuss some of the social and 
economic implications. 

Know that science can raise 
ethical and moral issues, and 
discuss them. 

Define genetic engineering and use diagrams to explain how characteristics of one organism can 
be transferred to another. Ask students to find out about examples of genetic engineering in the 
news for homework (e.g. GM food) and to prepare an argument either for or against genetic 
engineering. Ask the class to debate genetic engineering; allow one side and then the other to 
present their case and respond to questions. Alternatively, provide information for students on 
prompt cards to help them organise their case for or against. Explain to students that scientists 
also do not agree about the use of genetic engineering, and there are a number of views rather 
than one correct one. 
 

Enquiry skills 9.1.3, 9.2.1, 9.2.3  
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Objectives Possible teaching activities Notes School resources 

Define natural selection as the survival of those organisms best suited to their environment, who 
then pass on beneficial characteristics to their offspring. For example, some aquatic animals are 
more likely to survive and reproduce if they can swim fast to catch prey or escape danger. 
Animals such as sharks, tuna and dolphins have evolved streamlined body shapes to swim fast. 
As they evolved, individuals with more streamlined bodies were more likely to survive and 
reproduce. Natural selection explains how life has evolved over time. 

Ask students to find out about the evidence for the theory of evolution. Set students different 
examples to research using the Internet and reference material (evolution.berkeley.edu/evosite/ 
evohome.html is a useful website). Examples to research could include: evidence from the fossil 
records for evolution of horses, the link between archaeopteryx and modern birds, Darwin’s study 
of finches on the Galapagos islands, prehistoric ancestors to whales, the common limb structure 
of all vertebrates). Ask each group to produce a poster or PowerPoint of their evidence and 
present their findings to the rest of the class, who can provide constructive feedback. 

Evolution explains the diversity of life on Earth 
not its origin.  
 
 
 
 

ICT opportunity: Use of the Internet 

Enquiry skills 9.1.2, 9.1.3, 9.2.5, 9.2.6 

 

 2 hours  

Evolution 
Know that evolution by natural 
selection is an explanation for 
the diversity of living 
organisms. 

Know that scientists work by 
developing conceptual models 
to explain the evidence they 
collect and that an important 
scientific process is the 
evaluation of conflicting 
models. 

Extension activity 
Ask students to use the Internet and reference materials to research the development of the 
theory of evolution and the contribution of Darwin, Wallace and Dobzhansky, and also the 
contradictory theories of Lamarck. Ask students to speculate whether humans are still evolving 
and, if so, in what ways. 
 

 
ICT opportunity: Use of the Internet 

 

4 hours 

Inheritance of sex; DNA, 
genes and alleles; inherited 
disorders 
Explain how sex is inherited in 
humans. 

Distinguish between genes 
and alleles and explain the 
mechanism of monohybrid 
inheritance where there are 
dominant and recessive 
alleles. 

Know that a gene is a section 
of DNA. 

Explain how colour blindness, 
haemophilia, cystic fibrosis 
and Huntington’s chorea are 
inherited. 

Review what students know about inheritance (that characteristics are passed on from parents to 
offspring through genetic material made of DNA). Explain that the DNA in the nucleus of a cell is 
contained in a number of chromosomes. Humans have 46 chromosomes in their body cells – 23 
pairs. Explain that one pair of chromosomes determines sex – XX is female and XY is male. 
Provide students with a photocopy of the chromosomes of a human to karyotype (i.e. cut out and 
arrange pairs of chromosomes) to decide whether the example is male or female. Describe to 
students how sex is inherited and ask them whether it is the chromosomes in the egg or the 
sperm that determine the sex of a baby. 

Describe how Mendel, an Austrian monk, bred garden peas in his monastery between 1858 and 
1866 and discovered that, for some characteristics, a single gene determines that characteristic, 
and alleles can be dominant or recessive. For example, Mendel bred a tall pea plant with a dwarf 
pea plant and all the offspring were tall because the tall allele is dominant. Show students how to 
use a Punnet square to find out the probability of different allele combinations in offspring and 
explain the terms phenotype, genotype, homozygous and heterozygous. 

Use coloured beads to model what happens in monohybrid crosses to help students understand 
the process. Two bowls of different coloured beads represent the alleles of the mother and father. 
Ask students to pick a bead from each bowl – these are the alleles of the offspring. Now show 
them what happens when both parents are heterozygous for a characteristic by using two bowls 
containing a mixture of two different coloured beads. Ask students to pick a bead from each bowl 
to represent the alleles of several offspring and identify the phenotype of each offspring. 

Ask students to use Punnet squares to work out the phenotype and genotype of monohybrid 
crosses for a number of scenarios of different organisms and different alleles of genes.  

ICT opportunity: Use of the Internet 

An interactive version of the karyotyping 
activity is on the website gslc.genetics.utah. 
edu/units/disorders/karyotype/karyotype.cfm 
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Objectives Possible teaching activities Notes School resources 

Explain to students how each chromosome has thousands of genes, each of which is a set of 
instructions that control a characteristic. The different sets of instructions that determine the 
nature of a characteristic controlled by a gene are called alleles, so the gene for eye colour has 
alleles for blue, brown and green.  

Enquiry skills 9.2.6, 9.3.1 

 

  

Ask students to use Punnet squares to compare the probability of inheriting a recessive genetic 
disorder (e.g. cystic fibrosis) and a dominant genetic disorder (e.g. Huntington’s chorea). Discuss 
genetic counselling with students (e.g. for a couple wanting to start a family who both have 
relatives with cystic fibrosis). 

Remind students about haemophilia – an inherited disorder caused by a mutation. Explain that 
the gene that causes haemophilia is recessive and is found on the X chromosome. Ask students 
why most people with haemophilia are male. Ask them to work out the probable genotypes and 
phenotypes for the offspring of a female carrier of haemophilia and a normal male. Colour 
blindness is also a recessive sex-linked inherited disorder; it makes it difficult to distinguish 
between red and green. Provide students with information of a family tree for a colour-blind male 
showing four generations to see if they can work out the genotypes of individuals based on the 
phenotypes of their offspring. 
 

Enquiry skills 9.2.3, 9.2.4,  9.3.1 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Put the following into the correct order of size, from smallest to largest: 

 chromosome  egg  sperm  nucleus  gene  DNA base code 

  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. 

 

Galactosaemia is an inherited condition. People with galactosaemia cannot convert galactose, 
absorbed from the gut, into glucose for respiration. They have to eat a lactose-free diet. 

The diagram below shows a family tree for a family in which some members have 
galactosaemia. 
 

 

 

Galactosaemia is caused by a gene g. Everybody has two genes which control galactosaemia: 
they have gg, Gg or GG. They get one gene from each parent. Only people with genes gg have 
galactosaemia – people with Gg or GG are unaffected. 

a. Which genes does person A have: gg, Gg or GG? 

b. Which genes does person C have? Explain how you made your decision. 

c. Explain why it is impossible to tell from the diagram which genes person D has. 

d. If B and C have another child, what is the chance that the child will be female? 

e. What is the chance that the child will have galactosaemia? Use a Punnet Square to work out 
your answer. 

Adapted from QCA Year 9 science test extension paper, 2000 
 

  

 

Unit 9L.5 
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GRADE 9: Life science 6 

Hormones and nerves 

About this unit 
This unit is the sixth of six units on life science 
for Grade 9.  

This unit is designed to guide your planning and 
teaching of lessons on life science. 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 12F and Grade 8. 

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 life 
processes are controlled and they should know the names of the main 
organs of vertebrates that are responsible for sensitivity and waste removal. 
They should be able to describe the symptoms, causes and problems of 
diabetes. They should already be able to plan, collect data and make 
observations in a systematic way, identify patterns, consider the validity of 
evidence and draw conclusions. 
 

Expectations 
By the end of the unit, students know how insulin operates and contrast 
hormone and nervous control systems. They understand the importance of 
homeostatic mechanisms and can explain temperature and water regulation. 
They know the structures and function of nerve cells and about nerve 
impulses. They know the importance of the reflex arc and the structure and 
function of the ear and the eye. They carry out systematic investigations, 
process data and evaluate evidence before drawing generalised 
conclusions. 

Students who progress further know that organisms that can respond to 
changes in their environment have an increased chance of survival. They 
understand the principles of homeostasis and negative feedback. They 
compare and contrast the hormonal and nervous control systems. They 
control variables, work as a team and use appropriate equipment and 
materials. 
 

Resources 
The main resources needed for this unit are: 
• data on water production and urine intake on a hot and cold day, and 

graphs of insulin and blood sugar levels 
• reaction timer software or Internet access 
• model ear and eye 
• shoeboxes for making pin-hole cameras, filament bulb or candle 
• signal generator and loudspeaker, card and sound meter 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• homeostasis, vasodilation  
• ADH antidiuretic hormone, thyroxine, growth hormone, adrenaline, insulin, 

testosterone, oestrogen. 
• central nervous system, motor nerve cell, sensory nerve cell, reflex arc 
• cell body, axon, dendron, myelin sheath, dendrites 
• cornea, pupil, iris, lens, aqueous humour, vitreous humour, retina, blind 

spot, fovea, optic nerve 
• eardrum, hammer, anvil, stirrup, cochlea, auditory nerve, semicircular 

canals 

UNIT 9L.6 
11 hours 
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Standards for the unit 

11 hours 
 SUPPORTING STANDARDS 

Including Grade 8 standards 
 CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.10.1 Explain the importance of maintaining a constant internal environment. 

9.10.2 Explain the ways in which hormonal control occurs and the effects of 
insulin. 

12F.9.1 Explain the importance to the survival 
of organisms of being able to respond 
to environmental stimuli. 

9.10.3 Know the general structure and functions of the human nervous system, 
the structure and function of types of nerve cells, and the pathways taken 
by a nerve impulse in response to a stimulus. 

9.10.4 Know the functioning and importance of the reflex arc.  

12F.9.2 Explain the importance of homeostasis 
in mammals and describe the process 
in terms of receptors, effectors and 
negative feedback. 

9.10.5 Know the structure and function of the human eye and ear. 

9.10.6 Know how the body controls temperature and water balance. 

8.9.1 Know the symptoms, causes and 
problems of diabetes and obesity. 

9.10.7 Know the similarities and differences between hormone and nervous 
control systems. 

12F.9.5 Describe the similarities and 
differences between nervous and 
hormonal control systems in 
mammals. 

10F.1.1 Identify and develop a clearly focused 
research question. 

10F.1.3 Identify and control variables. 

4 hours 

Homeostasis 
and role of 
hormones 
 

4 hours 

Nervous system 
and types of 
nerves; pathway 
of nerve 
impulse 
 

3 hours 

Structure of the 
human eye and 
ear 

 

8.1.1 Plan investigations, controlling 
variables and collecting an 
appropriate range of evidence, 
using appropriate techniques to 
ensure accuracy, identify patterns in 
observations and data, draw 
generalised conclusions and test 
predictions. 
 

9.1.1 Plan investigations, controlling variables and collecting an appropriate 
range of evidence, using appropriate techniques to ensure accuracy, carry 
out calculations, identify patterns in observations and data, draw 
generalised conclusions and test predictions. 

10F.1.5 Evaluate experimental design, identify 
weaknesses and develop realistic 
strategies for improvement. 

Unit 9L.6 
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Activities 

Objectives Possible teaching activities Notes School resources 

Review what students recall about enzymes from work on digestion in Grade 8 and explain that 
enzymes control many of the chemical reactions that happen in the body. Enzymes work best at 
body temperature, 37 °C (a body temperature of 44 °C is fatal). Provide students with information 
about how the body controls temperature and ask students to summarise the body’s responses 
when the body temperature starts to rise and fall. Ask students to include vasodilation, sweating 
and shivering in their answers. 

Explain to students that cells of the body work best when their surroundings are kept constant and 
temperature control is an example of homeostasis – maintaining a constant internal environment. 
The body has many mechanisms that keep the cells’ surroundings constant even though the 
external environment changes. Ask students what else needs to be controlled in the body. They 
may suggest pH, levels of water, sugar, salts, oxygen and carbon dioxide. 

You can find useful information for students 
on how the body controls temperature on 
www3.fhs.usyd.edu.au/bio/homeostasis/ 
Introduction.htm. 

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

Tell students that the human body is 60% water and ask them, in groups, to discuss the functions 
of water in the human body. Explain that while water is constantly added to and lost from the 
body, it is important that the water level inside the body remains constant. Tell them that the 
kidneys remove excess water from the body.  

Provide students with data on water intake and urine production for a person exercising in cool, 
hot dry and hot humid conditions. When students interpret the data, they will need to account for 
water lost through sweating and water vapour from the lungs. 

  

4 hours 

Homeostasis and role of 
hormones 
Explain the importance of 
maintaining a constant internal 
environment. 

Know how the body controls 
temperature and water 
balance. 

Explain the ways in which 
hormonal control occurs and 
the effects of insulin. 

 

 

Explain to students that the amount of water excreted by the kidneys is controlled by a hormone 
(ADH antidiuretic hormone). Define hormones as chemical messages produced in one part of the 
body that have an effect in another part of the body. Explain that, if the body is dehydrated, 
receptors in the brain trigger the production of ADH, which is transported in the blood to the 
kidneys, where it makes the kidneys produce less urine, conserving the amount of water in the 
body. ADH also triggers nerve impulses to tell the body it feels thirsty.  

Ask students to label a diagram of the body to show where some major hormones are produced 
and what they control (e.g. thyroxine, growth hormone, adrenaline, insulin, sex-hormones – 
testosterone and oestrogen). 

Remind students of what they know about the role of insulin from their work on diabetes in 
Grade 8. Provide data on insulin and glucose levels in the blood and ask students to interpret it.  
 

 

 

 

 

 

 

 

 

 

   

Unit 9L.6 
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Objectives Possible teaching activities Notes School resources 

Introduce students to the human nervous system and explain that it is composed of nerve cells 
(neurones) that are bundled into nerves. Tell them that the brain and spinal cord are called the 
central nervous system and that nerve impulses are relayed through the spinal cord and processed 
in the brain. Explain that two types of nerve cells connect to the central nervous system – sensory 
nerve cells and motor nerve cells. Ask students to draw diagrams of a sensory and a motor nerve 
cell and to label each part of the cell (including cell body, axon, dendron, myelin sheath and 
dendrites) and the direction the nerve impulses travel along each type of nerve. Ask students to 
construct a table of similarities and differences between sensory and motor nerve cells. 

Enquiry skill: 9.3.1 

 
 

Challenge a student to catch a falling 1 Riyal note. Ask the student to put his/her hand out with a 
gap between fingers and thumb for the note to fall. Hold the Riyal note between the student’s 
fingers and thumb and without warning drop the note; discuss with the class why the student’s 
reflexes are not fast enough to catch the money. Ask students to write the steps in the pathway of 
the nerve impulse from sensory nerve cells in their eye to the brain, spinal cord and motor nerve 
cells to muscles in the forearm to move fingers and thumb together. 

Ask students to measure their reaction time by catching a falling ruler between their fingers or 
using a computer programme. 

Get students to estimate the speed of a nerve impulse in the following way. Ask them each to measure 
their arm span and the distance from their shoulders to their brain. Then tell them to hold hands in a 
circle. Tell one student to start a stopclock at the same time as squeezing the hand of the next student.
As each student feels their hand squeezed they must squeeze the hand of the next student, until the 
last student in the circle stops the stopclock. Students can calculate the speed of the nerve impulse by 
dividing total distance by time. Ask students to list three sources of error in this experimental method 
(e.g. a student may anticipate their hand being squeezed and pass the message on too soon). 

 
 
 
 
 
 

ICT opportunity: Use of computer program to 
measure reaction time. A suitable program is 
available at 
www.topendsports.com/testing/reactime.htm  

Enquiry skills 9.1.6, 9.3.2 

 

Ask students, in pairs, to test some of their automatic reflex actions (e.g. cover and uncover their 
eyes and observe the pupil of the eye contracting, tap the leg gently below the knee to make the 
knee jerk). Ask students to construct a table of reflexes and their importance for survival 
(e.g. swallowing, blinking, withdrawing a hand from a flame). 

Ask students to draw diagrams to compare the pathways of the nerve impulse of a voluntary 
response (e.g. trying to catch the money dropped between their fingers) and a reflex arc 
(e.g. withdrawing a hand from a flame). Ask them to explain why reflex arcs are quicker and why 
this is important in terms of survival. 

  

4 hours 

Nervous system and types 
of nerves; pathway of nerve 
impulse 
Know the general structure 
and functions of the human 
nervous system, the structure 
and function of types of nerve 
cells, and the pathways taken 
by a nerve impulse in 
response to a stimulus. 

Know the functioning and 
importance of the reflex arc. 

Know the similarities and 
differences between hormone 
and nervous control systems. 

Review  
To summarise what students have learnt about hormones and nerves, ask them to organise what 
they know about these two different methods of sending information around the body. Students 
could complete a table like the one below comparing nerves and hormones. 

 Hormones Nerves 

Source of message   

Form of message   

Speed of message   

General or specific effect   
 
 

 
Enquiry skill 9.3.1 
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Objectives Possible teaching activities Notes School resources 

Show students a model eye and describe the function of each part: cornea, pupil, iris, lens, 
aqueous and vitreous humour, retina, blind spot, fovea, optic nerve. Provide a cross-section 
diagram of the eye for them to label and annotate. Discuss how the pupil changes size to let more 
or less light into the eye and how the lens changes shape to focus on close-up or distant objects. 
Ask students to write a description of how we see in their own words, including what happens to 
rays of light as they pass through the eye to the retina.  

Get students to find their blind spot as follows. Tell them to draw a black cross on the left side of a 
piece of paper and a circle 7 cm to the right. Then tell them to cover their right eye, hold the piece 
of paper just in front of their face and stare at the circle with their left eye while moving the paper 
gradually away from their face. When the paper is a short distance from their face the cross will 
disappear. 

Ask students to make a pin-hole camera from a shoebox with a lid. Make a small hole at one end 
of the shoe box and cut out a section at the opposite end and replace it with greaseproof paper. If 
they point the camera at a candle or filament bulb, they will see an inverted image of the light 
source on the screen. Ask them to match parts of the pin-hole camera to parts of the eye 
(e.g. pin-hole = pupil, screen = retina).  

 
 
 
 
 
 

Enquiry skill 9.1.4 

 

Discuss with students how sound travels from a vibrating object through the air to their ears. 
Show them a model of the ear and describe how each part of the ear transfers the vibrations: 
external ear, eardrum, small bones (hammer, anvil and stirrup), cochlea, auditory nerve and 
semicircular canals. Provide students with a cross-section diagram of the ear to label and 
annotate. Ask them to write a description of how we hear sounds, listing in the correct order which 
parts of the ear vibrate. 

Let students find out the range of frequencies of sound they can hear by playing them sounds 
from a signal generator. Discuss the fact that, even though we cannot hear sounds above and 
below our range of hearing, the sounds are still travelling through the air, and other animals can 
hear them. 

 

 

 

 

 

 

3 hours 

Structure of the human eye 
and ear 
Know the structure and 
function of the human eye and 
ear. 

Plan investigations, controlling 
variables and collecting an 
appropriate range of evidence, 
using appropriate techniques 
to ensure accuracy, carry out 
calculations, identify patterns 
in observations and data, draw 
generalised conclusions and 
test predictions. 

Ask students to work in groups to formulate their own question about an aspect of hearing to 
investigate. Tell them to plan their work, including consideration of variables and collection of 
suitable data. For example, students could investigate the following questions: 
• Does the size of the external ear affect hearing sensitivity? 
• Are two ears better than one? 
• How loud must words be for a person to understand them? 
Tell them to present their results as tables and appropriate graphs, write a conclusion and 
evaluate their investigations. 
 

Enquiry skills 9.1.1, 9.1.2  
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagram on the right shows part of the human ear. 

We can hear somebody speaking because sound waves enter our ears. 

a. What do our eardrums do when sound waves reach them? 

b. Describe how sound waves travel from the eardrum to the cochlea. 

c. Sometimes a lot of wax is produced in the ear. The wax rests against the eardrum, as shown 
in the diagram. Give one reason why we cannot hear very well when our ears contain a lot 
of wax. 

Adapted from QCA Year 9 science test, 2004 

 

 
 

 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. 

 A boy is jogging in the street. As he passes a garden gate, a dog jumps up and barks. 

a. Information is passed from the boy’s ears to his brain. 

 i. In what form is information passed from the ear to the brain? 

 ii. What part of the nervous system carries information from the ear to the brain? 

b. When the dog barks, the hormone adrenaline is released from the boy’s adrenal glands. 

 i. State how adrenaline reaches the muscles. 

 ii. Adrenaline causes the heart to beat more quickly and to increase the blood supply to the 
muscles. It also speeds up the breakdown of glycogen in the muscles. How do these 
changes help the boy to run more quickly? 

Adapted from QCA Year 9 science test extension paper, 1995 
 

  

 

 

Unit 9L.6 
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GRADE 9: Materials 1 

Atomic and molecular structure 

About this unit 
This is the first of four units on materials for 
Grade 9. This unit builds on the work on atoms 
and molecules in Unit 8M.1. 

This is a crucial theoretical unit upon which most 
subsequent studies in chemistry depend. 
Because it is rather theoretical, some students 
may find much of it difficult. Teachers with 
classes that are making faster progress, 
however, may wish to take many of the 
subtopics to a level beyond the Grade 9 
standards, and for that reason many related 
Grade 10 and 11 standards are also shown and 
advanced work based on these is described. 

The unit is designed to guide your planning and 
teaching of lessons on materials. 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 10 and 11, and 
Grade 8. 

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 have an 
understanding of, and distinguish between, atoms, molecules, elements and 
compounds.  
 

Expectations 
By the end of the unit, students know that atoms combine in different 
ways, use symbol equations to show these processes and know that mass 
is conserved during a chemical reaction. They explain the structure of atoms 
in terms of protons, neutrons and electrons and describe the structure of any 
of the first 20 elements. They know how atoms combine by transferring and 
sharing electrons, and can explain properties of compounds in terms of their 
bonding. They know what isotopes are. They know that scientists develop 
conceptual models to explain evidence collected, and understand the 
importance of evaluating conflicting models. 

Students who progress further use conceptual models to make testable 
predictions. They subdivide electronic energy levels into s, p, and d levels. 
They calculate relative atomic mass from isotopic abundances and have 
some knowledge of the origins, and social issues concerning, atomic 
energy.  

 

Resources 
The main resources needed for this unit are: 
• display version of the periodic table 
• Internet access 
• data projector 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• atom, molecule, ion, nucleus, proton, neutron, electron, electron shell 
• proton number, nucleon number, atomic mass, relative atomic mass 
• energy level, outer shell, valency electrons, electron pair 
• isotope, isotope ratio, radioisotopes, atomic energy 
• malleability, brittleness, hardness, conductivity 
• ionic and covalent bonds, metallic bonds, formula, structural formula 
• ionic and giant covalent structures 
• macromolecule, polymer 

UNIT 9M.1 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

8.12.1 Know that the smallest particle of an 
element is an atom and that atoms of 
one element are of one kind and are 
different from atoms of every other 
element.  

9.13.1 Know that atoms are made up of a nucleus consisting of protons and 
neutrons surrounded by electrons in specific orbitals or shells.  

 

 9.13.2 Define and use the terms proton number, mass number and isotope, and 
represent isotopes symbolically using the numbers.  

11A.32.2 Describe a simple model for the 
nuclear atom in terms of protons, 
neutrons and electrons, use the 
common notation for representing 
nuclides and write equations 
representing nuclear transformations. 

 9.13.3 Know that electron shells can contain only a fixed number of electrons and 
that this can explain the structure of the periodic table.  

11A.18.8 Describe the number and relative 
energies of the s, p, d and f orbitals for 
the principal quantum numbers 1, 2, 3 
and 4 and show how this leads to the 
structure of the periodic table.  

 9.13.4 Know the charges and approximate masses of the proton, neutron and 
electron and use these to calculate the mass and overall charge of any 
atom or ion. 

10F.15.3 Define the terms relative isotopic 
mass, relative atomic mass, relative 
molecular mass and relative formula 
mass based on the carbon-12 scale 
and be able to calculate the relative 
molecular mass of a compound, given 
its formula and a relative atomic mass 
table.  

 9.13.5 Know how a full outer shell leads to the lack of chemical reactivity of the 
group VIII elements and know that the uses of the group VIII elements 
derive from their lack of chemical reactivity.  

 

8.12.2 9.13.6 Know how atoms combine using ionic (electrovalent) or covalent bonds.  9.13.7 Know that ionic compounds form 
crystals containing a giant lattice of 
ions whereas covalent compounds 
form discrete molecules.  

6 hours 

Atomic structure
 

5 hours 

Ionic and 
covalent bonding
 

1 hour 

Metallic bonds 

 

Know that elements join together 
chemically to form compounds, that 
the smallest particle of a compound 
is a molecule, and that all molecules 
of a compound are made up of the 
same fixed number of atoms of the 
constituent elements. 

 9.13.11 Know what is meant by the valency of 
an element and how to use this in 
determining the formulae of its 
compounds. 

    

Unit 9M.1 
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12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.13.8 Know the number of bonds formed by the elements hydrogen, oxygen, 
carbon and nitrogen in covalent compounds and be able to represent 
compounds of these elements diagrammatically. 

10F.15.12 Write balanced equations with state 
symbols for simple reactions, including 
ionic equations for reactions in 
aqueous solution, given the formulae 
of reactants and products.  

6.11.5 Use crystallisation to obtain pure 
samples of a solute from a solution.  

9.13.9 Explain the difference in the physical properties of ionic and covalent 
compounds in terms of their bonding.  

10F.15.9 Show an understanding of allotropy. 

 

 9.13.10 Explain how atoms are bonded together in metals and how this can explain 
why they are good conductors of heat and electricity.  

 

  9.2.5 Know that scientists work by developing conceptual models to explain the 
evidence they collect and that an important scientific process is the 
evaluation of conflicting models. 

 

  9.2.6 Trace the historical development of some key scientific models and 
understand the roles of specific scientists in their development.  
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Activities 

Objectives Possible teaching activities Notes School resources 

Atomic theories 
Recall the atomic theories of Democritus and Dalton from Grade 8. Prepare students to make a 
two-page spread in their books showing how our understanding of the structure of the atom 
changed in the first 30 years of the last century. They should gradually complete this as they 
learn more about atomic structure throughout this unit. Part of this work will be their own 
research (using information sources such as the library and the Internet) into the contribution of 
some of the scientists involved, including Ernest Rutherford, J. J. Thomson, Niels Bohr and 
James Chadwick. They should also find out what the Nobel prizes for science are, who 
provided the money that was invested to provide prizes, and how many were given for work on 
atomic structure in the first half of the last century. 

Give more advanced students the task of researching and reporting on the famous experiment 
of Rutherford, Geiger and Marsden, in which thin gold foil was bombarded by the newly 
discovered alpha particles, and how this revolutionised understanding of atomic structure. 

 
ICT opportunity: Use of the Internet. 

Enquiry skills 9.1.3, 9.2.5 and 9.2.6 

 

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

 

6 hours 

Atomic structure 
Know that atoms are made 
up of a nucleus consisting of 
protons and neutrons 
surrounded by electrons in 
specific orbitals or shells. 

Define and use the terms 
proton number, mass number 
and isotope, and represent 
isotopes symbolically using 
the numbers.  

Know that electron shells can 
contain only a fixed number 
of electrons and that this can 
explain the structure of the 
periodic table.  

Know the charges and 
approximate masses of the 
proton, neutron and electron 
and use these to calculate 
the mass and overall charge 
of any atom or ion. 

Know how a full outer shell 
leads to the lack of chemical 
reactivity of the group VIII 
elements and know that the 
uses of the group VIII 
elements derive from their 
lack of chemical reactivity.  

Know that scientists work by 
developing conceptual 
models to explain the 
evidence they collect and that 
an important scientific 
process is the evaluation of 
conflicting models. 

[continued] 
 

The Bohr atom – electron shells 
Report the results of the Rutherford experiment to students and ask them to interpret these. 
Also tell students about Thomson’s earlier work on cathode rays. It should be clear to most 
students that matter must contain positive and negative particles and that the positive ones are 
concentrated into a very small space. It also should be clear from the Rutherford experiment 
that matter is, counter-intuitively, mainly space. 

Introduce protons and electrons and the Bohr concept of shells to explain why some electrons 
appeared to be more firmly bound to the nucleus than others (neutrons could be discussed at 
this stage or later; Bohr was unaware of the neutron). Ask students individually to draw the 
electronic structure of the first 20 elements (to calcium) as they are arranged in the periodic 
table. Elicit from them the relationship between the group number and the number of electrons 
in the outer shell.  

Students must grasp the concept of energy levels if they are to understand the Bohr atom, but it 
is not an easy concept for them to understand. Remind them of work on electrostatics and 
explain that negatively charged electrons are attracted to the positively charged nucleus and 
that those nearest the nucleus will be most strongly attracted. It will require more energy to pull 
these away from the nucleus than those further away. Electrons close to the nucleus therefore 
have less energy than those further away. Illustrate this in a simple graphical way. 

Ask students to plot a graph of the variation of atomic radius from sodium to argon. Question 
them about the cause of the general downward trend as the number of protons rises. Ask them 
which electrons in which atoms will, they think, have the highest energy and would be easiest to 
remove from the atom. This information will be used later in the discussion on bonding. 

Introduce more advanced students to the idea of s, p and d levels (but not the explanation of 
the maximum numbers of electrons allowed in each level). 

 
 
 
 
 
 

A display (made by students) showing the 
electronic structure of each element to calcium 
on A4 card would be useful. If the outer 
electrons are made from removable circles of 
card, these can be used to demonstrate bonding 
later in the unit. 

 

Unit 9M.1 
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Objectives Possible teaching activities Notes School resources 

The inert gases 
Ask students to summarise their knowledge of the chemistry of the inert gases (refer back to 
Unit 7M3 on air and burning) and to make a table of their uses. This will emphasise the 
usefulness of these gases’ unreactivity.  

Ask students to identify the feature of their electronic structure that these gases have in 
common. Link the observation of chemical unreactivity to the stability of a full shell. 

 
A pictorial display of some uses of inert gases 
would be helpful. 

 [continued] 

Trace the historical 
development of some key 
scientific models and 
understand the roles of 
specific scientists in their 
development. 

Atomic mass 
By referring back to Rutherford’s experiment, provide evidence that electrons have a much 
smaller mass than nuclei. Introduce the idea of the hydrogen atom as the atomic mass unit – 
the unit we use when we refer to the mass of atoms. (Discuss with more advanced students 
why we use one-twelfth of the mass of the carbon-12 isotope for accurate calculations.) Ask 
students to create a table showing the charge and mass of the three particles. Make sure they 
understand that in a neutral atom the number of electrons must be the same as the number of 
protons. Give them a table, with some gaps in it, showing examples of different atoms together 
with their overall mass and numbers of protons neutrons and electrons. Ask them to fill in the 
gaps to check their understanding. 

Ensure students are familiar with the key terms nucleon (mass) number (A) and proton (atomic) 
number (Z) and with the shorthand way of representing these using an element’s symbol with a 
superscript nucleon number and subscript proton number. 

Introduce the idea of isotopes. Show how this leads to the idea of relative atomic mass not 
being a whole number. Show advanced students how to calculate relative atomic mass from 
binary isotope ratios and set examples. 

 
Prepare the student worksheet in advance. 

 

 

Radioisotopes and atomic energy 
Challenge more advanced students to account for the apparently contradictory observation that 
the nucleus contains many particles with the same charge that do not seem to repel each other. 
Do not give any reasons at this stage; just say that more complex theories of atomic structure 
are needed and exist, and that many heavier nuclei are unstable, as would be expected. The 
depth of treatment of this idea at this stage is left to you, but you can introduce the finding that in 
many such decompositions a small amount of mass is ‘lost’ in the process and this appears as 
a large amount of energy (many students may have heard of Einstein’s relationship by 
Grade 9). 

Ask students to discuss and list some everyday uses of radioisotopes, including medical uses, 
or set them a reading and research assignment to arrive at such a list. Debate the balance 
between the benefits of the use of radioisotopes and the problematic issues associated with 
waste disposal and the decommissioning of nuclear power plants. Ask students to study events 
such as the Chernobyl and Three Mile Island accidents (using carefully assessed information 
from the Internet). Make sure that the use of radioisotopes in atomic weapons is covered. 
These activities and discussions will raise a number of ethical and moral issues – encourage 
students to form their own informed viewpoints about them.  

 
A display showing some uses and misuses of 
radioisotopes would be useful to provoke 
discussion. 

Enquiry skills 9.2.1, 9.2.3, 9.2.7 
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Objectives Possible teaching activities Notes School resources 

 

Physical properties of materials 
Remind students of the wide variety of physical properties of the materials they have met. Ask 
them to draw up a table showing the common name, the formula (if possible) and characteristic 
properties of some of these. Give out a number of materials to groups and ask them to 
investigate properties such as state at room temperature, malleability, brittleness, hardness, 
conductivity, solubility in water, conductivity of the solution, ease of melting. 

 

 
Suitable materials for this activity include:  
• a variety of metals;  
• common ionic compounds (e.g. common salt, 

copper sulfate); 
• non-ionic compounds (e.g. water, ethanol, 

sand); 

Safety: Students should exercise care when 
breaking a crystalline substance (e.g. with a 
hammer). Safety spectacles must be worn. 
 

 

Ionic bonds 
Remind students of the unusual stability of the complete shell. Challenge them to provide 
explanations of how elements at either extreme of the periodic table might best achieve such a 
stable configuration. 

Demonstrate the formation of ionic bonds in simple binary compounds involving the transfer of 
one electron. This can be done using display versions of the familiar ‘dot and cross’ diagrams 
that have ‘electrons’ made from removable circles of card (as described earlier). 

Demonstrate more complex situations as exemplified by magnesium oxide, lithium oxide and 
magnesium chloride. Challenge students to show how ionic compounds can be formed 
between a variety of other atoms at the two extremes of the periodic table. 

Ask students for suggestions on how the ions formed can then form ionic compounds. Remind 
them of their work on crystals in Unit 6M.2. Show diagrams or applets of typical crystal 
structures to illustrate why crystals have regular geometric shapes. 

Ask students how the physical properties of ionic compounds can be explained by this 
structure. Ask them to summarise these explanations on or near the table drawn up in the first 
part of this topic. Place your own summary on the board or OHP to help if necessary. 

 
Terminology: It is tempting to refer to the ions 
‘combining to form a molecule’, particularly if the 
process is written as an ionic equation. This 
should be avoided. In equations, the charge on 
each element in the formula can be shown to 
indicate that the compound does not exist in the 
form of discrete molecules. 

5 hours 

Ionic and covalent 
bonding 
Know how atoms combine 
using ionic (electrovalent) or 
covalent bonds. 

Know the number of bonds 
formed by the elements 
hydrogen, oxygen, carbon 
and nitrogen in covalent 
compounds and be able to 
represent compounds of 
these elements 
diagrammatically.  

Explain the difference in the 
physical properties of ionic 
and covalent compounds in 
terms of their bonding.  Covalent bonds 

Show students, using ‘dot and cross’ diagrams, how elements that cannot easily form ions 
could achieve a full shell through sharing electrons. Use simple examples such as water and 
methane. Ask them to draw other examples such as ammonia and hydrogen sulfide. Challenge 
them to show why hydrogen and chlorine form diatomic molecules and repeat on the board or 
OHP if necessary. Stress the important observation that electrons seem to form pairs readily.  

Show how the sharing of four electrons can lead to ‘double bonds’ in compounds such as 
carbon dioxide. Ask students to draw the electronic structure of oxygen and nitrogen molecules. 

Show how to represent the structural formulae of simple covalent molecules, including multiple 
bonds. Ask students to draw the structures of a number of the compounds that they have met in 
the lesson. Show advanced students how the need to accommodate, also in pairs, the 
electrons not involved in bonding leads to the three-dimensional structure of molecules.  

 
ICT opportunity: Many applets showing three-
dimensional molecular structures are available 
on the Internet. These can usually be freely 
rotated. 
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Objectives Possible teaching activities Notes School resources 

Giant covalent structures 
Show examples of how covalent bonding can lead to giant structures that have similar 
properties to ionic crystals. Include elements such as carbon and compounds such as silicon 
dioxide. Introduce advanced students to the concept of allotropy and ask them to consider how 
the structures can give rise to the properties of such substances, particularly the conductivity of 
graphite, which can be linked to work on metallic bonding below. 

ICT opportunity: Many applets showing such 
giant covalent structures in three dimensions are 
available on the Internet. 

 

Macromolecules, particularly polymeric macromolecules 
Provide groups of students with examples of natural and synthetic polymeric materials and ask 
them to investigate their properties in the same manner as in the first activity. Guide them to 
think about the strengths and weaknesses of the materials (e.g. tensile, compressive shearing 
and bending strengths; differences in strengths in different directions). Tell them to tabulate their 
observations. 

Introduce the idea of a polymer as a long chain of repeating structural units held together 
covalently. Show the units in diagrammatic form as geometric shapes rather than in structural 
detail. Show how cross-links can exist between chains in some macromolecules and ask 
students to predict how the strength of this cross-bonding might affect the flexibility of the 
substance. Ask them to predict how the direction in which the polymer molecules are lined up in 
the substance might affect properties such as its tensile strength. Tell them that many synthetic 
polymers, such as nylon and polythene, are stretched as they are made in order to align the 
molecules with each other to improve the tensile strength of the product. 

 
Examples of polymeric materials that can be 
used are: cotton, wool and nylon fibres; plastics 
such as acrylics and polythenes; wood; paper; 
rubber. 

This part of this unit lays the foundation for 
further investigations of the properties and uses 
of macromolecules in Units 9M.4 and 9P.5 

 

 

Chemical equations and valency 
Encourage advanced students to develop further their skills in writing balanced equations. 
These should include state symbols. Give examples, in word equations, of reactions of the 
chemicals that they have met in the unit and ask them to write balanced symbol equations. 

 
Enquiry skill 9.3.5 

 

 

Atomic structure and reactivity in the periodic table  
It is useful to link any discussion of reactivity of elements to the periodic table. Check that 
students have a clear idea of how bonding relates to position in the periodic table by asking 
what kind of bonding elements in each group take part in and why. Then encourage them to 
use the periodic table to predict reactivity and bonding by asking simple questions such as 
‘What is the formula of the compound formed between strontium and bromine and what will it 
look like?’ 

Mendeleev himself realised that there were gaps in his table where elements had not been 
discovered. One was the element germanium, which he called ‘eka-silicon’. Ask advanced 
students to predict some of the physical and chemical properties of eka-silicon. Tell them to 
compare their predictions with Mendeleev’s list and also the actual properties of germanium. 
 

 
Enquiry skill 9.1.1 

 
 
 
 
Mendeleev’s data on eka-silicon can be found in 
many texts and on the Internet. 
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Objectives Possible teaching activities Notes School resources 

1 hour 

Metallic bonds 
Explain how atoms are 
bonded together in metals 
and how this can explain why 
they are good conductors of 
heat and electricity. 

Relate the conduction of electricity to movement of electrons and then point out that the 
structure of metals must therefore be one that allows free movement of electrons. Ask students 
to look at the characteristic electronic structures of metals and predict which electrons they think 
would be free to move and why. 

Show micro-crystallographic pictures of metals to illustrate the similarities between metal 
crystals and ionic crystals. Metal crystals can also be strikingly demonstrated by placing a piece 
of clean lead foil in silver nitrate solution (see also Unit 8M.2).  

Describe the metallic bond as arrays of metal ions packed together in a ‘sea’ of electrons that 
are free to move around them. Explain that the ‘sea’ of electrons is created by the electrons of 
the outer shell of the metal atoms that are held least tightly to the metal. Refer to these as the 
valency electrons. Compare the structure of metals with that of graphite (see above). 

Ask advanced students to compare the physical properties of pure metals such as copper, 
(wrought) iron and aluminium with those of alloys made by adding a small quantity of another 
element to them, such as brass (copper and zinc), steel (iron and carbon) and any available 
aluminium alloy (e.g. aluminium and magnesium – aluminium alloys may be found in car parts 
such as wheel rims). In all cases, the alloy is much harder and less flexible than the pure metal; 
challenge students to produce a reason, in terms of the crystalline structure, why introducing a 
foreign atom may have this effect. 
 

This will also be covered in Unit 9P.2. 

Safety: Silver nitrate solution is poisonous. 

Enquiry skill 9.1.2 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The table gives the numbers of protons, neutrons and electrons in some atoms and ions of 
elements. The letters used in the table are not the chemical symbols of the elements. 
 

Atom or ion Protons Neutrons Electrons 

V 16 16 16 

W 11 12 11 

X 19 20 18 

Y 17 18 18 

Z 17 20 17 
 

Use this information to answer the following questions. Letters may be used more than once. 

a. Give the letters of: 

 (i) two isotopes; (ii) a positive ion; (iii) a negative ion; (iv) an atom that has a mass 
number of 23; (v) an atom of a very reactive metal. 

b. How many electrons does an atom with a nucleon number of 16 have? 

c. X is an ion. In which group of the periodic table is the element from which X is formed? From 
the table, give the letter of another atom that reacts in a similar way to the element from 
which ion X is formed. 

  

Magnesium will burn in chlorine. Write a word equation for the reaction. Show, using ‘dot and 
cross’ diagrams, how electrons are exchanged between atoms of magnesium and chlorine.  

  

Selenium (Se) is in group VI in the periodic table. Write the formulae for the compounds you 
might expect when selenium reacts with (a) hydrogen and (b) magnesium. Would you expect 
magnesium selenide to be a solid or a liquid or a gas? Give your reasons. Draw a diagram 
showing the electronic structure (outer shells only) of hydrogen selenide. 

 
 

Predict the most likely type of chemical bonding in the following materials. Give reasons for your 
answers. 

a. Petrol. 

b. Concrete. 

c. Wood. 

d. A lamp filament. 

e. Polythene. 

  

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. 

Provide each group with a number of unknown pure substances, including ionic soluble solids, 
metal powders, a liquid, some pieces of plastic, sawdust, and challenge them to devise tests 
that will tell them what kinds of bond exist in the samples. Provide them with necessary 
equipment on request, provided they can justify its use.  
 

Enquiry skill 9.1.1  

 

Unit 9M.1 
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GRADE 9: Materials 2 

Pollution 

About this unit 
This is the second of four units on materials for 
Grade 9. The unit draws on all the chemistry that 
has been taught in the earlier grades. Many 
studies in this unit are linked closely to work in 
Unit 9M.3. 

The unit is designed to guide your planning and 
teaching of lessons on materials. 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 10 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 have an 
understanding of chemical bonding, should understand the chemical 
changes involved in burning and be aware of the products of burning fossil 
fuels. They should understand the concept of acidity and pH and be familiar 
with the gas carbon dioxide. They should also have a sound understanding 
of habitats covered in life science. 
 

Expectations 
By the end of the unit, students list the most significant sources of air 
pollution and explain ‘global warming’ – what causes it and why it is a 
reason for concern. They describe the processes that put carbon dioxide 
into the atmosphere and those that remove it. They describe the processes 
that lead to acid rainfall and list the consequences of it. They list the main 
sources of water pollution and some of the processes that use up dissolved 
oxygen in water; they describe what happens to water that has become 
depleted in oxygen. They know how scientists work, and understand that the 
context in which they work affects what they do.  

Students who progress further understand the cyclic nature of the 
processes that ensure the chemical stability of the biosphere. They 
recognise that the composition of the atmosphere has always changed 
slowly over time but is now changing much faster because of human 
intervention. They explain the greenhouse effect in terms of absorption and 
emission of radiation of differing frequency. They understand the importance 
of independent environmental monitoring and the potential of thermal 
pollution to damage the local environment. 
 

Resources 
The main resources needed for this unit are: 
• video on the interdependence of natural systems 
• online or CD-based searchable information resource, suitable for students 

at this level, such as Microsoft Encarta 
• microscale chemistry equipment 
• oxygen meter 
• datalogger (optional) 
• Internet access  
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• atmosphere, pollution 
• names of the most common components of the atmosphere 
• photosynthesis, respiration 
• aerobic decomposition, anaerobic decomposition, eutrophication 
• carbonaceous fuels  
• pH, acidity 
• environment, monitoring 

UNIT 9M.2 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.15.1 List and explain the most significant sources of air pollution.  

 

 

9.15.2 Explain the causes of ‘global warming’; know why scientists are concerned 
about it and the steps they propose to counter it. 

10F.19.7 Know why the build up of some gases, 
such as methane and carbon dioxide, 
in the atmosphere is leading to a 
warming of the atmosphere and 
climate changes. 

7.13.3 Know that when a substance burns, 
it combines chemically with the 
oxygen in the air and that the overall 
mass of the product(s) is greater 
than the original mass of the 
material. 

9.15.3 Know that air pollution is an inevitable consequence of the petrochemical 
and petroleum industries and explain steps taken by companies to 
minimise it. 

10F.16.10 Be aware that large-scale extraction 
and refining processes are often 
damaging to the environment and that 
this has to be balanced against the 
benefits of the processes; list some of 
the steps taken to minimise 
environmental degradation in the 
processes studied. 

7.14.8 Know that acids react with 
carbonates to liberate carbon 
dioxide, which can be identified by 
bubbling it through fresh limewater. 

9.15.4 Describe the processes that lead to acid rainfall and list the consequences 
of it. 

 

9.15.5 List and explain the main sources of pollution of water. 6.11.4 Separate insoluble solids from a 
liquid by filtration and state everyday 
examples of filtration, such as coffee 
making, sewage works and water 
purification. 

9.15.6 Know that pollution of the sea by waste heat from industry is a major 
problem for Qatar industry; know how this form of pollution is being 
prevented. 

 

9.8.2 Know how the rate of respiration is 
affected by temperature, oxygen 
concentration and the availability of a 
respiratory substrate. 

9.15.7 Explain the importance of maintaining the concentration of dissolved 
oxygen in water and describe some of the processes that reduce it. 

 

7.15.10 Know that the surface of the Earth 
consists of moving continental plates 
floating on a layer of molten rock 
below the surface. 

9.16.4 Name the common fossil fuels and explain their origin.  

4 hours 

Natural cycles 
and changes 
 

4 hours 

Pollution of the 
atmosphere 
 

4 hours 

Pollution of water 

 

 

 9.2.2 Know how scientists carry out work such as monitoring the environment 
and controlling industrial processes. 

 

  9.2.7 Know that scientific work may be affected by the context in which it is 
undertaken. 
 

 

Unit 9M.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

The central element of the work in this unit should be a visit to an industrial complex based on 
the Qatar gas field, such as Ras Laffan. Many of the components of this unit should be linked to 
the visit. The visit should also be linked with other units such as Unit 9M.3 on energy. 

As an introduction to this unit, it is helpful to show a video about the interdependence of natural 
systems, such as climatic systems, the water cycle and living systems. A number of such 
videos have been made for general audiences. Refer back to this throughout the unit; 
appropriate clips can be reshown. 

See the note later on planning an industrial visit. 

Videotape and CD-ROM catalogues may be 
consulted; see companies such as Discovery 
channel, Granada learning, BBC, 4Learning. 

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

 

Natural cycles 
Draw together earlier work done on the following natural cycles in both materials and life 
science (the grades show when elements of each cycle were first studied): 
• water cycle (Grade 5); 
• rock cycles (Grade 7); 
• feeding relationships (Grade 8); 
• carbon cycle – photosynthesis and respiration (Grade 8); 
• nitrogen cycle (Grade 7). 

Some of these cycles will have been covered explicitly but some, such as the nitrogen and 
carbon cycles, may have been implicit. The carbon cycle may have been covered as two 
separate components, photosynthesis and respiration, but their inter-relationships may not have 
been made clear. Spend some time revising and clarifying all these natural cycles. Ask students 
to work in groups and require different groups to prepare a display of different cycles. The cyclic 
nature of all the relationships should be clearly shown diagrammatically. Then ask groups to 
present their work to the class. Get everyone to make a fair copy of each cycle. 

 
ICT opportunity: Cycle displays can be done 
using display software. 

 

4 hours 

Natural cycles and 
changes 
Name the common fossil 
fuels and explain their origin. 

Changes in the past 
Recall from Grade 7 that the Earth has changed much over geological time. Link this work, if 
possible, to the study of adaptation and evolution in Grade 9 life science. Ask students to find 
out how scientists believe that the atmosphere has changed over geological time and why. 
Draw out the main changes that have occurred, emphasising in particular: 
• that the chemical composition of the Earth’s atmosphere is not something that is fixed; it has 

always been undergoing slow changes; 
• that the oxygen in the air has been produced by living plants; 
• the importance of water in the atmosphere in supporting life. 

 
ICT opportunity: Use of the Internet as a 
source of information on changes in the 
atmosphere over geological time. 

 

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

What was Qatar like in the past? 
This study is also a component of Unit 9M.3 on energy sources.  

Ask students to find out, from books or the Internet, how gas fields were formed and when. Ask 
them to show the process diagramatically in their books. Ask them also to try to find out how 
factors such as climate and geographical position on the Earth’s surface have changed since 
the days the gas field was laid down.  

 

 
ICT opportunity: Use of the Internet. 

Charts, booklets and videos on the origins of oil 
and gas, suitable for use in schools, are 
available from the major oil and gas exploration 
companies. 

As the end of this and the previous topic, 
students should be clear that climate and 
geographical conditions are in constant change 
over geological time and also that most of the 
fuels that we use now were made, at some time 
in the past, from living material. 
 

 

What is in the air? 
Recall Grade 7 work on the composition of the air. Show a pie chart of the main components of 
the air. Explain that in this unit the focus will be on the very small segments, such as carbon 
dioxide and methane. Provide students with a list showing the ten main components of dry air 
and ask advanced students to calculate the total mass of each. 

Ask students to organise themselves to keep a record of atmospheric humidity, using a wet/dry 
bulb hygrometer or an automated system, over the period of the unit. They should use these 
figures to calculate the typical percentage humidity. They may compare the figures with those 
from different countries.  

Students may obtain an idea of the amount of dust in the atmosphere inside and outside by 
placing microscope slides smeared with petroleum jelly at different locations in the school. Tell 
them to estimate the number of dust particles per cm2 adhering to the slide using a microscope. 
Multiple measurements improve accuracy. Repeat this activity at different times during the year 
to investigate seasonal variation. 

 
Total mass of the atmosphere is approximately 
5 × 109 million tonnes. 

ICT opportunity: Data on the composition of 
the atmosphere is available on the Internet. 

A school weather station, run by students, is a 
very useful resource. Data such as maximum 
and minimum temperature, pressure, rainfall 
and humidity can be collected on a daily basis 
and displays maintained throughout the year. 
These can be automated using datalogging 
equipment. 

 4 hours 

Pollution of the 
atmosphere 
List and explain the most 
significant sources of air 
pollution. 

Explain the causes of ‘global 
warming’; know why 
scientists are concerned 
about it and the steps they 
propose to counter it. 

Know that air pollution is an 
inevitable consequence of the 
petrochemical and petroleum 
industries and explain steps 
taken by companies to 
minimise it.  

Describe the processes that 
lead to acid rainfall and list 
the consequences of it. 

Know that scientific work may 
be affected by the context in 
which it is undertaken. 

Know how scientists carry out 
work such as monitoring the 
environment and controlling 
industrial processes. 

The greenhouse effect 
Conduct, in groups, an activity to model the greenhouse effect. In each of two identical boxes 
the size of a shoe box, place a thermometer and a tennis ball, or similar object, painted black. 
Cover one box with plastic film. Place the boxes next to each other in the sun in such a way that 
the thermometer bulbs are in the shade. Some 15 to 30 minutes later, check the temperature in 
each box and feel the tennis balls. Ask the class to interpret the observations. In particular, ask 
the class to note the observed change in the temperature of the tennis balls. 

Discuss the ‘greenhouse’ mechanism and the similarities between the role of the plastic film in 
causing the contents of the box to warm up and the effect caused by atmospheric ‘greenhouse 
gases’ such as carbon dioxide and methane. Show diagrammatically what happens to the 
energy from the Sun when it reaches Earth and why greenhouse gases will allow it in but will 
not allow it out. Link this explanation to work on the electromagnetic spectrum in Unit 9P.4. 

 
Enquiry skill 9.1.2 
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Objectives Possible teaching activities Notes School resources 

Sources of carbon dioxide 
Recall from Grade 7 the test for carbon dioxide using freshly made limewater. Speculate with 
the class on possible sources of carbon dioxide in the atmosphere around the school. Help 
them collect air from around possible sources in polythene bags and test them. Ask them to try 
to develop a fair test so that some crude assessment of the concentration of the gas, compared 
with its concentration in air, can be made. Using microscale techniques is helpful as it allows 
small numbers of bubbles of the gas to be counted as it is bubbled through limewater. 

Sources of carbon dioxide can include: normal air, expired air, car exhaust, air above a flame 
such as a bunsen flame. 

Bring the work on carbon dioxide and the work on the greenhouse effect together and discuss 
the need to limit the use of fuels such as petrol that produce carbon dioxide. Introduce the 
concept of carbonaceous fuels and ask the class to list the main ones in a summary table. In 
other columns in the table they should write a sentence on how the fuels were made originally, 
what the fuels are mainly used for and the main gases produced when they burn. Either build 
up the table through discussion in class or set students the task of developing the table through 
library and Internet research. 

Identify the main constituent of Qatar gas. Write a word and a symbol equation to show the 
products of burning Qatar gas. Establish, with the class, the link between burning carbon-based 
fuels such as Qatar gas and global warming. 

 
Enquiry skill 9.1.1 

Limewater should always be freshly made. The 
best way is to maintain a bottle of saturated 
calcium hydroxide solution that is always topped 
up completely with water and shaken whenever 
some limewater is decanted from it. 

Microscale chemistry kits adapted for use in 
schools are widely available. 

Safety: Car exhaust may contain carbon 
monoxide, which is poisonous. The exhaust 
gases should be collected under strict 
supervision by the teacher.  

Safety: Polythene is flammable. A safe system 
of collecting the gas around a naked flame, 
using a glass funnel and tube, should be 
devised. 

ICT opportunity: Use of the Internet. 

 

Encourage advanced students to obtain figures for the change in average concentration of 
carbon dioxide in the atmosphere over the last century or more and plot a graph to show the 
change. They can also plot a graph of average atmospheric temperature over that time and 
discuss and evaluate, in a class debate, the strength of the evidence that the former is a cause 
of the latter.  

The key feature of the current build-up of carbon dioxide in the atmosphere that must be made 
clear to all students is that it is happening much faster than changes have happened in the past 
and that it is caused by human activities. 

Enquiry skills 9.1.2, 9.1.3 

 

 

 

Visit to an industrial site 
Organise and prepare students for a visit to an industrial site such as Ras Laffan. Choose the 
plant to be visited carefully and do not try to include too much. The best plant to visit at Grade 9 
level is the service plant that provides cooling water to the whole complex. This will allow an 
overview of the different activities on the site, showing how they all depend on each other and 
all ultimately depend on the gas supply. It will also allow an assessment to be made of the 
extent to which the activities on the site are regulated and controlled to minimise pollution of 
both air and the sea.  

The visit should be linked with other units such as 9M.3. Studies that can form part of the visit 
are: 
• the use made of Qatar gas in different industries, both as a fuel and as a feedstock; 
• the precautions taken to minimise air and water pollution; 
• the precautions taken to minimise pollution by waste heat; 

 
Industrial visits take a long time and much effort 
to plan. Tight security procedures are often in 
operation in all locations and the industrial plants 
will require full details of all visitors. Ensuring 
that all security checkpoints are aware of the 
visit in advance will save time. Students must be 
fully briefed on what activities are acceptable 
and what are not during a visit. In particular, the 
issue of taking photographs should be fully 
clarified beforehand. 
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Objectives Possible teaching activities Notes School resources 

 

• the interdependence of the industries being established on the site; 
• the economic value to Qatar of the industries; 
• the scale of the industries being established compared with plants elsewhere, and data 

relating to input and output quantities, throughput of cooling water, electrical power 
consumption, etc.; 

• the main activities of scientifically qualified workers in the plant. 
 

  

The pH of rain 
This small activity may have to be postponed to take advantage of one the few showers during 
the winter. Ask students to collect a small amount of rain before it reaches the ground and test 
its pH by any method. Encourage them to consider how to ensure that the results are 
reproducible and reliable, such as taking multiple samples from the same place and samples 
from a variety of different places. As an alternative or complementary activity ask students to 
collect samples of air from different places in polythene bags and then bubble these carefully 
through a small quantity of distilled water, monitoring the pH of the water in the process. Some 
air samples can be collected during the industrial visit. 

Tell students to write up the results of this research and discuss the results. In particular, 
encourage them to propose reasons for any variations in pH observed. 

 
Electronic pH meters are much better than 
indicators for this work as they are much more 
sensitive to the small pH changes involved. 

 4 hours 

Pollution of water 
List and explain the main 
sources of pollution of water. 

Know that pollution of the sea 
by waste heat from industry is 
a major problem for Qatar 
industry; know how this form 
of pollution is being 
prevented. 

Explain the importance of 
maintaining the concentration 
of dissolved oxygen in water 
and describe some of the 
processes that reduce it. 

Sulfur dioxide in the atmosphere and sulfur concentrations in Qatar gas 
Ask students to find out why the presence of excessive sulfur dioxide in the atmosphere, 
particularly in industrial areas, causes a pollution problem when it is washed out onto the land 
by rain. Encourage them to identify ways in which this problem is being solved. Ask them to find 
out what sulfur compounds are present in Qatar gas, what problems they cause, and how they 
are removed. These are questions that can be investigated during the industrial visit. Tell 
students to make a summary display (in the class, in their books or electronically) that 
addresses as many aspects as possible of the problem of high sulfur concentrations in middle-
eastern oil and gas. 

  

 Thermal pollution 
A main feature of the industrial visit should be to study the issue of waste heat and its disposal 
using seawater. During the visit, students should obtain details of the problem, such as the 
amount of heat produced by a plant, how it is removed, how much seawater is used and the 
temperature of the emerging cooling water. They should find out about what environmental 
monitoring is in place, both by the company and by independent inspectors, and what it shows. 
Ask students to imagine they are environmental inspectors and to write a report on the impact 
on the environment of the industrial plant they visit, based on the information that they can 
collect. 

 
Enquiry skill 9.2.2 
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Objectives Possible teaching activities Notes School resources 

Dissolved oxygen 
This section can be covered through group research projects. Ask students to plan, in groups, a 
survey of the oxygen concentration of water from different sources of their choice. For this they 
will need battery-operated oxygen meters, preferably linked to datalogging equipment. Possible 
activities to suggest include: 
• how oxygen concentration changes with diurnal changes in temperature; 
• the effect of oxygenating plants; 
• the impact of rotting leaves (place cut leaves in water samples in plastic aquaria left in 

different conditions in the school grounds). 

Try to ensure that the range of investigations is wide but that the individual investigations are 
clearly focused and achievable. 

Ask students to share observations and collectively draw any significant conclusions. Among 
those that should emerge are: 
• dissolved oxygen concentration decreases as temperature increases; 
• the presence of living green water-plants increases dissolved oxygen concentration; 
• rotting vegetation removes dissolved oxygen from water; 
• removal of dissolved oxygen causes water to smell, as anaerobic decomposition processes 

produce strong-smelling volatile substances. 

Explain the process of eutrophication that takes place in water as plant material dies and 
decomposes, using up the dissolved oxygen. Recall earlier work on local sewage disposal and 
the smell often associated with sewage works.  

Ask students to prepare a report of their work, drawing appropriate conclusions either in their 
books or using display software. Tell them to use photographs in the display if possible. 

 
Enquiry skills 9.1.1, 9.1.2, 9.1.4, 9.1.5, 9.3.1, 
9.4.1 

The activities in this section require regular 
monitoring over periods of time running into 
several weeks. This requires careful planning. 

A well-maintained shallow freshwater laboratory 
aquarium or a school pond is a very useful 
teaching aid for this work. 

ICT opportunities: Use of an oxygen meter 
attached to a datalogger. The use of digital 
photography can greatly enhance this kind of 
work. 

 

 

Wider issues of water pollution 
Link, using media such as video clips and the Internet, the work students have done on wider 
issues of water pollution. Return to the possible impact on local marine ecology of industrial 
pollutants in Qatar. Consider some specific studies of the impact of water pollution, including 
those concerning the Minemata disaster, the protection of coral reefs and any recent studies 
reported in the media. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

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. 

The graph shows how the amount of carbon dioxide in a pond changed during a school day. 
Which of these best explains the relationship?  

A. During the morning hours, less carbon dioxide dissolves in the pond. 

B. During the morning hours, less carbon dioxide is given off by pond animals. 

C. Carbon dioxide is used up by algae during the morning.  

D.  More carbon dioxide is released by pond animals later in the day.  

Explain the process involved in the answer you chose. 

 
Carbon dioxide levels in a pond 

 

 The diagram shows the water cycle. Name the processes labelled X and Y. Explain why 
Qatar is dry even though the amount of water vapour in the air is often quite high. Explain 
why it is important that the run-off is not contaminated with pollutants such as sewage. 

The source of energy for the Earth’s water cycle is the  

A. wind 

B. Sun’s radiation 

C. Earth’s radiation 

D. Sun’s gravity 

TIMSS Grade 7–8, 1994–95 

 

 
The correct answer is B 

 

Unit 9M.2 



329  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.2  |  Materials 2 © Education Institute 2005 

 Examples of assessment tasks and questions Notes School resources 

Some gases that escape into the atmosphere can trap energy from the Sun. This can cause 
the Earth to retain more of the Sun’s energy and cause the temperature of the atmosphere 
to rise. This process is called the ‘greenhouse effect’. Carbon dioxide and methane are two 
gases which can do this. 

a. Human activities produce much carbon dioxide. Explain how. 

b. Suggest ways by which we could reduce the amount of carbon dioxide that we put into the 
atmosphere. 

c. Give two ways in which the burning of forest land to create more land for agriculture can 
lead to an increase in carbon dioxide in the atmosphere. 

 
 

 

Three plastic aquaria containing water are placed next to each other in the sun. Aquarium A 
contained only water. Aquarium B contained water plus some green water plants. Aquarium 
C contained dead leaves. If you monitor the dissolved oxygen concentration in the three, 
how would you expect it to vary over a week. Explain your answer.  

Draw a graph of how you would expect the concentration of each to vary over a period of 
24 hours (starting at midnight). Draw each curve on the same pair of axes. The axes should 
be labelled but the values for oxygen concentration need not be specified. 
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GRADE 9: Materials 3 

Energy resources 

About this unit 
This unit is the third of four units on materials for 
Grade 9. This unit should preferably be studied 
after Unit 9P.4. 

The unit is designed to guide your planning and 
teaching of lessons on materials. 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 10A 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 understand 
how energy is converted from one form to another and that some of those 
transformations are easier than others. They should know about the biotic 
origins of fossil fuels and about the chemical reactions involved in burning. 
They should also have a knowledge of the electromagnetic spectrum. 
 

Expectations 
By the end of the unit, students know the difference between endothermic 
and exothermic reactions and are familiar with the energy profile of a 
reaction. They compare the heat energy available from different fuels. They 
distinguish between renewable and non-renewable energy forms, classify 
any energy source into one of these categories and explain the origins of 
fossil fuels. They explain the importance of fossil fuels to the economy of 
Qatar. They recognise that the Sun is the origin of the energy in all 
renewable energy sources and was originally the source of energy in fossil 
fuels. 

Students who progress further recognise respiration and photosynthesis 
as opposites and understand in outline how the energy output of respiration 
is controlled in nature. They understand that cooking involves exothermic 
reactions. They recognise the social and economic consequences of 
dependency on non-renewable energy resources. They explain the 
greenhouse effect in terms of the differential absorption of radiant energy of 
different frequencies.  
 

Resources 
The main resources needed for this unit are: 
• investigation planning poster 
• booklets and pamphlets on fossil fuels from oil companies 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• exothermic, endothermic reactions 
• energy of reaction, activation energy 
• respiration and photosynthesis 
• renewable and non-renewable energy resources 
• fossil fuels, global warming 

UNIT 9M.3 
10 hours 
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Standards for the unit 

10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.16.1 Know that in some reactions energy is given out and in others it is taken in. 10A.24.4 Explain and use the concept of 
standard enthalpy change (∆H), with 
particular reference to combustion, 
formation, solution and neutralisation, 
and calculate enthalpy changes from 
experimental results. 

 9.16.2 Construct and interpret an energy profile of a reaction. 10A.24.2 Construct reaction energy profiles 
showing enthalpy changes in the 
reaction and activation energy. 

8.16.3 Know that during energy 
transformations energy is converted 
from one form to others but that the 
total energy remains the same. 

9.16.3 List the main sources of energy available to us and classify them as 
renewable and non-renewable. 

 

7.15.7 Describe the formation of oil and gas 
and how they are now extracted and 
used. 

9.16.4 Name the common fossil fuels and explain their origin. 10A.18.3 Know how a variety of fuels and other 
useful compounds can be obtained 
from petroleum and natural gas. 

7.13.3 Know that when a substance burns, 
it combines chemically with the 
oxygen in the air and that the overall 
mass of the product(s) is greater 
than the original mass of the 
material. 

9.16.5 Know what chemical reactions take place when fuels burn.  10A.22.7 Know why the build up of some gases, 
such as methane and carbon dioxide, 
in the atmosphere is leading to a 
warming of the atmosphere and 
climate changes. 

 9.16.6 Describe the different ways in which we can harness energy from the Sun, 
either directly or indirectly through wind energy and hydropower. 

 

 9.16.7 Know that plants and animals require energy to survive and that their 
source of energy is ultimately the Sun. 

 

4 hours 

Exothermic and 
endothermic 
reactions 
 

3 hours 

Fossil fuels 
 

3 hours 

Renewable and 
non-renewable 
energy sources 

 9.16.8 Explain how the Sun was the source of energy now stored in fossil fuels.   

Unit 9M.3 
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Activities 

Objectives Possible teaching activities Notes School resources 

Reactions that give out energy 
Organise students into groups and let them carry out the following investigations. 

Burning a match 

Give each group a match and a matchbox. Ask them to look at the match, then strike it and let it 
burn. Ask them what happened to it while they were looking at it, while they were striking it and 
while they were watching it burn. The key points that should emerge are that the match is a 
piece of burning wood but the wood had to be ignited using the match head before it would 
burn. Once ignited, however, the wood keeps burning. 

Burning magnesium 

Ask groups to set fire to magnesium and again describe what they had to do. 

Ask whether heat was given out or taken in during the burning of wood and magnesium. Define 
an exothermic reaction. Ask for other examples. The class will think of other reactions that 
involved burning. Write a word equation for the reaction on the board or OHP. Add energy as a 
product. 

 
 

 

Safety: Use a fireproof mat. 
 
 
 
 

 

 

 
 
 

 

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

 

Neutralisation 

Give each group a small amount of hydrochloric acid and sodium hydroxide solutions in two 
test-tubes. Tell them to mix the two and ask for observations. Some may have detected that the 
tube with the mixed solutions in got warm. If they missed it, ask them to feel it. Conclude that 
other reactions such as neutralisation are also exothermic. Write a word equation for the 
reaction, adding energy as a product. 

 

2 mol/dm3 solutions are adequate. 

 

4 hours 

Exothermic and 
endothermic reactions 
Know that in some reactions 
energy is given out and in 
others it is taken in. 

Construct and interpret an 
energy profile of a reaction. 

Know that plants and animals 
require energy to survive and 
that their source of energy is 
ultimately the Sun. 

Reaction energy profiles 
Introduce the idea of the energy content of compounds by considering magnesium and oxygen. 
Show it graphically with an energy scale on the y-axis and the reaction process on the x-axis. 
Draw two horizontal lines representing the energy stored in the uncombined starting materials 
on the left. Ask the class where to draw the energy representing that stored in the products. 
Some should recognise that it must be at a lower level. 

Question the class about what they had to do to make the magnesium burn. Some will 
recognise that energy was applied but that, once the burning had started, the energy given out 
was sufficient to maintain the combustion. Draw the full profile, labelling the activation energy 
and the energy evolved. 

Show the same reaction with steel wool. It usually burns well in the flame but goes out when the 
heat is removed. Challenge students to draw an energy profile for this reaction and discuss their 
results. Lead them to the idea of a profile in which the activation energy is bigger than the 
energy evolved. 

  

    

Unit 9M.3 
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Objectives Possible teaching activities Notes School resources 

Then challenge them to draw a profile for the neutralisation energy. Many may omit the activation 
energy altogether; discuss with them the fact that the two liquids are, in fact, quite warm (compared 
with the freezing temperatures they could be at). This profile will have a small activation energy. 

As a consolidation exercise, ask the class to draw profiles for some reactions they have met 
(e.g. the burning of gas, the reaction between iron and sulfur, the action of heat on copper). 

  

Reactions that take in energy 
Give each group some 2 mol/dm3 acid in a test-tube and ask them to add to it a small spatula 
full of potassium hydrogencarbonate. They should note that the tube gets cold. It is quite a 
difficult step from this observation to the realisation that heat has been taken in during the 
reaction and some students may need help. Ask the class to draw the energy profile for the 
reaction indicating, as before, the activation energy and the heat of reaction. 

Define an endothermic reaction. 

Ask the class whether they know any other endothermic reactions. They probably will not; 
endothermic reactions are quite rare and very often associated with the evolution of gas. Some 
students may suggest that cooking involves endothermic reactions. Postpone discussion on 
this. 

  

 

Energy changes in reactions in nature 
Burning glucose 
Provide each group with a spatula full of glucose on a tin lid. Ask them to place it on a tripod 
and heat it gently from above with a Bunsen burner, withdrawing the heat if it catches fire. 
Discuss the significance of this reaction in nature. Discuss what the products of the reaction 
might be if glucose contains only hydrogen, carbon and oxygen (the word carbohydrate can be 
introduced). Speculate with them why we do not catch fire when we break down glucose in our 
cells into these products (Grade 8 life science). Discuss the evidence for whether it is the same 
or a different reaction. 

Write the word equation on the board or OHP, adding energy to the right-hand side. Ask the 
class to draw an energy profile for the reaction.  

Ensure that students understand that the name of this reaction is respiration and that it is the 
same as burning but happens in a controlled way. Discuss with more advanced students how 
this reaction is controlled in nature. 

Photosynthesis  
Students will have met photosynthesis in Grade 8 life science. Ask them to recall the reaction 
and, as they do, summarise it as a word equation on the board. Ask them whether they think 
that the photosynthesis reaction is endothermic or exothermic. They should realise that as it 
needs light energy, it is endothermic. Add energy to the reaction equation.  

Ask students to spot the relationship between photosynthesis and respiration. Stress that these 
reactions are key ones in nature. Set the groups a consolidation task to draw two energy 
conversion flow charts to show first how light energy from the Sun is converted to chemical 
energy in plants and in animals, and secondly how that chemical energy is converted into other 
forms of energy by animals. 
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Objectives Possible teaching activities Notes School resources 

 

Cooking 
Ask the class whether they think that cooking food involves exothermic or endothermic 
reactions. They will probably respond that it is endothermic because heat is required. 

As a demonstration, cook a small casserole of a piece of chicken and some vegetables such as 
carrots and potatoes in a ‘hay box’. Bring the casserole to the boil and simmer gently for a few 
minutes to start the cooking process. Then take off the burner and place it in the hay box and 
leave it for the rest of the day. Open it and inspect the cooking. It will be cooked through.  

Challenge the students who thought the reactions were endothermic to explain where the heat 
to cook the food came from. Conclude that the process is exothermic. 

This kind of activity, combined with the use of solar energy to start the cooking process, suggests 
some interesting science club and science fair investigations into energy-efficient food preparation. 
 

 

 
 

Make a hay box from a wooden box lined on all 
sides with at least 5 cm of expanded polystyrene 
or polyurethane as insulation (standard roof 
insulation material may also be effective). The box 
should be just large enough for the casserole. 

 

Recalling earlier work 
Students will have met fossil fuels in a number of earlier units in physical processes and Earth 
science as well as in materials. A good way of finding out about their existing knowledge is by 
asking them to develop a concept map around fossil fuels. Return to this at the end of the topic. 

  

What happens when we burn fossil fuels? 
Challenge the class to find out as much as possible about what happens when different fuels 
are burnt. Ask them to try to identify the products and also ask them to think how they might 
compare the effectiveness of different fuels. Treat these two activities separately. Ask each 
group to plan the first exercise; the investigation planning poster may be useful. The groups 
may need help to straighten their thoughts. They may need to be reminded to think about 
possible products and how they might test for them. When you are sure they have planned a 
viable investigation, help them to implement it.  

Discuss the results with the class and summarise what has been found out. Develop a word 
equation to show the reaction. 

 

Students will need reagents and equipment for 
testing for water and carbon dioxide; they may 
also need polythene bags to collect samples 
(e.g. of car exhaust). 

Enquiry skills 9.1.1, 9.1.2, 9.1.5 

 

 

Lesson plan 9.2 

3 hours 

Fossil fuels 
List the main sources of 
energy available to us and 
classify them as renewable 
and non-renewable. 

Name the common fossil 
fuels and explain their origin. 

Know what chemical 
reactions take place when 
fuels burn.  

Explain how the Sun was the 
source of energy now stored 
in fossil fuels.  

Carbon dioxide and the greenhouse effect 
Recall, and repeat briefly if necessary, the work done in Unit 9M.2.  

Show a graph of the increase in the concentration of atmospheric carbon dioxide in the last 
century. Discuss the possible origins of this. 

Describe, with the aid of graphics, how a greenhouse traps heat. This can be easily 
demonstrated using a plastic box with a lid on left out in the sun. Also leave a control with no lid. 

Describe how the presence of certain gases, such as carbon dioxide, in the atmosphere can 
exert a similar effect by allowing through radiation from the Sun but absorbing the re-radiated 
energy that has a lower frequency. 

List the possible and probable effects on climate of the slow warming of the atmosphere, and 
hence the seas, caused by the greenhouse effect. Spend some time discussing with the class 
what has to be done to mitigate these effects. Include in the discussion, international efforts to 
combat the effect such as the Kyoto accords. Return to this discussion later in the topic after 
renewable energy resources have been taught.  

 
 

 
 

 
 

It is desirable that the electromagnetic spectrum 
in physics should have been covered before this 
topic. 
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Objectives Possible teaching activities Notes School resources 

Comparing fuels 
In this activity, each group will heat the same quantity of water through the same temperature 
rise (30 °C is appropriate) but each group should use a different fuel source, which is weighed 
before and after. A drink can is a useful container and 200 cm3 of water can be put in it.  

The object is to find out how what mass (in grams) of each fuel is needed to heat the water. 

An interesting feature of this experiment is that it has many sources of inaccuracies; encourage 
students to list these. They include: 
• inaccuracy in measuring the small change in mass of the burner; 
• the loss of heat to the atmosphere (the time taken to heat the can will be significant in this); 
• the consequence of incomplete combustion; 
• inaccuracy in measuring the exact temperature change. 

Discuss how these might be reduced if the experiment is done again. Discuss the relative 
magnitudes of each inaccuracy and also discuss the effect of each on the outcome if this 
activity is (a) to compare fuels or (b) to determine their exact calorific value. 

 

Examples of fuels are paraffin and methylated 
spirits in a spirit burner, butane in a small gas 
burner and three candles melted together. 

Safety: Fire hazard. Take care when burning 
liquid fuels. 

 
Enquiry skill 9.1.6 

 

Where do fossil fuels come from? 
This question could be covered in a discussion session in a single lesson or it could be part of a 
longer piece of research work in which students use books and the Internet to find information on 
how and when fossil fuels were laid down, how they have been preserved in the rocks – particularly 
how oil and gas have been trapped – how they are recovered and how we process them. 

If you deliver the lesson, useful resources for an ICT presentation, particularly graphics, can be 
found on the Internet. The same resources will be useful for students if the research option is 
chosen. Note that the research option will require several study hours to complete. 

Ensure that students realise that because fossil fuels result from the decay of living things, the 
chemical energy in them once came from the Sun. Ask students to extend the flow chart they 
did at the end of the first topic to include chemical energy stored in fossil fuels and then 
converted further by human activities. 

Only the biogenic theory of the origin of fossil fuels should be discussed in detail at this stage 
but you could mention the main abiogenic ideas of the origins of some hydrocarbons. 
 

 
ICT opportunity: Use of the Internet. 
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Objectives Possible teaching activities Notes School resources 

Where do we get our energy from? 
Ask the class what kinds of energy they make use of each day. List the answers. Follow that 
by asking where it comes from. Discuss the energy transformations involved in making the 
forms of energy that they identify (such as electrical energy). Construct a flow chart on the 
board or OHP to show the origins of the electrical energy used in Doha. 

Show pictures of other energy resources (e.g. a windmill, a nuclear power station, a 
hydroelectric dam, solar panels). For each one, discuss the source of the energy. Ask students 
to draw the flow chart themselves. They will probably need help completing all the energy flow 
charts back to the original source, which in all cases, except nuclear and geothermal, is the 
Sun. 

Emphasise the point made earlier that the Sun is the ultimate origin of almost all our forms of 
energy, including our fossil fuels. 

  3 hours 

Renewable and non-
renewable energy sources 
List the main sources of 
energy available to us and 
classify them as renewable 
and non-renewable. 

Describe the different ways in 
which we can harness energy 
from the Sun, either directly or 
indirectly through wind energy 
and hydropower. 

Explain how the Sun was the 
source of energy now stored in 
fossil fuels.  

What are renewable energy resources? 
Ask the class to list all the energy resources identified in the last activity and classify them as 
renewable or non-renewable. Define and explain these terms. 

Present to the class some current estimates of the time to depletion of the common non-
renewable fuels, at current rates of use. 
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Objectives Possible teaching activities Notes School resources 

Comparing energy resources 
Return to the list of energy resources that students make use of in their lives. Note that there 
are several different kinds, each kind suited to a particular need (e.g. heating, lighting, 
transport). Extend the discussion to their ‘hidden’ energy needs: the energy needed to produce 
the common items of everyday life (e.g. the metal objects they use, the houses they live in, the 
clothes they wear). List a few of these common objects and ask students to discuss these in 
groups and to describe briefly, for each one, the main energy inputs in its manufacture. They 
will need assistance with this. Then ask them, for each input, to add the most convenient 
energy resource. 

List on the board or OHP, with the help of students, possible sources of energy. Include 
renewable sources such as wind power. Ask each group to consider the advantages and 
disadvantages of one source of energy. The questions to be addressed are as follows and you 
will have to be able to provide some data on costs, sustainability, etc. 
• How cheap is the energy source?  
• How polluting is it? Consider the environmental consequences of both the extraction and the 

use of the energy.  
• How sustainable is it? Will it run out soon or is it renewable?  
• How convenient is it? We often need energy in large quantities but many non-polluting forms 

of energy are only available in small quantities (e.g. solar cells, wind, waves)  
• Is it easy to turn into a useful form, such as electricity or fuel for a vehicle. 

Finally, ask groups to share thier conclusions with the class. The main purposes of this session 
is to ensure that students realise, first, that this is an important but very complex issue, second, 
that addressing it will mean considerable social and economic changes, and third, the urgency 
and importance of the issue.  

 
 
 
 
 
 
 
 
 

Enquiry skills 9.2.1, 9.2.3 

 

 

Sustainable energy projects 
The issue of sustainable energy resources is a rich source of ideas for science club project 
work, ranging from model biodigesters to solar cookers to academic studies of issues such as 
global warming. This topic can therefore lead to much extra-curricular science. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Below are nine words or phrases related to energy resources. Place a word or phrase in one 
oval in the word circle to the right and then place a related word in an adjacent oval. Write, in the 
space between the ovals, a scientifically correct and meaningful statement that links the two 
adjacent words. Continue adding more words and statements round the circle until it is 
complete. 

 renewable  non-renewable  fossil  wind turbine  car  electricity  
carbon dioxide  greenhouse effect  reserves 

 

 

Draw flow charts showing the origins of the energy used in the following processes: 

a. driving a car; 

b. hydroelectricity generation; 

c. burning wood; 

d. cooking food in Doha; 

e. using a torch. 

  

Fossil fuels are used to generate electricity, but most people in the world use firewood as a fuel. 

a. Firewood and fossil fuels are both energy resources. What is the original source of this 
energy? 

b. Name three fossil fuels that are often burned to generate electricity. Which one of these is 
used in Qatar? 

c. Fossil fuels are often described as non-renewable energy resources. Explain why they are 
called ‘non-renewable’.  

d. Explain why firewood is often called a renewable fuel 

e. Give one advantage of using firewood rather than fossil fuel as an energy resource. 

f. Give one advantage of using fossil fuel rather than firewood as an energy resource. 

g. Give one disadvantage of using both fossil fuel and firewood. 

 
 

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. 

The sun shines in Qatar almost every day of the year but very few houses have solar energy 
panels for generating electricity or heating water. Suggest two reasons for this. 
 

  

 

 

Unit 9M.3 
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GRADE 9: Materials 4 

Polymers 

About this unit 
This unit is the fourth of four units on materials 
for Grade 9.  

The unit is designed to guide your planning and 
teaching of lessons on materials. 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 earlier in 
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 be aware of 
the nature of the covalent bond and the properties of covalent substances. 
They should know that carbon forms many covalent compounds and that the 
valency of carbon is 4. They should understand the terms tensile strength 
and compressive strength. 
 

Expectations 
By the end of the unit, students know that carbon forms covalent 
compounds with four bonds and that life is based on structures of carbon 
atoms. They know that polymers are compounds based on long chains of 
carbon atoms and that their properties and uses are related to their 
structure. They know that changes in molecular structure account for the 
changes in properties of clay when it is fired and cement when it sets 

Students who progress further distinguish between polymers made from 
a single monomer and those made from several. They know that the 
properties of a polymer can be altered by stretching it when it is being made. 
They recognise that the nature of polymer cross-links can affect the polymer 
properties.  

 

Resources 
The main resources needed for this unit are: 
• samples of many different kinds of polymer, both natural and synthetic 
• selections of different fibres, fabrics and plastic for testing, hand lenses 
• cement, sand, clay, broken ceramic samples 
• kettle 
• datalogger and temperature sensor 
• cardboard boxes (A4 paper boxes), roof insulation material, polystyrene 

sheets, soft drink cans. 
• Internet access 
• copies of recent editions of local newspapers  
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• polymer, monomer, covalent bond 
• names of common fibres and plastics 
• rubber, wood, leather, cellulose, keratin, collagen 
• insulation, plastic foam.  
• electrostatic attraction 
• clay, ceramics, cement, concrete, silicates 
 

UNIT 9M.4 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.13.6 Know how atoms combine using 
ionic (electrovalent) or covalent 
bonds. 

9.14.1 Know that materials such as wood, wool and cotton, that are derived from 
living things, have molecular structures that consist of a skeleton of carbon 
atoms with atoms of a small number of other elements joined to them.  

9.14.5 Know that an important constituent of 
wood is a natural polymer called 
cellulose, which is arranged in long 
chains with cross-links between the 
chains, and that this structure gives 
wood its tensile strength. 

9.13.8 Know the number of bonds formed 
by the elements hydrogen, oxygen, 
carbon and nitrogen in covalent 
compounds and be able to represent 
compounds of these elements 
diagrammatically.  

9.14.2 Know that a polymer is a compound made up of repeating small units 
joined together by covalent bonds and that many polymers have a 
structure that is based on long chains of carbon atoms. 

11A.25.1 Know that a polymer is a 
macromolecule containing repeating 
units and recognise the difference 
between condensation and addition 
polymers. 

 9.14.3 Give examples of natural and synthetic polymers and show an 
understanding of how the use that we make of a polymer is related to the 
characteristic features of its molecular structure. 

 

 9.14.4 Know that oil and natural gas are the raw materials from which synthetic 
polymers (plastics and synthetic fibres) are commonly made and that many 
are made in Qatar. 

11A.25.2 Describe the manufacture and uses of 
synthetic addition polymers as 
exemplified by polythene and PVC, 
and of condensation polymers such as 
nylon and polyesters.  

 9.14.6 Know that changes in molecular structure account for the changes in the 
properties of clay when it is fired.  

9.14.7 Know that clay consists of small 
molecules that can easily move 
around next to each other when 
molecules of water are present and 
that this is why wet clay is soft; know 
that when clay is fired, links are made 
between the molecules that make 
pottery strong, and that this process is 
irreversible.  

4 hours 

Materials made 
from polymers 
 

1 hour 

Molecular 
structure of 
polymers 
 

4 hours 

Relating 
structure to 
properties 
 

3 hours 

Building 
materials 

 9.14.8 Know that the setting of concrete is an irreversible process by which a 
network of interlocking crystals is formed, and that this is what gives 
concrete its strength.  

 

 
 9.14.9 Discuss the ethical and moral questions raised by the way we exploit our 

understanding of materials to make explosives, nerve agents, biocides, etc. 
 

 

Unit 9M.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

An exhibition of polymers 
Show the importance of polymers in our life by creating, with the help of the class, an exhibition 
of different polymers, both natural and synthetic. At this stage a clear description of what is and 
what is not a polymer is not possible; the word can be used without definition until later in the 
unit. 

Include plastics, fibres, fabrics, insulating materials and building materials in the exhibition. 
Include natural polymers such as wood, cotton, leather and wool. Show multiple uses of the 
same polymer. Where possible, name the polymer with its chemical or industrial name. 

 

 

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

 

What are polymers used for? 
Ask students to look at the exhibition and, in their books, tabulate the different uses of polymers. 
They could create a table with uses on the horizontal axis and polymers on vertical one and 
complete it by inserting crosses. Remind them that not all examples of different uses for a 
particular polymer may be shown in the exhibition. 

  

4 hours 

Materials made from 
polymers 
Give examples of natural and 
synthetic polymers and show 
an understanding of how the 
use that we make of a 
polymer is related to the 
characteristic features of its 
molecular structure. 

Know that oil and natural gas 
are the raw materials from 
which synthetic polymers 
(plastics and synthetic fibres) 
are commonly made and that 
many are made in Qatar. 

Fibres and fabrics 
Set up a circus of activities designed to show how fibres, and the fabrics made from them, have 
differing properties. Let students, in groups, circulate around the circus and complete the 
activities according to the instructions. Tell them to write the results and conclusions from each 
activity in their books. Discuss the results with the class and draw general conclusions from the 
evidence. Possible activities include those listed below. 

Stretching fibres 
Take a 20 cm length of a fibre and stretch it as much as possible on a ruler and measure the 
maximum length. 

Testing fibre strength 
Compare the strength of different fibres having, as near as possible, the same diameter. Hang 
slotted masses under the thread and record the breaking strain. 

Why do some clothes feel warmer than others? 
Surround several identical containers with fabric made of different materials. The thickness of 
the fabric surround should be the same in each case. Pour the same amount of hot water from 
a kettle into each at the same time. Note the temperature every 2 minutes for about 15 minutes 
and plot cooling curves on the same axes. Include a control with no insulation. 

How much moisture will a fabric hold? 
Some clothes feel much more comfortable next to the skin than others. Very often this is due to 
their ability to absorb moisture that the skin produces. This activity tests how much water a 
fabric can hold. 

Use samples of different fabrics that weigh roughly the same. Weigh them, soak them in water 
and squeeze them out tightly so that they no longer drip, and reweigh. Tabulate the results and 
calculate how much water a fabric can absorb as a percentage of its own mass. 

 

Possible fibres and fabrics to test: wool, cotton, 
nylon, polyester, rayon, sisal. 

Enquiry skills 9.1.2, 9.3.1 

 
 
 
 
 
 

 
 

 
Soft drink cans can be used as containers. 

 

Unit 9M.4 
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Different kinds of plastics 
Ask students, working in groups, to compare the physical properties of different kinds of 
plastics. Let them develop their own procedures for the investigations. Check their procedures 
before allowing them to proceed. They could test the following attributes: 
• hardness; 
• density; 
• effect of heat; 
• flexibility; 
• appearance. 

An important distinction that can be made here is the difference between thermoplastic and 
thermosetting polymers. 

 

Safety: Some plastics give off poisonous vapour 
when heated; carry out the heating in a fume 
cupboard. 

Plastics to test: polythene, polypropylene, 
acrylic, melamine, nylon, PVC, polystyrene, 
polyurethane, rubber. Wood can be added to 
this list as a natural polymer that can be tested 
in the same way. 

 

Natural polymers 
Ask students to identify polymers in the exhibition that occur naturally. More advanced students 
may categorise these as carbohydrates or proteins. Show rubber as an unusual natural polymer 
made from a tree resin. 

  

1 hour 

Molecular structure of 
polymers 
Know that materials such as 
wood, wool and cotton, that 
are derived from living things, 
have molecular structures 
that consist of a skeleton of 
carbon atoms with atoms of a 
small number of other 
elements joined to them.  

Know that a polymer is a 
compound made up of 
repeating small units joined 
together by covalent bonds 
and that many polymers have 
a structure that is based on 
long chains of carbon atoms. 

 
 

What are polymers? 
Recall with the class the nature of covalent compounds and how the atoms in them are bonded 
together. Draw some simple structures to illustrate this. Make a point of showing the number of 
such bonds to carbon, oxygen and hydrogen atoms. Make and demonstrate ‘ball and stick’ 
models of these simple molecules (or show Java applets of them from the Internet). 

Explain that polymers are long molecules made by joining small component molecules end to end. 
Define the two words monomer and polymer. Show models of simple ones such as polyethene 
(polythene), polychloroethene (polyvinylchloride, PVC) and polypropene (polypropylene). 

Explain that some polymers are made of a single monomer whereas others, such as nylon, are 
made from two, which appear alternately in the polymer chain Demonstrate making nylon from 
its monomers, if they are available. 

Explain the structure of the polymer cellulose, the basis of all plant structures including wood, as 
a polymer made from the monomer called glucose, a simple sugar that students will have heard 
of. Encourage more advanced students to study how the very small difference in molecular 
structures of starch and cellulose can lead to such a large difference in physical properties. 

The structure of the polymers that are common in animals (proteins) can be illustrated. Make some 
models from polystyrene that portray the protein monomers (amino acids), as compounds with an 
acidic head and a basic tail with a variety of (20) different bodies in between. Recall the reaction 
between acids and bases that eliminates water. Explain that this reaction happens between the 
head of one amino acid and the basic tail of another, resulting in proteins that can contain the amino 
acids in any order. Explain that it is simply the order of these different monomers that decides 
whether the protein is one that makes up a hair in wool or is any one of a large number of complex 
molecules that perform the essential functions of keeping the organism alive. 

Introduce the names keratin for the protein polymers that make up hair and horn and collagen 
for the protein polymer in leather (and muscle).  
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Polymer chain direction 
As a starter, quickly tear a sheet of newspaper so that you make an almost perfect straight tear 
down the page. The faster it is done, the straighter the tear. Challenge a member of the class to 
repeat this but hand them the paper rotated through 90°. They will not be able to make a 
straight tear unless they realise that the paper has been rotated and turn it back. Conclude that 
paper has a ‘grain’ and that the small fibres from the wood are laid in one direction and that the 
molecules in these fibres are in the same direction. This makes it easy to tear in that direction 
but difficult in the other. 

Challenge students, in groups, to try to find out whether the polythene in a polythene shopping 
bag has the same tensile strength in each perpendicular direction – downwards and across, as 
it is used. Ask them first to do some simple tests by cutting strips and pulling them by hand. 
Then ask them to try to quantify this. They will probably find the investigation design quite easy 
in principle but the implementation rather difficult. The polythene strips must be thin (less than 
1 cm) and cut exactly. They will need forcemeters or hanging masses to stretch the strips. 
Encourage them to measure the length between two marks a fixed distance apart to study the 
stretching process more exactly. This will lead to two tables of results that can be represented 
graphically. 

The polythene is weaker horizontally across the bag. Ask for a possible explanation in 
molecular terms. Explain that, when plastics like polythene sheets and nylon threads are made, 
they are stretched slightly when they are still warm and this has the effect of pulling all the chain 
molecules in the same direction. This gives the plastic a greater strength in the direction of the 
pull. 

 

 

 

 

 

 

 
 

 

 4 hours 

Relating structure to 
properties 
Give examples of natural and 
synthetic polymers and show 
an understanding of how the 
use that we make of a 
polymer is related to the 
characteristic features of its 
molecular structure. 

Discuss the ethical and moral 
questions raised by the way 
we exploit our understanding 
of materials to make 
explosives, nerve agents, 
biocides, etc 

 

 
 

Cross-links between chains 
Remind the class that in earlier work they found that some plastics were flexible and others 
were stiff. Ask for possible explanations for this in terms of the polymer molecules. Some 
students may suggest bonds that link chains together. Draw diagrams to show such links 
between chains that exist in hard plastics such as melamine. Ask the class for typical uses for 
such a hard plastic (e.g. kitchen table tops, appliance outer casings). 

Explain that in some polymers, including wood, these cross-links are not normal kinds of 
chemical bonds but are relatively weak electrostatic attractions between a positive part of one 
chain and a negative part of a neighbouring one. Demonstrate the electrostatic attraction of a 
covalent molecule by attracting a small stream of water running from a tap to an electrostatically 
charged piece of plastic, such as a ruler. 

To illustrate how strong the cumulative effect of these weak forces can be, give out thin strips of 
polythene and thin pieces of wood, and ask students, in groups, to compare their tensile and 
breaking strength. Draw diagrams to show the polymers in each case, with dotted lines 
representing the weak cross-links in wood. The cross-linking gives the wood a very high tensile 
strength compared with the polymer, but means that it is more rigid and more easily broken 
than stretched when a bending force is applied. 
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Trapping gases in polymers 
Give each group samples of expanded polystyrene and polyurethane foam and ask them to 
describe their properties and look closely at their structure with the help of hand lenses. Ask them 
to report what they see. In both cases there are cavities in the polymer that are filled with air (or 
possibly another gas such as carbon dioxide). They will have found out that these foams are not 
at all strong. Explain that they have uses in furniture (the flexible foams) and insulating buildings. 

Ask groups to devise a test of the roof insulating properties of some polymers by making a 
simple model house and placing it in the sun. Allow groups to work on the house design (which 
can be as simple as a cardboard box on which the insulated roof is placed) and decide on the 
measurements to be taken and how they are to be interpreted. Give assistance to groups that 
do not make progress; in particular, draw attention when necessary to the need for a control 
experiment without insulation. 

Discuss the results and draw from students why they think that the polymer foam is such a good 
insulator. If necessary, remind them of the physical properties of solids, liquids and gases. 
Conclude that it is the air spaces in the polymers that give them their insulating qualities. 

The discussion can lead to the insulating value in a hot climate of features such as a thatched 
roof and of a tent roof lining, both of which trap air. 

 

If possible, also give groups unexpanded 
polystyrene and a sample of polyurethane that 
has not been made into a foam (these may be 
unobtainable). 
 

ICT opportunity: The temperatures of the 
model house and control can be logged 
continuously and automatically. 

 

Trapping air in wool 
Ask students to recall the results of the experiment on stretching fibres. They will have found 
that wool stretches much more than the others. Ask them to think of an explanation. Some may 
suggest that the structure of the wool polymer could be like a spring that stretches apart when 
pulled. Explain that hair molecules often have such a structure caused by electrostatic forces 
within and between polymer strands. 

Set the class a homework task to wet their hair and blow-dry it while they force it to wave in a 
particular direction. When the hair is dry the wave remains. Ask them to find out the effect of 
wetting the hair again. The wave will be removed. Ask them to speculate on what might cause 
the wave to remain until the hair re-wetted. The effect of blow-drying curled hair is to force 
unnatural electrostatic bonds to form, holding the curl in place. When the hair is wet, these 
bonds are destroyed and the hair reverts to its natural structure. 

Remind students of the results of the insulated tin investigation. Wool was probably the best 
insulator. Ask for an explanation; trapped air will probably be suggested. Wool can trap air within its 
curled structure. Ask why most mammals are covered in fur – they should realise that it helps 
maintain a constant body temperature by keeping it cool in a hot climate and warm in a cold one. 

  

Water absorption 
Ask the class to recall the investigation into the amount of water a fabric can absorb without 
appearing wet. They will probably have found that cotton holds much more than synthetic fibres 
but that wool can hold the most. Ask them for a possible explanation based on the structural 
ideas that have emerged in earlier topics. Ask them if they noticed that the fibres that were the 
most flexible were, in general, also the ones that could hold most water. 

Some may correctly suggest that water is attracted to the polymer electrostatically. This explains 
why these fibres are the most comfortable on hot days when our skin is releasing a lot of moisture. 
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 How we use our knowledge of how to make materials 
This unit has described how we use our understanding of chemistry to make a lot of useful 
materials. In this section, students are asked to reflect on what life might be like if we did not 
have all these useful materials, and also on how we have used our knowledge to make 
destructive materials. 

Ask students to spend a short time in groups discussing what their daily life would be like 
without plastics (or synthetic fibres). Ask them to think about all the things they do after they get 
up in the morning and ask the question, ‘does this activity involve something made of plastic?’. 
Ask how they would do it if there were no plastics. Then ask each group in turn to present to the 
class a problem that they would meet if there were no plastics. List these on the board or OHP. 
Point out that plastics only became common around 50 years ago and so there are many 
people around that remember a world without plastics. Encourage them to talk to people in their 
own families about this. 

This discussion could be taken further by pointing out that plastics are made mainly from fossil 
fuels and these are a finite resource, raising the question of the need to conserve and recycle 
plastic where possible. 

Then give out to the class a collection of recent editions of newspapers and ask each group to 
look through one or more paper and identify stories that involve a use of our understanding of 
chemistry to make compounds such as explosives, nerve gases, pesticides and herbicides. Ask 
the groups to list all the examples they find and then select one and discuss what they think are 
the ‘rights and wrongs’ of the use of the chemical in the story. Then ask each group to share 
their ideas with the class and encourage comment. 

It is important in this kind of ethical discussion that you do not impose a view but ask questions 
that encourage students to think deeply about such issues. Guidance on such issues can be 
found, of course, in the scriptures, which could be quoted. 
 

 
Enquiry skills 9.2.3, 9.2.4 
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3 hours 

Building materials 
Know that changes in 
molecular structure account 
for the changes in the 
properties of clay when it is 
fired.  

Know that the setting of 
concrete is an irreversible 
process by which a network 
of interlocking crystals is 
formed, and that this is what 
gives concrete its strength.  

Materials made from clay 
Test the knowledge of the class on the uses of clay. They may recall work done in Grade 5 on 
changing materials. They may also recall that clay is widely used to make bricks and that 
heating clay bricks to a high temperature in a furnace greatly increases their strength and 
usefulness as a building material. 

They will probably remember that pottery is made from fired clay. 

Give each group some wet, soft clay and also a fragment of fired pot or brick. Ask them to make 
a small model with the clay and bake it in the sun. (They can be given this task individually in 
advance of the lesson to do at home.) Ask them to compare the three samples (the damp clay, 
the baked clay and the fired clay) and develop some systematic tests for them. Tell them to 
tabulate the results. One of the tests should be the effect of water to show that the sun-baking 
process is reversible whereas the firing process is not. 

Ask the class to discuss and explain their results. They should be able to conclude that firing 
clay involves a chemical change that leads to a hard but breakable solid. Explain that clay is a 
mixture of a number of compounds, mainly aluminium oxide (basic) and silicon oxide (acidic), 
and that the firing causes these to react to form compounds with giant three-dimensional 
covalent structures that are hard but can be crushed easily. 

 
See Unit 9P.6 for work on making and testing 
mud bricks. It is desirable, but not essential, that 
Unit 9P.6 should be done before this unit. 

 

 Concrete 
A study of the structure of concrete is included here, although it does not form polymers.  

Students may recall making and testing concrete bricks in Grade 5. Remind them that concrete 
is made by adding water to a mixture of cement and sand. Tell them that cement is made by 
heating a mixture of limestone and clay to 1400 °C in a furnace and is a mixture of anhydrous 
calcium and aluminium silicates. Recall from earlier work and from Unit 9P.6 that bricks and 
concrete are useful building materials because of their high compressive strengths. 

Ask students to work in groups to study what happens when cement is turned into concrete by 
conducting a number of investigations. Ask each group to make several small concrete blocks, 
mobile phone size, and leave these to cure in different ways, many of which the class can 
determine. They should place one in the sun to cure rapidly. A second should be placed in a 
fridge and a third under water after being allowed initially to turn quite hard. Another should be 
kept moist by sprinkling with a little water several times a day for a week. A control must be left 
untouched in the laboratory away from the sun. 

Each group should carry out the same agreed investigation but using a different ratio of cement 
to sand, varying from 1:0 to 1:12. 

After a week, let students examine the blocks and test them for hardness and how readily they 
break. Most importantly, the micro-structure of the concrete should be carefully examined with a 
powerful hand lens and differences noted. 

Students should be able to see that the structure is crystalline in nature and that the crystals are 
largest in the blocks that have been regularly moistened and possibly in the one allowed to cure 
under water. Ask why they think this could be so. Explain that the crystals are long, thin 
hydrated silicates of calcium and aluminium, and the concrete gains its strength by the way 
these grow rigidly around each other and around the sand particles. 
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Discuss with the class the reasons for other observations, some of which may be surprising, 
that they may have made: 
• the block left to cure in the sun is easily crushed and has very small crystals; 
• cement will set underwater (showing that the process is not one of just drying out); 
• the block in the fridge sets well (but not if it is in the ice cabinet). 

For homework, ask the class to find out what they can about an early nineteenth-century builder 
in the north of England called Joseph Aspdin. 
 

 
 
 
 
 

Enquiry skill 9.2.7 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Plastics, metals and ceramics are very important and useful materials. Select one of them and 
describe how different your life would be if it was no longer available. 

  

Find the ways your house gains heat inside in the summer. What could you do to it to make it 
gain less heat. Give reasons for your answer. 

  

Each of the following objects is made from a fibre. From your knowledge of fibres, select the 
most suitable material for making the object. Give reasons for your choice. 

a. A set of car seat covers. 

b. A warm sweater. 

c. A floor cloth. 

d. An undergarment suitable for hot weather. 

 
 

Diagrams A, B and C show the structures of three polymers. The solid lines show the polymer 
chains, and the dotted lines show electrostatic forces between molecules. Which of the 
polymers would be most suitable for the following uses. Give a reason for your answer. 

a. Making a hard plastic case for a portable radio. 

b. Making insulating material for roofs. 

c. Making a fishing line. 

 
 

 

a. Salts called silicates are important components in giving both concrete and ceramics their 
high compressive strength. Explain the different way these silicates are formed in each case.  

b. Concrete is formed by mixing cement with water and allowing it to cure. Explain why allowing 
concrete to cure slowly by wetting it each day increases its strength. 

c. Explain how the addition of sand to the cement increases the strength of the concrete 
formed. 

  

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. 

Give two differences between the natural polymers keratin and cellulose. Give uses that we 
make of each, explaining how the uses exploit the physical properties of the polymer.  
 

  

 

 

Unit 9M.4 
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GRADE 9: Earth and space 1 

The visible Universe 

About this unit 
This is the only unit on Earth and space in 
Grade 9. It builds on materials taught in 
Grades 6 and 8. It requires an understanding of 
the force of gravity (Grade 7). Advanced physics 
students will return to this topic in Grade 12A. 

The unit is designed to guide your planning and 
teaching of lessons on Earth and space. 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 12A and Grade 8. 

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 
describe the relative positions of the planets and their conditions compared 
with conditions on Earth, and identify some planets in the night sky. They 
should know that the Sun is a star and that it radiates light and heat. They 
should be able to assess evidence for our modern understanding of the 
Solar System and show how this understanding has evolved over time. 
 

Expectations 
By the end of the unit, students know that stars are grouped in galaxies 
and that our Sun is a star in the Milky Way galaxy. They know how stars are 
born and how their ultimate fate depends on their mass. They describe 
supernovae, neutron stars, pulsars, black holes and white dwarfs. They 
know that the elements that make up the planets of the Solar System 
originated in a star and understand the process of planetary formation. They 
have a concept of the magnitude of the Universe in terms of numbers of 
stars in a galaxy, sizes and numbers of galaxies and the distance between 
them. They understand how we can use powerful telescopes to look back in 
time at the early Universe.  

Students who progress further know how different types of stars are 
formed and they know the size of a light-year and the parsec. They evaluate 
evidence for conflicting conceptual models. They explain, in outline, our 
current understanding of the evolution of the Universe and cite evidence for 
it. 
 

Resources 
The main resources needed for this unit are: 
• video and still photographs of the Sun, stars and galaxies downloaded 

from the Internet 
• star maps (from the Internet) 
• videos of significant astronomical discoveries 
• hand spectrometer 
• computer and data projector 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• sunspot, solar flare, solar wind, eclipse, corona, nuclear fusion 
• Names of some well-known stars 
• nebula, galaxy. Milky Way, light-year, parsec 
• white dwarf, supernova, supergiant, red giant, neutron star, pulsar, black 

hole 
• big bang model 

UNIT 9E.1 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.17.1 Know that stars are grouped by gravitational attraction in galaxies, and that 
our Sun is a star in the Milky Way galaxy. 

 

 9.17.2 Develop a concept of the size and number of stars and galaxies, the 
distances between them, and the size of the Universe; know the size of the 
light-year. 

 

 9.17.3 Show an understanding of how stars are created, that they are made 
mainly from the element hydrogen, and that their ultimate fate depends on 
their size and can lead to supernovae, white dwarfs, neutron stars (pulsars) 
or black holes. 

 

8.15.5 Know that the source of the Sun’s 
heat and light is a nuclear reaction in 
which matter is turned into energy. 

9.17.4 Explain the process of element formation in stars. 9.17.5 Understand how the process of 
element formation produces the 
energy of the star. 

8.15.7 Assess evidence for our modern 
understanding of the Solar System 
and show how this understanding 
has evolved over time. 

9.17.6 Describe how planets are formed when a star attracts the remains of an 
older exploded star into a disc around it by gravitational attraction. 

 

4 hours 

Stars and 
galaxies 
 

5 hours 

Stellar evolution 
 

3 hours 

The evolution of 
the Universe 

 9.17.7 Explain why powerful telescopes allow us to look back in time to a period 
when the Universe was much younger than it is now. 

 

  9.17.8 Explain, in outline, the theory that all matter in the Universe was generated 
in a ‘big bang’ around 14 billion years ago, that the Universe has been 
expanding ever since, and that time and space also started with the ‘big 
bang’. 

9.17.9 Show an understanding of how the 
Universe can be finite but limitless. 

  9.2.3 Know that science can raise ethical and moral issues, and discuss them.  

  9.2.5 Know that scientists work by developing conceptual models to explain the 
evidence they collect and that an important scientific process is the 
evaluation of conflicting models. 
 

 

Unit 9E.1 
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Activities 

Objectives Possible teaching activities Notes School resources 

The nearest star, our Sun 
Recall work done in Grade 6 on the Sun. Ask students to find, on the Internet, photographs 
showing important features of the Sun, such as the uneven nature of its surface, solar flares 
and sunspots. Make a table showing some statistics about the Sun, such as its mass, its 
volume and the temperature of its different layers – tell students to note these in their books. 
Ask specific groups to contribute a particular topic to a class display on the Sun. Topics covered 
can be: 
• the layers of the Sun and their temperature; 
• solar flares; 
• sunspots; 
• the solar wind; 
• solar eclipses and the solar corona; 
• the solar spectrum and Fraunhofer lines (advanced students). 

Ask each group to make a brief class presentation based on its topic. 

ICT opportunities: Much use should be made of 
the Internet throughout this unit, as a source of 
information and of illustrative photographs. Useful 
NASA resources on the Sun can be found at 
sohowww.nascom.nasa.gov. The Hubble Space 
Telescope is a rich source of information for this 
unit; see hubble.nasa.gov/index.php. The ‘best of 
Hubble’ can be found at www.seds.org/ 
hst/hst.html. A computer and data projector will 
be needed for many activities in this unit. 

The diameter of the Sun is three times the 
distance from the Earth to the Moon; it is 110 
Earth diameters. 

Fraunhofer lines in the solar spectrum can be 
seen with a good hand spectrometer. 

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

 

4 hours 

Stars and galaxies 
Know that stars are grouped 
by gravitational attraction in 
galaxies, and that our Sun is 
a star in the Milky Way 
galaxy.  

Develop a concept of the size 
and number of stars and 
galaxies, the distances 
between them, and the size 
of the Universe; know the 
size of the light-year. 

Explain why powerful 
telescopes allow us to look 
back in time to a period when 
the Universe was much 
younger than it is now.  

Other nearby stars 
Students will be familiar with the use of star maps from Grades 6 and 8. Explain the classical 
origin of the constellations of the brightest stars that appear to be close to each other. Explain 
the convention for naming the stars in order of brightness in each constellation. Explain that 
some stars have special names.  

Explain also that stars are not all the same, that they all have a life cycle and that when we look 
at them we are looking at stars of many different sizes and ages. We can work out what 
happens to a star in its lifetime by studying stars of different ages just as we can work out the 
life cycle of humans by studying people of different ages. Ask each student to find out what they 
can about one particular star, such as Betelgeuse (an old star), the stars in the Orion nebula (a 
cloud of incandescent gas where stars are created), Sirius (the brightest star in the sky), Alpha 
Centauri (the nearest star). They should find out how big it is, how far away it is and how old it 
is. This study will be continued below. 

 

 

 

 

Galaxies 
Explain that stars are grouped together in galaxies. They are held in galaxies by gravitational 
attraction. Ask groups to download and print some photographs of galaxies. One such 
photograph should be a spiral galaxy to illustrate the shape of our own galaxy, the Milky Way. 
Set the students the task of finding out about the numbers of stars in a typical galaxy and the 
size of a galaxy and the distances between galaxies. 

 

Photographs of different-shaped galaxies can be 
identified and downloaded using the image 
search engine of Google. 

 

 
Ask students to look at the night sky next time they are in the desert, away from the lights of the 
city, on a moonless night, and to look for the Milky Way extending overhead. Ask them to look 
at it with binoculars or a telescope; these will show millions of stars invisible to the naked eye. 

  

Unit 9E.1 
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Objectives Possible teaching activities Notes School resources 

 

Explain the light-year as a unit of distance. Students will have seen Sirius, the brightest star in 
the sky which can be seen in the winter months. It is 8.7 light-years away. Ask them to calculate 
how far away Sirius is in kilometres. Ask them also when the light that they are seeing left 
Sirius. Impress upon them that, when they see objects in the sky, they are not seeing them as 
they are now, but as they were when the light left them. Ask students to search through the 
photographs taken by the Hubble telescope (on www.seds.org/hst/hst.html) to find some of the 
most distant and therefore oldest objects so far photographed and to compare them with 
‘younger’ objects, such as spiral galaxies. 

Teach advanced students about the parsec as a unit of distance. Illustrate this with some 
calculations yielding the distances to nearby stars based on triangulation measurements. 

The calculation of distances using the ‘red shift’ method should be delayed until Grade 12, 
when students have a clear idea of the Doppler effect. Nevertheless, advanced and interested 
students could be introduced to this in principle in this grade. 
 

  

Ask each student to continue with an activity started earlier and find as much as possible about 
one star, using the Internet as an information source. Tell them to find out about characteristics 
such as its size, its (absolute and relative) brightness, its temperature, its colour, its estimated 
age, what it is mainly made of and how far away it is. To supplement the work of the students, 
have some statistics available about stars that are of particular interest (e.g. they may be very 
young, very old, very big, or they may be double stars). Ask the class collectively to tabulate the 
information they have gathered to illustrate the diversity of the properties of stars and the fact 
that they change as they age. 

  5 hours 

Stellar evolution 
Show an understanding of 
how stars are created, that 
they are made mainly from 
the element hydrogen, and 
that their ultimate fate 
depends on their size and 
can lead to supernovae, 
white dwarfs, neutron stars 
(pulsars) or black holes.  

Explain the process of 
element formation in stars 

Describe how planets are 
formed when a star attracts 
the remains of an older 
exploded star into a disc 
around it by gravitational 
attraction.  

Know that science can raise 
ethical and moral issues, 
and discuss them. 

Star life cycles 
Ask groups to research into celestial phenomena and to report back (briefly and in their own 
words) to the class. Where possible, the report should include photographic illustrations and, 
where necessary, explanatory diagrams. Suitable celestial phenomena to research include: 
• nebulae; 
• main sequence stars; 
• double stars; 
• red giants and supergiants; 
• novae and supernovae; 
• white dwarfs; 
• neutron stars and pulsars; 

• black holes. 

The discussion after reporting back should build up a picture of star life cycles and how the 
ultimate fate of a star depends on its mass. An interesting task to set the groups is to make an 
estimate of the order of magnitude of the mass of a fixed volume of matter (such as a 
teaspoonful) of the object they are researching. 

As they report, construct a flow chart that traces the life of typical stars. Discuss the ultimate fate 
of the Sun (and the fate of life on Earth). 

 
Popular videos on some of the different types of 
stars are available. Look particularly for the 
discovery of pulsars and for studies of the Crab 
Nebula. 
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Objectives Possible teaching activities Notes School resources 

Element formation in stars 
Ask students to look up the atomic mass of the most common elements larger than helium 
(those that are over 0.05% abundant – O, Si, Al, Fe, Ca, Na, K, Mg, Ti, Cl, P, Mg, C, S). Ask 
them whether they can spot something that most of these have in common: that the number is 
divisible by 4. Challenge them for a possible explanation (an obvious one being that all 
elements are made by a process that uses the same the building blocks which have a mass of 
4 amu, helium nuclei). Explain that this is the main process that we know is happening in red 
giant stars, many of which ultimately explode, leaving debris that can later form planets. 

Remind students that nuclear transformation processes generate a lot of energy and it is this 
that makes stars so hot. Ask them to speculate on the nature of the transformation process in 
our Sun, given that we know it is made of 25% helium and about 75% hydrogen nuclei. 

  

The origin of planets 
Recall the work done on the Solar System in Grade 8, in particular that planets are formed by 
the accretion of matter attracted to the early Sun by gravity. Explain that our Earth, and indeed 
they themselves, are made from elements that were created billions of years ago inside a red 
giant star such as Betelgeuse. 

  

Ethical and moral issues associated with space research 
Organise a class debate about the ethical and moral issues related to the large amounts of 
money being spent on space research when such a large proportion of the population of the 
world subsist below the poverty line. Help the main speakers access and use sound factual 
information. 
 

 

Enquiry skill 9.2.3 

 

 

3 hours 

The evolution of the 
Universe 
Know that scientists work by 
developing conceptual 
models to explain the 
evidence they collect and that 
an important scientific 
process is the evaluation of 
conflicting models. 

Explain, in outline, the theory 
that all matter in the Universe 
was generated in a ‘big bang’ 
around 14 billion years ago, 
that the Universe has been 
expanding ever since, and 
that time and space also 
started with the ‘big bang’.  

Conceptual models 
Teaching about conceptual models is difficult because of the abstract nature of the topic. It is 
important to refer, wherever possible, to clear concrete evidence that students will have met or 
can easily understand. For example, the old caloric theory of heat postulated that a finite 
amount of heat existed in all objects and that, once it had all been released, the object would 
always remain cool. This was called into question by scientists supervising workers grinding the 
bore of canons, a process that always generated much heat, no matter how long it was carried 
out. 

Ask students to think of a number of important scientific theories that they have met that 
explain, clearly, observations that they have made or studied. Examples might be: 
• Pasteur’s theory of micro-organisms (which explains the degeneration of food and the 

transmission of diseases); 
• Bohr’s atomic theory (which explains different types of bonding and also Rutherford’s 

observations when gold foil was bombarded with alpha particles). 

Tell them of others they will meet in Grade 9, such as evolution, wave theory, electric current as 
a flow of electrons. List in a table on the board or OHP all theories that students mention and 
the observations that they explain. 

 

 

Enquiry skill 9.2.5 
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Objectives Possible teaching activities Notes School resources 

 

Students may have met, in the course of earlier work, older theories (conceptual models) that 
were once believed but were abandoned when evidence was produced that the models could 
not explain, or that was contrary to predictions based on the models. Set students a task to find 
out about some early models and why they were abandoned. These could include: 
• the phlogiston theory of burning; 
• the caloric theory of heat; 
• Dalton’s atomic theory; 
• the theory of the alchemists that elements could be changed chemically from one to another. 

Discuss in class each theory in turn, concentrating particularly on how the theory was 
abandoned in favour of one that better explained key evidence. The most important point to 
convey is that scientists work by making predictions based on conceptual models, which they 
then test by experiment. If the experiments fail to confirm the predictions, the model must be 
modified or replaced. 

  

 The ‘big bang’ model 
Describe briefly the two main conflicting models of the origin of the Universe: the ‘continuous 
creation’ model and the ‘big bang’ model. While it is not appropriate to go into either theory in 
depth in this grade, you can tell students about a number of predictions that emerge from the 
‘big bang’ model that have been tested. These include: 
• the prediction that the Universe is expanding (which we observe to be happening); 
• the prediction that the ratio of H to He in the Universe should be approximately 3:1 (which we 

find in, for example, the Sun); 
• the prediction that an ‘echo’ of the big bang in the form of microwave radiation should be 

universally present – this has been discovered (students will not have a clear understanding 
of microwave radiation until they have completed Unit 9P.4). 

More advanced students may also debate conceptually more difficult issues that are part of the 
model, such as the idea that time and space also began with the big bang, the idea that the 
Universe is finite but without limits, and whether the Universe will eventually stop expanding and 
start contracting. 
 

 
The serendipitous discovery of universal 
background radiation, initially attributed to 
pigeons fouling the microwave antennae at the 
laboratory of Bell telephones, has been the 
subject of many articles and videos.  
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

How long does it take light from the nearest star other than the Sun to reach Earth?  

A. Less than 1 second. 

B. About 4 hours. 

C. About 4 days. 

D. About 4 years. 

  

Study the diagram showing the evolution of stars. 

a. Name a star that has completed its life cycle. 

b. Name the kind of star that will be the ultimate fate of the Sun and give an estimate of how 
long it will take for the Sun to reach this state. 

c. Name a star in which elements heavier than helium are being created. 

d. Give examples of a main sequence star and a red supergiant. 

  
The life cycle of a star 
 

Create a chart showing the approximate diameter of a sequence of objects in the Universe 
from the very small, such as an electron, through to the very large, such as a galaxy, and 
finally to the Universe itself. 

 
 

Imagine you are a proton in a moderately large star. Write a short essay that describes what 
happens, or could happen, to you over a period of 100 billion years or so. 

  

How do we know that black holes exist when light cannot escape from them to reach our 
telescopes? 

  

Make an estimate of the order of magnitude of the mass of a cupful of matter from: 

• the Sun; • Earth; • space; • Saturn; 

• a white dwarf; • a neutron star; • a black hole. 

  

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. 

Your friend is convinced that the Sun revolves around the Earth once a day. What 
observations could you make that would refute her theory? 
 

  

Unit 9E.1 
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GRADE 9: Physical processes 1 

Pressure 

About this unit 
This unit is the first of seven units on physical 
processes for Grade 9. 

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 10 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 know that 
forces can cause objects to move and change shape. They should be able 
to measure forces and calculate area and density. 
 

Expectations 
By the end of the unit, students calculate the pressure exerted by a force. 
They know that pressure in a fluid depends on its depth and density, and 
that the pressure at any point in it is the same in all directions. They know 
that gases and liquids can be put under external pressure and describe 
some applications of this. 

Students who progress further calculate the pressure at different depths 
in water. They apply mathematical calculations to practical applications of 
pressure. They explain how an aneroid barometer works. They trace the 
historical development of the steam engine and know how this influenced 
the development of our understanding of some branches of physics. 

 

Resources 
The main resources needed for this unit are: 
• energy conversion kit, including a steam engine driving a generator 

powering bulbs or a motor 
• centimetre square graph paper 
• aneroid barometer with visible mechanism 
• a variety of everyday materials, in particular, drink cans, plastic bottles, an 

oil can 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• pressure, force, area, density, depth 
• newton, pascal 
• hydrostatic pressure, air pressure, steam pressure 
• manometer, barometer 

UNIT 9P.1 
6 hours 
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Standards for the unit 

6 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

7.16.3 Give and explain everyday examples 
of how forces can cause objects to 
change shape. 

9.18.1 Calculate the pressure exerted by a force knowing the area over which it 
acts. 

 

7.17.3 Calculate the density of liquids, 
gases and regular and irregular 
solids. 

9.18.2 Know that pressure in a fluid depends on the depth and density of the fluid, 
and that the pressure at any point in it is the same in all directions. 

10A.27.7 Understand and use the term 
pressure in the contexts of pressure 
exerted by a solid object and fluid 
pressure, and derive and use the 
relationship p = ρgh. 

2 hours 

Pressure 
 

4 hours 

Pressure in fluids 

 

 9.18.3 Know that gases and liquids can be put under external pressure and 
describe some applications of this. 

10A.27.8 Explain, in terms of the particle model, 
the hydraulic transmission of a force 
and know and explain quantitatively 
some common applications. 
 

Unit 9P.1 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
Challenge students to try to break an egg by squeezing it in their hand lengthwise. This is very 
difficult. Ask them what will happen if they squeeze two? Try the same activity with walnuts. 

Hammer three 2.5 cm nails quite close together the same short distance into the centre of the 
flat side of a flat piece of wood about 10 cm square. Hammer just one nail into a second piece 
of wood. Give the pieces of wood to students and ask them, in turn, to place the pieces of 
wood, nails downward, on the palm of each hand and put a bag of sugar on each. Tell them to 
note the difference. 

These are starter activities designed to raise questions rather than produce answers at this 
stage. You may explain them now, but a better idea would be to return to them later in the unit 
and ask for explanations. Discuss the observations. Draw attention to the forces applied in each 
case. The two forces in each activity were the same but the effect was different. The difference 
between the two in each case was the area over which the force acted. 

 

 

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

 

Footprints in the sand 
Create an area outside where there is some sand, at least 10 cm deep, that can be made wet. 
Tell students to work in groups and ask one member of each group to stand in the sand, first on 
flat feet, then on their heels and finally on their toes. Ask groups to compare the depth of the 
three sets of footprints. In the discussion, bring out the fact that in each case the force exerted 
was the same but the area changed. Refer to pressure as a measure of a force spread over the 
area upon which it acts. In SI units, this will be measured as the force per square metre. 

  

2 hours 

Pressure 
Calculate the pressure 
exerted by a force knowing 
the area over which it acts. 

Force, area and pressure 
Introduce the mathematical relationship p = F/A. and the SI unit of pressure, the pascal (Pa)  

To help students get an intuitive idea of pressure, and of the size of a pascal, ask them to work 
out the pressure on the floor when they stand on it. They should measure their weight in 
newtons find the area of one foot by drawing around one shoe on cm2 graph paper. Remind 
them that they have two feet and that they must change the area to square metres. Recognise 
that some students will have difficulty converting cm2 to m2 and use discretion whether you work 
in pascals or N cm–2. 

Students will recognise that the pascal is a very small unit and that we therefore often use 
kilopascals (kPa). Newton per square centimetre (N cm–2) is also commonly used. 

Set some graded questions involving the pressure equation. Ensure that the initial ones are 
simple. 
 

  

 
 
 

 

 

 

  

Unit 9P.1 
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Objectives Possible teaching activities Notes School resources 

Introduction to hydrostatic pressure 
Demonstrate the three-holed can experiment to show that the pressure is greatest at the bottom 
of the can. Also ask students to put their hand in a polythene bag and place the bag in a bucket 
of water to see how difficult it is to move their fingers because of the water pressure. 

  

Measuring hydrostatic pressure 
Ask students, in groups, to make a rubber diaphragm with a balloon over a funnel. Tell them to 
connect the funnel to a manometer and record the manometer readings as the funnel is 
lowered into a bucket of water. A plot of depth against manometer difference gives a straight 
line. The same experiment may be done with methylated spirits (which is less dense than 
water) and a different straight line will be obtained, with the pressure lower than water. Ask 
students to draw conclusions from these observations. 

The same equipment can be used to show that the pressure at a particular depth is the same in all 
directions. Tell students to turn the diaphragm around to point in all directions at a fixed depth. 

Discuss all the observations made so far. Conclude that the pressure under a fluid is 
proportional to the depth of the fluid and its density. 

Introduce more advanced students to the mathematical relationship p = ρgh and set them 
problems based on it. 

 

Enquiry skill 9.4.5 

 

 

The pressure of the atmosphere 
Demonstrate the collapsing can experiment as follows. Boil water in the bottom of an oil can to 
displace the air, close the top and allow it to cool. The can will collapse. Pouring cold water on it 
speeds up the process. 

Make a few small holes with a needle near the bottom of a plastic bottle and then fill it with water 
and screw the top on. While the top is on, no water will come out, but you can make the bottle spray 
water by opening the top. Challenge students to explanation this. The similarity between the pressure 
of the atmosphere and pressure exerted by your hands can be shown by squeezing the closed bottle. 

Show, by a display, how the pressure of the atmosphere decreases with height. Link this to the 
activity showing how pressure increased with water depth. Recall the work done in Grade 7 on 
the density of air at the bottom of the atmosphere, and how surprisingly heavy it is. 

 

Many oil cans have plastic inserted caps rather 
than metal ones. These often leak in this activity 
and it does not work well. Plastic bottles that are 
easy to squeeze can also be used but the steam 
has to be passed into them from another 
container. A simpler way is to place a plastic 
bottle in warm water up to its neck for a while, 
screw on the top and then take it out of the water. 

The mass of the air in an average laboratory is 
about 200 kg: the same as four Grade 9 students. 

 

4 hours 

Pressure in fluids 
Know that pressure in a fluid 
depends on the depth and 
density of the fluid, and that 
the pressure at any point in it 
is the same in all directions. 

Know that gases and liquids 
can be put under external 
pressure and describe some 
applications of this. 

 

The aneroid barometer 
Show students an aneroid barometer and explain that it works using a mechanism that detects 
changes in atmospheric pressure by detecting the side of a sealed can of air that can expand and 
contract according the outside pressure on it. Challenge students to design and make one using a 
glass jar and a balloon and anything else they need. At some stage they will have to be reminded 
that another factor that causes the change in the volume of a contained mass of air is temperature. 
Suggest that they read their barometer each day when it reaches a certain temperature. 

Discuss the units of atmospheric pressure that are commonly used. Explain that the bar is the 
same as 100 kPa, which is about the pressure of the atmosphere at sea level. Explain the 
origins of the older unit that is still sometimes used: millimetres of mercury. Ask groups to keep 
a record of changes in the air pressure day by day and see whether these changes relate to 
other weather phenomena, such as wind and temperature. 

 
Safety: It is often advised that Fortin barometers 
should not be used in schools. If they are used, 
cover the mercury reservoir with a layer of oil. 

Enquiry skill 9.4.5 
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Objectives Possible teaching activities Notes School resources 

Applications of fluid pressure 
This activity can be done either as a demonstration model or by students in groups. Make a 
model of a fluid transmission to show the action of a braking system. Use a small diameter 
syringe at one end and a larger diameter syringe at the other. Show that a large force can be 
exerted at the wide end using a small force at the narrow end because the pressure at both 
ends must be equal.  

Demonstrate a car jack that works using fluid pressure. Measure the force needed to lift a 
student.  

Discuss the advantages of the pneumatic tyre and tyre pressure, and also the importance of 
maintaining the tyre at the correct pressure. 

Discuss other applications of fluid pressure, such as the pneumatic drill, pneumatic brakes on 
lorries and applications of hydraulics and pneumatics in manufacturing. 

Encourage more advanced students to study some of the applications quantitatively. 

  

 

Steam pressure 
Ask students to collect information and pictures for a class exhibition entitled ‘Steam pressure 
through the centuries’. The earliest example is ‘Hero’s engine’. Some students may wish to try 
to make a working model of Hero’s engine using ideas from the Internet. Make sure that 
students recognise that steam pressure has been, and still is, important because it is easy to 
generate by heating water in a sealed container.  

The exhibition should show: 
• the development of the steam engine and the uses to which it has been put; 
• how the invention of steam power – the beam engine – started the Industrial Revolution by 

introducing a more useful alternative to water power; 
• how the needs of the Industrial Revolution, in turn, stimulated technological development of 

steam power; 
• the refinement of steam power by James Watt, which arose from the need to make the steam 

engine small enough to be used for transport and so stimulated the development of railways; 
• how steam power was later adapted to satisfy the need for electricity (see Unit 9P.2).  

Students should also realise that much of our understanding of heat, mechanics and, later, 
electricity came about because of the need to make machines, like the steam engine, to do 
work that was previously done by people. 

Set up a working model stream engine and use it to generate electricity to power bulbs. 
 

 

ICT opportunity: Use of the Internet. 

Enquiry skills 9.2.1, 9.2.7 

Enquiry skill 8.2.2 is also relevant if the 
contribution of James Watt is considered. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Taleb wants to pump up his car tyre. His pump has a piston with an area of 7 cm2. He 
pushes the handle down with a force of 175 N. What pressure does he exert on the air 
in the pump? (N cm–2) 

The air pressure in the tyre is 27 N cm–2. What pressure would be needed in the pump 
in order to pump more air into the tyre? 

Another of Taleb’s car tyres exerts a pressure of 30 N cm–2 on the road. The area of the 
tyre in contact with the road is 95 cm2. What is the force exerted by the tyre on the road? 

QCA Key Stage 3, 2002, level 7 

area = 7 cm2

175 N

  

Two syringes are connected together as shown in the diagram on the left below. A force of 20 N is 
applied to the piston in syringe A. Calculate the pressure that the piston in syringe A exerts on the 
oil. Give the units. 

Calculate the force needed to just prevent the piston in syringe B from moving out. Give the unit. 

The diagram on the right shows the brake pedal used to operate the brakes in a car. The foot 
applies a force of 50 N. Calculate the force applied to the piston P. Give the unit. 

The brake fluid pushes another piston, Q, which is attached to the car’s brakes. Piston Q has an area 
which is eight times larger than piston P. Calculate the force on the car’s brakes. Give the unit. 

 

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. 

 

 

20 N

syringe A piston A, area = 0.5 cm

plastic tube

oil

syringe B

piston B, area = 5 cm 

2

2  

 
QCA Key Stage 3, 2001, level 8 

 

 

pivot of pedal

piston P

brake fluid

5 cm

20 cm

50 N

brake pedal
 

 
 

Unit 9P.1 
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 Examples of assessment tasks and questions Notes School resources 

 Explain the following observations. 

a. The footprint of a small gazelle is deeper in the soil than the footprint of an 
elephant in the same place. 

b. A man exerting a force of 100 N can use a jack to lift the axle of a lorry when 
the weight on the axle is 40 000 N. 

c. Divers and astronauts have to wear heavy reinforced suits when they make 
deep dives or walk in space. 

d. If a pin hole is made near the bottom of a plastic bottle of water with the top 
screwed on, the water does not come out; if the top is unscrewed, it does. 

e. When wire cutters are used to cut wire, it is quite easy to start the cut, but as 
the blades sink deeper into the wire, more force has to be used on the 
handles. 

f. High-heeled shoes can damage wooden floors. 

g. The best athletes often train in places that are at high altitudes. 
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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.  
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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 



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

 



377  |  Qatar science scheme of work  |  Grade 9  |  Unit 9P.3  |  Physical processes 3 © Education Institute 2005 

GRADE 9: Physical processes 3 

Waves 

About this unit 
This unit is the third of seven units on physical 
processes for Grade 9.  

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 10A and Grade 8. 

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

Introduce the unit to children 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 light 
is reflected and refracted at plane surfaces and that light and sound are 
forms of energy that can be transmitted across distances. They should know 
that sound requires a medium for transmission whereas light does not. 
 

Expectations 
By the end of the unit, students distinguish between longitudinal and 
transverse waveforms and apply the relationship between velocity, 
frequency and wavelength to water waves, sound and light. They explain 
reflection and refraction of light in terms of waves  

Students who progress further relate refractive index to changes in the 
velocity of light as it moves from one medium to another. They explain how 
energy can be retained in an oscillating body and how waves can transmit 
that energy from one place to another. They know that earthquakes produce 
transverse and longitudinal vibrations that travel at different velocities and 
that these can be used by seismographers to pinpoint the position of an 
earthquake. 
 

Resources 
The main resources needed for this unit are: 
• everyday items such as a rope, fine sand, plastic water piping, blackboard 

protractor 
• Slinky™ spring, overhead projector (OHP), ripple tank (for OHP) and 

accessories, hand-held stroboscopes 
• investigation planning poster 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• energy forms, heat, light, sound 
• longitudinal wave, transverse wave 
• reflection, refraction 
• velocity, frequency, wavelength 
• wave, wavefront 
• earthquake, tsunami 

UNIT 9P.3 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.20.1 Know that energy can be transmitted down a rope or through water in the 
form of waves.  

11A.29.6 Explain electromagnetic radiation in 
terms of oscillating electric and  
magnetic fields … 

 9.20.2 Distinguish between longitudinal and transverse waves.  10A.28.2 Know that waves transfer energy and 
distinguish between transverse and 
longitudinal waves. 

 9.20.3 Understand the relationship between velocity, frequency and wavelengths, 
and perform calculations using the relationship.  

10A28.3 Know and use the terms crest, trough, 
compression, rarefaction, 
displacement, amplitude, phase 
difference, period, frequency, 
wavelength and velocity, and perform 
calculations using the relationships 
between velocity, frequency and 
wavelength. 

8.18.4 Describe how light is reflected at a 
surface and understand the 
difference between reflection by 
rough and smooth surfaces. Know 
the characteristics of an image 
formed in a plane mirror. Describe 
everyday applications of reflection.  

9.20.4 Explain the reflection of sound and light in terms of waves. 10A.29.1 Know that light travels in straight lines 
and can be reflected by plane 
surfaces, and explain how images are 
formed in plane mirrors. Explain 
common applications of this 
phenomenon.  

3 hours 

Properties of 
waves 
 

3 hours 

Light waves 
 

6 hours 

Waves in our 
lives 

8.18.5 Describe how light is refracted at a 
plane surface and describe everyday 
applications of refraction.  

9.20.5 Explain the refraction of light and water waves in terms of the change in 
velocity of waves.  

10A.29.2 Know that light is refracted as it 
passes from one medium to another. 
Explain the geometry of refraction, 
calculate the refractive index of a 
medium and interpret it in terms of 
change in the velocity of light. 
 

Unit 9P.3 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
This is a completely new topic. Introduce it by recalling earlier work done on energy and asking 
the class to list all the different kinds of energy they can think of that can easily move from place 
to place (e.g. sound, light, heat). Tell them that in this unit they will be introduced to the way that 
many forms of energy are transmitted. 

Beginning and ending this unit with a concept map around the word ‘wave’ is informative. 

 

 

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

 

Rope waves 
Have two students hold a long rope across the front of the classroom. Ask one to transmit a 
pulse of energy from their end to the other. Ask the class to try to time how long it took to 
transmit the pulse. Ask for suggestions on how to improve the measurement of the time (e.g. to 
send 10 pulses, each being sent when the previous one reaches the other end). 

Ask the two students (or another pair) to demonstrate the effect, if any, of the tension in the 
rope on the time taken. 

Finally, show a continuous series of pulses travelling down the rope. 

Introduce the concept of transverse waves by asking students what they observe about the 
relationship between the direction of the pulse made by the first student and the direction in 
which the pulse travels. 

 
Enquiry skill 9.1.1 (use appropriate techniques 
to improve accuracy) 

 

Waves using a Slinky™ spring 
Demonstrate the transmission of energy by both transverse and longitudinal waves using a 
Slinky™ on a bench, Compare, qualitatively, the velocity of the two kinds of wave. Create a 
table on the board or OHP contrasting the two kinds of wave, and, if possible, give examples of 
both. More examples can be added later. Tell students to copy the table into their books so they 
can add to it during the unit.  

 
A good quality Slinky™ spring, the longer the 
better, is required for this. They can be obtained 
from scientific instrument suppliers. The usual 
kind available in toyshops are often too short for 
a satisfactory demonstration. 

 

3 hours 

Properties of waves 
Know that energy can be 
transmitted down a rope or 
through water in the form of 
waves.  

Distinguish between 
longitudinal and transverse 
waves.  

Understand the relationship 
between velocity, frequency 
and wavelengths, and 
perform calculations using 
the relationship. 

 

Water waves 
Students will be familiar with water waves. Create some in a bowl in which a cork is floating. 
Note the direction of movement of the cork, and hence the water particles causing it to move. 

Demonstrate the use of a ripple tank to study waves. Project the image onto the screen using 
the OHP. Give students hand-held stroboscopes to ‘freeze’ the wave pattern.  

 
Using a ripple tank on an OHP requires practice. In 
general, the simpler the demonstration, the more 
effective it is; following a single hand-generated 
wave is often easier for students than following 
continuous waves generated by a vibrator. 

 

Unit 9P.3 
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Objectives Possible teaching activities Notes School resources 

Velocity, frequency and wavelength of a wave 
Introduce, using diagrams, the concepts of velocity, frequency and wavelength of a wave. Give 
the equation relating them. Show more advanced students how to deduce this relationship from 
the definitions of the components. Give a number of simple practice questions to ensure that 
the students can use the relationship. 

Set some practical tasks measuring the velocity, frequency and wavelength of waves. One 
might be to challenge groups to measure the wavelength of waves on water through the rather 
easier task of measuring the velocity and the frequency. 

  

Vibrations and waves 
Demonstrate the water wave again with a floating cork. Ask students to describe the movement 
of the cork. When is it moving fastest? When is it not moving at all? Explain that this movement 
is called a vibration. Ask them to describe any other vibrations that they might have studied. 
One that they may think of is the pendulum. 

Demonstrate the vibration of a pendulum and ask the same questions. Also ask when they think 
that the pendulum bob is slowing down and speeding up. Challenge more advanced students to 
draw a graph of the distance travelled by the pendulum bob against time. Remind them that if 
the distance it moves one way is the positive direction, when it moves the opposite way it is 
moving in a negative direction. (Students do not meet the concept of vectors until Grade 10 but 
the idea of displacement as a vector could be mentioned here with an advanced group.) Many 
students may draw a graph that resembles a sine wave (or water wave). 

Instead of the pendulum bob, hang a filter funnel containing a folded filter paper with a small 
hole in the middle. Fill the filter paper with fine sand. The equipment should produce a 
continuous fine stream of falling sand. Stick several sheets of white A4 paper together and 
place them with one of the narrow ends under the funnel. Set the funnel swinging and at the 
same time gently pull the paper underneath it. The sand generates a sine wave pattern on the 
paper. This pattern shows the movement of any object that is vibrating in a simple way. 

Ask the class to show a complete oscillation on the sand graph. 

Return to the Slinky™ and demonstrate longitudinal waves again. Colour a 1 cm long section of 
one turn black so that it can be seen easily. Ask the class to describe the movement of the 
black part of the Slinky™ as the wave passes. Ask one student to come and demonstrate the 
movement slowly on the Slinky™ . Ask them all to sketch a rough graph of the movement of the 
black point on the Slinky™. Ensure that most realise that the movement is the same as the 
vibration of the cork on the water. 
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Objectives Possible teaching activities Notes School resources 

Recall reflection and refraction 
Recall the fundamentals of the reflection and refraction of light studied in Grade 8. If necessary, 
repeat as a demonstration key elements of it. 

  

Reflection and refraction of water waves 
Set up the ripple tank on the OHP and generate plane parallel wavefronts. Show what happens 
when the wavefront is reflected from a straight barrier. Show the relationship between the angle 
of incidence and the angle of reflection. Repeat for different angles to show that the relationship 
is general. Draw students’ attention to the observation that the velocity, wavelength and 
frequency of the waves remain unchanged before and after reflection (except that the velocity 
has changed direction). 

  

Demonstrate refraction of waves when parallel wavefronts move from deep to shallow water. 
Ask students to note carefully what they think happens as the wavefronts move from deep to 
shallow water to: 
• the direction of the wave; 
• the velocity of the wave; 
• the frequency of the wave; 
• the wavelength of the wave. 

It is important that students understand that the change in direction is an inevitable 
consequence of the wave slowing down in shallow water. The frequency cannot change and so 
the wavelength decreases as it hits shallower water, and the wave must therefore bend. Ask 
students to draw a diagram of what they see as the wavefronts, with a fixed wavelength, hit the 
shallow water. Ask them to draw the refracted part of each wavefront with a shorter wavelength 
(say two-thirds of the original). The wavefront has to change direction. Note that the direction 
change is towards the shallower water. 

Now demonstrate the passage of light from air to glass. The light bends towards the glass 
(towards the normal). This is very similar behaviour to the water waves entering shallow water. 

The shallow water should be as shallow as 
possible to make the direction change significant 
and clearly observable. A clear plastic or glass 
plate (usually supplied with the tank) can be 
used to create the shallow water. 

 

 

 

3 hours 

Light waves 
Explain the reflection of 
sound and light in terms of 
waves. 

Explain the refraction of light 
and water waves in terms of 
the change in velocity of 
waves.  

Ask students what the two demonstrations suggest to them about light energy. They will 
probably say that light is a wave form; it behaves like water waves. Take the comparison further 
by asking them what they think happens to the velocity of light as it enters the glass.  

Advanced students, who have covered refractive index, can be shown that the refractive index 
is the ratio of the velocities of light in air and in glass. 

Ask the class to think about their visits to the coast and ask them about the direction of the 
waves in the sea. They always travel in towards the shore. Those that have been out in boats 
will know that the waves are made by the wind and, in the open sea, they travel in the direction 
of the wind. As they approach the shore they bend, slow down and get bigger. Ask the class to 
explain why they get must get bigger as they slow down. Help them by explaining (using 
diagrams on the board or OHP) that, because the energy of the wave is fixed, as the 
wavelength decreases, the amount of water moving up and down will get less and so the water 
must move up and down further. The energy is distributed among a smaller number of water 
particles and so they will move more. This is an important point when discussing tsunamis. 
 

The evidence linking the behaviour of water 
waves and the behaviour of light is 
circumstantial. There is no clear link between 
the behaviour of the water waves and light, but 
there is a strong suggestion that they have the 
same origin. This suggestion is strengthened by 
further evidence to be gathered in Unit 9P.4.and 
in Grade 10 when refractive index is studied. 

Enquiry skill 9.1.2 
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Objectives Possible teaching activities Notes School resources 

Vibrations; natural frequencies 
Ask students to set a ruler vibrating by holding one end firmly to the edge of the desk and 
flicking the other end, which is protruding over the edge, with their thumbs.  

Ask them how they think the vibration will change if they make the vibrating part of the ruler 
longer or shorter. Ask them to check their predictions. Ask them if they think that two rulers of 
the same kind and length will vibrate with the same frequency. Again ask them to check their 
prediction. 

Ask students how they think the frequency of the vibration changes with the length of the ruler. 
Challenge them to predict what the effect on the frequency would be of sticking a lump of 
modelling clay firmly on the vibrating end of the ruler. Ask them to check their predictions. 

(An optional demonstration showing the same phenomenon can be set up using a hacksaw 
blade clamped so that it can vibrate in a horizontal plane. If a pencil is attached to the end, a 
trace of the vibration can be made on paper in the same way as the sand trace above.) 

Conclude that any vibrating object has its own natural frequency of vibration and this can only 
changed by changing the body materially (e.g. by making it longer or heavier, by making the 
water deeper). Confirm this by giving each group a pendulum of the same length and challenge 
them to make it oscillate faster. Ask for their conclusions after two minutes or so (the pendulums 
will also be needed for the next section). 

  6 hours 

Waves in our lives 
Know that energy can be 
transmitted down a rope or 
through water in the form of 
waves.  

Distinguish between 
longitudinal and transverse 
waves.  

Understand the relationship 
between velocity, frequency 
and wavelengths, and 
perform calculations using 
the relationship.  

Vibrations and energy 
Recall work on energy transformations from Grade 8. Question the class to ensure that they 
remember the distinction between potential and kinetic energy. Ask the groups to watch their 
pendulums (which they should have studied in the Grade 8 unit but not in detail) and to describe 
the energy of the pendulum bob. The purpose of this is to show that, as the pendulum moves, 
its energy oscillates from wholly (gravitational) potential when it is furthest from the centre to 
wholly kinetic when it is momentarily vertical. 

Ask the class to explain the energy changes in the vibrating ruler in the same way. In this case, 
the potential energy is not gravitational but is stored in the wood (or plastic) that is under tension 
when it is bent. Remind them that this form of potential energy is called strain energy. 

Ask the class to predict what might happen if they set their rulers vibrating with larger and larger 
initial inputs of energy. Eventually the energy will be too much to be absorbed as strain energy 
when the ruler bends and it will break, just as a rubber band breaks if too much energy is 
applied to stretch it. You could demonstrate this (but the ruler will break). 

Show the video clip of the 1941 Tacoma Narrows bridge collapse. Show the bridge on a map of 
the USA (it crosses the entrance to Puget Sound in Washington State) and ask for suggestions 
about why it collaped. Where did the energy come from? What did the energy cause the bridge 
to do? Why did it eventually collapse? Then study the collapse frame by frame. Count the 
number of frames for a complete oscillation of the bridge (for accuracy, repeat for different 
complete oscillations). Tell students that the camera was moving at 24 frames per second and 
challenge them to work out the natural frequency of the bridge. 

 

 

 

 

 

 

 

 

 

 

 

 

ICT opportunities: Obtain information from the 
Internet and use video software. 

The film of the Tacoma Narrows bridge disaster 
is available at many Internet sites. Download it 
and play it using a player capable of showing it 
frame by frame. 
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Objectives Possible teaching activities Notes School resources 

Waves and energy 
Again recall Grade 8 work on energy conversions and repeat questions such as ‘Why does a 
pendulum, or a ruler, eventually stop oscillating?’ Most students will recall that this is because 
the energy is transferred to air particles, which in turn oscillate. Ask them to suggest reasons 
why we can hear the ruler vibrating. Conclude that the vibrating air particles pass their energy 
on to other air particles and so on, setting up a wave motion. Waves are therefore ways of 
transferring the energy in an oscillation from one place to another.  

  

Does a wave require a medium to transmit its energy? 
After showing that the energy of an oscillation can be transmitted by making adjacent particles 
oscillate, ask whether it is therefore possible for waves to transmit energy in a vacuum. Some 
will realise that light and radiant heat will travel through a vacuum, so a different explanation of 
how the energy is transmitted is required. 

Explain that, in the case of light, the energy is in the form of an oscillating electric field and this 
is transferred to a magnetic field and then back again; the transfer happening at the frequency 
of the light wave. These fields can exist in a vacuum and so a medium is not needed to transfer 
light energy. This is a difficult concept for all but the most advanced students, but you could 
show such advanced students diagrams of the growth and decay of the two fields at right 
angles to each other as the radiation travels.  

This topic will be taken further in the next unit on the electromagnetic spectrum.  

  

Waves in a solid 
Place a coin on a bench and hit the bench hard with your fist some distance from the coin. Can 
you make the coin jump? Ask students if they think the coin jumps at the same time as the 
bench is hit or a little later. They will possibly not be able to detect a time delay and, if they do, it 
will be very small. Discuss how the energy might have reached the coin. If they suggest that the 
energy travelled as a wave, discuss how fast the wave travels through the solid compared with 
the other waves they have seen, such as water waves. 

Ask students to recall the mechanism for waves travelling in a solid. Draw a diagram showing 
how particles would move in a solid as a wave passes if it were either transverse or longitudinal. 

  

 Earthquakes  
Ask the students to prepare for this part of the unit by finding out, either as group work or 
individually, what they can about any earthquake they have heard of. Give them a list of a few 
key words that they should use in their report (e.g. epicentre, Richter scale, plate, 
seismograph). 

Ask the groups to report to the class (or question individuals) and build up a picture about what 
causes earthquakes and what they do. 

Discuss with them how the energy gets from the epicentre not only to the surface above the 
epicentre, but also to seismographs all over the world. 

Mention that the Richter scale is not linear and that an increase of one point on the scale means 
an increase of 10 times in the energy of the earthquake. 

 
ICT opportunity: Use of the Internet to research 
details of specific earthquakes. 
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Encourage more advanced students to find out about the different kinds of waves that an 
earthquake produces and how these differ in type (longitudinal and transverse) and velocity. 
The difference in velocity allows the position of the earthquake to be pinpointed by 
seismographs at other parts of the world. Show more advanced students how transverse and 
longitudinal seismic observations can provide evidence for the liquid core of the Earth (building 
on work done in Grade 7). The key observation here is that transverse waves cannot move 
through a liquid and therefore cannot be detected by seismographs in the ‘shadow’ of the liquid 
core. 

  

 Tsunamis 
Tsunamis are caused by earthquakes on the sea floor. Students may, in their work on 
earthquakes, have found out that tsunamis typically are small waves, seldom more than 1 m 
high, that move very fast across deep oceans and have very long wavelengths, often hundreds 
of kilometres. As they reach the shallow water near the shore, their velocity slows and the 
wavelength is greatly compressed, generating sudden waves that can be tens of metres high. 
Present video pictures of the tsunami that hit South East Asia in December 2004 that show 
fishing boats out to sea easily riding the wave which, when it hit the shore, was high enough to 
demolish houses.  

Show again, if necessary, using the ripple tank, the change in wavelength and velocity of water 
waves as the wave enters shallow water. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagram shows a person holding a rope which is fixed to a wall at the other end. She 
vibrates the rope by moving her hand up and down. 

a. Is she making a transverse or a longitudinal wave? Give reasons for your answer. 

b. Show, on the diagram, what is meant by the amplitude of the wave. 

c. How many complete waves are there in the rope? 

d. The distance from the girl’s hand to the wall is 4 m and she vibrates the rope with a 
frequency of 0.5 Hz. What is the wavelength of the wave? Calculate the velocity of the 
wave. 

 

 

 

 

The diagram shows a section through a ripple tank. The dipper is made to bounce up and 
down by the rotation of a motor mounted on a pair of rubber bands. For each rotation of the 
motor, one new wave is sent out. 

a. A series of alternate bright and dark lines can be seen on the screen below the tank. 
Suggest how this pattern is formed. 

b. Explain how you would measure the wavelength of the wave. 

c. The waves travel at a speed of 2.4 cm s–1 and their wavelength is 4.6 cm. Calculate how 
many times the motor must rotate in a minute. 

d. Explain what you would do if you wanted to produce a wave with a longer wavelength. 

e. A piece of glass is placed in the tank so the water on top of the glass is shallower than the 
water in the rest of the tank. Explain what happens to (i) the velocity, and (ii) the 
wavelength of the waves as the wave passes into the shallower water over the glass. 

rubber band

lamp

tank

motor

dipper

screen  
 

 

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. 

The diagram shows series of parallel waves in a ripple tank. They hit an area of shallower 
water as shown.  

a. Complete the diagram showing the waves travelling through the shallower water. 

b. What happens to the velocity of the wave as it enters the shallower water? 

c. If the frequency of the wave generator is 0.5 Hz and the velocity of the wave in the deep 
water is 2.4 cm s–1, what is the wavelength of the wave? 

 

 

 

 

Unit 9P.3 
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GRADE 9: Physical processes 4 

The electromagnetic spectrum 

About this unit 
This unit is the fourth of seven units on physical 
processes for Grade 9.  

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 11 and Grade 8. 

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

Introduce the unit to children 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 familiar 
with the visible spectrum and with light and radiant heat as energy forms. 
 

Expectations 
By the end of the unit, students know that the electromagnetic spectrum 
can be considered as a spectrum of different forms of the same radiation 
and that each part of the spectrum, of which visible light is one, has different 
properties and applications. 

Students who progress further describe experiments that can be done 
using radiation in different parts of the spectrum that show that all parts are 
expressions of the same phenomena. They carry out calculations involving 
the velocity, frequency and wavelength of the radiation. They recognise the 
importance of our understanding of the nature of radiation in the 
development of our understanding of modern physics in general. 

Resources 
The main resources needed for this unit are: 
• magnifying glasses 
• prism, phototransistor and milliammeter 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• electromagnetic spectrum: radiowaves, microwaves, infrared, visible light, 

ultraviolet, X-rays, γ-rays 
• radiation 
• speed of light, light-year 
• frequency, wavelength 
• electromagnetic radiation 

UNIT 9P.4 
6 hours 
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Standards for the unit 

6 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.20.3 Understand the relationship between velocity, frequency and wavelength, 
and perform calculations using the relationship.  

 

9.20.6 Know that the electromagnetic spectrum can be considered as a spectrum 
of different forms of the same radiation, and that each part of the spectrum 
of which visible light is one, has different properties and applications.  

8.18.6 Demonstrate how white light can be 
split into coloured light by refraction 
and explain examples of dispersion 
in everyday life (e.g. oil on water, 
rainbows).  

9.20.7 Know that the velocity of all electromagnetic radiation in a vacuum is the 
same.  

11A.29.6 Explain electromagnetic radiation in 
terms of oscillating electric and 
magnetic fields and know that all 
electromagnetic waves travel with the 
same velocity in free space. Describe 
the main characteristics and 
applications of the different parts of 
the electromagnetic spectrum and 
give examples of the reflection, 
refraction and interference of 
electromagnetic waves. 

3 hours 

The 
electromagnetic 
spectrum 
 

3 hours 

Uses and 
dangers of 
electromagnetic 
radiation 

 9.2.6 Trace the historical development of some key scientific models and 
understand the roles of specific scientists in their development.  
 

 

Unit 9P.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
Ask students to focus sunlight on a sheet of paper using a magnifying glass. Note that the 
paper starts burning. Find out what they conclude from this by asking questions such as: 
• Do you think that light is hot?  
• Are heat and light the same thing?  
• Does heat always occur with light? 

Through class discussion, conclude that light and heat are similar. Introduce the word radiation 
to cover the range of things like light and heat. This unit will explore this concept in greater 
depth and look at what the different forms of radiation have in common. 

 

Safety note: Take appropriate fire precautions. 

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

 

The visible spectrum 
Recall Grade 8 work on colour. Ask students whether they can remember how a rainbow is 
created by droplets of water, or a spectrum by a prism.  

Set up a demonstration to show the visible spectrum using a prism. Use an incandescent lamp 
as the light source. Demonstrate, using a phototransistor, the presence of invisible radiation 
beyond the red end of the spectrum.  

Conclude that heat and light are a continuum and seem to be components of a larger spectrum. 
Introduce the word infrared for the part of the spectrum that encompasses heat radiation. 

  

The speed of light 
Describe briefly some of the attempts to measure the speed of light, including that of Galileo, 
who concluded that it was too fast to measure. Refer also to more recent determinations, such 
as the historic one by Michelson and Morley, which was conducted to try to find out whether 
light travelled at the same speed in all directions, regardless of the movement of the Earth 
through space. 

Encourage more advanced students to look in more detail at the (then) rather unexpected result 
of this experiment, which led to the new thinking of Einstein and others around 1900. 

Students can be given the value of the speed of light, but at this stage all they need to know is 
that it is unimaginably fast – they do not need to memorise it. More advanced students can 
perform calculations based on the speed of light. Link this work to Unit 9E.1, where the concept 
of the light-year is mentioned. 

 
Enquiry skill 9.2.6 

 

3 hours 

The electromagnetic 
spectrum 
Know that the 
electromagnetic spectrum 
can be considered as a 
spectrum of different forms of 
the same radiation, and that 
each part of the spectrum of 
which visible light is one, has 
different properties and 
applications.  

Know that the velocity of all 
electromagnetic radiation in a 
vacuum is the same.  

Understand the relationship 
between velocity, frequency 
and wavelength, and perform 
calculations using the 
relationship.  

Trace the historical 
development of some key 
scientific models and 
understand the roles of 
specific scientists in their 
development.  

Microwaves 
If a set of microwave equipment is available, demonstrate the production and detection of 
microwaves and their reflection at a plane surface and refraction by a prism.  

  

Unit 9P.4 
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Objectives Possible teaching activities Notes School resources 

The electromagnetic spectrum 
Show, with the aid of diagrams, the whole electromagnetic spectrum and how the different parts 
of it follow on from each other. Introduce the idea of radiation as a wave form, referring to all the 
evidence for this that students have met. Show the frequency and wavelength range for each 
section of the spectrum.  

As a preparation for the next topic, ask students to draw the spectrum, divided up into sections 
from radiowaves to γ-rays, extending across several pages such that there is ample room to 
write about each section. Ask them whether it is possible to draw such a spectrum to scale 
according to wavelength. They will quickly conclude that this is impossible and that another kind 
of scale is required. Introduce the logarithmic scale, which gives the same length on the paper 
to each order of wavelength magnitude.  

Spend some time in this section ensuring that students are familiar with the expression of very 
large and very small numbers in scientific form. Give them small conversion exercises to do. 

 
 
 
 
 

The logarithmic presentation will require about 
15 divisions from 10–12 to 103 m. If frequency is 
used as the scale, it will run from 103 to 1023 Hz. 

 

James Clerk Maxwell 
Ask students to find out some details about the life and work of the Scottish physicist, James 
Clerk Maxwell, often referred to as the father of modern physics, who first recognised that light 
was part of a larger family of ‘electromagnetic waves’ that were characterised by electric and 
magnetic fields that vibrated at right angles to each other. Discuss the findings in class. 

Draw the attention of more advanced students to the two fundamental fields of study – two ‘big 
ideas’ – that were emerging in the nineteenth century: the study of wave motion led by Maxwell 
and his followers and the study of particles that students have learnt about in Unit 9M.1. These 
two big ideas were to clash head-on in the early twentieth century with major consequences for 
our understanding of science (see Grade 12). 
 

 
ICT opportunity: Use of the Internet. 
Enquiry skill 9.2.6 
 
 

Enquiry skill 9.2.5 

 

 

Uses of electromagnetic radiation 
Ask students to conduct research in their textbook, the library or the Internet into the uses we 
make of the different parts of the electromagnetic spectrum. Tell them to make a display, either 
in their books or using display software, of their findings. A display could also be made on the 
display board – allocate each section of the spectrum to a different group. 

 
ICT opportunity: Use of the Internet and 
display software. 
Enquiry skill 9.3.1 

 3 hours 

Uses and dangers of 
electromagnetic radiation 
Know that the 
electromagnetic spectrum 
can be considered as a 
spectrum of different forms of 
the same radiation, and that 
each part of the spectrum of 
which visible light is one, has 
different properties and 
applications.  

Dangers of electromagnetic radiation 
Tell students to add the potential dangers of each section of the spectrum to the display. Make 
sure they include the role of the ozone layer in protecting living things on Earth from high-
frequency radiation. 

Consideration of these dangers will show that, in general, the danger increases from low 
frequency to high frequency. This offers an opportunity to link danger with the energy carried by 
the radiation. This can be done formally as a statement – ‘high frequency radiation is dangerous 
because it transfers more energy’ – or it can afford a simple introduction to quantum theory for 
more advanced students. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Which form of solar radiation causes sunburn?  

A. Visible 

B. Ultraviolet 

C. Infrared 

D. X-rays 

E. Radiowaves 

TIMSS Grade 8, 1995 

  

The diagram of the electromagnetic spectrum below shows three areas labelled K, L and M. 
 

Radio 
waves 

K Infrared 
Visible 
light 

L M 
Gamma 

rays 
 

a. Name the regions K, L and M. 

b. Name a form of radiation with a wavelength shorter than visible light. 

c. How does the energy associated with the radiation change across the spectrum from 
radiowaves to gamma rays? Explain this change. 

d. Which parts of the spectrum are utilised in the following applications? 

 i. Cellular (mobile) telephones. 

 ii. Radiant heaters. 

 iii. Fibre-optic cables. 

 iv. Treatment of cancers. 

 v. Looking at bone fractures. 

  

Describe the potential dangers associated with the following areas of the electromagnetic 
spectrum. 

• Ultraviolet 

• Microwave 

• X-ray 

 
 

Light from the nearest star takes 4.2 years to get here. How far away is it in (a) light-years and 
(b) kilometres? (Velocity of light is 3 × 108 km s–1) 

For advanced students only.  

The cosmic background radiation has a wavelength of 4 cm. What is its frequency? (Velocity of 
light is 3 x 108 km s–1) 

For advanced students only.  

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 poster drawing the attention of the general public to the importance of the ozone layer. 
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GRADE 9: Physical processes 5 

Moments and levers 

About this unit 
This unit is the fifth of seven units on physical 
processes for Grade 9.  

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 11F and 11A, 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 be familiar 
with the nature and effects of forces and be able to measure them. They 
should be able to understand how the force due to gravity acts on objects 
and be able to calculate the weight of an object given its mass. 
 

Expectations 
By the end of the unit, students know how a lever can make work easier, 
and describe applications of this. They calculate the moment of a force and 
know that the algebraic sum of all moments acting on an object in 
equilibrium is zero. 

Students who progress further calculate the work done when a force 
causes an object to move. They know that, in a simple machine, the work 
done by the effort is equal to the work done on the load and use this 
relationship in calculations on the operation of machines. 

Resources 
The main resources needed for this unit are: 
• spade, screwdriver, tin with lid, sealed bottle (not screw top) and bottle 

opener, toy crane, mobile 
• metre rules with centre holes for moment experiments, masses and 

cotton or hanging masses 
• investigation planning chart 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• fulcrum, pivot, force, distance, moment 
• machine, lever, load, effort 
• torque 

UNIT 9P.5 
9 hours 
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Standards for the unit 

9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

7.16.5 Represent the forces acting on an 
object diagrammatically, using 
arrows that show direction and 
magnitude. 

9.19.1 Know how a simple machine such as a lever can make work easier and 
that it has many applications. 

11A.27.1 Define work and apply the concept of 
work as the product of a force and 
displacement in the direction of the 
force. 

7.16.6 Recognise that there may be many 
forces acting on an object that may 
not be in balance, and be able to 
represent them in diagrams and to 
make deductions about the size and 
direction of any resultant forces. 

9.19.2 Know that the turning effect of a force is called its moment and calculate 
the moment of a given force. 

11F.20.7 Describe and apply the moment of a 
force and the torque of a couple, and 
apply the principle of moments to a 
system in equilibrium. 

4 hours 

Moments 
 

5 hours 

Simple machines 

 

 

 9.19.3 Know that, in a system of moments in equilibrium, the anticlockwise 
moment is equal to the clockwise moment and use this in calculating 
unknown forces. 

11F.20.8 List and explain applications of the 
principle of moments to engineering 
systems and to the muscles of the 
human body. 
 

Unit 9P.5 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction  
Introduce this unit with a number of everyday activities. Take a spade outside and ask one of 
the students to dig up a spadeful of earth. Then ask a second to do the same but without 
touching the spade handle. Open a bottle with a bottle opener and then ask a student to do the 
same without touching the bottle opener handle. Ask the class to suggest other daily tasks 
where we exert a force using an instrument with a long handle. Write them on the board or 
OHP. 

Define the important terms pivot (or fulcrum) and force exerted on a diagram of one of the 
instruments on the board or OHP. (Leave the definition of moment until later.) 

 

 

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

 

Counterbalancing 
Challenge the class to pick up an object placed just in front of their toes without bending their 
knees. Then ask them to stand with their heels against the wall and do it again (they will not be 
able to). Ask them to stand three foot-lengths away from the wall and lean forward to touch the 
wall with their noses (some will do it, others not). 

Show video clips of Olympic gymnasts in action. Play them again frame by frame to show how 
gymnasts use counterbalancing as well as muscles to perform their routines. 

Hang up a mobile somewhere in the laboratory to show counterbalancing. 

Discuss these observations, leading to an explanation of the idea of a counterbalance. When 
students bend over or they lean one way, they move a part of their body the opposite way as a 
counterbalance. Illustrate this further using a toy crane with a counterbalance weight. 

 

 
 
 
 

 
 

 

 

 

4 hours 

Moments 
Know that the turning effect 
of a force is called its moment 
and calculate the moment of 
a given force. 

Know that, in a system of 
moments in equilibrium, the 
anticlockwise moment is 
equal to the clockwise 
moment and use this in 
calculating unknown forces.  

Finding a rule for balancing  
Present groups of students with a metre rule with a carefully positioned hole in it so that it 
balances horizontally when suspended from the hole. Also give them a selection of hanging 
masses, including, initially, two holders. Challenge the groups to plan and carry out an 
investigation to discover a rule for balancing the ruler horizontally when masses are hanging from 
each side. Encourage them to use the investigation planning chart and give appropriate help to 
weaker groups. Groups may need to try out a few ideas before they come up with a clear plan.  

Most of the groups will derive the principle of moments in some form or other. To consolidate 
this activity, develop a form of words to describe the principle. Then introduce the concept of a 
moment of a force about a fulcrum and the idea of clockwise and anticlockwise moments 
balancing. Ensure they fully understand how to work out the moment of a force and express it in 
the correct units. 

Set up some practical problems that involve two forces on one side of the fulcrum. Ask groups 
to set up the equipment with two unbalanced moments and challenge them to think up what 
additional force is needed where for the ruler to balance. 

For further consolidation, set a series of graded questions on moments. 
 

 
Attach small wire or cotton loops to the hanging 
mass holders so that they can be suspend 
under the metre rule. 

Enquiry skill 9.1.1 

 

Unit 9P.5 
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Objectives Possible teaching activities Notes School resources 

How simple levers work 
Extend the ideas developed in the introduction to moments by thinking up tasks that use simple 
levers but then make them difficult by shortening the lever. A good example is to break the handles 
off a pair of scissors and ask a student to demonstrate using them to cut a piece of card. 

Conclude that a simple machine is a device for making tasks easier to accomplish.  

Analyse what is happening when a simple machine such as scissors, a bottle opener or a 
spade is used. They are all examples of levers. Define with the aid of sketches of common 
examples, the key elements; load, effort, fulcrum 

Ask students to think up additional everyday examples of levers (e.g. a wheelbarrow, the 
positioning and use of a doorknob, bath taps – particularly those designed for the elderly). This 
extends the list developed in the introduction to the first topic. Write their ideas on the board or 
OHP. 

Spend some time clarifying how the principle of moments might apply to a system such as a 
wheelbarrow, where the fulcrum is at one end of the system and the forces act on the same 
side of the fulcrum but in opposite directions. Put simple problems on the board or OHP for 
students to work out; then go though them. 

Conclude that a lever is a simple machine that uses a fulcrum and that the turning effect 
depends on the size of the force applied and its distance from the fulcrum. 

 
 
 
 
 

 

Classification of levers is not included in the 
standards, but you may wish to do it at this 
stage if you feel it helps to clarify the concept of 
a lever. 

 

A model arm 
Invite pairs of students to arm-wrestle. Discuss with them how the arm is acting as a lever with 
the fulcrum where the elbows touch the table. Elicit from them the idea that the length of the 
forearm as well as the strength of the muscle is important in deciding who wins 

Ask each student to make a model arm from card using rubber bands as biceps and triceps. 
Give them a template to help them cut out the pieces. The arm should show the two muscles 
act in opposition to each other, making the forearm a lever in both its up and down movement. 
(Link this to antagonistic muscle reaction in life science Grade 9, Unit 9L.4.) 

 

 

 

 

5 hours 

Simple machines 
Know how a simple machine 
such as a lever can make 
work easier and that it has 
many applications. 

Know that, in a system of 
moments in equilibrium, the 
anticlockwise moment is 
equal to the clockwise 
moment and use this in 
calculating unknown forces.  

Work 
Although the concept of work does not appear formally in the standards until it is linked with power 
and energy in Grade 11, it is a useful idea to develop here when considering simple machines. 

Introduce the concept of work done by a force as equal to the magnitude of the force multiplied 
by the distance it moves. Explain that the SI unit of work is the joule, the same as energy. This 
equivalence of work and energy is not an easy idea to grasp at this level but explain that, when 
one joule of work is done, one joule of energy is converted in order to do it.  

Give each group of students a forcemeter and a ruler and ask them to measure the work done 
performing simple operations, such as lifting an object from the floor to the bench or opening a 
door. Also ask them to do some rather more difficult tasks, such as calculating the work done 
when they climb the stairs or step up onto a chair. This requires them to recall earlier work on 
the force of gravity acting on a (their) body; when they climb they are working against this force. 

Check and discuss the results to ensure that all understand the concept of work and can 
measure work done when a force causes an object to move. 
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Objectives Possible teaching activities Notes School resources 

Work done when simple machines are used 
Set up a circus of some simple machine experiments that permit the measurement of the work 
done by the effort and the work done on the load. Examples include the following: 
• Lifting a 1 kg mass on the end of a ruler placed over a fulcrum. The fulcrum is close to the 

end on which the mass is placed. The mass is lifted by pulling down the other end using a 
forcemeter. The distances moved by load and effort are measured, and the work done by 
load and effort calculated. 

• Lifting a mass using a multiple pulley system. (If you use multiple pulley systems as simple 
machines in these investigations, you will need to give students a brief introduction to them.) 

• Using a spanner to unscrew a nut. This offers an opportunity to introduce the concept of 
torque when the idea of a moment is applied to this kind of machine. 

Each group should carry out at least one experiment, following instructions provided, and 
tabulate their results and calculations. Tell them to compare the work done by the effort with the 
work done on the load in each experiment. These should be almost the same in each case. 
Discuss the possible origins of any differences; in all cases, the difference, if any, should be that 
the work done by the effort is slightly larger than the work done on the load because of 
additional work done overcoming friction, etc. 

 

 

 

Draw out three general conclusions that apply to all cases: 

• the work put into the machine is the same as the work done by it; 

• the effort was smaller than the load; that is, the machine made the task easier to perform; 

• although the effort required was smaller than the load, it had to be moved further. 

The concepts of mechanical advantage and 
velocity ratio complicate rather than simplify 
these ideas at this level, so it is best not to use 
them. 

 

 
Calculations involving simple machines 
Set some graded exercises involving realistic simple machines in which some unknowns can be 
calculated based on the equality work done by effort = work done on load. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

When you bend your arm at the elbow, the bones and muscles in your arm are acting as a 
system. What simple machine does this system represent? 

A. Inclined plane 

B. Pulley 

C. Wedge 

D. Lever 

TIMSS Grade 8, 1995 

  

A uniform rod is pivoted at its centre. It is acted on by two forces in the same plane. Each force 
has the same size, equal to 10 N (newtons). In which case is there a turning effect?  

 
 

TIMSS Grade 8, 1995 

  

The diagram shows a crane lifting a load. The counterweight weighs 10 000 kg. 

a. If the load is moved towards the pivot, explain what happens to the turning moment produced 
by the load.  

b. What must the crane operator do to the counterweight to keep the arm balanced?  

c. If a load of 2000 kg is lifted from a position 6 m from the pivot, (i) what is the moment of this 
load at the pivot and (ii) what must be the distance of the counterweight from the pivot? 

d. How much work does the crane do if it lifts the load a distance of 15 m? 

e. If the counterweight is placed 4 m from the pivot, what weight can be lifted 12 m from the 
pivot? 

 

 

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. 

Ibrahim uses a spanner to unscrew a nut. If he exerts a force of 200 N on the spanner 20 cm 
from the nut, what is the moment that he is applying to the nut? List two ways by which he could 
increase this moment. 
 

  

 

Unit 9P.5 
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GRADE 9: Physical processes 6 

Structures 

About this unit 
This unit is the sixth of seven units on physical 
processes for Grade 9. Students should have 
studied Unit 9P.5 before starting this one. 

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 11A and 
the previous unit in 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 have an 
understanding of the principle of moments and its applications. They should 
have a clear understanding of the concept of the moment of the weight of an 
object about a fulcrum. They should be able to use forcemeters to measure 
the forces acting on an object, including compressive forces. 
 

Expectations 
By the end of the unit, students distinguish between compressive and 
tensile strengths of materials and relate this to how materials are used in 
structures such as bridges. 

Students who progress further identify the kinds of forces operating on 
different components of a structure and are able to suggest appropriate 
materials for such components. 

 

Resources 
The main resources needed for this unit are: 
• paper, card, glue, scissors, blocks of wood 
• spaghetti, glue guns and glue for them 
• fine mud or modelling clay to make bricks 
• sticky tape, duct tape, forcemeters, hanging masses 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• bridges: cantilever, suspension, arch, truss, cable stayed 
• compressive strength, tensile strength 
• composite materials 

UNIT 9P.6 
7 hours 
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Standards for the unit 

7 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.19.2 Know that the turning effect of a 
force is called its moment and 
calculate the moment of a given 
force. 

9.19.3 Know that, in a system of moments in equilibrium, the anticlockwise 
moment is equal to the clockwise moment and use this in calculating 
unknown forces. 

11F.20.8 List and explain applications of the 
principle of moments to engineering 
systems and to the muscles of the 
human body. 

3 hours 

How strong are 
different 
materials? 
 

4 hours 

Making and 
testing a 
structure 
 

7.16.5 Represent the forces acting on an 
object diagrammatically, using 
arrows that show direction and 
magnitude. 

9.19.4 Distinguish between compressive and tensile strength of materials and 
relate this to the way the materials are used in structures such as buildings 
and bridges. 

9.19.5 Know that structures such as bridges 
are systems of moments in equilibrium 
that take best advantage of the 
specific properties of the materials 
from which they are made. 

Unit 9P.6 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introductory note for teachers 
This is an unusual unit in that its aim is to provide experiences that allow students to gain an 
understanding of how materials can be used to make structures through experimenting with the 
materials. They will come to an intuitive understanding of how materials can be used to make 
effective structures in much the same way as a woodworker has an intuitive understanding of 
how to use wood, or a stonemason understands stone. Therefore, the greater part of the time 
given to this unit is for free experimentation with materials in making structures. 

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

 

Thinking about different bridge structures 
With the help of students, prepare an exhibition showing a large variety of different structures. 
Set students a homework task to find, on the Internet or elsewhere, pictures and simple details 
of structures that interest them. Try to ensure that between them they find a variety of different 
structures, including some ancient ones such as the pyramids and the rock dwellings of Petra. 
Try to include a range of different bridges (e.g. suspension bridges, cable stayed bridges, 
cantilever bridges, arch bridges, girder bridges, truss bridges). Also include before and after 
pictures of structures that have failed, such as the mud brick buildings at Bam and the Tacoma 
Narrows suspension bridge. 

Discuss the main features of some of the different structures with the class. In particular, ask 
them whether the forces acting on the different elements of the structure were stretching the 
material or squashing it. Lead this on to a discussion of tensile and compressive strength of 
different materials. Note particularly the high tensile strength of steel bars and wires and the 
high compressive strength of stone and concrete (and mud bricks). 

Ask the class to identify bridge structures in which the structure relies on moments in equilibrium. 
Show how this is important not only in a cantilever bridge but also in a suspension bridge and a 
cable stayed bridge, where the forces tending to pull the vertical pillars sideways are exactly 
balanced so that the only resultant force on the pillars is compressing them vertically downwards.

Discuss also how the shape of the structure was designed to make use of these high strengths 
(e.g. the tension in the wires of a suspension bridge is transformed into a compression on the 
concrete towers; an arch bridge transforms the downward weight of the arch into the 
compression of the stonework of the pillars). 

 
ICT opportunity: Use of the Internet. 
Enquiry skill 9.1.3 
 
 
 
 

 
 

 
 
 
 
 

The Forth Bridge in Scotland is the classic 
example of a cantilever bridge. One of the best-
known examples of a cable stayed bridge is 
Milau viaduct in southern France. 

 

3 hours 

How strong are different 
materials? 
Know that, in a system of 
moments in equilibrium, the 
anticlockwise moment is 
equal to the clockwise 
moment and use this in 
calculating unknown forces. 

 
 

Testing materials – a cardboard bridge 
Organise students into groups to investigate how to make an effective cardboard bridge that 
spans a gap of about 15 cm between two wooden blocks. They must develop a careful standard 
system for testing their bridge; usually this will be to place or stick in the middle of it a small 
container into which they can put weights. The horizontal element of the bridge must be free-
standing at either end of the span. 

Ask the groups to place a single strip of card, about 3 cm wide, so that it bridges a gap and to 
find out how strong it is and how it fails. Encourage them to take accurate measurements of 
how far the card bends below the horizontal as a load is added. 

 
Use strips of stiff card (the kind that forms the 
back of an exercise pad) about 2–3 cm wide and 
30 cm long. 

Enquiry skill 9.1.4 

 

Unit 9P.6 
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Objectives Possible teaching activities Notes School resources 

Then ask them to glue a second strip of card under the first to make a girder with a T-shaped 
cross-section. They should develop a way of supporting this at each end and then test this 
structure in the same way. They could extend this idea to make a girder with a cross-section like 
a letter H on its side (known as an I-beam), or even to a hollow girder with a square cross-
section (known as a box girder) 

Ask the class why the last three are much stronger than the first. Discuss the forces acting on 
the vertical piece of card; the bottom of this piece is being stretched as the load tries to bend the 
beam and card has a high tensile strength (challenge a group see how big the tensile strength 
of card is by trying to break a strip by pulling its ends) 

Draw attention to display photographs of girder bridges that use this principle – they are a 
common, cheap form of bridge. 

Then ask students to make an arch bridge by bending a strip of card into an inverted U-shape 
and placing it between the two wooden blocks (which must be firmly fixed in place). Get them to 
test this structure in the same way as the others. Discuss the results. Ask what forces were in 
play. In the arch, the cardboard was being compressed, not bent, and the weight of the load 
was transformed into forces that were pushing the two blocks apart. 

Summarise the three kinds of force that have been acting on the card – tension, compression 
and bending forces. 

  

Testing materials – a mud brick 
Mud bricks have been used in construction for thousands of years, particularly in North Africa 
and the Middle East. Point out some of the mud constructions in the display. 

Ask students, in groups, to make some small standard-sized mud bricks using appropriate mud 
or modelling clay. Challenge them to investigate accurately their bending strength and their 
compressive strengths. They should devote some time to planning this in detail, and it is 
desirable that they should not start on the work until you have approved their plans. They must 
consider matters such as: 
• brick size; 
• how they are going to make a ‘standard’ brick; 
• how they are going to dry the bricks in a standard manner; 
• how they are going to test its bending strength (a bridge similar to the cardboard bridge is a 

simple way); 
• how they are going to test its compressive strength. 

This work will show that mud bricks have a high compressive strength but a very low bending 
(and tensile) strength. Refer to the Bam (Iran) earthquake disaster in which buildings that had 
stood for thousands of years collapsed when the earthquake moved them so that the bricks 
were subjected to bending forces. 

Briefly mention the use of modern composite building materials that consist of concrete with iron 
rods inside. Ask the class what is the purpose of the iron rods. Ask the class what might have 
happened to Bam had it been built of such composites. 

 

 
 

Suitable fine mud for bricks may be found in 
certain places in the desert where water collects. 
Modelling clay is also suitable. 
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Objectives Possible teaching activities Notes School resources 

 

Testing materials – spaghetti 
Challenge the groups to devise tests that will compare the tensile, compressive and bending 
strength of spaghetti. This exercise tests students’ ingenuity; do not give substantial help unless 
absolutely necessary. 

Have available simple equipment such as sticky tape, duct tape, hanging masses, forcemeters 
and G-clamps. 

The main outcome of this exercise is that students should have a feel for how spaghetti should 
be used in a model structure. It has a high tensile but a rather low compressive strength and a 
very low bending strength. 

The purpose of this exercise is to prepare the groups for the next topic in this unit. 
 

  

4 hours 

Making and testing a 
structure 
Distinguish between 
compressive and tensile 
strength of materials and 
relate this to the way the 
materials are used in 
structures such as buildings 
and bridges. 

 

Construct a spaghetti bridge 
This is a competitive challenge to the groups. They must build a bridge made only of spaghetti 
and heat glue (using a glue gun) to span a given distance. The bridge will incorporate at its 
centre a platform made of plywood or similar material under which a U-bolt is fixed to allow 
masses of several hundred grams to be suspended. The bridge will be made to a given set of 
rules within a given time and tested to destruction. The winning bridge is the one that can support 
the largest mass hanging from the platform. In the event of a tie, the lightest bridge wins. 

This activity is widely known and much information and ideas for specification and regulations 
can be found on the Internet (search for spaghetti bridge). The rules given to the participants 
should reflect their previous experience in such competitions and their understanding of 
structures. This class will be novices and so the rules should be simple. An example of a set of 
simple rules is as follows: 
1 The bridge is to be built from spaghetti and glue, epoxy or resin (glue gun allowed).  
2 The bridge must span an opening of 300 mm.  
3 The bridge must be between 320 mm and 400 mm long, no higher than 150 mm and between 

60 mm and 100 mm in width. 
4 The bridge must not weigh more than 350 g when complete. The bridge will be weighed 

before testing.  
4 The bridges will be loaded at the centre of their span (length) until they fail.  
5 The bridge that holds the most load wins. If there is a tie, the lighter bridge wins. 
6 No horizontal support will be provided at the support points. The bridge cannot bear on the 

sides of the support points (i.e. the bridge must simply be placed over the gap and must not 
touch the sides of the gap). 

You may also wish to make some kind of specification for the width and surface of the ‘roadway’ 
over the bridge. 

Encourage students to look at some of the many spaghetti bridge websites for hints on 
construction. The important ideas that they should have learnt from the initial testing are that: 
• the main construction element should be lengths of spaghetti under tension; 
• no spaghetti elements should be able to bend; 
• spaghetti elements that are under compression should be kept quite short.  

 

Enquiry skill 9.1.4 
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Objectives Possible teaching activities Notes School resources 

 

Another useful hint is to allow some flexibility in the glued joints to minimise the bending of the 
spaghetti when the bridge is under load. 

Students may wish to look at the types of bridge illustrated in the exhibition set up at the 
beginning of the topic. Of particular interest may be any examples of a truss bridge, which is 
designed so that all elements or the bridge are under either tension or compression and are not 
under any bending force. 

Have plenty of spaghetti in stock; let students experiment with structures before they start 
serious building.  

At some stage, you will have to impose a time limit for completion. You may wish to allow plenty 
of time for building experimental structures and developing plans, and then start a new session 
with a time limit for the groups to build, from scratch, their pre-planned bridge. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The pictures show three different kinds of bridge: an arch bridge, a truss bridge and a 
suspension bridge.  

 

 Arch bridge Suspension bridge 
 

a. In each case explain what part of the bridge is under compression and explain what material 
it is made from and why. 

b. What parts of the suspension bridge are under tension. What material is this part made of 
and why? 

c. On the diagram of the truss bridge, if there was a load in the middle of the bridge, label an 
element of the truss that would be under tension and an element that would be under 
compression. 

 
 

 

Truss bridge 

 

 

If you take an A4 sheet of paper and hold one end of it, the other end will hang downwards. If 
you fold it twice lengthways so that it has a cross-section like a squared inverted U, it will project 
horizontally when you hold it. Explain this in terms of the strength of the paper and the forces 
acting on it. 

  

Explain why the mud structures of the city of Bam in Iran have survived for thousands of years 
but collapsed rapidly during an earthquake, whereas multi-storey office blocks in many cities 
often survive earthquakes undamaged. 

 
 

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 and successfully test a structure for allowing an egg to drop under free-fall from a first-
floor window and land without breaking. 
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GRADE 9: Physical processes 7 

Sound 

About this unit 
This unit is the seventh of seven units on 
physical processes for Grade 9. It builds on work 
begun in Unit 9P.3. 

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 activities, look at the scheme of 
work for Grade 10. 

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 be familiar 
with the transmission of energy by waves and have an understanding of 
transformation of forms of energy. They should be able to manipulate simple 
equations and solve numerical problems with them. They should have an 
understanding, of the different ways that sounds can be made by vibrating 
surfaces, strings and air columns. 
 

Expectations 
By the end of the unit, students distinguish between longitudinal and 
transverse waveforms and apply the relationship between velocity, 
frequency and wavelength to sound. They understand the concepts of pitch 
and amplitude applied to sound and study sound waves using an 
oscilloscope and microphone. They explain, in terms of particles, how sound 
travels through a medium. They roughly measure the velocity of sound in air 
and know that it is higher in liquids and solids. They know how the ear 
detects sounds. 

Students who progress further solve problems related to the velocity of 
sound and understand the mathematical relationships between the 
frequencies of sounds that differ by intervals such as a fifth and an octave. 

Resources 
The main resources needed for this unit are: 
• everyday items such as cardboard tubes, plastic water piping, blackboard 

protractor 
• oscilloscope, microphone, signal generator and loudspeaker, tuning forks 
• electric bell, bell jar, oil vacuum pump 
• model ear 
• investigation planning poster 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• sound, pitch, loudness 
• longitudinal wave, transverse wave 
• reflection 
• velocity, frequency, wavelength, amplitude 
• note, octave, harmonic, decibel 

UNIT 9P.7 
8 hours 
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Standards for the unit 

8 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.20.2 Distinguish between longitudinal and 
transverse waves. 

9.20.3 Understand the relationship between 
velocity, frequency and wavelength, 
and perform calculations using the 
relationship. 

9.20.4 Explain the reflection of sound and light in terms of waves.  

 9.20.8 Know how, in terms of the movement of particles, sound is transmitted 
through a medium and how the ear detects sounds. 

10A.28.2 Know that waves transfer energy and 
distinguish between transverse and 
longitudinal waves. 

 

 

9.20.9 Know that pitch is determined by the frequency of a sound and that 
amplitude is a measure of the loudness and is measured in decibels, which 
is a logarithmic scale. 
 

10A.28.8 Distinguish between a standing and a 
travelling wave, know the meaning of 
the terms node and antinode, and 
illustrate the phenomenon of 
resonance with particular reference to 
vibrating stretched strings and air 
columns. 

 9.20.10 Make an estimate of the velocity of sound in air.  

3 hours 

Sound: its 
transmission and 
hearing 
 

4 hours 

Sound quality, 
pitch and 
loudness 
 

1 hour 

The velocity of 
sound 

 
 

9.20.11 Know why sound travels faster and more efficiently through solids and 
liquids than through gases such as the air and list some common 
applications of this.  

10A.28.5 Know that the velocity of sound 
depends on the medium though which 
it travels, and that it travels faster and 
more efficiently through media in 
which the particles are close together.  
 

Unit 9P.7 
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Activities 

Objectives Possible teaching activities Notes School resources 

Making sounds 
Recall early work on sounds showing that sounds are produced when something vibrates. 
Repeat some simple demonstrations if necessary (e.g. rice on a drum skin, small pieces of 
paper on a guitar string). 

Suggest to students that, if sound is a vibration, then it can probably be reflected like light. 
Challenge them to design an investigation to show that sound can be reflected and that the 
angle of incidence is equal to the angle of reflection. This is not easy, since sound is not easily 
confined to a beam like light. Students may need to be given a hint that cardboard tubes or 
straight lengths of piping will do this. They should be able to discover that the reflection rule is 
true for sound by using two pieces of pipe and a blackboard protractor. 

Extend this investigation by asking them to find out what kinds of surface reflect sound well and 
what kinds do not. 

As part of the concluding session to this topic, introduce the idea of the acoustics of a building 
and the need for sound-absorbing surfaces in rooms such as classrooms, where the spoken 
word has to be heard clearly, or where sound is discouraged, as in the library. As an extension, 
ask students to make qualitative comparisons of the acoustics of different kinds of rooms in the 
school. 

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

 

Looking at sounds 
Demonstrate the use of a microphone and an oscilloscope to show sound vibrations. Details of 
how it works or the settings need not be discussed. Allow students to experiment showing 
different kinds of sounds. They will realise that most sounds are complex mixtures of vibrations 
of different wavelength. Show a pure sound, such as the vibration of a tuning fork. 

Students must be told that, although the vibration seen on the oscilloscope screen looks 
transverse, sound is actually a longitudinal vibration of the air particles as the wave travels. 
Show this in a diagram.  

 
 
 
 
Strike the tuning fork on a large rubber bung to 
prevent damage 

 

3 hours 

Sound: its transmission 
and hearing 
Explain the reflection of 
sound and light in terms of 
waves. 

Know how, in terms of the 
movement of particles, sound 
is transmitted through a 
medium and how the ear 
detects sounds. 

Know why sound travels 
faster and more efficiently 
through solids and liquids 
than through gases such as 
the air and list some common 
applications of this. 

Transmission of sound 
Perform the well-known demonstration of an electric bell in an evacuated bell jar. This is a very 
effective demonstration that shows that sound requires a medium to be propagated. 

Challenge students, in groups, to devise an investigation that compares how well a sound can 
be heard through a solid, a liquid or a gas. They may need to use the planning poster to help 
them identify and control variables. Help them with basic equipment.  

Ask students to try to explain their results in terms of particle theory. Discuss this and ensure 
that they all understand why sounds travel better and faster in solids than in liquids, and better 
and faster in liquids than in gases. Note some consequences of this, such as the long distances 
over which marine mammals communicate by sound. 
 

 
Safety: Use only purpose-made bell jars for this 
demonstration and do not allow students near 
the demonstration desk. An oil vacuum pump is 
required. 

Enquiry skill 9.1.1 

Students will probably think in terms of listening 
to a ‘standard sound’, such as the tick of a clock 
(watches are too quiet), a standard distance 
away through water, air and a solid, such as a 
piece of wooden pole.  

 

Unit 9P.7 
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Objectives Possible teaching activities Notes School resources 

To consolidate this topic, recall the mechanism for the transmission of longitudinal waves in 
Unit 9P.3 and elicit from students an account using particle theory of how sound is transmitted. 
Note also some of the common observations that can be explained by this theory, such as: 
• why the sound of an approaching vehicle or horse can be heard more clearly by putting your 

ear to the ground; 

• why mammals such as whales can communicate easily over very long distances in the sea; 
• why an experienced mechanic tracing a problem in an engine will often listen to different parts 

of the engine through a short wooden pole touching the part of the engine under investigation;
• why we cannot detect any sound from the continuous nuclear explosions going on in the Sun. 
Ask students to add to this list. 

  

Hearing 
Determine the range of human hearing in the class using the signal generator and loudspeaker. 
Start at the lowest frequency and gradually raise it. Ask class members to put their hands up 
when they hear the sound and down again when they can no longer hear it.  

Compare the class results with your own and note any difference, particularly at high 
frequencies. Explain that high-frequency hearing is lost with age. 

Show a model of the hearing mechanism in the ear and explain how it works. 
 

  

Pitch and frequency, amplitude and loudness 
Use a set of tuning forks and the oscilloscope and microphone to show the relationships 
between pitch and frequency. In particular, show the relationship between the pitch of two notes 
that are an octave apart (the set of tuning forks may have C and C'). 

Show the relationship between loudness and amplitude – as the tuning fork sound decays, so 
does the amplitude of the wave. 

These relationships can be demonstrated using a signal generator instead of, or in addition to, 
tuning forks. 

Demonstrate, and allow students to produce, sounds made in a variety of different ways (e.g. by 
a tensioned wire, an air column or a tensioned diaphragm such as a drumskin. Note in each 
case how the pitch is made to vary. 

  4 hours 

Sound quality, pitch and 
loudness 
Know that pitch is determined 
by the frequency of a sound 
and that amplitude is a 
measure of the loudness and 
is measured in decibels, 
which is a logarithmic scale. 

Sound quality or timbre 
Ask students to bring to class any musical instruments that they may play. Make some simple 
instruments for use in the class, such as eight identical glass bottles filled with differing amounts 
of water to make the notes of an octave. 

Ask students to demonstrate the instruments by playing them into a microphone attached to the 
oscilloscope. Draw their attention to the following: 
• the similarities between a note played on an instrument and the same note played using a 

tuning fork; 
• the differences between a note played on an instrument and the same note played using a 

tuning fork; 
• what happens to the display as a musical scale is played on an instrument. 
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Objectives Possible teaching activities Notes School resources 

Ask for comments on these three observations. Students will recognise that, when many 
instruments play the same note, the underlying frequency is the same and can be seen in the 
trace but the fine details of the trace differ. Refer to these fine details as the harmonics 
produced by the instrument and note that these give the instrument its characteristic sound. 

Show some simple harmonics by playing two tuning forks that sound pleasant together. Make 
the higher note (the harmonic) less loud than the lower note. Try combinations such as C and 
C', C and G, C and E. Also play the two notes separately to help students see how the 
waveforms superimpose. 

Experiment with various sounds that range in their attractiveness. Compare singing and 
shouting, pleasant combinations of tuning fork notes and less pleasant (or unresolved) 
combinations (e.g. C and D).  

This may profitably be extended if there is a wide student interest in music. It can include such 
topics as the mathematical relationship between different harmonics and the related 
mathematical relationship between the length of a string or air column that will produce the 
notes of a harmonic chord. 

  

 

Sound loudness 
Explain that loudness is measured on a scale whose units are decibels. Ask students to do 
some research at home or in the library into the decibel level of particular sounds. Ask them to 
find out what decibel level is the maximum that the ear can tolerate without being damaged. 

In class, create a decibel scale from zero to around 110, showing where on it particular sounds 
are placed. Show the level at which the ear can become damaged though prolonged exposure 
and show the level that will damage the ear though a short exposure. 

Explain that the decibel scale is not linear and that an increase of 10 decibels doubles the 
loudness of the sound. 

Discuss the issue of safety at work in a noisy environment and the importance of wearing ear 
muffs. Discuss the problem of loud music at concerts and discos. 
 

  

1 hour 

The velocity of sound 
Make an estimate of the 
velocity of sound in air. 

Velocity of sound 
Choose an appropriate method to measure the velocity of sound in air. The echo method is 
easier if a suitable wall is available. Whatever method is used, discuss ways of making the 
measurements more accurate (e.g. repetition, use of two stopwatches to measure a small 
interval). 

Challenge students, in groups, to devise a method of measuring the speed of sound with no 
equipment (no watch, no measuring stick). They will need to develop substitutes for both. Carry 
out the method and see how well it compares with the method used above. 

Give figures for the velocity of sound in water and in solids such as rocks, and discuss the 
origins and consequences of the differences. 

Teach more advanced students about some applications of the velocity of sound (e.g. sonar 
scanning, echo sounding, oil exploration), some of which can be explained quantitatively. 
 

 

When using two stopwatches; start one at the 
beginning of the short event and the other at the 
end. Then switch them off simultaneously and 
calculate the time taken by the event. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagrams show the wave motion of a number of sounds picked up by a microphone and 
shown on an oscilloscope screen. 

a. Which two show sounds that have the same pitch but are of different loudness? 

b. Which sound has the lowest pitch? 

c. Which two show sounds that are one octave apart? 

d. Which two show two sounds that have the same loudness but are of different frequencies? 

e. If the time for the oscilloscope spot to travel across the screen is 0.01 s, what is the 
frequency of sound C? 

f. If sound C travels at 300 m s–1 in air, what is its wavelength? 

 

 
 
 

 

A ship uses an echo sounder. This sends a pulse of sound waves into the water which is 
reflected off the bottom and is detected back on the ship using a sensitive microphone. Draw 
a diagram showing this process. 

The velocity of sound in seawater is 1500 m s–1. If a pulse of sound takes 0.04 s to travel from 
the ship to the seabed and back, how deep is the sea? Some of the sound is reflected off a 
shoal of fish that is 7.5 m below the ship. How long will this reflection take to get back to the 
ship? 

  

The crews of two boats at sea can communicate with each other by shouting. Why is it 
impossible for the crews of two spaceships a similar distance apart in space to do this? 

A. The sound is reflected more in space. 

B. The pressure is too high inside the spaceships. 

C. The spaceships are travelling faster than sound. 

D. There is no air in space for the sound to travel through. 

TIMSS 1995, Grade 8 

 
 

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. 

Class challenge. Make as many instruments as possible from a given collection of everyday 
materials and play a well-known tune with them. 

The collection can include items such as bottles, 
material, paper, tins, wire, string, rubber bands, 
pieces of wood and metal. 
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