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Preface
The rate of technological change we are 
experiencing is unprecedented in human history. 
Science has and will continue to play a vital role in 
this advancement of our species.

Scientists are simply curious people so I encourage 
you, as you learn and in life, to constantly question, 
seek, source and explore new ideas.

Enjoy learning about Science!

Cover image: Rafflesia arnoldii is the largest flower in the 
world; its blossom attains a diameter of nearly a metre and 

can weigh up to 11 kg. It also emits a strong odour of 
decaying flesh.

All experiments must be performed under 
teacher direction. Teachers must ensure all 
appropriate safety precautions are taken.

For many of the activities in this book it is a 
good idea to (just as a scientist would) write 
about how the activity, or experiment went.

You could include headings like:

• What am I going to do? (A list of steps as 
well as the things I will keep the same, thing 
I will change, thing(s) I will measure.)

• What do I think will happen?

• What actually happened?

• How could I do it better next time?

• Why did it happen? (This may require 
research.)



Chapter 1

Chemistry

Changes to materials can be reversible, such as 
melting, freezing, evaporating; or irreversible, such 
as burning and rusting.

At the end of this chapter you will be able to:

• describe what happens when materials are mixed.

• investigate the solubility of materials.

• investigate the change in state caused by heating 
and cooling of a familiar substance.

• investigate irreversible changes such as rusting, 
burning and cooking.

• explore how reversible changes can be used to 
recycle materials.

Can we discover the answers to these questions?

Movie 1.1 Chemistry Trailer



Science is a process of discovering and exploring our world and 
the universe beyond it. Exploration occurs in the classroom, in 
the laboratory or in the field. As part of your science classes, you 
may be doing many activities and investigations that will involve 
the use of various materials, equipment, and chemicals.

Safety in the science 
classroom or laboratory is 
the FIRST PRIORITY for 
students and teachers! To 
ensure safe experiences, 
there will be many Science 
Laboratory Rules and 
Regulations that you will 
need to abide by for the 
protection and safety of all. 
Your teacher may also 
provide additional rules for 
specific situations or 
settings. The rules and 
regulations must be followed 

at all times.

Examples of some Science Safety Regulations for a science 
laboratory would include:

GENERAL RULES

1. No student may enter the laboratory unless a teacher is 
present. 

2. Eating and drinking are strictly forbidden due to the possible 
risk of contamination by hazardous substances. Airborne 
particles or fumes can contaminate food.

3. Any activities that introduce objects into the mouth are also 
prohibited. For example licking labels, sucking pencils and 
pipetting by mouth.

4. Running, throwing, pushing or similar sky-larking is absolutely 
prohibited in the lab. 

5. Proper footwear is essential - open-toed shoes, thongs, bare 
feet etc., are not permitted. 

Section 1

How do we stay safe in Science?
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6. Long hair judged hazardous by the teacher shall be tied back. 

7. Safety glasses and protective clothing must be worn at 
appropriate times, on the instruction of the teacher. 

8. All cuts or broken skin should be covered.

9. Contact lenses, if you wear them, make sure your 
teacher knows. It is almost impossible to remove 
contacts after chemicals have been splashed in 
the eye. Chemicals trapped under contacts 
will damage the eye more than normal. 

10.NEVER conduct unauthorised 
experiments. 

11.Do not touch chemicals, 
apparatus or pre-set up experiments 
unless instructed by the teacher.

THE USE OF EQUIPMENT AND APPARATUS

1. Become familiar with the layout of the laboratory 
and the places for storing apparatus.

2. Take care when handling all apparatus. 

3. Do not touch broken glass with your fingers. Use a brush and 
pan to sweep up broken glass.

4. Always use a holder when heating substances in a test tube; 
slant test tube away from faces (both your own and that of any 
others).

5. Always turn the bunsen burner off when finished with it.

6.Always use a fire proof mat under heating apparatus and all 
hot objects. 

7.Never leave any experiment unattended.

8.Never use flammable liquids e.g. methylated 
spirits, acetone etc., near sources of 

ignition. 

9.After using electrical apparatus - 
Switch off and pull out the plug. 

THE USE OF CHEMICALS

1.Never taste chemicals. Test the smell of 
gases only by wafting the vapour carefully towards 

you with your hand.

2.Never drink water out of laboratory glassware or taps. 

3. Always check labels before using a chemical. 

4. Never use contents of unlabelled bottles.
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5. Never return used chemicals to the bottle – dispose of as 
directed by your teacher.

6. Don't hold jars or bottles by the stopper or lid.

7. Use only the recommended quantities of chemicals.

CLEANLINESS AND TIDINESS

1. Keep your bench space clean and tidy.

2. Solid waste - this includes filter and litmus papers, matches 
etc., should be placed in a bin at the front of the room. NEVER 
in the sinks or long troughs.

3. Glassware should be washed and rinsed thoroughly.

4. The student is responsible for returning apparatus or chemicals 
to the correct storage place in the laboratory or on the trolley. 

5. Wash your hands thoroughly after using chemicals or biological 
specimens.

EMERGENCIES

If your skin or eye 
comes in contact with 
a strong chemical, wash 
IMMEDIATELY with running 
water. Report to your teacher.

Burns should be washed 
IMMEDIATELY with cold running water. 
Report to your teacher.

Cuts or similar injuries - Report to your teacher.

Fire: Report at once to your teacher.  DO NOT ATTEMPT TO USE  
WATER.
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ANY MISHAP, BURN, SCALD, CUT, EYE INJURY, 
BROKEN GLASS, SPILLS ETC., MUST BE 
REPORTED IMMEDIATELY TO THE TEACHER! Review 1 Science Safety 

Check Answer

Question 1 of 8

If you see something in the classroom or 
laboratory that is dangerous, tell the 
teacher

A. When you have time.

B. Immediately.

C. After class.

D. After school.
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THINK

After reading through the safety rules on the 
previous pages, list the three rules that you 
think are the most important and explain 
why they are the most important.

CREATE

Make a mind map of everything you know 
about Science, or an ‘A to Z’ list (one thing 
starting with each letter of the alphabet).



Everything on Earth, everything in our solar system, everything in 
our galaxy, and everything in the universe is made up of matter. 
Matter is the name that scientists have given to everything that 
you can touch, or see, or feel, or smell. So matter is everything 
around you.

Chemistry is the science of matter and the changes that take 
place with that matter. Chemists study what happens when 
matter is mixed. Sometimes when matter is mixed it causes a 
chemical reaction.

States of Matter

All matter is made up of very tiny particles. Having an 
understanding that all matter is made up of tiny particles helps us 
to explain the world around us. There are three main states of 
matter; gases, liquids and solids.

Section 2

How are gases, liquids and solids different?
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An explanation of solids, liquids and gases and the process of 
moving between different states.

Explanation 1.2 States of Matter

An explanation of the study of Chemistry.

Explanation 1.1 What is Chemistry



SOLIDS

Particles in solids are held together very closely.

This makes them very strong and difficult to break apart. Solids 
can also hold their own shape.

The particles don’t move around very much but simply vibrate in 
their spot.

LIQUIDS

Particles in liquids are quite close to each other, however they 
can move past each other very easily.

This makes liquids very easy to break apart and why they cannot 
hold their own shape, but instead take the shape of their 
container.

The particles in 
liquids move 
around quite a 
bit, bumping 
gently past each 
other.

GASES

Particles in 
gases move 
around very quickly with a lot of space between them, this means 
you can compress them very easily.

Gases don’t just take the shape of their container they fill the 
space of the container that they are in.
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Animation 1.1 Particles in a solid

Animation 1.3 Particles in a liquid

Animation 1.2 Particles in a gas



When a substance goes from a gas to a liquid it is said to 
condense.

When a substance goes from a liquid to a solid it is said to 
freeze.

When a substance goes from a solid to a liquid it is said to melt.

When a substance goes from a liquid to a gas it is said to 
evaporate.

The following table summarises properties of gases, liquids, and 
solids and identifies the microscopic behaviour responsible for 
each property

gas liquid solid

assumes the shape 
and volume of its 

container 
particles can move 
past one another

assumes the shape of 
the part of the 

container which it 
occupies 

particles can move/
slide past one another

retains a fixed volume 
and shape 

rigid - particles locked 
into place

compressible 
lots of free space 
between particles

not easily 
compressible 

little free space 
between particles

not easily 
compressible 

little free space 
between particles

flows easily 
particles can move 
past one another

flows easily 
particles can move/

slide past one another

does not flow easily 
rigid - particles cannot 
move/slide past one 

another

9

Water is found in all three states naturally on Earth. Liquid 
in the ocean, solid ice in an iceberg, and gas (invisible 
water vapour in the air).

Image 1.1 Water in three states
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ACTIVITY - Popcorn

You will need:
• Half a cup of popcorn.
• Vegetable Oil.
• Microwave with paper bag OR saucepan with lid and stovetop.
• Paper cups to serve if desired.

MICROWAVE INSTRUCTIONS

1. Put the popcorn into a paper bag.

2. Put into the microwave and heat on high power for 3-4 minutes or until the 
kernels have stopped popping.

STOVETOP INSTRUCTIONS

1. Add 3 tablespoons of oil to a heavy-bottomed saucepan.

2. Add the popcorn to the saucepan.

3. Heat on a medium high heat with the lid.

4. Gently shake the pot over the heat source to prevent the kernels 
from burning.

5. Continue shaking until most kernels have popped and you can't 
hear many moving against the bottom of the pan. Turn off stovetop 
and remove from heat.

What’s happening?

Each popcorn kernel has a small amount of water in it. See if you can 
find out why the popcorn kernels pop. Make sure you find out what 
this has to do with liquids and gases.

COMPARE

Try to create a three circle Venn diagram to 
compare solids, liquids and gases. Write how 
they are all similar in the very middle of the 
three circles, how each pair is similar where 
just two circles overlap and how 
they are each different in the 
spaces on the outside.



Many substances are capable of being mixed together to form a 
solution, things that can be mixed together are called miscible. If 
two substances are not able to be mixed together they are called 
immiscible.

A solution can be formed if we mix two things together. 
Solutions can be solids dissolved in liquids. They could also be 
gases dissolved in liquids (such as carbonated water). There can 
also be gases in other gases and liquids in liquids. If you mix 
things up and they stay at an even distribution, it is a solution. 
You probably won't find people making solid-solid solutions in 
front of you. They often start off as liquid-liquid solutions and 
then harden at room temperature. Alloys with all types of metals 

are good examples of a solid solution at room temperature. For 
example brass is an alloy of copper and zinc.

A simple solution is basically two substances that are going to be 
combined. One of them is called the solute. A solute is the 

Section 3

How is a solution formed?

11

ACTIVITY - Miscibility

Explore miscibility/immiscibility by mixing cordial and water in 
one transparent cup and mixing oil and water in another 
transparent cup. What happens to the liquids in the cups over 
time?



substance to be dissolved (Eg. sugar). The other is a 
solvent. The solvent is the one doing the dissolving (Eg. 
water). As a rule of thumb, there is usually more solvent 
than solute.

If a solid is able to be dissolved in a liquid it is called 
soluble, things that can’t dissolve are called insoluble.

When we mix things together, if we can change the 
materials back to the way they were it is called a 
reversible change, if we cannot change the material 
back it is called an irreversible change.

When we make changes to materials by dissolving them 
in water we can sometimes reverse the change. For 
example, adding salt to water can be reversed by 
evaporating the water off so that we are left with the 
original salt. Some materials react with water (chemical 
reaction) to make a new material. For example, a new 
material (concrete) is made by mixing cement with water. 
You cannot get the cement back once it has been mixed 
with the water. Other solids may react with the water to 
produce a gas which escapes as bubbles.
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ACTIVITY - Creating crystals

You will need:
• Polystyrene cups
• Icy pole sticks or pencil
• String or wire
• Copper sulphate (or sugar)
• Spatulas or spoons
• Saturated copper sulphate solution (You 

can ask your teacher to make this before hand - Stir in the copper sulphate, a 
teaspoonful at a time into very hot water. Keep adding copper sulphate until it starts 
to accumulate at the bottom of the container and won't dissolve even with more 
stirring. This means your copper sulphate solution is saturated. If you don't use a 
saturated solution, then your crystals won't grow quickly (or at all). On the other hand, 
if you add too much copper sulphate, new crystals will grow on the undissolved 
copper sulphate at the bottom and not on your string.)

• NOTE: You can use a saturated sugar solution but the crystals wont be as impressive.

1. Tie the string (or wire) to an icy pole stick.

2. Pour your solution into the cup. If you have undissolved sugar at the bottom of your 
container, avoid getting it in the cup.

3. Place the icy pole stick over the jar and allow the string/wire to dangle into the 
liquid.

4. Set the jar somewhere where it can remain undisturbed.

5. Let the crystals grow for a few days until they have reached the desired size or have 
stopped growing. At this point, you can pull out the string and allow the crystal to 
dry. Observe the crystals with a magnifying glass and draw a diagram or take a 
photo of them.



An explanation of the terms and processes involved in mixing 
materials

Explanation 1.3 Mixing Materials
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ACTIVITY - Making a Lava Lamp

You will need:
• Water
• Baby Oil or Vegetable Oil
• Food Colouring
• Clear Plastic Bottle with Lid 

(Small)

1. Fill the bottle three quarters 
(3/4) of the way with vegetable oil.

2. Fill the rest of the bottle with 
coloured water.

3. Close the lid tightly.

4. Turn the bottle on its side – 
watch as the colour moves 
through the oil in funny shapes 
and blobs.

What’s happening?

The water and the oil do not mix because the water has more density than 
the oil. Oil and water are immiscible.

THINK

Make a list of all of the solutions that you can 
think of. In the kitchen, in the supermarket and 
anywhere in our natural environment. Make 
sure you detail what the solution is made up 
of.

Solution What is in the solution?



A mixture is a combination of different things, for example, a 
tossed salad, salt water and a mixed bag of lollies. Mixtures are 
absolutely everywhere you look. Most things in nature are 
mixtures. Look at rocks, the ocean, or even the atmosphere. 
They are all mixtures!

Just as there are many types of mixtures, there are many 
different ways of separating mixtures. For example:

Magnetic separation can be used to separate iron from sand or 
another powder like sulphur.

How it works: The 
magnet sticks to 
the iron but not to 
the sulphur.

Filtering can be used to separate a solid (or suspension) from a 
liquid.

How it works: The liquid (and anything dissolved in the 
liquid) passes through holes in the filter paper but the solid 
particles are too big and get stuck. Example: Filtration 
could be used 
to separate 
sand from some 
water.

Section 4

How can we separate mixtures?
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Sieving can be used to separate two solids. A mixture 
made of solid particles of different sizes, for example 
sand and gravel, can be separated by sieving.

How it works: The smaller particles fall through 
the holes leaving the bigger particles behind.

Evaporation can be used to separate a dissolved 
solute from a solution. Eg: Evaporation would be 
used to obtain some pure salt from salty water.

How it works: When salty water is warmed the 
water evaporates leaving behind crystals of salt. 
If we collect the 
water vapour that 
evaporates we 
can cool it to form 
water again.
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An explanation of various forms of separation techniques.

Explanation 1.4 Separating Mixtures
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ACTIVITY - Making a ‘Wizz Fizz’ mixture

You will need:
• 5 tablespoons of icing sugar.
• 1 teaspoon tartaric or citric food acid.
• 1 teaspoon bicarbonate of soda or baking soda.
• 1 tablespoon jelly crystals (optional)
• Disposable cup and icy-pole stick.

1. Place the icing sugar, food acid and bicarbonate of soda into the 
disposable cup.

2. Mix them together with the icy-pole stick and add some jelly crystals if 
you like.

3. EAT (only with your teacher’s permission)!

NOTE: Don’t eat the Wizz Fizz if it comes into contact with any dirty 
equipment.

What’s happening?

The fizzing on your tongue is caused by a chemical reaction between the 
food acid and the bicarbonate of soda. When the acid and bicarbonate 
of soda touch your saliva, they react together to make bubbles that fizz 
and pop in your mouth. The icing sugar and jelly crystals make the nice 
taste.

DESIGN

In recycling plants all over the world glass, 
paper, iron, plastic and aluminium are 
separated from each other.

Imagine you had to design a recycling 
plant. How would you arrange for glass, 
paper, iron, plastic and aluminium to be 
separated from each other. Think about the 
order you would try to remove each 
component in too, which would you 
separate first, then second, etc.
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ACTIVITY - Separating Water, Sand, Marbles and Iron Filings

You will need:
• A mixture of approximately half a cup of water, a tablespoon of sand, 

several marbles and a teaspoon of iron filings.
• Sieve or strainer.
• Magnet.
• Filter paper (with filter funnel if available).
• Paper or polystyrene cups.

In this activity you will need to separate a mixture of Water, Sand, Marbles and Iron Filings into the individual 
components using only the materials listed.

Consider and plan out what you will separate out, how you will do it and in what order.

Try to obtain the original materials in as pure a form as you can.



The world around us is in a constant state of change. Each one 
of us grows and changes each day. Our food is changed when it 
is cooked and then changed again when it is digested. Enormous 
glaciers melt in Summer and refreeze in Winter. Coal is burnt in 
power plants to provide electricity and our cars gradually rust 
over the years. 

When chemists observe the world they categorise changes into 
two distinct types, physical changes and chemical changes.

Physical changes are concerned with energy and states of 
matter. A physical change does not produce a new substance. 
Changes in state (melting, freezing, condensation) are physical 
changes. Examples of physical changes include crushing a can, 
melting an ice cube, dissolving salt in water and breaking a 
bottle. These changes are easy to reverse and don’t result in any 
new substances being formed.

Section 5

What are Physical and Chemical Changes?
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A demonstration of three different physical changes, including one that 
was accidental!

Demo 1.1 Physical Changes

An explanation of the differences between physical and chemical 
changes.

Explanation 1.5 Physical vs Chemical Change



Chemical changes take place on the molecular or particle level. 
A chemical change produces a new substance. Examples of 
chemical changes include burning, when you burn wood you get 
ash and smoke. You cannot change the ash and smoke back to 
wood again. Other example are, cooking an egg, rusting of an 
iron pan, and mixing vinegar and bicarbonate of soda to make 
carbon dioxide. These changes are very, very hard to reverse.

What is rust?

Given sufficient time, oxygen, and water, any iron (or steel) will 
eventually convert entirely to rust and disintegrate. This is a 
chemical change and here is the simplified chemical reaction: 
iron + water + oxygen →  iron hydroxide (rust)

19A demonstration of a classic chemical change - try this at home.

Demo 1.2 Baking Soda and Vinegar

ACTIVITY - Bubble bubble

Perform an experiment to discover the difference between two 
mixtures in two different cups; ‘Salt + water’ and ‘Baking powder + 
Vinegar’.

Make sure you measure exactly how much of each solid you put in 
each cup and see if you can get it back to what it was by leaving the 
liquid to evaporate over a week?

You will need:
• Polystyrene Cups
• Salt
• Water
• Spatulas or spoons
• Vinegar (Acetic acid)
• Baking Soda (Sodium Bicarbonate)
• Safety goggles, lab coats (if you have them)

What’s happening?
The vinegar (acetic acid) reacts with the baking soda to form bubbles 
of carbon dioxide. Scientists write this sentence as a chemical 
equation:
acetic acid + sodium bicarbonate →   salt  +  gas   +  water
CH3COOH  +     NaHCO3     →  NaCH3COO + CO2(g) + H2O



Burning magnesium in air (oxygen) - check out this chemical 
change!

Demo 1.3 Magnesium and Oxygen

See how to make hydrogen gas and see what happens when it 
explodes!

Demo 1.4 Magnesium and Hydrochloric Acid
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ACTIVITY - Rusty steel wool

Plan and carry out an experiment to determine which conditions are most likely to 
make steel wool rust.

You will need:
• Steel wool
• Polystyrene cups
• Salt
• Oil
• Water
In your experiment change the type of liquid, you could 
use water, oil, salty water or no liquid at all. Make sure 
you leave the steel wool to rust for at least a week and record your observations 
everyday!

When you have finished this experiment write up a report explaining what you did. 
Include a title, your name and then three main sub headings:

1. What did I do in this experiment?

Write a list of all the materials you used as well as a step by step list of exactly what 
you did.

2. What happened in the experiment?

Explain what happened in your experiment and draw some neat and well-labeled  
diagrams of the results of your experiment

3. What did I learn?

Write a paragraph about what you learned by doing this experiment. Which cup of  
steel wool rusted the fastest? Why do you think it rusted the fastest? Also write  
about any ways you think you could do the experiment better next time.

THINK

Make a list of all of the physical changes you can think 
of and a second list of all of the chemical changes you 
can think of. When you are done compare your list with 
a partner to compare and extend the lists.



If you have a gas stove at home, you can see a chemical change 
happen when the gas burns. The gas is actually called methane 
and it burns in oxygen to create carbon dioxide and water:

Methane + Oxygen → Carbon Dioxide + Water

Scientists often write chemical reactions in special symbols like 
this:

CH4 + 2O2 → CO2 + 2H2O

This video goes into more complicated chemistry, you 
only need to watch it if you’re still interested.

Explanation 1.6 Chemical Change Extension
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ACTIVITY - Super Yeast
You will need: 
Safety glasses, Plastic bottle, 
Hydrogen peroxide (available in 
pharmacies), Yeast, Funnel, Detergent, 
Measuring cup, Measuring spoons, 
Food colouring, Warm water, Tray.

METHOD:
1. Put on the safety glasses.
2. Place the bottle in the tray and add ½ cup of hydrogen 

peroxide.
3. Add a squirt of detergent and a few drops of food 

colouring.
4. Dissolve 1 teaspoon of yeast in 2 tablespoons of warm 

water.
5. Add the yeast and water mixture to the bottle. What do 

you observe?

What’s happening?
Hydrogen peroxide undergoes the following chemical 
reaction:
Hydrogen peroxide (liquid) → water (liquid) + oxygen (gas)

Under normal circumstances this reaction happens slowly, 
with no obvious visible reaction taking place. But yeast is a 
microorganism that produces a chemical called catalase 
which speeds up the chemical reaction. As a result, oxygen 
gas is produced at a rapid rate, causing the detergent to 
foam up.



As we already know, physical changes are 
easy to reverse. We can take advantage of 
physical changes like melting to recycle 
different materials.

For example plastic, paper and glass can be 
easily recycled and thus reused. In glass 
recycling once the glass is collect it is taken 
to a glass treatment plant. The glass is sorted 
by colour and washed to remove any 
impurities. The glass is then crushed and 
melted, and moulded into new products such 
as bottles and jars. Or it may be used for 
alternative purposes such as brick 
manufacturing or decorative uses. Glass 
does not degrade through the recycling 
process, so it can be recycled again and 
again and again.

Section 6

How do we recycle?
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Glass bottles awaiting recycling

RESEARCH

Find out the different types of plastic that can be 
recycled. What are the names of the different types of 
plastic?
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ACTIVITY - Paper from Paper

Create your very own recycled paper from scraps of paper around your house or 
classroom.

You will need: 
Some old waste paper, warm water, a blender or wire 
whisk, a piece of screening, smooth board (to press the 
paper), towel, cotton cloth, tray, (optional decorations like 
dried flowers, confetti or seeds).

METHOD:
1. Tear up the waste paper into tiny pieces. (Soak them 

overnight in a tray with warm water for the best results).
2. Add more warm water to the paper, and hand-beat the 

mixture (or use a blender to mix it) until the pulp is fully 
broken apart.

3. Spread some pulp evenly and sparingly onto the screen 
until the screen is covered with the paper pulp. Make 
sure you do this over the tray so that the excess water 
drips into the tray! (Add decorations if you like).

4. Place the screen on a towel. Press a board down hard 
on the paper to squeeze out any excess water. Remove 
the board.

5. Place a piece of cotton cloth on a flat surface. Turn the 
screen over onto the cloth to remove the paper. Let the 
paper dry.

Once it’s dry your newly made paper is ready to use.



Section 7

Chemistry review
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Review 2 Chemistry

Check Answer

Question 1 of 12

Which of the following is made up of matter?

A. Water molecules.

B. The human body.

C. The milky way.

D. All of the above.

FURTHER ACTIVITIES

• Make two lists of as many physical and 
chemical reactions as you can.

• Research the process of recycling plastic to 
explore how changes can be reversed.

• Find out about the different types of things that 
are recycled by your local council.

• Research the different chemicals produced 
when different metals rust. Find out ways that 
we can stop or reduce the rate at which a 
metal rusts.

• Find out about more ways that materials can 
be separated.

• There is a fourth state of matter called plasma, 
create a poster explaining plasma.

• Create a mind map or crossword of all the bold 
words in this chapter.



Chapter 2

Physics

Electrical circuits provide a means of transferring 
and transforming electricity.

Energy from a variety of sources can be used to 
generate electricity.

At the end of this chapter you will be able to:

• recognise the need for a complete circuit to allow 
the flow of electricity.

• investigate different electrical conductors and 
insulators.

• exploring the features of electrical devices such 
as switches and light globes.

• investigating how moving air and water can turn 
turbines to generate electricity.

• investigating the use of solar panels.

• considering whether an energy source is 
sustainable.

Can we discover the answers to these questions?

Movie 2.1 Physics Trailer



NOTE: If you attempt to do any experiments which involve 
electricity – NEVER use the electricity from a plug or socket as it 
is very powerful and very dangerous. You should only use 
batteries (or school science power supplies) for electrical 
experiments.

Electricity is the flow of electric charge. This charge is caused 
by the flow of extremely tiny things called electrons. Electricity 

includes things such as lightning, static electricity, and the flow 
of electrical current in an electrical wire around your home.

Section 1

How does electricity flow?
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ACTIVITY - Static Electricity

You will need:
• Balloons
• A plastic (ideally nylon) comb, rod or pen.
• Some woollen fabric
• A very thin stream of water from a tap

Part 1 - Rub the balloon with the fabric, or your hair, then try to stick 
it to the under side of your table (or the ceiling if your teacher is tall 
enough).

Part 2 - Rub the plastic comb repeatedly in the same direction with 
the fabric and then move it close towards the stream of tap water - 
MAKE SURE THE COMB DOESN’T TOUCH THE WATER.

What did you observe?

Explanation

Rubbing the balloon and comb against the woollen fabric or your 
hair creates static electricity. In other words when the two are 
rubbed together, electrons move from the fabric to the balloon or 
comb. Go online to try and find out more and present your findings 
as a brochure on static electricity.

A quick explanation of the areas of Physics we will be covering 
in Year 6.

Explanation 2.1 What is Physics?



Most of the electrical devices you use as well as all electrical 
wires in the home are arranged in an electric circuit. Electric 
circuits consist of a:

Power supply - such as a battery provides electricity for the 
circuit.

Load(s) - such as a filament in a light or a motor converts the 
electricity into a different form such as light or movement.

Conducting path - which allows electric charge to flow around 
the circuit.

An electric circuit is the path that electricity follows. For electricity 
to travel (creating an electric current), the circuit must be closed. 
In other words the electricity must be able to flow in a complete 
loop from one end of the battery to the other. When you flip a light 
switch on and off, you are closing and opening a circuit.

Often when scientists draw electric circuits they use circuit 
symbols instead of drawing actual batteries and light globes. 
This makes the communication of electrical circuits a lot easier. 
Some of the symbols scientists use are to the left of this page.

Power Supply
Load

Switch

Interactive 2.1 The parts of an electrical circuit

27Some common circuit symbols
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ACTIVITY - Creating a circuit

You will need:
• Battery
• Electrical wires
• Small light globe and/or a 

small electric motor.
• Switch

1. Connect the electric circuit 
together as per the diagram.

2. Explore what happens as you 
connect and also disconnect 
various components of the 
circuit.

In terms of making the light 
glow, describe how important is it for a complete loop to go from one end of the battery to 
the other?

An explanation of the basic components of electric circuits.

Explanation 2.2 Electric Circuits

RESEARCH

There are many, many more circuit diagram symbols 
than those listed in this book. Research as many 
different circuit symbols as you can. Make sure you also 
write down what each symbol represents.



There are many 
types of light 
globes. The first 
type of light globe 
made was an 
incandescent 
globe. These 
globes work by 
heating an electric 
element called a 
filament until it is 
white hot and gives 
off light. The 
filament is normally 

made of a metal 
called tungsten. Unfortunately, almost all the energy is 
converted into heat, with only a little being converted into light 
making them the least efficient type of lighting.

Fluorescent lights are very energy efficient. They can be 
more expensive than incandescent globes but they use 

Section 2

How do light globes work?
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ACTIVITY - What’s inside a torch

You will need:
• A working battery operated torch

1. Take the battery out of the torch and draw a diagram of what you can see.

2. With the battery removed, turn the switch on and off and describe what happens 
to the metal connectors inside the torch.

3. Try and draw a circuit diagram using circuit symbols of all the components of the 
torch, that is the switch, globe, battery and connecting wires.

4. Look closely at the globe and draw a diagram, describe which part of the globe 
actually creates the light.

5. Does the torch need a complete circuit to work?



80 per cent less energy and can last 4 to 10 times longer. They 
work because electricity is used to heat up a gas inside the 
fluorescent light bulbs. The heated gas molecules become 
excited. The excited molecules give off light thus making the light 
bulb light up.

LED (light-emitting diode) light bulbs are better again. LEDs can 
last about 50 times longer than incandescent globes and they use 
over 90 per cent less energy!
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An explanation of how an incandescent and fluorescent light globe 
works.

Explanation 2.3 How light globes work

The combination of all three of red, green, 
and blue in equal intensities makes a white 
light.

A RGB (Red, Green, Blue) LED

RESEARCH

Find out more about the discovery of the first light bulb. 
Then try to find out a cost comparison between 
incandescent, fluorescent and LED light bulbs today. 
How expensive is each different globe to run?



We encounter electrical circuits everyday because we use 
electric powered things so often. The lights in our houses, 
electrical appliances and computers to name just a few things. 
When we look at electric circuits we see that they can be broadly 
categorised into two different types, series and parallel circuits.

Series Circuits 
When several light globes 
are connected in a 'chain' 
they are said to be 
connected in series. A 
series circuit allows 
electrons to follow only one 
path. A series circuit has 
some limitations. If you 
turn off one of the lamps in 
series, all the other lamps 
will be turned off. This is 
because if you stop the 
current flowing through one 
lamp, the current flowing 

through all the lamps must stop. Also, if one lamp in a series 
circuit 'blows' (i.e. stops working) all the other lamps will stop 
working since the blown globe will halt the flow of electricity in 
the circuit.

Parallel Circuits  
When several lamps are connected like the steps on a ladder 

they are said to be connected in 
parallel. In parallel circuits, the 
electric current can follow more 
than one path to return to the 
source, so it splits up among all 
the available paths. Each lamp can 
be turned on and off independently 
in a parallel circuit. As such parallel 
circuits are the most useful circuits 
used in houses. The use of parallel 
circuits means that lights and 
appliances can be turned on and 
off independently in each room.

Section 3

Are there different types of electric circuits?
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A series circuit (left) and a parallel circuit (right)
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ACTIVITY - Series and Parallel Circuits

You will need:
• 2x Battery
• Electrical wires
• 4x small light globes
• Switch

1. Connect the electric circuits 
together as per the diagram.

2. When you have connected two 
light globes in series and 
parallel, is there any difference between the brightness of the globes in the two 
circuits? What happens if you switch some of the globes around, do they stay 
the same brightness?

3. Try and make only one of the globes turn on in both the series and parallel 
circuits, is it possible for both circuits?

4. Considering step 3 and 4, why do you think parallel circuits are the best to use 
for the light globes in your home?

An explanation of the differences between series and parallel 
circuits.

Explanation 2.4 Series vs Parallel circuits

THINK

Create a two circle Venn diagram to compare 
series and parallel circuits. Write how they are 
similar in the middle of the two circles and 
how they are each different in the spaces on 
either side.



Electricity powers so much of what we do everyday. 
From our alarm clocks, fridges, mobile phones, 
television screens, toasters and lights. Fortunately in all 
of these devices the electricity stays exactly where it 
should and doesn’t escape. Our ability to have 
electricity contained in certain areas is due to the 
presence of electrical conductors and insulators.

Conductors are materials that allow the free flow of 
electricity. Metal materials such as copper, iron, steel 
and aluminium are all good conductors of electricity. 
The property of metal conductors that they all have in 
common is that they contain lots of free moving 
electrons. These electrons are what carry the electric 
charge.

Insulators are materials that impede, or stop the free 
flow of electricity. Materials such as wood, plastic, 
rubber and glass do not carry electricity and are called 
insulators.

An electrical cord has a plastic coating which is the 

Section 4

Why don’t I get electrocuted?
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ACTIVITY - Conductors and Insulators

You will need:
• Battery
• Electrical wires
• Small light globe and/or a small electric motor.
• A collection of various materials: different metals 

(lead, zinc, copper, iron, brass), a key, an elastic 
band, wood, paper, fabric, glass, plastic, ceramic 
etc.

1. Set up a circuit so that you can place one of the materials to be tested in the circuit.

2. Test your objects. One at a time, making sure they touch and have a good connection. 

3. What happens to the light bulb when each object is introduced to the circuit?

4. Record your results for each object in a table like this:

Do any of the materials which are conductors (made the light globe light up) have 
anything in common?

Object Prediction Result



insulator. Inside the plastic cord are copper wires which are the 
conductors. If electrical cords didn’t have an insulating coating, 
when you touched them you would get electrocuted!
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ACTIVITY - Electromagnets

You will need:
• Copper wire
• Large iron nail
• Battery
• Several paperclips or staples
• Switch (not vital)

1. Wrap the wire around the nail at least 
30 times leaving a length on each end 
for connecting to the battery.

2. Hook the wire to the battery by looping the ends of the wire to each end of the battery.

Tip: use a paper towel or napkin to hold the battery as it may get hot after a few minutes.

3. Holding the battery, bring the copper coiled nail close to the paper clips.

4. What happens?

5. Now explore different ways to improve your electromagnet. Increase or decrease the 
number of coils, change the nail core or put in two nails, try to include two batteries in 
series ...

Make sure you record your observations and results!

An explanation of the differences between conductors and 
insulators.

Explanation 2.5 Conductors vs Insulators

THINK

Create a list of all of the electrical conductors 
and electrical insulators that you can think of. 
Then compare your lists with a partner to 
extend your ideas.



Most electricity in Australia is generated using coal-fired power 
stations. They produce electricity by burning coal in a boiler to 
heat water to produce steam. The steam, at tremendous 
pressure, flows into a turbine, which spins a generator to 
produce electricity. The steam is cooled, condensed back into 
water, and returned to the boiler to start the process over again.

The process of creating electricity from a turbine is actually a 
form of energy transformation. Energy transformation is when 

energy changes from one form into another form. With a turbine, 
energy in changed from kinetic energy (or movement energy) into 
electrical energy. Another example of an energy transformation is 
when the chemical energy stored in petrol is converted into 
kinetic energy to move a car.

Unfortunately, the burning of coal has many negatives. It 
contributes to acid rain and air pollution, and is also strongly 
connected with global warming. 

Another concern with using coal or other fossil fuels to generate 
electricity is that all fossil fuels are non-renewable resources. This 
means that once we run out of them, we will not be able to get 
any more!

Section 5

Where does electricity come from?
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Coal-fired power station

How does coal generate electricity?

Explanation 2.6 Coal-fired power station



Coal-fired power stations are not the only type of power station 
that generate electricity by turning a turbine. For example, a 
renewable energy source known as geothermal energy is 
generated when heat stored deep in the Earth is used to create 
steam to turn a turbine.

Wind power is another renewable energy source. This method 
converts wind energy into electricity by using a wind turbine. A 
large wind farm may consist of several hundred individual wind 
turbines. Sometimes wind farms are located at sea. Offshore, or 
out at sea, wind power can harness the better wind speeds that 

are available offshore compared to on land, so offshore wind 
power’s contribution in terms of electricity supplied is higher.

Hydroelectricity is yet another example of electricity being 
generated by a turbine. Hydroelectric power, or hydroelectricity, 
is generated by the force of falling water. In fact the energy of the 
falling water is converted into electrical energy at a hydroelectric 
plant.

The water is held behind a dam, forming an artificial lake, or 
reservoir. The force of the water being released from the reservoir 
through the dam spins the blades of a giant turbine. The turbine is 
connected to the generator that makes electricity as it spins. After 
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Geothermal power station

An explanation of using the Earth’s heat to generate electricity.

Explanation 2.7 Geothermal power



passing through the turbine, the water flows back into the river on 
the other side of the dam.

Hydroelectricity is renewable because 
the process takes nothing away from 
the environment and therefore 
nothing needs to be replenished. The 
water stays in the water cycle and 
can keep producing energy endlessly.
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Hydroelectric power plant

How can water generate electricity?

Explanation 2.8 Hydroelectricity

RESEARCH

Fossil fuels are a non-renewable source of energy, this 
means that one day they will run out. See if you can find 
out some estimates for when it is predicted that our 
planet will run out of fossil fuels.



The sun provides planet Earth with an enormous amount of 
energy! In fact, the sunlight that shines on the entire surface of 
the planet earth in just one hour could meet world energy 
demand for an entire year!

We can use solar power in two different ways: as a heat source, 
and as an energy source.

People have used the sun as a heat source for thousands of 
years. Families in ancient Greece built their homes to get the 
most sunlight during the cold winter months. In modern times 
people still use the sun’s heat in many ways, for example many 
backyard swimming pools use solar heating systems to keep 
their pool warm. These systems work by pumping pool water up 
into black pipes on the roof of a house, these black pipes, and 
the water in them are warmed by the sun. The warm water is 
then pumped back into the pool to heat it up.

We can also use solar energy to make electricity. The process is 
called photovoltaics. If you have a solar-powered watch or 
calculator, you're using photovoltaics!

Photovoltaics is the direct conversion of light into electricity. 
Some materials exhibit a property known as the photoelectric 
effect that causes them to absorb light and release electrons. 
When these free electrons are captured, an electric current 
results that can be used as electricity.

The photoelectric effect was first noted by a French physicist, 
Edmund Bequerel, in 1839, who found that certain materials 

Section 6

What are solar panels?
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How can the sun generate electricity?

Explanation 2.9 Solar power



would produce small amounts of electric current when exposed 
to light.

The diagram above illustrates the operation of a basic 

photovoltaic cell, also called a solar cell. Basically, the 
photoelectric effect causes electrons to be knocked loose. These 
loose electrons are forced by electric fields in the panel to flow 
along wires that have been placed within the cells. This flow of 
electrons through the wires is electricity, and can provide power 
for whatever load is attached (a calculator, a light bulb, a satellite, 
etc.)

A number of solar cells electrically connected to each other and 
mounted in a support structure or frame is called a photovoltaic 
module. Multiple modules can be wired together to form an array. 

In general, the 
larger the area of a 
module or array, 
the more 
electricity that will 
be produced.

The main benefits 
of solar energy 
are:

•  Solar energy systems do not produce air pollutants or carbon-
dioxide.

•  When located on buildings, they have minimal impact on the 
environment.

Two limitations of solar energy are:

•  The amount of sunlight that arrives at the Earth's surface is not 
constant. It varies depending on location, time of day, time of 
year, and weather conditions.

• Although the sun emits lots of energy in total, it doesn't deliver 
that much energy to any one single place at any one time, 
therefore a large surface area is required to collect the energy at 
a useful rate.

A basic photovoltaic cell
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A solar power plant



40

ACTIVITY - Using the sun’s energy to heat

In this activity we will create a solar cooker to heat water or even cook food!

You will need:
• Aluminium foil
• Cardboard or cardboard box.
• Sticky tape and glue
• Polystyrene cups with water OR cheese on bread
• Thermometer

1. Design and make an apparatus to heat a cup of water.

2. You will need to have a large surface area of reflective aluminium foil that directs sun light to a central cooking 
spot.

3. Once you are happy with your creation have a competition with your classmates to see who has made the best 
heating apparatus.

4. Measure the temperature of your water in the classroom.

5. Then go into the sun for 15-20 minutes and see how hot your cup of water 
can become.

6. If you are happy with your solar heater try to melt some cheese on bread.

Tip: Do the heating in the middle of a sunny day, find a sunny spot that is also 
sheltered from too much wind.



We get most of our energy from non-renewable energy sources, 
which include the fossil fuels - oil, natural gas, and coal. They are 
called fossil fuels because they were formed over millions and 
millions of years by the action of heat from the Earth's core and 
pressure from rock and 
soil on the remains (or 
"fossils") of dead plants 
and animals.  Another 
non-renewable energy 
source is the element 
uranium, whose atoms 
we split (through a 
process called nuclear 
fission) to create heat 
and ultimately 
electricity. This is called 
nuclear power.

Sustainable energy is 
the provision of energy that meets the needs of the present 
without compromising the ability of future generations to meet 

their needs. Basically, it is using things in such a way that they 
wont run out or using things that can’t run out. Technologies that 
promote sustainable energy include renewable energy sources, 
such as hydroelectricity, solar energy, wind energy, wave power, 

geothermal energy, and 
tidal power, and also 
technologies designed 
to improve energy 
efficiency.

To establish if your 
lifestyle is truly 
sustainable you can 
calculate your 
ecological footprint. 
Your Ecological 
Footprint is an indicator 
of the amount of land 
and water resources 

required to support your way of life, from the holidays you take to 
the food you buy. It estimates the land required to produce 

Section 7

Is our energy use sustainable?
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everything you consume, as well as the area taken up to dispose 
of your rubbish and the size of forest required to absorb the 
carbon dioxide emissions from your lifestyle.

42

What is your ecological footprint?

What is the difference between renewable and non-renewable energy?

Explanation 2.10 Renewable energy

RESEARCH

Pick one type of renewable energy source and then 
create a presentation detailing why the world should 
begin to use your chosen energy source more than they 
do now.
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EXTENSION ACTIVITY - Solar Cars

You will need:
A solar car kit (these can be bought from electrical 
hobby shops).
Failing that you will need:

• A small solar panel
• A motor 
• A set of wheels
• A small sheet of balsa wood
• Connecting wires
• A switch
• Gear box
• Axle (skewer) 
• Straws
• Elastic bands
• Soldering irons & solder NOTE: Be extremely careful of soldering irons as they are very hot!!!
• Glue sticks
• Scissors
• Screwdriver

1. Design your car ensuring that you have a complete circuit containing a solar panel (the source of power), a motor 
(to turn the wheels) and a switch all connected by wires.

2. Construct the solar car.

3. Test it on a sunny day.



Section 8

Physics review

44

Review 3 Physics

Check Answer

Question 1 of 13

Electricity is caused by the flow of extremely tiny 
things called:

A. Protons

B. Elements

C. Electrons

D. Atoms

FURTHER ACTIVITIES

• Research the process and person behind the 
discovery of the first light bulb. Then compare the first 
light bulb to the many different varieties made today.

• Try and create a circuit diagram encompassing every 
single electrical device in your entire house!

• Write a short story entitled, “A day without electricity”.

• Research and then create a table, brochure, poster or 
movie to compare the pros and cons of the many 
ways we have of producing electricity - coal power 
stations, nuclear power, hydroelectricity, wind 
turbines, tidal power, solar power. Think about how 
efficient they are, how much they cost and how 
difficult they are to install.

• Find a website that will enable you to calculate your 
Ecological footprint. Are you living in a sustainable 
manner?



Chapter 3

Biology

The growth and survival of living things are affected 
by the physical conditions of their environment.

At the end of this chapter you will be able to:

• investigate how changing the physical conditions 
for plants impacts on their growth and survival 
such as salt water, use of fertilizers and soil types.

• observe the growth of fungi such as yeast and 
bread mould in different conditions.

• research organisms that live in extreme 
environments such as Antarctica or a desert.

• consider the effects of physical conditions 
causing migration and hibernation.

Can we discover the answers to these questions?

Movie 3.1 Biology Trailer



Biology is the study of living things.

All living things including plants require several things to survive, 
these include a variety of nutrients or food, water, the right 
environmental conditions and a source of energy.

However, plants are stuck, quite literally, in a predicament from 
the day they first sprout. That predicament is that, unlike animals, 
plants do not have the ability to move around. They must grow 

wherever a seed lands. As a result, the soil where a plant grows 
is very important.

Soil comes from broken up pieces of rocks, dead leaves, tree 
limbs, and dead bugs. If you are wondering how rocks break 
down, it takes some time. When the weather gets hot, rocks can 
get bigger. When the weather turns cold, rocks can get smaller. If 
this happens often enough, the rock will crack and break up into 

Section 1

What conditions help plants grow best?
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A quick explanation of the areas of Biology we will be covering 
in Year 6.

Explanation 3.1 What is Biology?



small pieces that break into even smaller pieces. 
When they get really small they turn into soil.

There are many different soil types and different 
plants can grow best in different soil types. To 
improve the quality of a soil, a fertilizer that 
contains plant food can be added.

Plants have various features that enable them to 
survive:

- roots that absorb nutrients from the soil.

- stems which transport nutrients and water up 
(and down) the plant.

- leaves which is where a special chemical 
reaction called photosynthesis takes place. 
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ACTIVITY - Flower dissection

You will need:
• Flowers
• Scissors (maybe 

a scalpel, but be 
very careful as 
these are REALLY 
sharp)

• Paper
• Sticky tape

1. Select a flower 
and carefully 
observe its 
features.

2. Draw a labelled 
diagram of the 
flower.

3. Carefully remove 
parts of the flower one part at a time.

4. As you find each part of the flower stick it down on your sheet of paper, make sure you have 
a title and that you clearly label each part of the flower. Refer to a flower diagram as you 
perform the dissection.

5. Try to stick down and label: petal, sepal, stamen (composed of an anther and a filament), 
carpel (composed of stigma, style and ovary), pollen (found on the anther), receptacle, stem 
and leaf.

An explanation of the different features of most 
plants.

Explanation 3.2 The parts of a plant



Photosynthesis enables plants to obtain energy from the sun. 

- flowers which are the reproductive organs of plants. Most 
flowers need to be pollinated for reproduction to take place, this 

occurs by wind, birds or 
bees. Flowers are very 
important for a plants 
survival because they are 
the part that is 
responsible for creating 

new baby plants. The male 
part of a flower is called the stamen and the female part of a 
flower is called the carpel.

48

ACTIVITY - Coloured Flowers

You will need:
• Water
• Scissors
• Food Colouring
• Jar or Plastic Cup
• A Flower (light coloured-white carnation) and/or Celery Stalk (with 

leaves)

1. Fill the cup with water.

2. Add about 20 drops of food colouring.

3. Cut 1cm off the end of the stem (stalk) .

4. Put the flower and/or celery in the water.

5. Leave the flowers overnight and by the next day the food colouring will 
be sucked up the stem along tiny tubes (called xylem) and the petals of 
the flower will start to change in colour.

6. Cut a cross section of the stem of the flower or celery and try to see if 
you can see the tubes that water gets sucked up - these will be stained the colour of your food dye.

Extension: This experiment can be repeated to determine how fast the food colouring moves up the stem. To do this 
put four celery stalks in some coloured water then remove the first one after 10 minutes, the second one after 20 
minutes, 3rd after 30min and 4th after 40min. Then compare how far up the stalks the food dye has travelled. You 
can also draw a graph of your results.
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ACTIVITY - Speed of plant germination and growth 

You will need:
• Cress or Alfalfa seeds (available from garden 

stores)
• Paper towels
• Plastic containers with lids
• Water in a spray bottle
• Marker

1. Line 4 plastic containers with paper towel.

2. Sprinkle a layer of seeds over the paper towel in 
each container. Place another sheet of paper 
towel over the seeds.

3. Spray water onto only 3 of the seed containers so 
the paper towel is well moistened.

4. Label one container ‘Water twice a day’, another ‘Water once a day’, a third ‘Water every 2 days’ and 
the last ‘No water’. Write your name on each container and then put the lids on the containers.

5. Put the containers in a bright, well-lit place.

6. Observe and record your observations every day. When the seeds start sprouting, remove the top 
layer of paper towel and throw in the bin.

7. Water the containers according to their label. Replace the lid after you've watered the plants.

8. Check on your sprouts every day. Observe any differences between the containers.

9. When your sprouts are fully grown you can pick, rinse and eat them!

When you have finished this experiment you can write up a report explaining what happened and try to 
explain why it happened. In the process you may find out what plants need in order for photosynthesis 
to take place.An explanation of the various parts of a 

flower.

Explanation 3.3 Features of flowers.

CREATE

Photosynthesis is an extremely 
important process for the survival of all 
plants and animals too.

Think of everything you know about 
plants and use your knowledge to 
create a ‘Photosynthesis’ acrostic 
poem.



Over millions and millions of years plants, like all living things, 
have evolved various features to enable them to survive in the 
environments in which their seeds fall. These features are called 
adaptations.

There are many different types of plants and they can be grouped 
into categories with shared characteristics. For example three 
types of plants are hydrophytes, xerophytes and halophytes.

Hydrophytes are plants that can survive in extremely watery 
conditions. These plants have special adaptations for living 
submerged in water, or at the water's surface. As water lilies grow 
on the surface of lakes or rivers they are considered hydrophytes. 
They also have adaptations to survive in their watery 
environments.

Water lilies have spongy tissue with large air spaces. These air 
spaces add buoyancy and allow oxygen to circulate from the 
leaves to the submerged stem and roots. This adaptation frees 
the roots from dependence on oxygen from the soil.

Normal plants have tiny holes (called stomata) on the underside 
of their leaves to enable gases like oxygen and carbon dioxide to 
move into and out of the plant. Water lilies have these tiny holes 
only on the top of their leaves as that is the only side of the leaf 
exposed to air.

Water lilies also have big flat leaves to enable them to get as 
much sunlight as possible.

Section 2

How does the environment affect living things?
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Xerophytes are plants that 
can survive in extremely dry 
conditions like deserts. A good 
example of a xerophyte is a 
cactus. Cacti are commonly 
found in deserts, where there 
is little rainfall. They have 
evolved several adaptations to 
ensure their survival in the 
tough desert conditions.

Normal plants have a very 
large surface area, they have 
lots of branches and lots of leaves. Normal plants also loose a lot 
of water via evaporation from their leaves, this process is called 
transpiration. Cacti, on the other hand, have very few branches 
and no true leaves, they only have spines which are highly 
modified leaves. As a result, cacti have a relatively small surface 
area and thus do not loose as much water as normal plants.

Cactus stems are often visibly waxy. This waxy coating helps to 
reduce water loss.

Cacti are succulents which means that they are water-
retaining plants. They store water in their stems. In fact, 
water may form up to 90% of the total mass of a cactus.

Many cacti have roots which spread out widely but only 
penetrate a short distance into the soil. This feature 
enables cacti to absorb water rapidly during periods of 
brief or light rainfall.

Halophytes are plants that are tolerant of high levels of 
salt. Halophytes often live near the ocean, which as we 
know, is very salty!

Mangrove trees grow close to the ocean or near rivers and 
thus are able to survive in extremely watery and salty 
environmental conditions.

They are able to survive inundation by salt water twice a day, and 
in "soil" which is unstable and poor in oxygen. They also have to 
deal with swollen rivers carrying silt during the wet season, as well 
as violent storms that hit the coasts.

To deal with salt, all mangrove trees expel some salt at the root 
level, and all can tolerate more salt in their tissues than "normal" 
plants, often in quantities that would kill other plants.
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Mangrove roots not only provide 
support in unstable soils and to 
withstand currents and storms, 
but also breathe air. To avoid 
suffocation in the oxygen poor 
mud, mangrove trees snorkel for 
air. They develop aerial or air-
breathing roots. These take in 
aboveground air. All aerial tree 
roots have on their surface, 
special tiny pores (called 
lenticels) to take in air. Only air 
can get through the lenticels, not water or salts. All aerial roots 
also contain large air spaces. These not only transport air, but also 
provide a reservoir of air during high tide when all the aerial roots 
may be underwater. The function of aerial roots are to absorb air 
and to provide structural support in the soft mud. Roots for 

absorbing 
nutrients are tiny 
and emerge near 
the muddy 
surface.
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An explanation of hydrophytes, xerophytes and halophytes.

Explanation 3.4 Extreme plants.

DESIGN

Imagine your are a genetic botanist 
(someone who knows a lot about 
genetics, DNA and plants) and you 
have discovered how to design plants 
with any features you want.

Design a plant with suitable features 
that would allow it to not only grow, but 
to flourish in Antartica.



ACTIVITY - Factors affecting plant growth and survival 

You will need:
• Small plant seedlings (from a plant nursery)
• Small pots or polystyrene cups
• Large tub
• Dirt or potting mix
• Salty water of various concentrations (either obtain 1%, 10% 

and 20% salt water, or create different salt water solutions by 
mixing in various amounts of salt - Eg. 1 teaspoon, 10 
teaspoons or 20 teaspoons in a litre of water)

• Water
• Ruler

1. Collect four pots or polystyrene cups and poke at least five small holes in the bottom of each one.

2. Plant four seedlings of the same plant in each one (make sure that you put the same amount of dirt into each pot).

3. Measure and record the height of all four plants.

4. Label one pot ‘Normal water’, another pot ‘1% salt’, the third pot ’10% salt’ and the last pot ’20% salt’. Also label each pot 
with your name.

5. Put the containers in a bright, well-lit place (ensure they are all contained in a tub as they will leak water).

6. Each day water each pot with approximately 50 ml (1/4 cup) according to their label.

7. Observe and record your observations every day making sure to measure the height of each plant each day.

When you have finished this experiment you can write up a report explaining what happened and try to explain why it 
happened.

EXTENSION: This experiment can be changed to assess the effect of varying amounts of fertilizer on plant growth or the 
effect of different soil types on plant growth.
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There are many different types of living things, or organisms, on 
earth. Biologists classify different living things with similar 
characteristics into similar groups. For example most people are 
familiar with the plant and animal groups. Another group of 
organisms is know as fungi. The group fungi includes 

microorganisms such as yeasts and moulds, as well as 
mushrooms.

Fungi play a vital role in ecosystems by breaking down, or 
decomposing, dead plants or animals. They break down the plant 
or animal matter into basic nutrients that they use to grow. 
Whatever nutrients are left over go back into the soil to help other 
organisms.

Mould growing on bread can be microscopic fungi belonging to 
different species with funny scientific names like Penicillium, 
Rhizopus, Aspergillus, Monascus and Fusarum. They are all 
different shapes and colours depending on the species. Rhizopus 
stolonifer is the most common and fast growing bread mould. It is 
also known as black mould as it appears dark green or black in 
colour. It causes rotting of some fruits and some infections in 
humans.

Section 3

What are fungi and are they useful?

54

Several different species of mould growing on a loaf 
of bread. Each species is a different colour.
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ACTIVITY - Bread Mould Experiment

You will need:
• Fresh bakery bread x4 slices
• Cotton swab
• Dropper
• Water
• Sealable plastic bags x4
• Disposable gloves

1. Collect some dust from the ground with a small cotton swab. (Microscopic parts of the bread mould fungi, known as 
spores, are present in the air all around us. They can be found on any surface and in any condition. Any dust you find will 
have some spores in it.)

2. Rub the cotton swab on a slice of fresh bakery bread.

3. With the help of a dropper, put 5 to 6 drops of water on the bread slice.

4. Place the bread in the plastic bag and seal it.

5. Keep one bag in a freezer, one bag in a refrigerator, one bag in a normal room and the last bag in a warm place.

6. Check on your bread every day for about a week. Observe any differences between the bags.

7. Did you discover which conditions made the bread get most mouldy? Why do you think this happened?

NOTE: Make sure you never open the bags and throw them in the bin when the experiment is finished.

NOTE: Most moulds are harmless, but some are dangerous as they can produce harmful substances called mycotoxins. 
These are poisonous substances produced by certain moulds found primarily in grain and nut crops, but are also known to 
be on celery, grapes, apples, and other produce. As such, try to avoid eating foods which are mouldy!



Another type of fungi are very small one-celled microorganisms 
called yeast. Some yeast cells are always floating around in the 
air, where they are too small for you to see. They like to get into 
berries or other foods and eat them. When they get into a berry 
or other food, yeast cells eat the starch or sugar and produce 
carbon dioxide as a by product.

We all know that there are "holes" in bread, but how are they 
made? The answer sounds a little like the plot of a horror movie. 
Most breads are made using yeast. When bread is made, the 
yeast becomes spread out in flour. Each bit of yeast makes tiny 
carbon dioxide gas bubbles and that puts millions of bubbles 
(holes) in our bread before it gets baked. Don’t worry, when the 
bread is baked, the high cooking temperatures kill all the yeast.

ACTIVITY - Blow up a 
balloon with yeast

You will need:
• A packet of yeast 

(available in 
supermarkets).

• A clean, clear, plastic 
bottle.

• 1 teaspoon of sugar.
• Some warm water (not 

too hot or it will kill the 
yeast).

• A small balloon.

1. Put about 2-3 cm of warm water into the bottle.

2. Add all of the yeast packet and gently swirl the bottle for a few seconds.

3. Add the sugar and swirl it around some more. The yeast will start to ‘eat’ 
the sugar!

4. Blow up the balloon a few times to stretch it out then place the neck of the 
balloon over the neck of the bottle.

5. Let the bottle sit in a warm place for at least 30 minutes. If all goes well the 
balloon will begin to inflate!

What’s happening?

As the yeast eats the sugar to get energy to live, it releases a gas called 
carbon dioxide. The gas fills the bottle and then fills the balloon as more gas 
is created.
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RESEARCH

The broad categories of animals, 
plants and fungi we have discussed in 
this section are three of the kingdoms 
of life.

Find out more about the kingdoms of 
life: how many are there and how do 
scientists decide to put living things 
into each group?



A desert is an area that receives an extremely low amount of 
rain, far less than enough to support growth of most plants. As 
animals eat plants there are also few animals that live in deserts.

Over millions of years, animals have evolved various features to 
enable them to survive in the desert.

In the Australian outback several animals are able to survive in 
the harsh conditions. For example, the bilby is well adapted to 
the conditions. Like most desert animals the bilby hides during the 
day and forages for food at night to avoid the daytime heat and 

subsequent dehydration. Bilbies dig burrows that are one to two 
metres below ground. These homes are moister and up to ten 
degrees cooler than the surface. Amazingly, bilbies are so 
efficient at conserving water that they do not need to drink 
anything! They get enough moisture from their food: seeds, bulbs, 
fungi, spiders and insects, which they find by scratching and 
digging.

Another animal which is adapted to the harsh conditions of the 
Australian desert is the thorny devil. They have evolved an 
amazing way to collect moisture in the dry desert. They do it via 
night-time condensation of dew which forms on their bodies. This 

Section 4

How do animals survive in Antarctica or a desert?
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moisture is subsequently channelled to their mouth via a system of 
tiny grooves or channels that run between their scales. All the 
channels lead to the corners of their mouth so that they can drink 
the water. Although the 
lizard is very spiky its 
main form of defence 
against predators is its 
camouflage.

Although they are not a 
native Australian 
animal, the camel is 
extremely well adapted 
to desert environments. 
Camels have the 
following adaptations:

- Two rows of long 
eyelashes to protect 
their eyes against 
blowing sand and the 
sun.

- Their nostrils can be 
closed to keep out 
blowing sand.

- Fat is stored in their hump(s) to help them to 
survive long periods without food and water.

- Thick fur and under-wool to provide warmth 
during cold desert nights and insulation against 
daytime heat.

- Broad, flat, leathery pads at the bottom of their 
hooves. These pads spread out when the camel 
places its feet on the ground creating a "snowshoe 
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Hump

Nostrils

Pads at the bottom of 
their hooves

Long eyelashes

Interactive 3.1 Some camel adaptations

An explanation of some features which enable 
animals to survive in tough conditions.

Explanation 3.5 Extreme animals.

A fun clip explaining some camel adaptations.

Movie 3.2 Camel Adaptations cartoon



effect" and preventing the camel from sinking into the sand.

- Their thick, leathery knees do not get burnt by the hot sand when 
they kneel.

- Camels' lips are thick and leathery, which enables them to eat 
prickly desert plants without it hurting their mouths.

Antarctica is actually considered a desert even though it is 
extremely cold. It is 
considered a desert as 
it has a very low yearly 
rainfall; only 200mm 
along the coast and far 
less inland.

Only cold-adapted 
organisms survive in 
Antarctica, including 
many types of algae, 
penguins, seals, 
bacteria, fungi and 
some small plants.

Emperor penguins are 
particularly well adapted 
to living in the harsh 
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Marvel at the astonishing teamwork that goes into a penguin huddle.

Movie 3.3 Visualising a penguin huddle

An explanation of some of the ways that penguins stay warm in 
Antarctica.

Explanation 3.6 How do penguins stay warm.



and extreme environment of Antarctica. They breed in the coldest 
environment of any bird species. It is so cold, air temperatures 
may reach −40 °C, and wind speeds may reach 144 km/h!

Emperor penguins have feathers that stand on end when the 
penguins are on land to trap a layer of warm air next to their skin. 
Conversely, the feathers are flattened when the penguin swims. 
The feathers are coated in oily secretions so they also act to 

waterproof the skin. They also have a layer of fat that helps to 
insulate their bodies.

Interestingly, baby emperor penguin chicks have soft downy 
feathers for insulation, this is a more effective insulator on land 
than the parents feathers, but of little use in the sea, they must 
get rid of their baby feathers and grow adult feathers before they 
can swim.

Emperor penguins also huddle together in an effort to survive the 
extreme cold. As many as ten birds can squeeze into one square 
metre of a huddle and the temperature inside a huddle can be as 
high as +24°C. Huddling behaviour is an extraordinary act of 
cooperation in the face of a common hardship, and the penguins 
take this act of group co-operation to its extreme, they even take 
turns to occupy the warmest and coldest positions in the huddle.

An extremophile is an organism that thrives in extreme 
conditions that are detrimental to most life on Earth. Different 
extremophiles can live in extremely high temperatures, low 
temperatures, very acidic environments, very basic (the opposite 
of acidic) environments or places where there is no oxygen.

Down in the deepest oceans where we would expect there to be 
no life due to the complete darkness and extreme pressure, we 
actually find entire ecosystems!
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ACTIVITY - Creating a 
Huddle 

You will need:
• Thermometer x2
• One metre ruler

1. Measure out a one 
metre square area.

2. Fit as many people as 
you can into it.

3. Have someone in the middle hold a thermometer and one on the outside 
hold a thermometer for five minutes. (If anyone feels uncomfortable in ‘the 
huddle’ ensure they leave the huddle.

4. At the end compare the temperatures.

Which thermometer showed the highest temperature at the end of the five 
minutes?

5. Draw up a table and create a bar graph of your results.



These ecosystems often form around hydrothermal vents. A 
hydrothermal vent occurs when seawater seeps down deep into 
the earth's crust through cracks in the ocean floor. The intense 
heat of magma below the earth’s surface then heats this water. As 
the water is heated to a boil, it rises back to the surface bringing 
some dissolved chemicals and minerals with it.

Special bacteria are able to live off the chemicals around 
hydrothermal vents. Then larger organisms eat the bacteria. So 
even in the deepest parts of the ocean we can find things like 
snails, shrimp, crabs, snakelike fish with bulging eyes, octopuses 
and strange tube worms.

A deep sea hydrothermal vent Tube worms
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An explanation of the communities of organisms that live at the very 
bottom of the ocean.

Explanation 3.7 Ecosystems at the bottom of the ocean.



A breathtaking look at some of the organisms that live in the depths of the ocean.

Movie 3.4 What is at the bottom of the ocean?
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DESIGN

Humans are so intelligent that we 
generally alter our surroundings to 
ensure we are comfortable in any 
environment.

Considering this, be creative and design 
a house that would enable a small group 
of humans to live comfortably in the 
harsh conditions of the South Pole or out 
in the middle of the Australian Great 
Sandy Desert.

You will need to consider comfort but 
also necessities such as a constant and 
reliable source of food and water.



Animal migration is the traveling of long distances in search of a 
new habitat. Animals migrate for many different reasons. Some 
animals migrate to find better sources of food, water, or shelter. 
Other animals migrate to visit particular 
breeding grounds, rear their young, or 
to find warmer climates. The frequency 
of animals’ migrations also differs: 
Some animals migrate seasonally, 
others migrate once in a lifetime or only 
to breed, and others migrate wherever 
the best resources and environments 
are at that time.

Alaska salmon lead a very interesting 
life and it involves migration.

Starting out as small eggs in a stream bed, they hatch and begin 
their journey downstream towards the ocean. They spend a 
couple of years in the streams and rivers growing to a juvenile 
stage. The young adult salmon then head out to sea and spend 
several years swimming in the Bering Sea and the Gulf of Alaska. 

Once they have fully matured, they will swim back to their original 
stream or river to spawn, or lay their eggs in the water.

Their upstream journey is a challenging 
one, swimming upstream against 
rugged rapids, leaping over rocky 
waterfalls, traversing fish ladders, 
avoiding fishermen nets and hooks, 
and staying clear of hungry bears.

When salmon make their way past the 
bears they get ready to spawn. The 
female adult clears a spot in the stream 
bed by sweeping her tail back and forth 
creating a gravel nest that is referred to 
as a redd. She will then lay her eggs in 
this redd and the male adult salmon will 

fertilize and protect them until both salmon die within a couple of 
weeks and leave the embryos to fend for themselves. The 
embryos subsequently begin development and start the whole 
cycle again.

Section 5

Why do animals migrate?
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Salmon swimming upstream against the current.



Approximately 1800 of the world's 
approximately 10,000 bird species are 
long-distance migrants. One of the 
biggest reasons for bird migration is 
food. A decrease in food supply 
caused due to the change in season 
forces the birds to migrate to a place 
where there is ample supply of food. 
The second reason for migration is 
reproduction - to move into a specific 
location with warm temperature to 
raise young in breeding season.

Many, if not most, birds migrate in 
flocks. For larger birds, flying in flocks 
reduces the energy cost. Geese flying 

in a V-formation may conserve 12 to 
20% of the energy they would need to 
fly alone!

Studies suggest that birds navigate 
their migration using various methods. 
Some birds use the position of the sun 
during the day, and the stars at night. 
Some birds can also sense the Earth’s 
magnetic field and navigate that way. 
In addition some birds use other clues 
such as visual layout of the land, smell 
(of the sea) and sound (waves on 
shores, winds through mountain 
passes).
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A flying V-formation used to conserve energy during 
long flights.

An explanation of some animals that migrate.

Explanation 3.8 Examples of migration.



The most amazing aspect of bird migration is that the location, 
route and perhaps even the traveling techniques are often hard-
wired into the birds brains. Many migrating birds abandon their 
young as soon as they can fly by themselves. Then incredibly, a 
short time later, the young make the migration on their own. 
Basically, this means that the instructions for how and where to 
migrate must, in some way, be contained in the genes, in the DNA 
of the birds.

Adaptations for migration

Migratory animals that travel long distances 
have special adaptations to help them get 

there. The most obvious are birds. They have 
wings that allow them to fly long distances, their bodies are 
especially light (they have hollow bones) so they can stay high in 
the air, and they don't have unnecessary weight to carry around. 
Geese fly in formation, the shape of a "V", which decreases the 
wind drag on all the birds along both sides. Birds also add on extra 
fat stores to give them enough energy for long flights north and 
south, because they sometimes do not eat during the migration. 
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ACTIVITY - Mapping migration

You will need:
• Internet access

1. Research the migration path of three different animals.

2. Draw the migration paths on a map.

3. Plot different points on the map to show where the animal would 
be at certain times of year.

4. Calculate how much distance is covered per day on average.

5. Can you discover if the animal is stopping to rest, or migrating 
without interruption?

6. Which animal travels the farthest? Which travels the shortest distance?

7. Record the reasons for the animals migration.

Some animals you could research are Alaska salmon, Wildebeests, geese flying south for the winter, 
Humpback whales of the Pacific Ocean, Sea turtles, Arctic terns (the longest distance migrators), 
Christmas Island red crab.



Similarly, whales stock up well on food in the northern seas before 
heading south for the winter, because they don't eat on the way.
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Experience flight along with some geese flying in a V formation.

Movie 3.5 A flying V.

CREATE

Imagine you are a migratory animal such 
as a bird or a fish that is not taught how 
to migrate or where to migrate to by their 
parents.

Write a short story detailing your 
migration with your bird or fish peers. 
How do you decide to migrate, how do 
you all decide where to go, what is the 
journey like?



Animals that live in habitats that are difficult to survive in all year 
round have evolved a way to cope with the difficult time of year. 
For example, in places where it snows in winter food can become 
extremely scarce. A strategy used by many mammals and other 
species is hibernation.

Hibernation is an amazing adaptation that allows some animals to 
conserve energy and survive 
periods when food is hard to find. 
During hibernation an animal's 
heart rate, breathing and overall 
metabolism slow down so much 
that they can survive the winter 
with very little food. Even an 
animal's brain will cease normal 
activity during hibernation. With 
true hibernation, the animal can 
even be moved around or touched 
and not know it.

Something very similar to 

hibernation is something called torpor. Torpor is a condition in 
which an animal reduces physical activity (some for hours and 
others for days) and may reduce heart rate, breathing rate, and 
lower their body temperature slightly to use less energy. However, 
animals in torpor can be easily disturbed. Examples of animals 
that go into torpor include badgers, raccoons, skunks, bears, 
chipmunks, ground squirrels, rattlesnakes and other reptiles.

The difference between 
hibernation and torpor is how long 
the animals sleep times vary and 
how much the animal's bodies 
slow down. Hibernation is an 
extreme form of inactivity or torpor 
- a profound lowering of an 
animal's body temperature and 
metabolism to save energy for a 
long period of time.

During the months preceding 
hibernation animals eat more food 

Section 6

What is the point of hibernation?
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An explanation of the process of hibernation

Explanation 3.9 Animals that hibernate.



than usual to accumulate more body fat. We don’t think about 
body energy too often. Our bodies are like machines that need 
power to function. Food gives animals the energy they need to 
walk, run, hunt for food, and lots of other things. Hibernating 
animals store food as body fat during the end of summer and 
during autumn. This body fat runs their bodies all winter. This 
would be impossible to do if they stayed awake, moved around a 
lot, or ran around because those things would use up the body fat 
before winter was over. In fact it is the combination of stored body 
fat along with the large reduction in normal biological activity that 
enables hibernating animals to survive.

The alpine marmot is an animal that spends up to nine months per 
year in hibernation. When the weather is suitable, they will 
consume large amounts of food in order to create a layer of fat on 
their body, enabling them to survive their long hibernation period.

As the summer draws to end, alpine marmots will gather old stems 
in their burrows in order to serve as bedding for their impending 
hibernation. They seal the burrow with a combination of earth and 
their own poo. Once winter arrives, alpine marmots will huddle 
next to each other and begin hibernation, a process which lowers 
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The alpine marmot.

Alpine marmots in hibernation.



their heart rate to five beats per minute and breathing to 1–3 
breaths per minute. This uses up their stored fat supplies as 
slowly as possible. Body temperature will drop to almost the same 
as the air around them, although heart rate and breathing will 
speed up if the environment approaches freezing point. Sadly, 
some alpine marmots will starve to death due to their layer of fat 
running out; this is most likely to happen in younger alpine 
marmots.

An example of an Australian animal that hibernates is the short-
beaked echidna. During periods of hibernation, their body 
temperature drops to as low as 4°C from their normal body 
temperature of around 32°C. The heart rate falls to 4-7 beats per 
minute, down from 50-70 at rest, and the echidna can breathe as 

infrequently as once every three minutes, 80 to 90% slower than 
when it is active. The echidnas metabolism can also drop to one-
eighth of the normal rate.
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The short-beaked echidna.

THINK

Create a two circle Venn diagram to compare 
torpor and hibernation. Write how they are 
similar in the middle of the two circles and 
how they are each different in the spaces on 
either side.



ACTIVITY - What if humans could hibernate?

You will need:
• Heart rate monitor (or your fingers)
• Thermometer
• Stop watch
• Calculator

1. Record your resting heart rate for one minute using a heart rate monitor or 
feeling your pulse with you fingers.

2. Record your resting breathing rate for one minute.

3. Record your temperature by placing the thermometer in your bare armpit 
(making sure to wash it afterwards).

4. Calculate what your heart rate would be if it was beating 15 times slower.

5. Calculate what your breathing rate would be if you were breathing 20 times 
slower.

6. How many degrees would your body temperature have to drop to be just 4°C?

Once you have calculated what your hibernating life signs would be, imagine what 
it would be like to go into hibernation. Then write an imaginary diary entry of the 
day you made your final preparations for, and then went into hibernation. Then 
write a second imaginary diary entry for the day you awoke.
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Section 7

Biology Review
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Review 4 Biology

Check Answer

Question 1 of 15

In which part of a plant does photosynthesis take 
place?

A. Stem

B. Root

C. Flower

D. Leaf

FURTHER ACTIVITIES

• Create a flower model using crêpe paper and pipe cleaners, make 
sure you label all the parts.

• Create a travel brochure or real estate advertisement to lure a 
hydrophyte, xerophyte or halophyte to live in an ecosystem suited to 
them.

• Design your own experiment to test ‘geotropism’ in seed germination.

• Find out more about hydrothermal vents and the unusual organisms 
that live there and present your findings.

• Research three types of extremophiles, where they live, the conditions 
they live in and any adaptations they have to enable their survival.

• Research the effects of dry-land salinity and how it affects soil quality 
and therefore the growth of crops.

• Create a song explaining the process of hibernation or migration.

• Research how Aboriginal and Torres Strait Islander knowledge, such 
as the medicinal and nutritional properties of Australian plants, is 
being used as part of the evidence base for scientific advances.

• The Arctic is an extremely hostile environment, research the many 
adaptations that polar bears have to deal with the cold.



Chapter 4

Earth 
Science

Sudden geological changes or extreme weather 
conditions can affect Earth’s surface.

At the end of this chapter you will be able to:

• investigate major geological events such as 
earthquakes, volcanic eruptions and tsunamis in 
Australia, the Asia region and throughout the 
world.

• recognise that earthquakes can cause tsunamis.

• describe how people measure significant 
geological events.

• explore ways that scientific understanding can 
assist in natural disaster management to minimise 
both long- and short-term effects.

• consider the effect of drought on living and non-
living aspects of the environment.

Can we discover the answers to these questions?

Movie 4.1 Earth Science Trailer



Earth is actually 
composed of many 
different layers. Its outer 
layer is a solid crust. The 
crust is everything we 
can see of the earth’s 
surface. It ranges from 5–
70 km in depth. 
Underneath the crust 
there is a highly viscous 
mantle. Viscosity is a 
measure of a fluids 
"thickness". So water is 
"thin", having a low 
viscosity, while honey is 
"thick", having a higher 
viscosity. The earth’s 
mantle is very, very, very, 
very viscous. We say the 
mantle is solid, but it can 
actually flow over very 

long timescales.

Underneath the mantle there is a liquid outer core that is much 
less viscous (“thinner” or more watery) than the mantle, and a 

Section 1

What is the structure of the Earth?
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The structure of earth.

What is the study of Earth Science?

Explanation 4.2 Earth Science 
Introduction

An explanation of the layers of our planet.

Explanation 4.1 The structure of 
the earth.



solid inner core. The inner core is almost entirely composed of 
iron.

The Earth's rocky outer crust solidified billions of years ago, soon 
after the Earth formed. This crust is not a solid shell; it is broken 

up into huge, thick plates 
that drift atop the soft, 
underlying mantle.

When we look at maps of 
planet earth we can see 
that there are many 
different continents. 
Because the earth’s 
continents sit atop a 
highly viscous mantle 
they actually move, or 
drift, over very long 
periods of time. The 
movement of the earth's 
continents relative to 
each other is called 
continental drift.

The theory of continental 
drift leads to the theory of 
plate tectonics. Tectonic 
plates are segments of 

the Earth's crust. All in all, there are roughly 30 tectonic plates 
which cover the entire surface of the planet. Plates can be 
composed of oceanic crust (6km thick), continental crust 
(30-70km thick), or a combination of both.
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The various tectonic plates all shown in different colours



The plates have been moving since the dawn of earth. As such 
the location of earth’s land masses used to be very different. 
Pangaea is a supercontinent that existed about 250 million years 
ago. Pangaea split into Laurasia and Gondwana some 200 million 
years ago. Over the last 200 million years the continents have 
separated into their current configuration.
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A map of Pangaea, with the modern continents 
outlined in it.

An explanation of the layers of our planet.

Explanation 4.3 Tectonic plates

An animation illustrating the movement of the continents over 
the last 250 million years.

Movie 4.2 Continental Drift



The earth’s tectonic plates move very slowly, usually just a few 
centimetres a year. As a result of this movement the plates 
continually slide past each other, collide against each other or 
move away from each other. Sometimes their edges abruptly 
crack or slip and suddenly release huge amounts of pent-up 
energy. These unsettling events are called earthquakes, and 
small ones happen across the planet every day, without people 
even noticing. But every so often, a big earthquake occurs, and 
when that happens, the pulses of energy it releases, called 

seismic waves, can wreak almost unfathomable destruction and 
kill and injure many thousands of people

As different things happen when tectonic plates interact, different 
results occur. When plates move away from each other, magma 
from the mantle rises up, solidifies and forms new crust.

Section 2

Why do Earthquakes occur?
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San Andreas fault

An explanation of the process that causes earthquakes.

Explanation 4.4 Why do earthquakes occur



When plates slide past each other earthquakes occur.

When plates collide two things can happen:

- subduction which is when one plate slides underneath another. 
This results in the formation of volcanoes.

- mountain formation occurs when plates squash each other 
upwards.

When tectonic plates collide or slide past each other causing an 
earthquake, the surface of the joining tectonic plates where they 
slip is called a fault line. A very famous fault line is the San 
Andreas fault in the California.

The tectonic plate boundaries or edges are very rough, made of 
lots of jagged rock. As a result, when they slide past one another 
they often get stuck on one of the fault lines. However, while the 
plate boundaries may be stuck the rest of the enormous plate 
keeps moving. Finally, when the plate has moved far enough to 
create enough pressure on the stuck part, the edges unstick and 
there is an earthquake.

The precise location below the earth’s surface where the 
earthquake starts is called the hypocentre (or focus), and the 
location directly above it on the surface of the earth is called the 
epicentre. When an earthquake occurs, the ground shakes the 
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Features of an earthquake

An explanation of how mountains are formed.

Explanation 4.5 Making Mountains



most at the epicentre and the shaking gets gradually less the 
further away from the epicentre you are.

An animation illustrating the formation of mountains.

Movie 4.3 How do mountains form?
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IMAGINE

Imagine you have just experienced a 
high magnitude earthquake and 
survived.

Write an article for your school magazine 
outlining the earthquake experience and 
its effects.



The size of an earthquake depends on the size of the fault and 
the amount of slip on the fault, but that’s not something 
scientists can simply measure with a measuring tape since faults 
are many kilometres deep beneath the earth’s surface. So how 
do they measure an earthquake? Earthquakes are recorded by 
instruments called seismometers. When paired with a data 

recorder it is referred to as a seismograph. The recording a 
seismograph makes is called a seismogram.

Scientists use the seismograph recordings made at the surface 
of the earth to determine how large an earthquake is. A short 
wiggly line that doesn’t wiggle very much means a small 
earthquake, and a long wiggly line that wiggles a lot means a 
large earthquake. The length of the wiggle depends on the size of 
the fault, and the size of the wiggle depends on the amount of 
slip. The size of the earthquake is called its magnitude.

Section 3

How are earthquakes recorded?
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A seismograph

A seismogram



One standard of measurement for an 
earthquake’s is the Richter scale. Since the 
1970s the use of the Richter Magnitude Scale 
has decreased in favour of the moment 
magnitude scale (abbreviated as MMS). Both 
the Richter scale and the the moment 
magnitude scale are used to rate the magnitude 
of an earthquake -- the amount of energy it 
releases.

Earthquakes with a magnitude of less than 2.0 
happen continually but are too small to be felt. 
It is estimated that about 1,300,000 
earthquakes happen every year with a 
magnitude of 2.0-2.9. On the other end of the 
scale, a 10.0 magnitude earthquake has never 
been recorded and may not even be possible.

To give you some idea of how powerful earthquakes are we can 
compare them to nuclear bombs!

The first nuclear bomb to ever be used as a weapon was 
codenamed “Little Boy” and was dropped on Hiroshima on 
August 6, 1945. This bomb exploded with an energy of about 15 
kilotons of TNT. The largest nuclear bomb ever detonated was a 
Russian bomb nicknamed “Tsar Bomba”. It exploded with an 
energy of about 50,000 kilotons of TNT. It was not used in war but 
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Explanation 4.6 How are earthquakes 
measured?



was detonated in a nuclear testing experiment in 
1961.

For comparison, an earthquake with a magnitude 
of 6.0 releases approximately 15 kilotons of TNT, 
the same as “Little Boy”. An earthquake with a 
magnitude of about 8.35 releases 50,000 kilotons 
of TNT.

From 2007 to 2012 several large earthquakes 
struck near Indonesia at the boundary of the the 
Indian tectonic plate and the Australian tectonic 
plate. These earthquakes ranged in magnitude 
from 8.5 to 8.7. The earthquakes released 
approximately 85,000 to 170,000 kilotons of TNT - 
each more than the biggest nuclear bomb ever 
exploded.

And finally, the 1960 Valdivia earthquake or Great 
Chilean Earthquake is the most powerful 
earthquake ever recorded on Earth, rating 9.5 on 
the moment magnitude scale. The amount of 
energy this earthquake released is equivalent to 
2,700,000 kilotons of TNT! This is over 50 times 
as powerful as the largest nuclear bomb ever 
detonated - and that is mighty powerful!
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ACTIVITY - Create a seismograph

You will need:
• String
• Polystyrene cup or tin can
• Sand, small weights or stones
• Sticky Tape
• Pencil
• White paper
• Table

1. Punch two holes in the sides of your cup near the rim.

2. Cut a piece of string long enough to suspend the can from at least a metre high.

3. Fill the cup with sand.

4. You can suspend the cup above the table with some sort of stand, or just get someone to 
hold it very still up high while doing this activity.

5. Tape a pencil to the side of the tin can so it can record the vibrations during your 
"earthquake."

6. Place a sheet of paper on the table.

7. One person holds the cup so the pencil tip just touches the table.

8. One person moves the table back and forth or hits it gently with a solid object to simulate 
an earthquake.

9. The third person pulls the paper as the pencil traces the table movement.

10.Repeat the experiment with every person getting to hold the cup, make the table move 
and pull the paper. Use a different piece of paper each time.

Are there any ways that you could improve the design of your seismograph?



Volcanoes are formed when molten (melted) rock, or magma, 
from the Earth’s mantle, bursts through a weakness in the Earth’s 
crust. The molten rock released is called lava and it is a mixture 
of magma and also contains various gases.

Volcanoes are usually termed as active, dormant or extinct. 
Volcanos that have recently erupted are called active. On the 
other hand, a dormant volcano is one that has not erupted for a 
very long time, but could erupt again in the future. Finally, a 

volcano that has been dormant for more than 10,000 years is 
called an extinct volcano.

Most volcanoes occur where two tectonic plates meet but there 
are actually three different ways that a volcano can occur.

When two tectonic plates move away from each other, they 
create a gap, or fissure, and hot molten rock rises up through the 
fissure. This type of volcano is mainly found on the ocean floor 
and as such we rarely see them. If a big enough fissure is 
formed, a lot of lava may ooze out of it, sometimes even enough 
to rise to the surface of the ocean and form an island.

If two tectonic plates collide with each other, it can cause one 
plate to be forced beneath the other. This process is called 
subduction. The resulting friction generates a lot of heat, causing 
the magma to liquefy, and rise up in the form of lava. Only a few 
volcanoes on earth are formed like this, but their eruptions are 
the most violent and dangerous ones. This is because of the fact 
that the friction greatly increases the temperature, causing the 
gases to expand. This in turn generates a huge amount of 
pressure, literally throwing the lava out with great force, and to 

Section 4

How are volcanoes created?
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great heights. These type of volcanoes 
experience pyroclastic flows. A 
pyroclastic flow is a mixture of solid to 
semi-solid rock fragments and hot, 
expanding gases that flows down the side 
of a volcano during an eruption. These 
awesome features are heavier-than-air 
and move much like a snow avalanche, 
except that they are fiercely hot, contain 
toxic gases, and move at phenomenal, 
hurricane-force speeds, often over 100 
km/hour. They are the most deadly of all 
volcanic phenomena.

Finally, the last type of volcanoes form in the 
middle of a tectonic plate. In the course of 
normal tectonic movement, magma is 
pushed up little by little, till it enters crevices 
in the rock of the earths crust. A volcano 
does not form every time this happens. 
However, if the overlying rocks are weak, 
they can give away to allow the magma to 
flow out onto the Earth's surface in the form 
of lava. Such volcanoes are commonly called 
'hotspots'. These are places that are 
connected by channels to the hot mantle of 
the earth.
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Pyroclastic flows sweep down the flanks of a volcano. The Pacific ‘Ring of Fire’.

One tectonic plate is pushed underneath 
another causing a volcano to form.

A subduction zone



More than half of all the world’s volcanoes (over 450) are found in 
the Pacific ‘Ring of Fire’. This area forms a circle stretching down 
the eastern side of the Pacific Ocean, from Alaska in the north, 
through the Rocky Mountains of Canada and the USA, to the 
Andes mountains of South America. It loops back around the 

western side of the Pacific, up through New Zealand, Indonesia 
and Japan. Many of the world’s most famous volcanoes are 
found in this ‘Ring of Fire’: Cotopaxi in Ecuador, which last 
erupted in 1928; Mount St Helens in the USA, which erupted 
spectacularly in 1980; and Krakatoa in Indonesia, which killed 
36,000 people when it erupted in 1883. Due to the seismic 
activity in the Ring of Fire about 90% of the world's earthquakes 
and 81% of the world's largest earthquakes occur there.
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Eruption of Mount St. Helens on July 22, 1980.

An explanation of subduction and how is can cause a volcano.

Explanation 4.7 How are volcanoes formed?



ACTIVITY - Create a claymation

You will need:
• Your iPad’s camera
• A stop motion iPad app
• Plasticine 

1. Create a claymation using 
plasticine to explain how an 
earthquake occurs OR to 
explain how the process of 
subduction causes volcanoes 
OR to explain how a tsunami is 
formed.

85

An example of a claymation illustrating the 
process of subduction.

Movie 4.4 Subduction claymation

CREATE

Think about all of the scientific facts you 
know about volcanoes and then try to 
create a fun poem or song to 
demonstrate your knowledge.



Tsunamis are gigantic waves that can come ashore with little or 
no warning. A tsunami is caused by earthquakes or volcanoes 
that move the land on the bottom of the ocean. When an 
earthquake moves the land under the sea upwards, it causes the 
water at the surface to also rise up in a hump. This high swell of 
water starts moving away from the point of the earthquake. After 
a long trip, this swell finally reaches shore. It roars onto the 
beach as a wave. This tsunami wave can be a wall of water over 
30 metres high. These huge waves can travel across the ocean 
at the speed of a commercial jet plane, up to 800km/h.

Section 5

What causes a tsunami?
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A tsunami hits the shore!



"Tsunami" comes from the Japanese words for harbour (‘tsu’) and 
wave (‘nami’). Most tsunamis, about 80 percent, happen within 
the Pacific Ocean’s ‘Ring of Fire’.
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An explanation of tsunami formation.

Explanation 4.8 How are tsunamis formed?

An animation illustrating a tsunami being formed.

Movie 4.5 Tsunami animation.

THINK

Create a two circle Venn diagram to compare 
earthquakes and tsunamis. Write how they are 
similar in the middle of the two circles and 
how they are each different in the spaces on 
either side.



The sound you are about to hear has been described as scary. It 
also saves lives. Tap play below to listen:

What is it? It is the Earthquake Warning Chimes of Japan. That 
sound is broadcast on radio, television and through mobile 
phone alerts. It is played just before an earthquake to give 
people a chance to get into a safer position when the 
quake begins. The Earthquake Early Warning is set up to 
enable people to minimise damage from an 
earthquake: people may protect themselves at 
home, at the office, and near cliffs. Railway 
workers may use this warning to slow down 
trains, and factory workers may use it to stop 
assembly lines prior to an earthquake.

At regular but unpredictable intervals, 
people around the world are affected by 
natural hazards. These may be caused by climate (Eg. drought, 
flood, cyclone) geology (Eg. earthquake, volcano, tsunami, 

landslide) the environment (Eg. pollution, deforestation, pest 
infestation) or combinations of these. Hazards become disasters 
when people's homes and livelihoods are destroyed. Poverty, 
population pressures and environmental degradation mean that 
increasing numbers of people are vulnerable to natural hazards. 
Increasing population and urbanisation is increasing the world’s 
exposure to natural hazards, especially in coastal areas (with 

greater exposure to floods, cyclones and tsunamis).

Thousands of years ago humans had no possible way to 
predict when a natural disaster may occur, they didn’t 

even know what caused them. Today, with an 
increased scientific understanding, we are not only 

able to predict some natural disasters, but we are 
able to take measures to reduce the harm they 

cause.

Emergency Management Australia (EMA) 
is a Government Agency who has the job 
of responding to natural disasters when 

they occur in Australia. But just like the 
Japanese Earthquake Early Warning system, Australia has 

Section 6

Can we reduce the impact of natural disasters?
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organisations that are able to predict impending disasters to 
reduce their potential harm.

The Joint Australian Tsunami Warning Centre (JATWC) is 
operated by the Bureau of Meteorology and Geoscience 
Australia. Based in Melbourne and Canberra, it has been 
established so that Australia has an independent capability to 

detect, monitor, verify and 
warn the community of 
the existence of tsunamis 
in the region and possible 
threats to Australian 
coastal locations and 
offshore islands.

The major objective of the 
JATWC is to provide 
emergency managers with 
a minimum of 90 minutes 
warning of a likely tsunami 
impact on Australia. The 
warning centre receives 
real-time data from over 
50 seismic stations in 
Australia, and more than 
120 international seismic 
stations. The seismic data 
is then analysed to decide 

if there is any potential for an earthquakes to cause a tsunami. If 
there is a risk, media organisations across Australia work with the 
JATWC to inform the public in the case of a tsunami event.

If you are ever warned of a tsunami, run to higher ground. If you 
see a wall of water coming or hear a tsunami warning, leave low-
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lying coastal areas immediately. Move away from the water and 
move quickly inland towards higher ground. Also remember that a 
tsunami is not a single wave, it is often many waves so stay out of 
danger areas until an official 'all-clear' has been issued.

Like tsunamis, earthquakes are more common in Japan than they 
are in much of the rest of the world. So engineers have spent a lot 
of time thinking about how to make buildings that won't collapse 
during quakes. In many places in the world where people don't 
experience earthquakes, buildings are made to be fairly strong 
and durable against wind and the weather. But they're built in a 
way that if you bend them, they'd break like piece of chalk. In 
Japan, engineers have started building structures that are more 
bendy. The idea is to allow the buildings to sway but not to break 
when an earthquake occurs.
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THINK

How else could we reduce the negative 
impacts of natural disasters (bushfire, 
drought, flood, cyclone, earthquake, volcano, 
tsunami, landslide, etc.). Brainstorm ideas 
with a classmate and then choose one idea to 
develop in more detail.



Natural disasters are a part of life in Australia and droughts are 
one of the most common we experience. Drought occurs on 
average every 3 out of 10 years and the associated heat-waves 
killed more Australians than any other type of natural disaster in 
the 20th century.

Drought can have serious 
health, social, economic and 
political impacts with far-
reaching consequences.

Water is one of the most 
essential commodities for 
human survival, second only 
to breathable air. So when 
there is a drought, which by 
definition means having too 
little water to meet current 
demands, conditions can 
become difficult or dangerous 
very quickly.

The consequences of drought may include:

Hunger and famine—Drought conditions often provide too little 
water to support food crops, through either natural rainfall or 

irrigation using reserve water 
supplies. The same problem 
affects grass and grain used 
to feed livestock and poultry. 
When drought undermines or 
destroys food sources, 
people go hungry. When the 
drought is severe and 
continues over a long period, 
famine may occur.

Thirst—All living things must 
have water to survive. People 
can live for weeks without 
food, but only a few days 
without water.

Section 7
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Disease—Drought often creates a lack of clean water for drinking, 
public sanitation and personal hygiene, which can lead to a wide 
range of life-threatening diseases.

Wildfires—The low moisture and precipitation that often 
characterise droughts can quickly create hazardous conditions in 
forests and across range lands, setting the stage for wildfires that 
may cause injuries or deaths as well as extensive damage to 
property and already shrinking food supplies.

Social conflict and war—When a precious commodity like water is 
in short supply due to drought, and the lack of water creates a 

corresponding lack of food, people will compete—and eventually 
fight and kill—to secure enough water to survive.

Migration or relocation—Faced with the other impacts of drought, 
many people will flee a drought-stricken area in search of a new 
home with a better supply of water, enough food, and without the 
disease and conflict that were present in the place they are 
leaving.
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ACTIVITY - Agriculture and drought

You will need:
• Watch the following video clip

This video clip was taken during a long drought that occurred between 1958 and 1967. In the last 
two years of that drought there was a 40 per cent drop in wheat harvest, a loss of 20 million 
sheep, and a decrease in farm income of $300-500 million.

1. Pretend to be a farmer and write a diary entry or create a short play about the harsh land and 
the hard times that they are facing during a drought.

AND/OR

Some scientists argue that Australia needs to abandon its reliance on European-style agriculture 
involving crops that use large quantities of water and animals whose hooves damage the soil. 
Instead these scientists encourage the farming of native plants and animals.

2. Research alternative farming options for Australian farmers and present your findings.

It hasn't rained for 18 months and 5,000 sheep 
have already perished. Farmer Max Russell is 
desperate to save his remaining flock. He hands 
them over to a drover.

Movie 4.6 Drought in 1967
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Review 5 Earth Science

Check Answer

Question 1 of 12

The outer layer of the earth is called its:

A. Toast

B. Coating

C. Crust

D. Core

FURTHER ACTIVITIES

• Research the scientific work involved in global disaster 
alerts and communication, such as cyclone, earthquake 
and tsunami alerts.

• Find out more about the features of earthquake proof 
buildings in Japan or elsewhere. How do they remain 
standing during an earthquake?

• Research the last 50 earthquakes that have been recorded 
at over 6.0 on the Richter scale. Plot them on a map of 
earth to see if they occur more often in particular places. 
Also create a bar graph to illustrate if there has been any 
pattern to their intensity over time. Plot intensity (Richter or 
MMS value) on the y-axis (vertical) and date of occurrence 
on the x-axis (horizontal).

• Australia has one of the most variable rainfall climates in 
the world. These fluctuations have many causes, but the 
strongest is the climate phenomenon called the Southern 
Oscillation. Research El Niño and La Niña and present what 
they mean to Australia’s climate.



Thanks

I hope you have enjoyed reading, watching, 
listening and interacting with this book and that you 
have learnt a lot!

As always a special thanks to the most important 
people in my world ... my family.

Thank you also to public domain contributors and 
Wikimedia for some imagery.


