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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: Pelicans (Pelecanus onocrotalusis) are a 
large water bird. They are characterised by a long beak 

and large throat pouch used in catching prey and draining 
water from the scooped up contents before swallowing. 

All experiments must be performed under 
teacher direction in a school science 
laboratory. Teachers must ensure all 
appropriate safety precautions are taken.



As you embark on your learning in Science this year it is 
important to first highlight the importance of learning for your 
brain to develop to its fullest potential.

Our bodies can change and adapt to the environmental 
conditions they are exposed to. Expose your muscles to regular 

hard work and they will become more capable. Expose your 
brain to regular learning opportunities and your brain will flourish.

Enjoy your learning in Science and in life but also persist with it 
and show determination when it is hard - your brain will thank 
you for it!

Section 1

Why Learn?
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To keep your brain healthy - learn, learn and keep learning!

Movie Preface.1 Learning is important



Welcome to your quest!

The aim of this game is simple ... collect as many stars as you 
can to progress to the highest level in the game - ‘Nobel Prize 
Winner’!

To progress up the levels you will need to complete various tasks 
or activities throughout this book.

There are two types of stars in this book ...

The first star is full, wherever you see this star it 
indicates that the task is compulsory and there is 
no option but to complete the task to get the star. 
There are a number of compulsory tasks per 
chapter.

The second type of star contains a number, when 
you see this star it means you have a choice. 
There will be a number of these stars in each 
chapter. You can pick any of the tasks that have 

this star next to them but you cannot get a star for every 
single task. For example, if the empty stars have the 
number 3 in them you would only be able to get stars 
for the completion of three empty star tasks in that 
chapter.

REMEMBER - AT ANY TIME YOUR 
TEACHER MAY ALLOCATE STARS FOR 
OTHER TASKS OR VARY WHICH 
TASKS 
YOU 
ARE 
ABLE TO 
ATTAIN A 
STAR FOR.

The more stars you are able 
to collect the further you will 

Section 2

How do I play this game?

3

3



progress in the game. There are 20 different levels, the lowest 
level is ‘Self replicating molecule’ and to finish the game you need 
to collect all of the available stars in the entire book to achieve the 
rank of ‘Nobel Prize Winner’.

Of course your whole class may not be required to complete each 
and every chapter in this book as part of the normal class 
schedule. As a result you may need to independently pursue 
other stars in other chapters in your own time. Your teacher will 
mark off your stars as you progress.

The total number of stars available in each chapter is indicated at 
the start of the chapter.

PLEASE NOTE:

- to gain any single star the task has to be fully complete and 
done to the best of your ability.

- to finish the game you must complete each and every task 
associated with a star. You cannot achieve a rank of ‘Nobel 
Prize Winner’ unless you have gained all 100 available stars !!!

Good luck and start your learning.

Stars required to level-up in Year 9 Science

LEVEL LEVEL NAME STARS REQUIRED

1 Self replicating molecule 1

2 Prokaryotic cell 5

3 Eukaryotic cell 9

4 Multi cellular organism 14

5 Animal with endoderm 20

6 Vertebrate 25

7 Tetrapod 31

8 Amniote 36

9 Mammal 40

10 Placental mammal 44

11 Supraprimate 49

12 Primate 55

13 Great ape 60

14 Homo sapiens 65

15 High school graduate 71

16 Bachelor of Science 76

17 Master of Science 83

18 PhD 88

19 Professor 93

20 Nobel Prize Winner 100

4



5This card may be printed off and marked off as you progress through the game (capture a screen shot of this image to print it).



Chapter 1

The Scientific 
Method

Scientific understanding, including models and 
theories, are contestable and are refined over time 
through a process of review by the scientific 
community.

People can use scientific knowledge to evaluate 
whether they should accept claims, explanations or 
predictions.

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

• formulate questions or hypotheses that can be 
investigated scientifically.

• plan, select and use appropriate investigation 
methods to collect reliable data; assess risk and 
address ethical issues associated with these 
methods.

• Select and use appropriate equipment, including 
digital technologies, to systematically and 
accurately collect and record data.

• explain the choice of variables to be controlled, 
changed and measured in an investigation.

• communicate scientific ideas and information for a 
particular purpose, including constructing 
evidence-based arguments and using appropriate 
scientific language, conventions and 
representations

Explanation 1.1 How do scientists work?

5 stars available 
in this chapter



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.

Some examples of some Science Safety Regulations 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.

8



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.

9



ANY MISHAP, BURN, SCALD, CUT, EYE INJURY, 
BROKEN GLASS, SPILLS ETC., MUST BE 
REPORTED IMMEDIATELY TO THE TEACHER!

QUESTIONS

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

Review 1.1 Science Safety 

Check Answer

Question 1 of 10
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.

10



Science is a way of understanding the world, not a mountain of 
facts. Before anyone can truly understand scientific information, 
they must know how science works. Science does not prove 
anything absolutely -- all scientific 
ideas are open to revision in the 
light of new evidence. The process 
of science, therefore, involves 
making educated guesses 
(hypotheses) that are then 
rigorously and repeatedly tested.

The word Science refers to a 
system of acquiring knowledge. 
This system uses observation and 
experimentation to describe and 
explain natural phenomena. The 
term science also refers to the 
organised body of knowledge 
people have gained using that 
system.

A scientist tries to understand how 

our world, or other things, work. Scientists are people who make 
observations, ask questions and do extensive research work in 
finding the answers to these questions.

Basically it is a bunch of curious 
people trying to discover new 
information. They do this by using 
the scientific method.

The scientific method is usually 
written as a number of steps:

1. Come up with a question about 
the world.

2. Do background research.

3. Create a hypothesis — one 
possible answer to the question. A 
hypothesis is a word meaning "An 
educated statement about how 
something works".

Section 2

What is Science?
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4. Design an experiment. If the hypothesis is truly scientific, it 
should be possible to design an experiment to test it.

5. Experiment and collect the data.

6. Draw conclusions from the experiment.

7. Communicate the results to others.

The communication of scientific results entails both rights and 
responsibilities to scientists. They have the right to receive 
accurate information from their peers. Therefore, they are 
expected to communicate their own results under the same 
quality standards. Scientists also have the responsibility to share 
their results with the community, and to actively participate in a 
discussion on the use of scientific knowledge.

If enough evidence accumulates to support a hypothesis, it 
moves to the next step (known as a scientific theory) in the 
scientific method and becomes accepted as a valid explanation 
of a phenomenon. A scientific theory summarises a hypothesis or 
group of hypotheses that have been supported with repeated 
testing.

When used in non-scientific context, the word “theory” implies 
that something is unproven or speculative. As used in science, 
however, a theory is an explanation or model based on 
observation, experimentation, and reasoning, especially one that 

has been tested and confirmed as a general principle helping to 
explain and predict natural phenomena.

A scientific theory is not the end of the scientific method; theories 
can be proven or rejected, just like hypotheses. Theories can be 
improved or modified as more information is gathered so that the 
accuracy of the prediction becomes greater over time.

Theories are foundations for furthering scientific knowledge and 
for putting the information gathered to practical use. Scientists 
use theories to develop inventions or find a cure for a disease.

12
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QUESTIONS

1. Using dot points, briefly summarise the contents of 
this section.

2. Explore the images on this page. Who are these people and why 
are they famous?

3. What do scientists do?

4. Which step of the scientific method do you think is the most 
important and why?

5. Describe the term ‘scientific theory’ in your own words.

PROJECT - Create a short biography of a 
famous scientist

Imagine you are a graphic designer and you 
have to create a one page biography of a 
famous scientist for a magazine. Your biography 
will need to include:

• Details of scientists life.
• Their most famous discoveries.
• The scientific experiments 

they conducted. 1



EXPERIMENT: HOT (and cold) STUFF
[To be performed under teacher direction in a science laboratory]

Aim: To investigate the exothermic and endothermic properties 
of chemicals. To discover which chemical would be suitable to 
use in a portable hand warmer and instant ice pack.

Hypothesis: Make an educated guess about which mixed 
chemicals will become warmer or colder.

Materials:

• Safety glasses and lab coats
• Bench mat
• 3 large test tubes and a test 
tube rack
• sandpaper
• Thermometer and data logging 
equipment with a temperature 
probe

• 10ml measuring cylinder
• Stirring rod
• Piece of magnesium ribbon
• 1M Hydrochloric acid (HCl)
• 5g (1 spatula) of Potassium 

chloride (KCl)
• 5g (1 spatula) of Sodium 

thiosulfate (Na2S2O3)

Method (tap each chemical for instructions):

                         

Results:
Complete this table and create a graph of the data.

Experiment
Initial 

Temperature 
(°C)

Final 
Temperature

Change in 
Temperature

Endothermic 
or 

Exothermic

Mg + HCl

KCl + H2O

Na2S2O3 + 
H2O

Discussion:
1.	 In detail, explain what your results tell you.
2.	 Define exothermic and endothermic reactions.
3.	 Explain which reactions were exothermic or endothermic. How 
do you know?
4.	 What was the independent variable for this experiment?
5.	 What was the dependent variable for this experiment?
6.	 List 3 items that would have been controlled during this 
experiment.

Conclusion:
Sum up what you discovered by doing this experiment. Which 
chemical(s) would be suitable to use in a portable hand warmer and 
instant ice pack.

14
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Scientists discover new things by doing experiments and they 
must be aware of the possible variables in their experiments. A 
variable is an observation or measurement that can change 
during an experiment. You should change only one variable at a 
time in an experiment. The variable that you deliberately change 
during an experiment is called the independent variable. The 
variable that is being affected by the independent variable — that 
is, the variable that you are measuring — is called the 
dependent variable. All other variables should be kept constant. 
Such variables are called controlled variables. The process of 
controlling variables is also known as fair testing.

Many scientific experiments also have a control group. A control 
group is a group separated from the rest of the experiment where 
the independent variable being tested cannot influence the 
results. In other words, the factor being investigated is not 
applied to the control group. This isolates the independent 
variable's effects on the experiment and can help rule out 
alternate explanations of the experimental results. The control 
group serves as a comparison group when results are evaluated. 
A control group is useful to make conclusions more accurate or 

Section 3

How do scientists work?
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The Australian Genome Research Facility in 
Melbourne, Australia. The floor is designed to look 
like a strand of DNA.



precise, provided that both the control and the other experimental 
group(s) are exposed to same conditions apart from the factor 
being tested. For instance in a pharmaceutical drug test, a control 
animal is one in which the drug is not administered to. This 
enables a good comparison with animals that the drug was given 
to.

Observations and measurements of variables in a scientific 
experiment can be either discrete or continuous. Discrete data 
are in categories, such as gender, type of animal, brand of paper 
towel or colour. Continuous data are associated with 
measurement involving a standard scale with equal intervals, 

such as height of plants in centimetres, the amount of fertiliser in 
grams or the length of time in seconds.

Observations and measurements in a scientific experiment can 
also be qualitative or quantitative. Quantitative data is using 
numerical data such as how many minutes, degrees, metres or 
anything else with a clearly recordable numerical value. 
Qualitative data is really the quality of something such as 
something being a good colour, shape or texture, etc.

When it comes time to communicate results scientists use a 
common scientific report format with a series of headings:

Abstract – A brief summary of your whole investigation.

16
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Explanation 1.4 What types of variables do scientists 
need to be aware of when performing experiments?



Introduction – Where scientists present all relevant background 
information relevant to the topic being studied.

Aim – The purpose of your investigation.

Materials – A list or description of equipment used.

Method – A list of steps detailing how to do the experiment. You 
need to clearly indicate which variables you are changing and 
which one will you keep constant as your control. Remember to 
make sure that your experiment is a fair test and that trials are 
repeated.

Results – The collected data presented as tables and/or graphs.

Discussion – A complete and thorough explanation of your 
results. A good discussion will answer the following questions: 

What do the results show? How should the results be 
interpreted? Do they support or disprove the hypothesis? Were 
any problems encountered? Are there any suggestions for 
improvement in the experimental design?

Conclusion – A brief statement of what you found out.

Note that for many practical reports you will only be required to 
complete the Aim, Materials, Method, Results, Discussion and 
Conclusion.

17
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types of data in experiments?

Explanation 1.5 What information goes 
into each section of a scientific report?

Explanation 1.7 How do scientists draw 
graphs in scientific reports?

Using dot points, 
summarise 
the contents 
of this section.



PROJECT - Designing an experiment

Your task is to design and complete an experiment of your own.

You should choose from the following options (or another one approved by your teacher) ...

1. BOUNCING BALLS. 
Design an experiment(s) to look at the effect of dropping height and surface onto which the ball is dropped on the behaviour 
of bouncing balls.  
You will need: meter ruler, various balls and/or various surfaces.

2. RACING ON DETERGENT.  
Design an experiment to test various detergents strength by observing how much they affect surface tension. When a small boat is stationary in a pool 
of water and a drop of detergent is placed in the pool the boat will move due to a change in surface tension. Will more expensive or stronger 
detergents effect how fast or how far the boat will move?  
You will need: water, large shallow container of water, various detergents, small ‘boats’ (e.g. bread clips).

3. TOILET PAPER TEST.  
Design an experiment to determine the quality of various brands of toilet paper. Think about testing strength, water 
absorbency, softness, cost, number of sheets per pack, tear-ability, smell, etc. 
You will need: various brands of toilet paper, water, weights.

For your experiment you will need to:  
- create a hypothesis. 
- list all of the variables in your experiment - independent, dependent and controlled. 
- develop the experimental method. 
- perform your experiment considering all safety precautions. 
- collect and record all necessary data. 
- write up a complete practical report including the following headings at the very least an aim, materials, method, results, discussion and 
conclusion.  

18
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QUESTIONS

1. For the following two scenarios:  
- identify the independent variable.  
- identify the dependent variable.  
- identify any variables that should be controlled.  
- identify the control group. 
- write a conclusion for the experiment.

a. Will notices that his shower is covered in a strange green slime. His friend Olivia tells him that coconut juice will get rid of the green slime. Will decides to 
check this out by spraying half of the shower with coconut juice. He sprays the other half of the shower with water. After 3 days of "treatment" there is no 
change in the appearance of the green slime on either side of the shower.

b. Joe thinks that a special juice will increase the productivity of workers. He creates two groups of 50 workers each and assigns each group the same task (in 
this case, they're supposed to staple a set of papers). Group A is given the special juice to drink while they work. Group B is not given the special juice. 
After an hour, Joe counts how many stacks of papers each group has made. Group A made 1,587 stacks, Group B made 2,113 stacks.

2. James plays tennis at many different tennis stadiums around the world. He has to deal with many different weather conditions as he travels. After many years 
of playing tennis professionally, he has come to the conclusion that the height to which a tennis ball bounces is directly related to the temperature of the ball. 
The tennis association hired you to investigate his claim via an experiment. For this experiment:

a. Write the aim.

b. Identify the independent variable, dependent variable, controlled variables.

c. Write a hypothesis.

3. Sally has a bad cold. She needs to use lots of paper tissues to deal with her running nose. She had tried a few different brands but has been disappointed to 
find some are not very strong.  A variety of different brands of paper tissues have been collected together.  Via experimentation you need to find out which 
brand of tissues is stronger when wet. For this experiment:

a. Write the aim.

b. Identify the independent variable, dependent variable, controlled variables.

c. Write a hypothesis.
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Section 4

Scientific Method Review
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Review 1.2 Scientific Method

Check Answer

Question 1 of 20
A prediction or statement that can be tested is 
a(n):

A. conclusion

B. observation

C. control

D. hypothesis

Listen for an overview of some of the key 
scientific method concepts covered in this 
chapter.

Audio 1.1 Scientific Method review 
podcast



FURTHER ACTIVITIES

• Choose a well known or famous experiment and 
summarise the scientist’s work. Find out the aim, the 
hypothesis, the independent variable, the dependent 
variable, any controlled variables and the method.

• Find out more about some of Australia’s top research 
institutes. Where are they located, who works there and 
what are some discoveries they have made. Consider 
places like: 
- The Walter and Eliza Hall Institute of Medical Research.  
- Garvan Institute of Medical Research.  
- Peter MacCallum Cancer Centre. 
- Queensland Institute of Medical Research.  
- The Commonwealth Scientific and Industrial Research 
Organisation (CSIRO). 
- Bio21 Institute. 
- Australian Stem Cell Centre. 
- Howard Florey Institute.  
- Australian Space Research Institute. 
- Australian Synchrotron.

• Create a poster or poem to highlight the importance of 
safety in the laboratory.  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Chapter 2

Body 
Systems

Multi-cellular organisms rely on coordinated and 
interdependent internal systems to respond to 
changes to their environment.

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

• describe how the requirements for life (for 
example oxygen, nutrients, water and removal of 
waste) are provided through the coordinated 
function of body systems such as the respiratory, 
circulatory, digestive, nervous and excretory 
systems.

• explain how body systems work together to 
maintain a functioning body using models, flow 
diagrams or simulations.

• identify responses using nervous and endocrine 
systems.

Explanation 2.1 What are some of our body systems?

19 stars available 
in this chapter



According to estimates there are around 1014 atoms in a typical 
human cell. This means there are 100,000,000,000,000 or 100 
trillion atoms in an average human cell. Interestingly, the number 
of cells in the human body is estimated to be about the same as 
the number of atoms in a human cell. So there are approximately 
100 trillion cells in the human body. These cells form different 
body tissues and different body systems. We have many body 
systems and they all function in unison to ensure that all of our 
demands are meet and that we stay alive!

One of the things that we need to stay alive is oxygen. Oxygen is 
vital for a process called aerobic cellular respiration - this is 

what provides our cells with the energy they need to live. Aerobic 
cellular respiration is a chemical reaction with a word equation:

Glucose + Oxygen → Carbon Dioxide + Water [+ Energy]

Aerobic cellular respiration is a process in which cells produce 
the energy they need to survive. In cellular respiration, cells use 
oxygen to break down sugar (glucose) and store its energy in 
molecules of adenosine triphosphate (ATP).

Section 1

Why and how do we get oxygen?
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Mitochondria (plural) are the parts of cells where 
aerobic cellular respiration takes place.

A Mitochondrion

Explanation 2.2 What is cellular respiration?



Cells use ATP to power virtually all of their activities—to 
grow, divide, replace worn out cell parts, and execute many 
other tasks. Cellular respiration provides the energy 
required for an amoeba to glide toward food, a Venus fly 
trap to capture its prey, or a ballet dancer to perform 
stunning leaps. Cellular respiration occurs within a cell 
constantly, day and night, and if it ceases, the cell—and 
ultimately the organism—dies.

Importantly, for aerobic cellular respiration to take place 
oxygen must be present.

Fortunately the respiratory system and the circulatory 
system work together to provide our cells with oxygen and 
to get rid of the waste product - carbon dioxide.

The Respiratory system

As a quick summary, in the respiratory system the air we 
breathe containing oxygen travels down pharynx, trachea, 
bronchi and bronchioles until it reaches the alveoli.

The primary function of the respiratory system is to supply 
the blood with oxygen in order for the blood to deliver 
oxygen to all parts of the body. The respiratory system does 
this through breathing. When we breathe, we inhale oxygen 
and exhale carbon dioxide. This exchange of gases is the 
respiratory system's means of getting oxygen to the blood.

24
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Respiration is achieved through the mouth, nose, trachea, lungs, 
and diaphragm. Oxygen enters the respiratory system through 
the mouth and the nose. The oxygen then passes through the 
pharynx, larynx (or voice box - where speech sounds are 
produced) and the trachea which is a tube that enters the chest 
cavity. In the chest cavity, the trachea splits into two smaller 
tubes called the bronchi. Each bronchus then divides again 
forming bronchioles or bronchial tubes. The bronchioles lead 
directly into the lungs where they divide into many smaller tubes 
which connect to tiny sacs called alveoli. The average adult's 
lungs contain about 600 million of these spongy, air-filled sacs 
that are surrounded by capillaries. The inhaled oxygen passes 

into the alveoli and then diffuses into the blood in the capillaries. 
Meanwhile, the waste-rich blood also releases its carbon dioxide 
into the alveoli. The carbon dioxide follows the same path out of 
the lungs when you exhale.

The diaphragm's job is to help pump the carbon dioxide out of 
the lungs and pull (or suck) the oxygen into the lungs. The 
diaphragm is a sheet of muscles that lies across the bottom of 
the chest cavity. As the diaphragm contracts and relaxes, 
breathing takes place. When the diaphragm contracts, oxygen is 
pulled into the lungs. When the diaphragm relaxes, carbon 
dioxide is pumped out of the lungs.

Some common problems of the respiratory system include:

• Asthma – wheezing and breathlessness caused by a narrowing 
of the airway.

• Bronchitis – inflammation of the lung’s mucous lining.

• Emphysema – disease of the alveoli.

• Hay-fever – an allergic reaction to pollen, dust or other irritants.

• Influenza – caused by viruses.

• Laryngitis – inflammation of the vocal cords (larynx).

• Pneumonia – inflammation of the lung.

25

Watch to learn more about the respiratory system.

Explanation 2.3 How do our bodies exchange gases with 
their environment?



EXPERIMENT - DOES BREATHING VOLUME CHANGE AFTER EXERCISE?

Aim: To discover if breathing volume changes after exercise.
Hypothesis: Make an educated guess about how your breathing rate and breath volume will change before and 
after exercise.
Materials: Balloons, string, ruler, stop watch.

Method:
1. Breathe out a normal breath into a pre-stretched balloon prior to any activity tying the balloon shut.
2. Wrap the string around the balloon then measure the circumference of the balloon by measuring the string length.
3. Perform at least 2 minutes of moderate exercise.
4. Breathe a breath into a second balloon, tie it off and measure its circumference.
5. Complete steps 1-4 again as a second trial.

Results:
Complete the following table and create a bar 
graph of your data.

Discussion:
• Explain which balloons were bigger and why you think they were.
• Describe why it is beneficial for breathing volume to increase after exercise. Consider the reaction for aerobic cellular 

respiration in your answer.
• Discuss anything you could have done better during this experiment.

Conclusion:
Summarise the results of this experiment with reference to the aim.

Circumference before 
exercise (cm)

Circumference after 
exercise (cm)

Trial 1

Trial 2

AVERAGE

26
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QUESTIONS

1. Create a detailed flow 
chart of the path oxygen 
takes as it travels from 
the mouth/nose to the alveoli.

2. Explain the function of the diaphragm.

3. Find out the percentage of all of the 
gases that make up the air we breathe.

4. Research the treatments for asthma 
and how they work.

5. Find out and list the effects that 
cigarette smoking has on the 
respiratory system.

6. Find out the total surface area of an 
average human’s lungs.

27
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To survive, all cells in the body 
need to have oxygen and 
nutrients, and they need their 
wastes removed. The 
transport of these things is the 
main role of the circulatory 
system.

The circulatory system is 
responsible for transporting 
materials throughout the 
entire body. It transports 
nutrients, hormones, water, 
and oxygen to your trillions of 
body cells and carries away 
wastes such as carbon 
dioxide and urea that body 
cells produce. It is an amazing 
highway that travels through 
your entire body connecting 
all your body’s cells.

The circulatory system is divided into 
three major parts:

1.The Heart

2.The Blood

3.The Blood Vessels

The heart is actually a double pump 
made up of four chambers, with the 
flow of blood going in one direction 
due to the presence of the heart 
valves. The contractions of the 
chambers make the sound of 
heartbeats. The heart pumps blood 
around the following circuit:

Body → Vena Cava → Right atrium → 
Right ventricle → Pulmonary artery → 
Lungs → Pulmonary vein → Left 
atrium → Left ventricle → Aorta → 
Body.

Section 2

How do our cells get the materials they need?
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The heart



Blood consists of four main things:

• Red blood cells – to carry oxygen. Oxygen is carried around the 
body in blood by the respiratory pigment haemoglobin. Red 
blood cells are red due to the presence of haemoglobin. 

• White blood cells – that make up part of the immune system to 
fight disease.

• Platelets – needed for blood clotting.

• Plasma – materials such as nutrients, hormones and wastes 
float in this blood fluid.

There are three main types of blood vessels in the body. They 
have a range of different sizes and structures, depending on their 
role in the body.

Arteries: These carry blood away from the heart, they are more 
muscular as blood is under greater pressure. Smaller arteries are 
called arterioles.

Veins: These carry blood back to the heart. As there is less 
pressure in veins than arteries they are more elastic. They also 
have one-way valves to stop blood flowing backwards. Smaller 
veins are called venules.

Capillaries: These provide a large surface area for the exchange 
of materials, they have very thin walls so materials can diffuse 
from them into surrounding cells.
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The different types of blood vessels

Explanation 2.4 How does the heart pump blood?



The nutrients we need

The circulatory system transports nutrients around the body.

There are seven major classes of nutrients: 
carbohydrates, fats, proteins, dietary fibre, minerals, 
vitamins, and water.

These nutrient classes can be categorised as either 
macronutrients (needed in relatively large 
amounts) or micronutrients (needed in smaller 
quantities). The macronutrients are 
carbohydrates, fats (or lipids), fibre, 
proteins, and water. The micronutrients 

are minerals and vitamins.

Carbohydrates, fats and proteins provide energy as well as 
structural material for the body. Structural materials includes 
things like amino acids from which proteins are built, and lipids 
from which cell membranes and some signalling molecules are 
built.

The human life supporting nutrient categories are:

Carbohydrates – for energy. For example glucose 
for cellular respiration.

Proteins – for muscles and cell growth.

Lipids (fats) – also for energy and some 
structures like cell membranes.

Vitamins – required in smaller 
amounts for cell function. If 

vitamins are lacking a person 
can get a vitamin deficiency 
disease. A lack of vitamin C 

causes scurvy with early 
symptoms of malaise 

and lethargy. Vitamin D 
deficiency causes 

bone and muscle 
pain.

Where does our food go?
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Minerals - are also required in smaller amounts for proper cell 
function. If lacking sufficient iron, your body can’t make the 
haemoglobin it requires to carry energy-sustaining oxygen to 
every tissue. This results is a condition called anaemia, which 
leaves you tired and weak. Without enough calcium, a child’s 
bones and teeth don’t grow strong and straight, and an adult’s 
bones lose minerals and weaken.

Water - vital for all known forms of life.

Fibre - important for digestive health.

While water and fibre are extremely important for overall 
wellbeing, they do not actually provide the body with any energy.
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QUESTIONS

1. Create a detailed flow chart of the 
entire path that blood takes as it 
travels around the body.

2. Create a song or poem about the 
interactions between the respiratory and 
circulatory systems.

3. Research the differences between the tooth 
types of herbivores, omnivores and 
carnivores. Explain how these teeth relate to 
diet.

4. Find out the precise percentage composition 
of our blood.

5. Research and list the Dietary Guidelines for 
Children and Adolescents in Australia.

6. Carbohydrates, proteins and fats are each 
composed of smaller sub-units called 
monomers. Find out the names of the 
monomers that make up these three types of 
nutrients.

Using dot points, 
summarise 
the contents 
of this section.



EXPERIMENT: DISSECT A SHEEP’S HEART
[To be performed under teacher direction in a science laboratory]

Aim: To observe how the structure of the heart relates to its function.

Materials: Sheep heart, scalpel, scissors, tweezers, dissecting board, newspaper, plastic bag, gloves, lab coat.

Method:
1. Cover dissecting board with paper, place heart on paper covered board front side up.
2. Explore the openings at the top of the heart and the thickness of both sides.
3. Cut both sides of the heart open revealing the four chambers.
4. Try and find the valves separating the atria from the ventricles.
5. Wrap up the dissected heart in the newspaper and dispose of it. Clean all 

equipment.

Results:
Draw a detailed labelled diagram(s) of the heart. 

Discussion:
• Write a detailed description of your observations of the heart.
• Explain why the left side of the heart is thicker than the right side.
• Explain why arteries (aorta and pulmonary artery) are thicker than veins 

(vena cava and pulmonary vein).
• Discuss anything you could have done better when dissecting the heart.

Conclusion:
Summarise the way the structure of the heart relates to its function.
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When you eat foods—such as bread, 
meat, and vegetables—they are not in 
a form that the body can use as 
nourishment. Food must be broken 
down into smaller molecules of 
nutrients before they can be absorbed 
into the blood and carried to cells 
throughout the body. Digestion is the 
process by which food is broken down 
into their smallest parts so the body 
can use them to build and nourish 
cells and to provide energy.

Digestion can happen in two ways:  
- Chemical digestion occurs when 
enzymes break down food. 
- Physical digestion or mechanical 
digestion occurs when teeth or 
stomach muscles break down food.

When we eat food it enters our 
digestive system.

Different animals all have slightly 
different digestive systems. For 
example, fungi digest their food 
externally to their body by growing on 
top of their food and excreting 
digestive enzymes onto their food. 
They then absorb the broken down 
food particles.

The human digestive system, like 
other mammals, consists of organs 
that break down food into 
components that the body uses for 
energy and for building and repairing 
cells and tissues.

The digestive tract begins at the 
mouth and ends at the anus. It is like a 
long muscular tube, up to 10 metres 
long, with digestive organs attached 
along the way.

Section 3

What happens to the food we eat?
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Human digestive system



The process of digestion in humans starts when teeth grind up 
food in the mouth, this is an example of physical or mechanical 
digestion. Saliva also lubricates and chemically digests food in 
the mouth. Saliva has a special chemical, an enzyme called 
amylase, which starts breaking down carbohydrates into simple 
sugar molecules.

After the mouth, food passes down the throat, down through a 
muscular tube called the oesophagus. Food travels down the 
oesophagus via a series of muscular contractions called 
peristalsis. Peristalsis ends at the stomach, where the food 
continues to be broken down. The stomach stores food and 
chemically digests it using hydrochloric acid and enzymes. 
Fortunately mucus protects the stomach wall so that our body is 
not digested from the inside out. The partially digested food 

passes into a short tube called the duodenum (the first part of the 
small intestine).

Once in the duodenum, the food is mixed with more digestive 
enzymes from the pancreas and bile from the liver. Bile acts to 
neutralise the hydrochloric acid from the stomach. Food is then 
squeezed into the lower parts of the small intestine, called the 
jejunum and the ileum. Nutrients are absorbed from the ileum, 
which is lined with millions of finger-like projections called villi. 
Each villus is connected to a mesh of capillaries. This is how 
nutrients pass into the bloodstream.

The liver, the gallbladder, and the pancreas also produce enzymes 
and substances that help with digestion in the small intestine.

Once all the nutrients have been absorbed, the waste is moved 
into the large intestine (consisting of the colon and rectum). 
Water is absorbed back into the body and the waste (faeces) is 
stored in the rectum. It can then be passed out of the body 
through the anus - this is know as egestion.

Bacteria also live in the large intestine. These bacteria digest fibre 
and create vitamins which are absorbed into our bodies. The 
bacteria also produce gas which is a mixture of nitrogen and 
carbon dioxide, with small amounts of the gases hydrogen, 
methane, and hydrogen sulphide. We call this gas a fart when it 
leaves the body!
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The wave-like muscular contractions of the intestines (and 
the oesophagus) move food through the body.

Animation 2.1 Peristalsis



35

QUESTIONS

1. Create a detailed flow chart of the entire path that food 
takes as it travels the entire digestive system.

2. Explain the difference between chemical and physical 
digestion.

3. Large carbohydrate, lipid and protein molecules are broken down into their 
individual building blocks by the digestive system. Research an example of a 
large carbohydrate, lipid and protein molecule.

4. Find out what effect gluten has on the villi of people who are coeliac or gluten 
intolerant.

5. Peristalsis occurs in the oesophagus - find out where else in the body it occurs.

PROJECT - Create a digestive system model

Your task is to create a working model of the human 
digestive system. You must be able to insert some 
type of pretend ‘food’ into the mouth and have it exit 
via the anus! You can use your hands to perform 
peristalsis on your model if you like.

Your model will need to:

• be big enough to use most of the space on an A3 
piece of paper (at least).

• be made of 3 dimensional objects.

• explain & show the path that food takes through the digestive 
system.

• the model must also have a main heading.

• show all the important parts of the digestive system and have 
them labelled with correct names as well as their 
function.

• You should also try to be as creative as possible!

Watch this clip to explore the digestive system.

Explanation 2.5 What happens to the 
food we eat?

3

Using dot points, 
summarise 
the contents 
of this section.

ACTIVITY - White bread and the wonder of enzymes

1. Take a bite of bread and chew it and chew it and chew it! Even if the bread becomes 
disgusting, you should still keep chewing and - don't swallow or you'll spoil the experiment!

2. Pay attention to how the flavour of the bread changes.

3. Once you think you have the answer, you can swallow the bready mush or (this is probably 
best!) spit it out.

NOW - Research ‘amylase’ to explain what you tasted.



An enormous number of chemical reactions are occurring in our 
bodies every second of every minute of every hour of every day. 
This set of life-sustaining chemical reactions within the cells of 
living organisms is called metabolism.

Unfortunately, sometimes the chemical reactions in our bodies 
produce waste byproducts. If these waste materials remain in our  
body they can accumulate to toxic levels, and in some instances 
would kill us if they weren’t removed!

Fortunately we have an excretory system that works to rid our 
bodies of wastes.

Two key waste products that must be removed are carbon 
dioxide and urea.

Carbon dioxide is a waste

Aerobic cellular respiration provides our cells with the energy 
they need to live. If we consider the reaction for aerobic cellular 
respiration:

Glucose + Oxygen → Carbon Dioxide + Water [+ Energy]

We can see that while energy is produced, another one of the 
products is carbon dioxide.

Section 4

How do we get rid of waste products?
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When the volume of carbon dioxide in air becomes to high it becomes 
toxic to humans.



Carbon dioxide is a waste product and must be removed from the 
body. This occurs via the lungs as a part of respiration - oxygen 
diffuses into the blood and carbon dioxide diffuses out of the 
blood and we subsequently breathe it out.

Urea is a waste

We need protein for muscle and 
cell growth. During the 
breakdown of proteins that are 
no longer required, nitrogen 
containing wastes, or 
nitrogenous wastes, are 
produced and these must be 
expelled from the body.

Proteins are actually made up 
of long chains of different 
molecules called amino acids. 
As your cells break down amino 
acids, they produce a 
dangerous toxin known as 
ammonia. Ammonia travels 
around the body in your blood, 
but as soon as it gets to the 
liver it is converted to another 
substance, called urea. Urea is 
far less toxic to humans so it 

can be stored in the body for a period of time but it must still be 
excreted.

Urea, and other waste products, are filtered out of the blood in a 
special organ called the kidney. The actual removal of wastes 

occurs in tiny units inside the 
kidneys called nephrons. Each 
kidney has about a million 
nephrons.

Once urea has been filtered out 
of the blood in the kidneys it 
travels down a thin tube called a 
ureter to the bladder for 
temporary storage. Your 
bladder is a container for your 
urine that holds it there until you 
are ready to go to the 
bathroom. When you are ready 
to get rid of this waste, your 
body relaxes a small muscle 
and the urine travels down the 
urethra - another small tube - 
and out of your body.
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When the nitrogen containing compound ammonia builds up in the 
human body it can become toxic. Fortunately our body converts 
ammonia to urea and excretes it.



Urea travels from the kidneys via the ureter to 
the bladder before it is excreted via the 
urethra.
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QUESTIONS

1. What are two key waste products 
that must be excreted by 
humans?

2. Define metabolism.

3. Different animals excrete Ammonia or Urea or Uric 
Acid. Find out which animals excrete each and what 
they have in common.

4. Urea and carbon dioxide are wastes. Find out the 
names of some other metabolic waste products.

Explanation 2.6 Where does urine come from?

Using dot points, 
summarise 
the contents 
of this section.



Our bodies are extremely complex! We have many different types 
of cells, many different types of tissue, many different organs and 
many different body systems. These systems all work together 
and include the respiratory system, circulatory system, digestive 
system, excretory system, endocrine system, immune system, 
musculoskeletal system and nervous system.

For all of these cells, tissues, organs and systems to work at 
peak efficiency we need our internal environment to remain at 
constant levels. In humans, the variables that we maintain at 
steady levels include:

- nutrients  
- blood volume 
- temperature 
- blood pressure 
- water 
- oxygen 
- carbon dioxide  
- pH 
- red blood cells.

If a body deviates too far from the normal steady state of a 
variable, death can occur! For example, if our internal body 
temperature becomes too high or too low we can die! 
Fortunately a relatively constant internal environment is 
maintained through the activities of the cells in mammals’ body 
systems.

The condition of a relatively stable internal environment, 
maintained within narrow limits, is called homeostasis. 

Section 5

How is our body controlled?
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A negative feedback system in temperature 
regulation or thermoregulation.

Explanation 2.7 What is a negative feedback system?



Homeostasis is critical to the survival of an organism. Various 
mechanisms monitor conditions inside and outside the body and 
when change is detected, body systems react to restore the 
balance.

The control and 
maintenance of 
homeostasis is generally 
through a negative 
feedback system. In 
such a system of 
control, if a change is 
detected in a variable, 
for example, a rise in 
body temperature, an 
action occurs to 
produce a change in the 
opposite direction, in 
this case, a drop in body 
temperature.

The maintenance of a 
stable body temperature 
is called 
thermoregulation. The body’s temperature is monitored by the 
brain. If you are too hot or too cold, the brain sends nerve 

impulses to the skin which works to either increase or decrease 
heat loss from the body’s surface:

If the body is too hot, glands under the skin secrete sweat onto 
the surface of the skin, 
to increase heat loss by 
evaporation. Sweat 
secretion stops when 
body temperature 
returns to normal.

Blood vessels supplying 
blood to the skin can 
swell or dilate - 
vasodilation. This 
causes more heat to be 
carried by the blood to 
the skin, where it can be 
lost to the air. Blood 
vessels can also shrink 
down again - 
vasoconstriction. This 
reduces heat loss 
through the skin once 

the body’s temperature has returned to normal.

Muscles can also receive messages from the brain when you are 
cold. They respond by shivering, which warms you up.

40

Learn about a real life negative feedback system that works to maintain homeostasis in our 
bodies via the actions of the endocrine system.

Explanation 2.8 How are the levels of glucose in the blood maintained?



Clearly there are many, many different things occurring in the 
human body all the time. The two systems that together 
coordinate all functions of the body are the endocrine system 
and the nervous system.

And while it is small, a very important part of your brain called the 
hypothalamus regulates homeostasis. It has regulatory areas for 
thirst, hunger, body temperature, water balance, and blood 

pressure, and links the nervous 
system to the endocrine system.

The hypothalamus regulates thirst, hunger, body temperature, water 
balance, and blood pressure. It also helps to link the nervous system to the 
endocrine system.

Animation 2.2 The location of the hypothalamus in the brain (red).
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QUESTIONS

1. Define homeostasis in your 
own words.

2. List three ways that the body cools itself 
down during thermoregulation.

3. List three ways that the body heats itself up 
during thermoregulation.

4. Research a bodily function that experiences 
a positive feedback system.

Using dot points, 
summarise 
the contents 
of this section.



We interact with our external environment and control our 
internal environment with a special body system called the 
nervous system.

The nervous system is composed of very special cells 
called neurons. A neuron is a nerve cell that is the basic 
building block of the nervous system. Neurons are similar to 
other cells in the human body in a number of ways, but 
there is one key difference between neurons and other 
cells. Neurons are specialised to transmit information 
throughout the body.

These highly specialised nerve cells are responsible for 
communicating information in both chemical and electrical 
forms. There are also several different types of neurons 
responsible for different tasks in the human body.

Sensory neurons carry information from the sensory receptor 
cells throughout the body to the brain. Motor neurons transmit 
information from the brain to the muscles of the body. 
Interneurons are responsible for communicating information 
between different neurons in the body.

There are three basic parts of a neuron: the dendrites, the cell 
body and the axon. However, all neurons vary somewhat in size, 
shape, and characteristics depending on the function and role of 
the neuron. Some neurons have few dendritic branches, while 
others are highly branched in order to receive a great deal of 
information. Some neurons have short axons, while others can 

Section 6

How do we sense and move?
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Motor neurons send messages to muscles, instructing them to move.

A typical motor neuron



be quite long. The longest axon in the human body extends from 
the bottom of the spine to the big toe.

The various parts of a neuron have specific functions:

Dendrites - collect the message.  
Axon - passes an electrical message from dendrites to the axon 
terminals. 
Myelin sheath - insulates the axon so the message does not 
escape. It is composed of Schwann cells. Myelin serves a similar 
function to the insulation around electrical wire.  
Cell body - where normal cellular activity takes place. It contains 
the nucleus, which in turn contains the genetic material or DNA 
of the cell. 
Axon terminal - the electrical signal that has travelled the length 
of the axon is converted into a chemical message in the form of a 
neurotransmitter that travels to the next neuron.

Information from one neuron flows to another neuron across a 
small gap called a synapse.

When the message reaches the axon terminal, it causes tiny 
bubbles of chemicals called vesicles to release their contents into 
the synaptic gap. These chemicals are called neurotransmitters. 
These travel across the gap to the next neuron, where they find 
special places called receptor sites. The neurotransmitter acts like 
a little key, and the receptor site like a little lock. When they meet 
the message continues on.
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The axon terminals of one neuron release chemical 
messengers called neurotransmitters. These cross the 
synapse to continue the transmission of the message.

The synapse between two neurons



We are able to collect a wide array of information from our 
environment! We can hear. We can see. We can smell things. We 
can taste things. We can feel things we touch. These are our 
traditional five senses. Aristotle (384 BC - 322 BC) is credited 
with the traditional classification of the five sense organs: sight, 
smell, taste, touch, and hearing. Today there is no firm agreement 
among neurologists as to the number of senses because of 
differing definitions of what constitutes a sense.

Humans also have approximately 650 skeletal muscles in their 
body which are under voluntary control via our motor neurons.

Our ability to detect information from our environment as well as 
out ability to move our muscles is entirely dependent on our 
nervous system.

We can explore our traditional five senses in more detail ...

Sight

Our sense of sight is all dependent upon our eyes. A lens at the 
front of the eyeball helps to focus images onto the retina at the 
back of the eye. The retina is covered with two types of light 

Light travels though the lens and focuses on the retina at the back 
of the eye. The retina is covered in neurons called photoreceptors 
which collect light information and send it to the brain.

The human eye
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Explanation 2.9 How do neurons work?



sensitive cells - the cones and the rods. The cones allow us to 
see colour and the rods allow us to see better at night and also 
aid us in our peripheral vision. All of this information is sent to the 
brain along the optic nerve.

Hearing

Our ears, which help us hear, can be thought of as three separate 
parts; the outer ear, middle ear and the inner ear. The outer ear is 
the part that others see. It works like a cup to catch sound as it 
travels past our heads. This part is made of cartilage and skin. 
From here, sound travels through the middle ear and then onto 
the inner ear by the three smallest bones in your body. The 
inner ear is also called the cochlea and is a spiral shaped tube 

which translates vibrations into sound and sends that message to 
the brain through the auditory nerve. The brain uses the sounds 
from both the left and the right ear to determine distance and 
direction of sounds.

Taste

Our sense of taste comes from the taste buds on our tongue.
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Sound waves are detected by sensory neurons that respond to movement 
called mechanoreceptors. These then send sound information to the brain.

The inner ear

Chemoreceptors in taste buds detect the different 
chemicals in food and send the message to the brain.

A taste bud 



Smell

Our nose is the organ that we use to smell. The inside of the nose 
is lined with something called the mucous membranes. These 
membranes have smell receptors connected a special nerve 

called the olfactory nerve. Smells are made of fumes of various 
substances. The smell receptors react with the molecules of 
these fumes and then send these messages to the brain.

Touch

The sense of touch is spread through the whole body. Nerve 
endings in the skin and in other parts of the body send 
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Chemoreceptors detect the different chemicals in the air and 
send the message to the brain.

The sense of smell

Thermoreceptors, mechanoreceptors and pain receptors detect 
heat/cold, touch and pain.

The sense of touch



information to the brain. There are several kinds of touch 
sensations that can be identified: cold, heat, contact, and pain. 
Hair on the skin increase the sensitivity and can act as an early 
warning system for the body. Different parts of the body have 
different numbers of sensory neurons, for example the 
fingertips have a very high concentration of nerve endings.

QUESTIONS
1. Explain where electrical communication and chemical 

communication occur in a neuron.
2. Find out what multiple sclerosis (MS) is, the causes and the 

effects of this disease.
3. Research what a neurotoxin is? Explain how they impact on the nervous 

system.
4. Research three neurotoxins and create a table with the effect they have on 

the body.
5. List the five traditional senses and the type of receptor they use to gather 

information.
6. How are the sense of taste and smell similar?
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PROJECT - Create a neuron model

Imagine you are one of the smartest scientists in the world and you are working 
on a treatment for a psychological disorder, but you have run out of research 
money.  To get more money you need to enter a research competition, and to 
win you will need a very good model explaining a neuron (nerve cell).  It's your 
job to design and build this model so you can win the competition.

Your model will need to:

• be big enough to use most of the space on an A3 piece of paper.

• be made of 3 dimensional objects.

• explain & show the path a nerve impulse takes through the neuron.

• have a main heading.

• show all important parts of the neuron & label them with correct names and 
their function.

Watch this clip to explore the neurons involved in sight, hearing, taste, 
smell and touch.

Explanation 2.10 How do our five traditional senses 
work? 3

Using dot points, 
summarise 
the contents 
of this section.
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EXPERIMENT: SENSE OF TOUCH
[To be performed under teacher direction in a science laboratory]
Aim: To discover which parts of your skin are most sensitive.
Hypothesis: Make an educated guess as to which area of your body is the most sensitive to touch.
Materials: Centimetre ruler, toothpicks, rubber bands or sticky tape, blindfold (optional).

Method:
1. Attach two toothpicks to a ruler starting about 5cm apart.
2. Working in pairs, have the subject close his/her eyes or wear a blindfold. (The subject may not watch the procedure—this would give 

away the answer!)
3. Gently touch the two toothpicks to the subjects forearm.
4. If the person feels two, move the points closer together—about 4cm apart, and check again. Continue the procedure until you find 

the smallest distance the points can be separated for the person to feel two points instead of one. When the person reports “one 
point” for the first time, move the two points apart only one or two 
millimetres at a time and try to make a very accurate measurement.

5. Record this distance in the results table.
6. Continue this process for the rest of the skin areas (do more if you like) 

and then repeat for your experiment partner.

Results:
Complete the table and draw a graph of your data. 

Discussion:
• Write a detailed description of your results and describe which areas of your body are the most and least sensitive and why they are.
• Which brain area do you think is larger, one receiving information from more sensitive skin, or from less sensitive skin? Explain.
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Summarise the results of this experiment with reference to the aim.

Part of body Minimum Distance 
(cm) you

Minimum Distance 
(cm) partner

Forearm

Calf

Finger tip

Cheek

Palm of hand

3



If you think of the brain as a central 
computer that controls all bodily 
functions, then the nervous system is 
like a network that relays messages 
back and forth from the brain to different 
parts of the body. It does this via the 
spinal cord, which runs from the brain 
down through the back and contains 
threadlike nerves that branch out to 
every organ and body part.

When a message comes into the brain 
from anywhere in the body, the brain 
tells the body how to react. For example, 
if you accidentally touch a hot stove, the 
nerves in your skin shoot a message of 
pain to your brain. The brain then sends 
a message back telling the muscles in 
your hand to pull away. Luckily, this 
neurological relay race takes a lot less 
time than it just took to read about it.

The nervous system can be broken into 
two parts, the central nervous system 
(CNS) composed of the brain and spinal 
cord, and the peripheral nervous 
system (PNS) which encompasses the 
rest of the neurons in the body.

The human brain has approximately 100 
billion neurons and the various parts of 
the brain have specific functions:

The brain stem (composed of the pons 
and medulla oblongata) is responsible 
for basic vital life functions such as 
breathing, heartbeat, and blood 
pressure. Scientists say that this is the 
"simplest" part of the human brain 
because some animals' entire brains, 
such as reptiles, resemble our brain 
stem.

The cerebrum is the largest part of the 

Section 7

How is the nervous system organised?
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The nervous system



human brain. It is associated with higher brain function such as 
thought and action. The cerebral cortex is divided into four 
sections, called "lobes". The Frontal lobe is responsible for 
functions such as reasoning, problem solving, judgement and 
impulse control. It is the last to develop when we are young 
adults and this explains some of the poor decision making of 
some adolescents.

The cerebellum, or "little brain", is similar to the cerebrum 
in that it has two hemispheres and has a highly folded 
surface or cortex. This structure is associated with 
regulation and coordination of movement, posture, and 
balance.

The limbic system, often referred to as the "emotional 
brain", is found buried within the cerebrum. This system 
contains the thalamus, hypothalamus, amygdala, and 
hippocampus.

The Corpus Callosum is the neural bridge that connects 
the two hemispheres to each other, located centrally in 
brain.
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The structures of the human brain

The cerebrum (red) takes up the most space in the human 
brain explaining why we are so good at complex thought.

Animation 2.3 The human cerebrum



The pituitary gland produces hormones and is therefore an 
endocrine organ. It controls a multitude of important functions in 
the body.

Along with being responsible for all of our senses and our muscle 
movement, our nervous 
system also works to protect 
us!

A very good example of our 
nervous system working to 
protect our body is our 
reflexes. Reflexes are very 
quick, unconscious, and 
automatic responses to stimuli. 
For example, when you touch 
something hot you move away 
and when an object moves 
towards your face you blink.

Most reflexes don't have to 
travel up to your brain to be 
processed, which is why they 
take place so quickly. A reflex 
action often involves a very 
simple nervous pathway called 

a reflex arc. This involves a sensory neuron which receives the 
stimulus, an interneuron in the spinal cord which passes the 
message on to, a motor neuron which generates a response 
from a muscle. The response in a reflex is normally for the body 
to move away from the stimuli as is it is likely to be dangerous.
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Sensory neurons detect heat and send the message to an interneuron. The message is quickly 
passed on to a motor neuron and the hand moves away.

A reflex in response to heat
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PROJECT - Brain imaging techniques

Find out more about various brain imaging 
techniques such as: 
- Computed tomography (CT)  
- Magnetic resonance imaging (MRI) 
- Positron emission tomography (PET)

Present your work as a poster or report.

Watch this clip to explore the central nervous system.

Explanation 2.11 What are the structures of the brain

Watch Mr. Barlow poke himself with a pin to demonstrate the reflex arc.

Explanation 2.12 How do reflexes work

3
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EXPERIMENT: DISSECT A SHEEP’S BRAIN
[To be performed under teacher direction in a science laboratory]

Aim: To observe how the structures of the brain relate to their different functions.

Materials: Sheep brain, scalpel, tweezers, dissecting board, newspaper, plastic bag, 
gloves, lab coat.

Method:
1. Cover dissecting board with paper, place brain on paper covered board.
2. Explore the brain and locate the cerebrum, cerebellum and brain stem.
3. Cut the brain in half down the corpus callosum.
4. Try and find the pituitary gland.
5. Wrap up the dissected brain in the newspaper and dispose of it. Clean all equipment.

Results:
Draw a detailed labelled diagram of the brain before and after dissection.  

Discussion:
• Write a detailed description of your observations of the brain.
• Explain why the corpus callosum is so important.
• Explain what the cerebrum, cerebellum, limbic system and brain stem control.
• Discuss anything you could have done better when dissecting the brain.

Conclusion:
Summarise the way the various structures of the brain relate to their function.

QUESTIONS
1. Create a mind map with 

the central concept ‘The 
Nervous System’. Try to 
include at least 30 links!

2. Write down the functions of 
the three types of neurons: 
- Sensory neuron 
- Interneuron 
- Motor neuron

3. Research the four lobes of the cerebrum 
and their functions.

4. Draw a diagram explaining a reflex action 
when a ball is thrown at a persons face.

5. Find out what the following terms mean:
a. afferent neuron
b. efferent neuron
c. autonomic nervous system
d. somatic nervous system

6. Decide which part of the brain is the most 
important and explain your choice.
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EXPERIMENT: REACTION TIME

Aim: To test your experiment partner’s reaction time to see how fast it is.

Materials: Metre ruler.

Method:
1. Hold the ruler between the outstretched index finger and thumb of the subject’s 

dominant hand, so that the top of the subject’s thumb is level with the zero centimetre line on the ruler.
2. The subject tries to catch the ruler as soon as possible after it has been released.
3. Release the ruler and record the distance between the bottom of the ruler and the top of the athlete's thumb 

where the ruler has been caught.
4. Repeat the test 2 more times and calculate the average drop height.

Results:
Create a table and draw a graph of your data.  

Average drop test reaction times for teenagers are:
Excellent= <7.5cm, Good= 7.5-15.9cm, Average= 15.9-20.4cm, Low= 20.4-28cm, Poor=>28cm
Discussion:
• Write a detailed description of your results and assess if your reaction time is fast or slower than average.
• Explain why it is of a survival advantage to have a fast reaction time.
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Summarise the results of this experiment with reference to the aim.
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Along with the nervous system, the 
other major control system of our 
body is the endocrine system. It 
uses chemical messengers called 
hormones that travel through the 
blood stream to deliver messages 
to target organs or cells. Hormones 
are released by endocrine glands.

Although we rarely think about 
them, the glands of the endocrine 
system and the hormones they 
release influence almost every cell, 
organ, and function of our bodies. 
The endocrine system is 
instrumental in regulating mood, 
growth and development, tissue 
function, and metabolism, as well 
as sexual function and reproductive 
processes.

In general, the endocrine system is 

in charge of body processes that 
happen slowly, such as cell growth. 
Faster processes like breathing and 
body movement are controlled by 
the nervous system. But even 
though the nervous system and 
endocrine system are separate 
systems, they often work together 
to help the body function properly.

Many different types of hormones 
are produced by the endocrine 
glands.

Adrenaline is a hormone produced 
by the adrenal glands during high 
stress or exciting situations. This 
powerful hormone is part of the 
human body's acute stress 
response system, also called the 
"fight or flight" response. It works 
by stimulating the heart rate, 

Section 8

How do hormones work?
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contracting blood vessels, and dilating air passages, all of which 
work to increase blood flow to the muscles and oxygen to the 
lungs. It is an evolutionary adaptation that allows the body to 
react to danger quickly. Dilated air passages, for example, allow 
the body to get more oxygen into the lungs quickly, increasing 
physical performance for short bursts of time.

Thyroxine is produced by the thyroid gland. Its principal function 
is to stimulate the consumption of oxygen and thus the 
metabolism of all cells and tissues in the body.

The functions of serotonin are numerous. It is involved in the 
control of 
appetite, sleep, 
mood, behaviour, 
and depression.

While the 
endocrine system 
and the nervous 
system together 
coordinate all 
functions of the 
body, they work 
in different ways. 
The following 
table summarises 
these.

Differences between the endocrine and nervous systems

Factor Endocrine System Nervous System

Speed of message Slow. Generally takes 
longer to have an effect

Fast. Generally has a 
rapid effect

Length of response Often long lasting Usually short lived

Spread of effect Often widespread Very localised

Method of travel through 
body In the bloodstream Along neurons

Type of message Hormonal (chemical)
Along axons (electrical) 

and across synapses via 
neurotransmitters 

(chemical) 56

Explanation 2.13 The Endocrine and Nervous systems 
compared
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QUESTIONS

1. Research what love and anger have got to do with 
neurotransmitters and hormones? Do you think there is more to 
love than Science, explain?

2. Create a venn diagram comparing the nervous and endocrine systems.

3. Research the blood glucose stimulus-response model and create a flow chart 
of the two hormones involved - insulin and glucagon?

4. Find out the name and function of three hormones not listed in this book.

5. Explain why the pituitary gland referred to as the master endocrine gland?

PROJECT - Create an endocrine system model

You are working at a museum and you have been given 
the job of creating a model of the human body with all of 
the endocrine glands identified and labelled. The model is 
to be used in a ‘Human Body’ exhibit so must be simple 
to understand but provide accurate information to 
museum visitors.

Your model will need to:

• be big enough to use most of the 
space on an A3 piece of paper.

• be made of 3 dimensional objects.

• explain & show the location and function of the 
endocrine glands.

• have a main heading and suitable sub headings.

Explanation 2.14 Explore the endocrine system
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Section 9

Body Systems Review
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Review 2.1 Body Systems

Check Answer

Question 1 of 40
What is the word equation for aerobic cellular 
respiration?

A. Sugar + Oxygen → Carbon Dioxide [+ 
Energy]

B. Glucose + Oxygen → Carbon Dioxide + 
Water [+ Energy]

C. Carbon Dioxide + Water → Glucose + 
Oxygen [+ Energy]

D. Glucose → Carbon Dioxide + Water [+ 
Energy]

Listen for an overview of some of the key 
body systems concepts covered in this 
chapter with a particular focus on the 
nervous and endocrine systems.

Audio 2.1 Body Systems review 
podcast



FURTHER ACTIVITIES

• Create an A4 card poster on the brain’s different structures 
and their functions.

• Research the way that pain killers like paracetamol or 
morphine affect the nervous system.

• Find out what ‘mirror neurons’ are and the role that they 
play in learning.

• Find out more about the cognitive development in primary 
aged children. Start with Piaget’s Theory of Cognitive 
Development.

• Find out more about the development of Memory Loss and 
Dementia in the Elderly.  How does ageing change the 
brain?

• Research the five main plant hormones and their functions 
in controlling plants.

• As a class, role play blood as it moves through the heart.
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Chapter 3

Chemistry

All matter is made of atoms which are composed of 
protons, neutrons and electrons; natural 
radioactivity arises from the decay of nuclei in 
atoms.

Chemical reactions involve rearranging atoms to 
form new substances; during a chemical reaction 
mass is not created or destroyed.

Chemical reactions, including combustion and the 
reactions of acids, are important in both non-living 
and living systems and involve energy transfer.

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

• describe and model the structure of atoms in 
terms of the nucleus, protons, neutrons and 
electrons. Compare the mass and charge of 
protons, neutrons and electrons.

• describe in simple terms how alpha and beta 
particles and gamma radiation are released from 
unstable atoms.

• identify reactants and products in chemical 
reactions. Model chemical reactions in terms of 
rearrangement of atoms. Describe observed 
reactions using word equations.

• consider the role of energy in chemical reactions. 
Investigate reactions of acids with metals, bases, 
and carbonates. Investigate a range of different 
reactions to classify them as exothermic or 
endothermic.

• Recognise the role of oxygen in combustion 
reactions and compare combustion with other 
oxidation reactions. Describe how the products of 
combustion reactions affect the environment.

19 stars available 
in this chapter



All matter is made of atoms. Even you and I are made of atoms. 
Atoms are the building blocks of the universe. They are very, very 
tiny particles. Their size is very hard to imagine. If you made a 
tiny dot with the tip of a sharp pencil, and if the pencil lead was 
all carbon atoms, that little dot would have about four billion 
billion carbon atoms in it. Atoms are really small!

All atoms have a similar structure. An atom is well described by 
thinking of the sun with the planets spinning around it. The centre 
is called the nucleus. It is made of tiny particles called protons 
and neutrons. Electrons circle around the nucleus in clouds, or 
shells, far from the nucleus.

When an atom is electrically balanced it has the same number of 
protons and electrons. It can have a different number of 
neutrons. Electrons stay in their shells because a special force 
holds them there. As protons and electrons have opposite 
charges they are attracted to each other.

Section 1

What is all matter composed of?

61

The three sub-atomic particles

Particle Proton Neutron Electron

Charge Positive Neutral Negative

Location In nucleus In nucleus
In outer 
shells

A simple diagram of a lithium atom



Protons are positively charged (+) and found in the nucleus. 
Neutrons have no charge (o) and are also found in the nucleus. 
Electrons have a negative charge (-) and are found in outer shells.

Protons and neutrons have approximately the same size and 
mass as each other. While electrons are significantly smaller.

Some atoms have more protons, neutrons, and electrons, and 
some have fewer. Depending on how many protons and electrons 
an atom has, the atom behaves differently. The simplest atoms 
have just one proton and one electron - that's a hydrogen atom. 
A bunch of these atoms together make hydrogen gas. More 
complicated atoms have more protons, more neutrons, and more 
electrons. A bunch of them together make the other elements - 
helium, oxygen, copper, iron, gold, mercury, lead, and so on. The 
more protons, neutrons, and electrons an atom has, the more 
mass it has, and the heavier it will be in Earth's gravity. Hydrogen 
and helium are very light, and people use them to inflate balloons. 
Gold, which has 79 protons, is very heavy, and lead, which has 82 
protons, is even heavier, so people use lead to make weights. The 
heaviest atom that occurs naturally is uranium.

62

This atom has two protons and two neutrons in the nucleus (red 
and purple). The two electrons in helium are represented by the 
cloud of grey.

A helium atom
PROJECT - The History of Atomic Theory

Research and present the history of atomic theory.

From Democritus (460-370 BC) and John Dalton’s 
(1766-1844) original atomic theories to our present day 
knowledge.

You may present your project as a traditional timeline or in 
a more creative method.

3



Because protons have a positive electrical charge, the protons 
tend to push away from each other. This would make atoms fall 
apart, except that another force, the strong nuclear force, pulls 
them back together. It's this balance of forces that makes atoms 
possible, and since everything is made out of atoms, that's what 
makes everything possible.

But most things are not made out of just 
one kind of atom. Instead, different kinds 
of atoms get together to form larger 
clumps of atoms called molecules.
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QUESTIONS

1. The sun with the planets spinning around 
it is one analogy of the structure of the 
atom. Think of another analogy for the 
structure of the atom.

2. Find out how much a proton, neutron and electron weigh.

3. Find out the difference between the terms mass and weight.

4. Draw a labelled diagram explaining the structure of the 
atom.

5. Explain how the electron, proton and neutron are different 
from each other.

PROJECT - Make a model of an atom

Create a three dimensional model of an 
atom. Your model will need to:

• be big enough to use most of the space on 
an A4 piece of paper (or similar size).

• be made of 3 dimensional objects.
• explain & show the location and properties of electrons, 

protons, neutrons and electron shells.
• have a main heading and suitable sub headings.

Explanation 3.1 Where are subatomic particles located in atoms.
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Inside atoms electrons don't just rush around any which way. 
They actually have to stay inside specific areas of the atom, 
which we call electron shells. Each shell can only hold a certain 
number of electrons, like an egg carton can only hold a certain 
number of eggs. The first shell (the one closest to the protons at 
the centre of the atom) can only hold two electrons. If there are 
more than two electrons, they have to start a second shell further 
away from the centre. For example, if an atom has 5 electrons, 

two will go in the 
first shell and the 
remaining three 
will go in the 
second shell. That 
second shell is 
bigger, and it can 
hold eight 
electrons. The 
third shell can 
hold a maximum 
of 18 electrons. 
Uranium atoms, 
the biggest atoms 
in nature, have 92 
electrons, and 
they need seven shells to hold them all.

To show the positions of electrons in the shells around atoms 
scientists draw what are called electron shell diagrams. They 
draw circles around the nucleus of the atom to represent the 

Section 2

Why do different atoms have different properties?
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Electrons are found in shells or energy levels around the 
nucleus of atoms.

92 electrons

Uranium shell diagram



shells. Then they draw dots on the circles to represent the 
electrons.

Atoms absolutely love it, or as a scientists would say are most 
stable, when their outer shell is full (or has eight electrons in it). An 
atoms outermost shell is called the valence shell.

Oxygen atoms, for instance, 
have eight electrons. They fill 
up the inner shell with two 
electrons, and then there are 
only six electrons in the outer 
shell, which has room for eight 
electrons. Because of that, 
oxygen atoms can join up 
easily with other atoms, 
like hydrogen. The atoms 
form a molecule by 
sharing electrons, and 
they use these shared 

electrons to fill up their valence shells. The molecule becomes 
more stable than any of the individual atoms would have been 
on their own. When one oxygen atom combines with two 
hydrogen atoms (H2O), they make molecules of water.

Other atoms prefer to give their electrons to another atom, 
rather than sharing the electron. Sodium, for instance, has 
only one lonely electron in its valence shell. If it could just get 

rid of that one electron, then it could get rid of that shell, and the 
next one would be full. But chlorine has seven electrons in its 
valence shell, and it needs eight to fill it up. So whenever sodium 
gets near chlorine, the sodium atoms give their extra electron to 
the chlorine atoms. As sodium (Na) loses one negatively charged 
electron it ends up with an overall positive charge written as Na+. 
As chlorine (Cl) gains one negatively charged electron it ends up 
with an overall negative charge written as Cl-. You might think 
they would then go on about their own business. But sodium and 
chlorine atoms then form a molecule together called sodium 
chloride, or table salt.

If an atom gives its valence electrons away, or gains extra valence 
electrons to achieve a full outer shell then becomes a charged 
atom and is called an ion.

An ion is an atom or molecule in 
which the total number of 
electrons is not equal to the total 
number of protons, giving the 
atom a net positive or negative 
electrical charge.

An atom that has lost electrons to 
become a positive ion is called a 
cation. An atom that has gained 
electrons to become a negative 
ion is called an anion.
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Three electrons

Lithium shell diagram

Eight electrons

Oxygen shell diagram



QUESTIONS

1. Draw a shell diagram for the first 18 
chemical elements in the periodic table.

2. The first three electron shells can hold 2, 8 and 18 
electrons respectively. Find out how many electrons the 
fourth, fifth, sixth and seventh shells can theoretically 
hold.

3. Draw a diagram explaining how atoms become positive 
or negative ions.

4. Which element has three valence electrons and three 
electron shells?
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PROJECT - Create a magazine cover for ‘Atom’

Imagine you are a graphic designer and you have to create 
a magazine cover for a publication called ‘Atom’. Your 
cover will need to include:

• Details of subatomic particles
• Information about the first 3 electron shells.
• Explain what the atomic number, mass number 

& chemical symbol are.

Learn how many electrons each shell of an atom can hold.

Explanation 3.2 Electron shells explained

3Using dot points, 
summarise 
the contents 
of this section.



EXPERIMENT - FLAME TESTS (You may present this experiment as a comic book)
[To be performed under teacher direction in a science laboratory]

Aim: To discover more about the nature of electron shells and to discover how fireworks produce different colours.

Materials: Safety goggles, lab coat, bunsen burner, matches, wire loops, 1M hydrochloric acid, test-tubes, barium chloride, calcium 
chloride, copper chloride, potassium chloride, sodium chloride (many other metal chlorides will suffice).

Method:

1. Clean the wire loop by dipping it into a test tube of 1M of HCl and heating the wire in the hottest part of the flame (blue part) until no 
colour shows.

2. Dip the wire into one of the chemicals.
3. Place the dipped wire into the flame. Observe.
4. Repeat steps 1-3 for all chemicals.

Results:

Create a table listing the metal compounds tested and 
your observations.

Discussion:

• Explain what you observed during this experiment.
• Explain what is happening to the electrons when a colour is emitted. Research the answer if necessary.
• Explain why different metals have different characteristic flame test colours. Research the answer if necessary.
• Explain how this experiment relates to fireworks.
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Explain what this experiment tells us about electron shells and how the knowledge gained during this experiment could be used in the 
production of fireworks.

Chemical

Observations

67
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Atoms with different numbers of protons in their nucleus are 
called different chemical elements. For example Hydrogen has 1 
proton in its nucleus, Carbon has 6 protons in its nucleus and 
Oxygen has 8 protons in its nucleus.

A chemical element is a pure chemical substance consisting of 
one type of atom only. A chemical element cannot be broken 
down or changed into another substance using chemical 
means. All chemical elements can be abbreviated to their 
chemical symbol.

The atomic number is a term used in chemistry to represent the 
number of protons found in the nucleus of an atom. In other 
words, each element has a unique number that identifies how 
many protons are in one atom of that element. For an electrically 
balanced atom, the atomic number is also the same as the 
number of electrons.

Atoms also have a mass number. This is the number of protons 
and neutrons present in the nucleus of an atom.

We can learn a lot about an atom by looking at its Atomic 

Number and Mass Number. The atomic number tells us how 
many protons the atom has (which is generally the same as the 
number of electrons). The mass number tells us how many 
protons and neutrons there are added together and all of these 
details can be found in the periodic table of the elements.

Section 3

What are the different building blocks of matter?
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69KEY: Blue shaded boxes are non-metals, yellow boxes are metals, green boxes are metalloids. Blue text is a gas at 25°C, black text is 
a solid, maroon text is a liquid.

Periodic Table of the Elements



The periodic table arranges the chemical elements into a pattern 
so that you can predict the properties of elements based on 
where they are located on the table. Elements are arranged from 
left to right and from top to bottom in order of increasing atomic 
number or number of protons in the element.

Horizontal rows of 
elements are called 
periods. The period 
number of an 
element signifies the 
number of electron 
shells the atoms 
have. The first row 

lists just H and He, since they only have one electron shell. The 
second row lists elements that have electrons in two shells.

Vertical columns of the periodic 
table are called groups. Groups 
have the same number of 
valence electrons, or number of 
electrons in their outer shell. 
For example, H, Li, Na and K 
each has one electron in their 
outer shell. On the other hand, 
O, S, Se and those elements below each have 6 electrons in their 
outer shell or 2 short of filling the outer shell with 8 electrons. The 
number of electrons in the outer shell determines the element's 
chemical properties so elements of the same group have similar 
chemical properties.

Different groups in the periodic table have different names. For 
example: 
- Group 1 is the alkali metals (Lithium and Sodium are in this 
group). 
- Group 2 is the alkaline earth metals (Beryllium and Magnesium 
are in this group).  
- Group 17 is the halogens (Fluorine and Chlorine are in this 
group). 
- Group 18 the noble gases (Neon and Argon are in this group).

70

Explanation 3.3 How do we distinguish between different 
chemical elements?



As we have said, an element is 
a substance that is made 
entirely from one type of atom. 
For example, the element 
hydrogen is made from atoms 
containing just one proton and 
one electron. If you had very, 
very, very, very good eyes and 
could look at the individual 
atoms in a sample of hydrogen, 
you would notice that most of 
the atoms have no neutrons, 
some of them have one neutron 
and a few of them have two 

neutrons. These different 
versions of hydrogen are called 
isotopes. All isotopes of a 
particular element have the 
same number of protons, but 
can have different numbers of 
neutrons.

If you change the number of 
protons an atom has, you 
change the type of element it is. 
If you change the number of 
electrons an atom has, you 
make an ion of that element. If 
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Three isotopes of lithium

Explanation 3.4 How is the periodic table organised? Explanation 3.5 What are isotopes?



you change the number of neutrons an atom has, you make an 
isotope of that element.

For example two different isotopes of carbon are:

- Carbon-12 
has 6 protons 
and 6 neutrons.

- Carbon-14 
has 6 protons 
and 8 neutrons.

Two different isotopes of carbon

QUESTIONS

1. Create a song, poem or mnemonic to help remember the 
first 20 chemical elements.

2. Create a table listing the number of protons, neutrons, 
electrons (assume the atoms are not ions), mass number, atomic number and 
chemical symbol for elements 11-20.

3. Discover the difference between the term ‘mass number’ and ‘relative atomic 
mass’.

4. Find out which group of elements on the periodic table is the most reactive 
and which is the least reactive. What is the name of each group?

5. Try and find out how many naturally occurring elements there are.

6. Fluorine atoms are highly reactive and will happily gain an extra electron to fill 
their outer shell. If Fluorine does gain an extra electron, which element does it 
now resemble? Why does it not become that element? 

7. Iodine atoms tend to gain an electron. When this happens, which element 
does it have a similar electron configuration to? 

8. Oxygen has different isotopes. If O-16 has eight protons, how many neutrons 
must it have? How many neutrons are there in an atom of O-18?

9. Some isotopes have important medical applications. For example, Co-60 is 
used in the treatment of cancer. Consult your periodic table and work out 
how many protons and neutrons there are in an atom of Co-60. 

10.How many electrons in total do each of the following ions have? (Use a 
periodic table to help you calculate your answer) 
a. K+          b. Cl-          c. Mg2+          d. Al3+          e. O2-
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In most atoms, the protons and 
neutrons found in the 
nucleus are held 
together very strongly. 
The nuclei of these 
atoms are said to be 
stable. However, in 
some atoms the 
neutrons and protons in 
the nucleus are not held 
together strongly. These 
nuclei are unstable. 
Isotopes that are 
unstable decay to form 
other elements. These 
isotopes are said to be 
radioactive and are 

called radioactive isotopes, or radioisotopes.

The energy emitted by radioactive substances when 
their unstable nucleus decays is called nuclear 

radiation because it comes from the nucleus. There are three 

Section 4

What is radioactivity?
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Alpha decay is one example 
type of radioactive decay, in 
which an atomic nucleus 
emits an alpha particle, and 
thereby transforms (or 
'decays') into an atom with a 
mass number 4 less and 
atomic number 2 less.

Alpha radiation

Radioactive particle properties

Type of 
Radiation

Alpha 
particle Beta particle Gamma ray

Symbol α β γ
What is it

A Helium 
nucleus (2 

protons & two 
neutrons)

Similar to an 
electron

A burst of 
energy

Charge +2 -1 0

Speed slow fast
very fast 

(speed of light)

Penetrating 
power low medium high

Stopped by paper aluminium lead



different types of 
nuclear radiation: 
alpha particles, 
beta particles 
and gamma 
rays.

Alpha radiation 
gets stopped by 
a few centimetres 
of air or a thin 
sheet of 
paper. You may 
think that this 
means alpha 
radiation is quite 
weak but in fact 
the opposite is 
the case. Each 
alpha 
particle loses its 
energy 
by damaging the 

air atoms as it flies past. Eventually it loses all its energy and just 
stops harmlessly. So while it is the easiest to avoid it is very 
dangerous if ingested. It is estimated that DNA damage from 

alpha particles is anywhere from 10 to 1000 times greater than 
that caused by an equivalent amount of gamma or beta radiation.

Beta radiation will do less harm to a cell than alpha radiation as it 
passes through. But it can reach more cells that it can harm a bit.  
Radiation is most harmful if a cell is badly damaged or mutated 
but not killed. This is because mutated cells can lead to cancer. 
Again, beta radiation is most dangerous if you breathe in or 
swallow a substance that emits beta radiation.

While alpha and beta particles carry more energy, if a gamma ray 
is fired at you it could get well inside your body and damage your 

Alpha particles may be completely stopped by a 
sheet of paper, beta particles by aluminium 
shielding. Gamma rays can only be reduced by 
much more substantial mass, such as a very 
thick layer of lead.

Radioactive particle penetrating power
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Watch to learn about alpha, beta and gamma radiation.

Explanation 3.6 How are radioactive particles different



internal cells. Similarly, as gamma rays are the most difficult to 
stop it could be argued that they are the most dangerous.

When nuclear radiation goes crashing through some material, it 
collides violently with atoms or molecules along the way . . . . In 
the delicately balanced economy of the human cell, this sudden 
disruption can be disastrous. The individual cell may die; it may 
recover. But if it does recover, after the passage of weeks, 
months or years, it may begin to replicate wildly in the 
uncontrolled growth we call cancer.

While this sounds very bad, it should be pointed out that every 
person in the world is struck by about 15,000 of these particles of 
radiation every second of his or her life and this is true for every 
person who has ever lived and for every person who ever will live. 
These particles, totalling 500 billion per year, or 40 trillion in a 
lifetime, are from natural sources. In addition, our technology has 
introduced new sources of radiation like medical X-rays — a 
typical X-ray bombards us with many billion particles of radiation.

With all of this radiation exposure, how come we're not all dying 
of cancer? The answer to that question is not that it takes a very 
large number of these particles to cause a cancer. As far as we 
know, every single one of them has that potential; as we are 
frequently told, "no level of radiation is perfectly safe." What 
saves us, rather, is that the probability for one of these particles to 
cause cancer is very low, about 1 chance in 30 quadrillion (30 
million billion, or 30,000,000,000,000,000)!

Radioactivity can be useful

While radioactive isotopes do emit dangerous ionising radiation 
they also have many useful purposes. One of their useful 
purposes is radiometric dating.

Radiometric dating takes advantage of the fact that radioisotopes 
decay or break down to form stable daughter products at a 
predictable rate. The time for the decay is specific for each 
radioactive isotope and the half-life is the time taken for half the 
original radioactive isotope to decay. The half-life for a given 
isotope is always the same; it doesn't depend on how many 
atoms you have or on how long they've been sitting around.
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This clip explores radiometric dating.

Explanation 3.7 How do half lives enable use to date 
ancient things?



By knowing the half-life of a radioactive isotope scientists are 
able to measure the age of ancient fossils, rocks and even the 
Earth.

An important dating technique is carbon-14 dating. This is used 
to date the remains of things that were once living. All living 
things absorb Carbon from the atmosphere into their bodies via 
cellular respiration, and excrete Carbon back into the 

environment. A 
small percentage 
of this Carbon is 
the radioactive 
form, Carbon-14.

While an organism is alive this exchange of Carbon continues, 
and the percentage of Carbon-14 in its body is the same as the 
percentage of Carbon-14 in the atmosphere. Once the organism 

The original radioactive isotope (orange) decreases by half after each half-life while 
the daughter element (purple) increases at the same rate.

Radioactive isotopes decay over time according to their half-life
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This fossil was able to be dated to 
approximately 60,000 yrs. old using 
radiometric dating.

Neanderthal skull



dies, this exchange stops and the Carbon-14 that decays is not 
replaced.

By measuring the percentage of Carbon-14 left, and comparing it 
to the percentage of Carbon-14 in the atmosphere, we can date 
organic specimens up to about 70000 years old.

The radiation emitted by radioactive atoms is also used for a 
number of purposes apart from dating objects.

Radioactive atoms can be detected easily because of the 
radiation they emit. This allows scientists to track the location of a 
small sample of radioactive atoms—for example doctors track 
how a substance spreads through the body and oceanographers 
track the movement of water currents. Only very small amounts of 
radioactive elements are needed for this.

Some smoke alarms use the radiation emitted by a radioactive 
sample to detect fire. Smoke interferes with the radiation emitted 
by the atoms. This change in radiation levels sets off the alarm.

Radiation is also used in chemotherapy. When used in this way, 
they are most often intended to kill cancerous tissue, reduce the 
size of a tumour, or reduce pain. For example, radioactive iodine 
(specifically iodine-131) is frequently used to treat thyroid cancer.

One well-known use of radioactivity is nuclear power. The energy 
released by radioactive decay can boil water, and the steam is 
then used to generate electricity. Nuclear power involves the use 

of much larger quantities of radioactive material than other uses 
of radioactivity.
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In many smoke alarms, the radiation source comprises 
americium-241.

Smoke detector



QUESTIONS

1. Create a three circle venn diagram to compare alpha, beta and 
gamma radiation.

2. Research the half-lives of five radioactive isotopes.

3. Decide which type of radioactive particle, alpha, beta or gamma, is the most 
dangerous and justify your response.

4. An atom of uranium-238 ( 23892U) decays by emitting a single radioactive 
particle. The atom formed as a result of the decay is thorium-234 (23490Th). What 
type of radioactive particle is emitted? Explain how you got your answer.

5. Refer to the following graph to answer:
a. What is the half-life of carbon-14?
b. If you started with 160 atoms of 

carbon-14, how many would be left 
after 17100 years.

c. Particles with a charge of -1 are 
emitted from carbon-14 as it decays. 
What type of radiation does carbon-14 
emit.

6. Research the Fukushima Daiichi nuclear 
disaster and the Chernobyl nuclear 
disaster. Decide and explain which 
disaster was the worst and why.
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There are thousands and thousands and thousands of different 
molecules in the universe and even in our own bodies. Different 
molecules can have extreme differences in size. Some are only a 
few billionths of a centimetre while some other molecules 
are thousands of times larger. Molecules of gases like 
oxygen (O2) or hydrogen (H2) are very small in size.

As there are less than 100 different naturally occurring 
chemical elements (and not many more man made 
elements) - how is it possible that there are so many 
thousands of different molecules in existence? The answer 
is - chemical reactions!

A chemical reaction is a process in which one set of 
chemical substances is converted into another. It involves 
making and breaking chemical bonds and the 
rearrangement of atoms.

A chemical reaction is usually accompanied by easily 
observed physical effects, such as the emission of heat 
and light, the formation of a solid precipitate when liquids 
are mixed, the release of gas, or a colour change. However, 

absolute confirmation of a chemical change can only be proven 
by chemical analysis of the products!

Section 5

How are new molecules formed?
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A representation of four basic chemical reactions types: synthesis, 
decomposition, single replacement and double replacement.

Chemical reactions form new products



The substances used up in a chemical reaction are the reactants. 
The new substances made in a reaction are called the products.

Chemical reactions are always written with the reactant(s) on the 
left with an arrow pointing to the product(s) on the right:

REACTANT(S) → PRODUCT(S)

The reactants and products may be written down as words 
resulting in a word equation. Alternatively the chemical symbols 
for the elements involved may be used resulting in a chemical 
equation.

When a chemical reaction occurs, although new products or 
molecules are made, no new atoms are created. That is, matter is 
neither created nor destroyed in a normal chemical reaction. This 
principle is called the law of conservation of mass.

The law of conservation of mass means that the atoms of an 
object cannot be created or destroyed, but can be moved around 
and be changed into different molecules. This law says that when 
a chemical reaction makes two different atoms into a new 
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Word Equation: Hydrogen + Oxygen → Water 
Chemical Equation 2H2 + O2 → 2H2O

The law of conservation of mass is upheld during this 
chemical reaction as the number of atoms on each side of the 
reaction is identical.

Explanation 3.8 Explore the basics of chemical reactions



product, the mass of the reactants is always the same as the 
mass of the products.

Starting a reaction

Chemical reactions ordinarily occur as a result of collisions 
between reacting atoms or molecules. In order for a collision to 
be effective, there must be considerable force in the collision. The 
slower moving molecules do not have enough kinetic energy to 
react when they collide ... instead they bounce off one another 
and retain their identity. Only those molecules moving at high 
speed have enough energy for collisions to result in a reaction. 

Thus, every reaction requires a certain minimum energy for the 
reaction to occur--this energy is called the activation energy.
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An exothermic chemical reaction

Fire

Learn how mass is conserved and also see that chemical reactions must be 
balanced by adding numbers to the front of chemicals in chemical equations.

Explanation 3.9 What is the law of conservation of mass?



There are an absolutely enormous number of chemical reactions 
that can take place and there are several ways to classify different 
chemical reactions. One way to classify them is to look at the 
amount of energy that they release or capture from the 
environment. Some reactions give out energy, usually in the form 
of heat. These are called exothermic. In other reactions, energy 
is taken in. These are called endothermic. If the reaction takes 
place in a test tube, an exothermic reaction will make the test 
tube hot; an endothermic reaction will make the tube cold.

Balancing Chemical Equations

A chemical equation is balanced when the number of atoms of 
each type on each side of the equation is the same. Which means 
if you have 12 hydrogens on the left hand side of the equation, 
you must have 12 hydrogens on the right hand side, if there are 4 
oxygens on the left, there must 4 oxygens on the right, and so on. 
This is because of the law of conservation of mass - you can't 
make or destroy atoms during a chemical reaction. But you can't 
just add atoms at random to each side, you have to work with the 
molecules and add what is called a coefficient to the front of each 
molecule as required. (A coefficient is a number in the front of a 
molecule indicating how many of that molecule there are.) You 
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An endothermic chemical reaction inside the 
plastic makes it cold to the touch

Ice pack

Explanation 3.10 How are Exothermic and Endothermic 
reactions different?



must only ever add coefficients in front of molecules when 
balancing equations - do NOT change the subscripts for the 
atoms in a molecule, or you will change it into an different 
chemical substance.

For example, the equation: C3H8 + O2 → H2O + CO2 is 
unbalanced as there are three carbons on the left, but only one on 
the right. There are eight hydrogens on the left but only two on 
the right. There are two oxygens on the left but three on the right.

To balance this equation we would need to add the red 
coefficients in front of each molecule like so:

Balanced Equation:- C3H8 + 5O2 → 4H2O + 3CO2

Now we have three carbons on both sides, eight hydrogens on 
both sides and ten oxygens on both sides so the equation is 
balanced.

QUESTIONS

1. Draw the atoms involved in these balanced chemical 
reactions to visually illustrate the law of conservation 
of mass:

a. 2Mg + O2 → 2MgO
b. 2HgO → 2Hg + O2

c. CH4 + 2O2 → CO2 + 2H2O
d. 2Fe + 2H2O + O2 → 2Fe(OH)2

2. Is an explosion an exothermic or endothermic reaction? Explain why?

3. Write your own definition for the law of conservation of mass.

4. Magnesium reacts with oxygen to form magnesium oxide. If 48 g of 
magnesium reacted with oxygen to form 80 g of magnesium oxide, how 
many grams of oxygen must have been involved in the reaction? Explain.

5. Balance the following chemical equations:

a. HgO → Hg + O2

b. Zn +  HCl → ZnCl2 + H2

c. Na +  H2O → NaOH +  H2

d. C10H16 +  Cl2 → C +  HCl
e. Fe +  O2 → Fe2O3

f. Fe + H2O → Fe3O4 + H2

g. Mg + N2 → Mg3N2

h. H2O2 → H2O + O2 
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Scroll down to check your answers 
to question 4 and 5 .....

4. 32 grams of oxygen

5.

a. 2HgO → 2Hg + O2

b. Zn +  2HCl →  ZnCl2 +  H2

c. 2Na +  2H2O → 2NaOH +  H2

d. C10H16 +  8Cl2 → 10C +  16HCl

e. 4Fe + 3O2 → 2Fe2O3

f. 3Fe + 4H2O → Fe3O4 + 4H2

g. 3Mg + N2 → Mg3N2

h. 2H2O2 → 2H2O + O2

Explanation 3.11 How do I Balance Chemical 
Equations



EXPERIMENT BASED PROJECT: Make your own movie! 
[All experiments to be performed under teacher direction in a science laboratory]

To make a movie you will need to:

• Choose one chemistry practical from a precipitation reaction, combustion reaction or flame tests.
• Gather video and pictorial footage and research your reaction of choice.
• Individually edit and produce a short (maximum 5 minutes) educational movie about your chosen reaction which is 

not only engaging to its target audience (fellow students) but also explains all aspects of the chemistry involved.

Your video must explain:

• The atomic structure of the atoms involved.
• Where the atoms are located on the periodic table and why.
• For Flame tests - Why a colour is emitted.
• For Combustion and Precipitation - The word equation and balanced chemical equation. Details of any ionic bonds involved.

The reactions you should choose from are:

Flame Tests 
When you place certain metal compounds in the blue flame of a bunsen burner, the flame changes colour. The colour of 
the flame varies depending on which metal compound you use. This procedure is called a flame test.

Combustion Reaction  
In this combustion reaction a white solid, magnesium oxide, forms when the silvery metal magnesium combines with the 
oxygen in the air when heated.

The reaction is:  
Magnesium + Oxygen → Magnesium Oxide 
2Mg + O2 → 2MgO

Precipitation Reaction 
In this reaction a yellow solid precipitate, lead iodide (PbI2), forms from the mixture of two clear liquids, potassium iodide (KI) 
and lead nitrate (Pb(NO3)2).

The reaction is:  
Lead Nitrate + Potassium Iodide → Lead Iodide + Potassium Nitrate 
Pb(NO3)2 + 2KI → PbI2 + 2KNO3

3
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Acids and bases are two 
special kinds of chemicals. 
Almost all liquids are either 
acids or bases to some 
degree. Whether a liquid is 
an acid or base depends 
on the type of ions in it. If it 
has a lot of hydrogen ions 
(H+), then it is an acid. If it 
has a lot of hydroxide ions 
(OH-), then it is a base. The 
higher the concentration of 
these ions in a liquid, the 
more acidic or basic and 
the more reactive the liquid 
is.

Scientists use something 
called a pH scale to 
measure how acidic or 
basic a liquid is. pH is a 

number from 0 to 14. From 0 to 7 are acids, with 0 being the 
strongest. From 7 to 14 are bases with 14 being the strongest 
base. If a liquid has a pH of 7, it's neutral. This would be 
something like distilled water. 

Acids with a low pH of around 1 are very reactive and can be 
very dangerous. The same is true for bases of a pH near 13. 
Chemists use strong acids and 
bases to make chemical 
reactions occur in the 
laboratory. Although they can be 
dangerous, these strong 
chemicals can also be helpful to 
us.

There are many strong acids 
and bases in nature. Some of 
them are dangerous and used 
as poisons by insects and 
animals. Some are helpful. 
Many plants have acids and 
bases in the leaves, seeds, or 

Section 6

Can you create chemical reactions with acids?
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pH stands for "power of 
hydrogen"

The pH scale

Acid base indicator paper

We can use acid base 
indicators to discover if a 
substance is an acid or a base 
and how strong it is.



even their sap. Citrus fruits like lemons and oranges have citric 
acid in their juice. This is what makes lemons taste so sour. Our 
bodies use acids and bases too. Our stomachs use hydrochloric 
acid in our stomachs to help digest foods.

Very strong acids (low pH) and very strong bases (high pH) are 
highly reactive. As a result these substances are often involved in 
different chemical reactions. For example, acids can react with 
metals, carbonates or bases.

The reaction of metals with acids is very vigorous and hydrogen 
gas is released. A salt (a combination of a positive and negative 
ion) is also formed; the particular salt formed depends on the acid 
used in the reaction. The general word equation when metals and 
acids mix is:

metal + acid → a salt + hydrogen

The three common laboratory acids are hydrochloric acid (HCl), 
nitric acid (HNO3) and sulphuric acid (H2SO4). For example:

metal + hydrochloric acid → metal chloride + hydrogen gas

metal + nitric acid → metal nitrate + hydrogen gas

metal + sulphuric acid → metal sulphate + hydrogen gas
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EXPERIMENT: EXPLODING HYDROGEN GAS! 
[To be performed under teacher direction in a science 
laboratory]

Aim: To create and explode hydrogen gas. To discover the 
chemical equation when magnesium is mixed with hydrochloric acid.

Materials: Magnesium ribbon, 1M hydrochloric acid (HCl), test tube,  
test tube rack, test tube stopper, matches, lab coat, safety goggles.

Method:
1. Pour a depth of 2-3cm of HCl into a test tube.
2. Put a 2-3cm strip of magnesium ribbon into the test tube and 

stopper it. Hold stopper in place with your thumb!
3. Observe the reaction for 30 seconds then light a match and insert it 

into the very top of the test tube opening immediately after removing 
the stopper.

Results: 
Write down a list of all of your observations, when the chemical 
reaction was taking place and when the match was held over the test 
tube.

Discussion:
• Explain what you observed during this experiment.
• Write down the word equation and the chemical equation for the 

chemical reaction that took place in the test tube.
• Discuss anything you could have done better 

when performing this experiment.

Conclusion: 
Sum up your success or failure to explode hydrogen 
and state the word equation to illustrate what 
occurred.

3



Sodium hydrogen carbonate also called bi-carb of soda or 
baking soda is a common household carbonate. Its chemical 
formula is NaHCO3 and it is a base.

The reaction of carbonates with acids follows a very similar 
pattern to their reaction with metals. The same salt is produced 
as with the reaction with a metal; however, instead of hydrogen 
gas being released, carbon dioxide gas is formed.

All carbonates react with acids to produce salt, water and 
carbon dioxide gas. The fizz produced in sherbet is a reaction 
between a food acid and a carbonate. The ingredients dissolve 
in your mouth and react with each other producing the carbon 
dioxide fizz.

The general word equation when carbonates and acids mix is:

carbonate + acid → a salt + water + carbon dioxide

For example:

metal carbonate + hydrochloric acid → metal chloride + water + 
carbon dioxide

metal carbonate + nitric acid → metal nitrate + water + carbon 
dioxide

metal carbonate + sulphuric acid → metal sulphate + water + 
carbon dioxide
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EXPERIMENT: A FIRE EXTINGUISHER  
[To be performed under teacher direction in a science 
laboratory]

Aim: To extinguish a flame with a gas. To discover the chemical 
equation when bicarb soda is mixed with hydrochloric acid.

Materials: Bicarb soda, 1M hydrochloric acid (HCl), test tube, test tube rack, 
spatula, test tube stopper, matches, pH indicator paper, lab coat, safety goggles.

Method:
1. Pour a depth of 2-3cm of HCl into a test tube and measure the pH.
2. Put a spatula full of bicarb soda into the test tube and stopper it. Hold stopper 

in place with your thumb!
3. Observe the reaction for 30 seconds then light a match and insert it into the 

very top of the test tube opening immediately after removing the stopper.
4. Measure the pH of the remaining liquid - how has it changed.

Results: 
Write down a list of all of your observations, when the chemical reaction was 
taking place and when the match was held over the test tube.

Discussion:
• Explain what you observed during this experiment.
• Write down the word equation for the chemical reaction that took place in the 

test tube.
• Explain why the pH changed.
• Discover why the match goes out when held over the test tube.
• Discuss anything you could have done better when performing this 

experiment.

Conclusion: 
Sum up your experiment with reference to the aim.

3



Acids and bases are encountered frequently both in chemistry 
and in everyday living. They have opposite properties and have 
the ability to cancel or neutralise each other.

Bases are compounds that react with acids to produce a salt and 
water only. No gases are produced in these reactions and so the 
only way to see the progress of any reaction is to measure the 
changing pH.

When an acid and a base react with each other is it called a 
neutralisation reaction and they form a salt and water. The 
general word equation when bases and acids mix is:

acid + base → salt + water

For example:

sodium hydroxide + hydrochloric acid → sodium chloride + water
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QUESTIONS

1. Complete the following chemical 
reactions:
a. Zinc + Nitric Acid →
b. Sodium + Sulphuric Acid →
c. Magnesium Carbonate + Hydrochloric Acid →

2. Create a venn diagram to compare the similarities and 
differences between acids and bases.

3. Explain why the mixture of an acid and a base is called 
neutralisation.

4. Find out what an antacid is. Discover the active ingredient in 
Alka-Seltzer and what it does.

PROJECT - Acid Rain

Research the way that 
acid rain forms. Then create 
an A4 poster to explain it to 
your peers. Make sure you 
include any relevant chemical reactions.

Explanation 3.12 Where do acids and bases lie on the pH 
scale?
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EXPERIMENT: MAKING WIZZ FIZZ 
[To be performed under teacher direction in a science laboratory]

Aim: To make your own fizzy sherbet to eat!

Materials: 5 tablespoons of icing sugar (20 parts), 1 teaspoon tartaric or citric food 
acid (1 part), 1 teaspoon bicarbonate of soda or baking soda (1 part), flavouring or 
colouring (optional), Disposable cup.

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

cup.
2. Mix them together and add some colouring or 

flavouring 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 laboratory benches or 
equipment.

Results: 
Write down a list of all of your observations, 
including the flavour.

Discussion:
• Explain what you observed during this 

experiment.
• Write down the word equation for the chemical 

reaction that took place in this experiment.
• Discuss anything you could have done better 

when performing this experiment.

Conclusion:  
Sum up this experiment.

3



Combustion is the chemical 
term for a process known more 
commonly as burning. It is one of 
the earliest chemical changes 
created by humans, due at least 
in part to the dramatic effects it 
has on materials. Early humans 
were probably amazed and 
frightened by the devastation 
resulting from huge forest fires or 
by the horror of seeing their 
homes catch fire and burn. But 
fire (combustion)—when 
controlled and used correctly—
was equally important to their 
survival, providing a way to keep 
warm and to cook their meals.

Today, the mechanism by which combustion takes place is well 
understood and is more correctly defined as a form of oxidation. 
This oxidation occurs so rapidly that noticeable heat and light are 

produced. In general, the term "oxidation" refers to any chemical 
reaction in which a substance reacts with oxygen. For example, 
when iron is exposed to air, it combines with oxygen in the air. 
That form of oxidation is known as rust. Combustion differs from 
rust in that the oxidation occurs much more rapidly, giving off 
heat and light in the process. Substances undergoing the 
combustion are known as fuels. The commonest types of fuels 
are organic materials containing carbon and hydrogen called 
hydrocarbons like petrol, diesel, methane, or other fossil fuels. 
In combustion, the products are primarily water and carbon 
dioxide but, in oxidation, the products can vary depending on the 
starting material.

The general word equation for a complete combustion reaction 
is:

fuel + oxygen → carbon dioxide + water

Cars, jets, planes and more are moved by burning fuel in an 
engine, while the by-products of the combustion process are 
released into the surrounding environment.

Section 7

What is burning?
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The flames are caused by 
wood undergoing 
combustion.

Fire



Fuels like diesel and petrol contain hydrocarbons, which is a 
mixture and carbon and hydrogen atoms. In the complete 
combustion process, the oxygen from the air converts the 
hydrogen from the fuel to water and carbon into carbon dioxide, 
thus nitrogen in the atmosphere is left undisturbed. But, in the 
real world several kinds of pollutants are released into the 
atmosphere and they create a serious impact on the environment. 
In reality the reaction is more like:

fuel + air → nitrogen oxides + carbon monoxide + unburned 
hydrocarbons + water + carbon dioxide

The products of the above incomplete combustion reaction 
release significant pollutants into the atmosphere.

Carbon monoxide (CO) is released as the by-product of an 
incomplete combustion process. This pollutant is formed when 
the carbon from the fuel is oxidised partially and this by-product 
has serious impact on human health. Carbon monoxide adversely 
affects the ability of blood to carry the oxygen required for our 
survival.

Hydrocarbon pollutants are formed when the fuel is not 
completely burned. These unburned hydrocarbons react with 
nitrogen oxides to form ground-level ozone, which is a major 
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The map illustrates just how much warmer temperatures were in 
the decade (2000-2009) compared to average temperatures 
recorded between 1951 and 1980. The most extreme warming, 
shown in red, was in the Arctic. Very few areas saw cooler than 
average temperatures, shown in blue.

Our planet is getting warmer

Explanation 3.13 What are some examples of combustion 
reactions.



contributor of smog formation. Hydrocarbons create various 
health problems such as eyes irritation, respiratory problems and 
lung damage. These hydrocarbons are the agents for many urban 
air pollution problems.

The oxides of nitrogen are formed when the nitrogen and the 
oxygen react under very high temperature and pressure in an 

engine. These pollutants are the causative agent of acid rain and 
precursors to ozone formation.

Not that long ago carbon dioxide (CO2) was considered to be a 
relatively harmless product of the perfect combustion of 
hydrocarbons. As carbon dioxide forms such a small percentage 
of the air we breathe (less than 0.1%) it does not have any direct 
negative impact on human health upon inhalation. But it does 
contribute greatly to global warming! Increased atmospheric 
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Global average land-ocean temperature change from 1880–
2011, relative to the 1951–1980 average. The black line is the 
annual average and the red line is the 5-year running average.

Global temperatures recorded from 1880 to 2011

This graph shows the increase of atmospheric carbon dioxide (CO2) 
concentrations from 1958–2008.

Atmospheric carbon dioxide levels from 1958 to 2008



carbon dioxide levels increases the ‘greenhouse effect’ of our 
atmosphere. This in turn warms the planet.

Future climate change is expected to particularly affect certain 
ecosystems, including tundra, mangroves, and coral reefs. It is 
expected that most ecosystems will be affected by higher 
atmospheric CO2 levels, combined 
with higher global temperatures. 
Overall, it is expected that climate 
change will result in the extinction 
of many species and reduced 
diversity of ecosystems.
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QUESTIONS

1. List word equations for five examples of 
combustion reactions.

2. In your own words, describe the difference between 
complete and incomplete combustion.

3. What observation would you make about the changes in 
carbon dioxide levels and average temperatures from 1960 
until 2010?

4. Find out which gases contribute the most to the 
greenhouse effect. Include their percentage contribution.

EXPERIMENT: BURN BABY BURN 
[To be performed under teacher direction in a science 
laboratory]

Aim: To discover which materials are able to act as a fuel for 
combustion to occur.

Hypothesis: Make an educated guess about which of the materials will burn.

Materials: Matches, bunsen burner, tongs, lab coat, safety goggles, small pieces 
of: wood, steel wool, magnesium, wool, paper, iron nail, glass, copper.

Method:
1. Using tongs, hold each substance over the bunsen burner for 5 seconds.
2. Remove from the bunsen burner and observe to see if the substance is 

burning or undergoing combustion.

Results: 
Create a table to record your 
observations.

Discussion:
• Explain what you observed during this experiment.
• Write down the word equations for the substances that underwent 

combustion.
• Describe any similarities of the substances that combusted.
• Explain if you think the substances underwent complete or incomplete 

combustion. Given evidence for your explanations.
• Discuss anything you could have done better when performing this 

experiment.

Conclusion: 
Summarise the results of this experiment.

Substance

Observations

3
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All molecules need some way to hold their atoms together. The 
three main ways that atoms are held together are:

- covalent bonding 
- ionic bonding 
- metallic bonding

Covalent Bonding

When two atoms come near each other, sometimes they stick 
together to make a molecule. One way they can stick together is 
by covalent bonding.

In covalent bonding, each atom is unstable because its outer 
shell of electrons isn’t full up. By sharing electrons with other 
atoms, these atoms can fill up their outer rings and become 
stable. In water, for instance, the oxygen atom needs two more 
electrons to be stable, and the hydrogen atoms each need one. 
When they get together, the oxygen atom shares one electron 
with each of the hydrogen atoms, and the hydrogen atoms each 
share one electron with the oxygen atom. This forms H2O.

Now that the 
atoms have 
become stable, 
it's pretty hard to 
knock them back 
into being 
unstable again, 
so covalent 
bonds are strong 
and molecules 
that form with 
covalent (sharing) 
bonds are strong 
molecules.

Covalent 
bonding makes 
very strong connections between the atoms, so it's hard to break 
these molecules apart. However, molecules that join with 
covalent bonds aren't very much attracted to each other (unlike 
with ionic bonding), so they move freely around each other. That 

Section 8

Extension: How do atoms join together?
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In these diagrams, called Lewis diagrams, 
individual atoms share electrons so that they 
both achieve full or stable outer shells.

Covalent Bonding



means that most molecules that form covalent bonds make either 
liquids or gases, like water and carbon dioxide. Covalent bonds 
can be drawn using Lewis diagrams.

Ionic Bonding

When atoms get close together, sometimes they form ionic 
bonds that stick them together into molecules. These ionic bonds 
are weaker than covalent bonds, but they do still hold the 
molecules together.

Some kinds of atoms, like sodium, have only one electron in their 
outside ring, which is an unstable situation. Sodium's so unstable 
that if you add water to it it catches on fire! When those unstable 

atoms come near another unstable atom, they trade electrons 
until they find a more stable arrangement. Usually it's a metal 
atom joining up with a non-metal atom. For instance, when 
sodium atoms come near chlorine atoms, the chlorine atoms are 
also very unstable, because chlorine is missing just one electron 
to fill up its outer ring. So when they get together, the sodium 
atom's extra electron jumps over to the chlorine atom. Then the 
chlorine atom is stable, and so is the sodium atom.

But the new stable atoms also have electrical charge, which they 
didn't before. The old atoms had the same number of protons 
and electrons: sodium had eleven protons and eleven electrons, 
and chlorine had 17 protons and 17 electrons. The positive 
charge of the protons balanced the negative charge of the 
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Sodium gives its lone outer shell electron to fluorine. A positive cation 
and negative anion are formed which are subsequently attracted to 
each other.

Animation 3.1 Ionic Bonding

Explanation 3.14 What are ions?



electrons. But after the reaction, the sodium atom has one more 
proton than electron, so it has a weak positive charge. And the 
chlorine atom has one more electron than proton, so it has a 
weak negative charge. Just the way a negatively charged magnet 
pulls toward a positively charged magnet, a negatively charged 
atom (called a negative ion or anion) pulls toward a positively 
charged atom (called a positive ion or cation). This pull holds the 

sodium atom near the chlorine atom, making a molecule of salt - 
one of the most stable molecules on Earth.

Most of the solid things in the universe - like rocks - use ionic 
bonds to hold themselves together. That's because those same 
electric forces affect other nearby molecules of salt as well. Like 
magnets, any two positively charged chlorine ions will push away 
from each other, and so do two negatively charged sodium ions. 
At the same time, the chlorine ions pull on any nearby sodium 
ions, and the sodium ions pull on any nearby chlorine ions. So 
they end up arranged into a stiff crystal framework. You need 
higher temperatures to melt or boil rocks and other things with 
ionic bonds than you do with covalent bonds because the bonds 
are so strong.

Electrovalencies

The number of negative or positive charges acquired by an atom 
by the gain or loss of electrons is referred to as electrovalency.

The electrovalency of an element or compound is expressed as a 
charge. Atoms or molecules that have lost electrons have an 
electrovalency greater than zero and are known as cations. When 
an atom or molecule gains electrons, it is called an anion. When 
an atom or molecule has an electrovalency of zero, it has no net 
electric charge. When writing about an ion, the convention is to 
write the chemical formula followed by the electrovalency as a 
superscript.
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Atoms give or receive electrons to achieve full or stable outer 
shells. The positive and negative ions they become are 
attracted to each other.

Ionic Bonding



Electrovalency is a measurement of the net electric charge of an 
ion and is used when balancing chemical reactions.

Electrovalency tables show the charges of ions formed by 
common elements and compounds.

To write the formula for a salt (a combination of a positive and 
negative ion), the valencies of the ions must be charge balanced. 
Take for instance the salt sodium chloride, made from sodium 
ions and chloride ions. The formula for sodium chloride is NaCl. 
Each sodium ion electrovalency +1 is charge balanced by a 
chloride ion each with electrovalency -1, i.e. +1 -1 = 0.

Calcium fluoride is composed of calcium ions, electrovalency +2 
and fluoride ions, electrovalency -1. To balance this molecule we 
need +2 (-1 -1) = 0. Ie. we need two fluoride ions for each 
calcium ion. The formula of calcium fluoride is therefore CaF2.
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Table of electrovalencies

CATIONSCATIONS ANIONSANIONS

Sodium Na+ Chloride Cl-

Potassium K+ Fluoride F-

Lithium Li+ Bromide Br-

Silver Ag+ Iodide I-

Copper (II) Cu+ Hydroxide OH-

Ammonium NH4+ Nitrate NO3-

Magnesium Mg2+ Oxide O2-

Calcium Ca2+ Sulphide S2-

Iron (II) Fe2+ Sulphate SO42-

Lead Pb2+ Carbonate CO32-

Aluminium Al3+ Phosphate PO43-

Iron (III) Fe3+ Nitride N3-

See how an ions electrovalency tells us the way it will form a molecule 
with another ion.

Explanation 3.15 Electrovalencies and Ionic compounds



Ammonium phosphate is composed of ammonium ions, 
electrovalency +1 and phosphate ions, electrovalency -3. To 
balance this molecule we need (+1 +1 +1) -3 = 0. Ie. we need 
three ammonium ions for each phosphate ion. The formula of 
ammonium phosphate is therefore (NH4)3PO4.

Hint: The positive ion is written first in a formula and the charges 
are not shown (they are not required in a balanced molecule). 
When an ion is composed of more than one atom it is put in 
brackets.

Metallic Bonding

Metals consist of 
closely packed 
atoms. In most cases, 
the outermost 
electron shell of each 
of the metal atoms 
overlaps with a large 
number of 
neighbouring atoms. 
As a consequence, 
the valence electrons 
continually move from 
one atom to another 
and are not 
associated with any 

specific pair of atoms. In short, the valence electrons in metals, 
unlike those in covalently bonded substances, are non-localised, 
capable of wandering relatively freely throughout the entire 
substance. The atoms that the electrons leave behind become 
positive ions, and the interaction between these ions and the free 
valence electrons gives rise to the cohesive or binding force that 
holds the metal together. Metallic bonds are strong, so metals 
can maintain a regular structure and usually have high melting 
and boiling points. Metals are good conductors of electricity and 
heat, because the free electrons carry a charge or heat energy 
through the metal.

Metallic Bonding
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Watch this clip to gain a better understanding of ionic and covalent 
bonding.

Explanation 3.16 How do ionic and covalent bonds form?



QUESTIONS

1. How do atoms attain a full or stable outer shell in covalent bonding?

2. How do atoms attain a full or stable outer shell in ionic bonding?

3. Use the table of electrovalencies to determine the chemical formulae of the following compounds.
a. Sodium fluoride
b. Magnesium iodide.
c. Aluminium hydroxide
d. Calcium bromide
e. Magnesium hydroxide
f. Potassium sulphate
g. Calcium oxide
h. Silver sulphide
i. Iron (II) oxide
j. Copper (II) oxide
k. Calcium nitride

4. Explain covalent bonding, ionic bonding and metallic bonding in your own 
words.

5. Draw Lewis diagrams (electron dot diagrams) for the following four covalent compounds: H2, HF, H2O, CCl4.

6. For each of the following describe the number of protons, number of electrons and overall charge of the ions 
formed. Refer to a periodic table!
a. A hydrogen atom loses one electron.
b. A fluorine atom gains one electron.
c. An oxygen atom gains two electrons.
d. An aluminium atom loses three electrons.

7. Find out some of the properties of ionically bonded, covalently bonded and metallically bonded molecules.

Scroll down to check your 
answers to question 3 .....

a. NaF

b. MgI2

c. Al(OH)3

d. CaBr2

e. Mg(OH)2

f. K2SO4

g. CaO

h. Ag2S

i. FeO

j. Cu2O

k. Ca3N2
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Using dot points, 
summarise 
the contents 
of this section.



Section 9

Chemistry Review
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Review 3.1 Chemistry

Check Answer

Question 1 of 42
A sub-atomic particle with a neutral charge is 
called a(n):

A. electron

B. neutron

C. nucleus

D. proton

Listen for an overview of some of the key 
chemistry concepts covered in this chapter.

Audio 3.1 Chemistry review 
podcast



FURTHER ACTIVITIES

• Create a screencast or movie explaining the structure of 
the atom.

• Create a song or giant concept map with the bold terms in 
this chapter.

• Select one section from this chapter and produce a news 
report highlighting the impact the chemistry involved has 
on daily life.

• Find out what ‘Elephant's Toothpaste’ is and explain the 
chemistry behind it.

• Create a presentation about the impact that increased 
carbon dioxide levels are predicted to have on our planet.

• Research the different types of jobs that chemistry 
students can attain and create a poster advertising 
chemistry courses at university.

• Find out more about Dmitri Mendeleev and the 
contributions he made to the field of chemistry.

• Create a detailed venn diagram comparing the first periodic 
table created in 1871 with the modern version we know 
today.

• Research the work of scientists such as Ernest Rutherford 
and Marie Curie on radioactivity and subatomic particles.
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Chapter 4

Disease

Multi-cellular organisms rely on coordinated and 
interdependent internal systems to respond to 
changes to their environment.

Ecosystems consist of communities of 
interdependent organisms and abiotic components 
of the environment; matter and energy flow through 
these systems.

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

• investigate the response of the body to changes 
as a result of the presence of micro-organisms.

• explain how body systems work together to 
maintain a functioning body.

• explore interactions between organisms such as 
predator/prey, parasites, competitors, pollinators 
and disease.

5 stars available 
in this chapter



Humans, like all mammals, are extremely complex and amazing 
organisms. All of our trillions of cells are provided with the 
nutrients they need and their wastes are disposed of. All of our 
body systems work together to enable us to move, eat, grow and 
interact to an enormous degree with our environment.

Unfortunately, sometimes things go amiss and we succumb to a 
disease! A disease is any change that impairs the function of an 
individual in some way; that is, it harms the individual.

There are two major kinds of diseases: infectious and non-
infectious.

INFECTIOUS DISEASE

Infectious diseases are caused by pathogens such as bacteria, 
viruses, fungi and parasites. These pathogens can enter the body 
through the air we breathe, the food and drink we consume or 
through openings in the skin, such as cuts. Sometimes diseases 
can even be spread by vectors, or organisms that carry disease, 
like mosquitoes. As an example, think of a person who has a 
cold. That person may cough into his or her hand and then touch 

a doorknob, thus placing the cold virus on that doorknob. The 
virus may die on the doorknob, but it's also possible that the 
next person to touch the doorknob will pick it up. If that person 

Section 1

How can we get sick?
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This mosquito has just obtained blood from a human (a droplet 
of blood is expelled as a surplus). This mosquito is a vector of 
malaria, and mosquito control is an effective way of reducing 
the incidence of malaria.

An Anopheles stephensi mosquito



then touches food with the unwashed hand and consumes the 
food, the virus is now inside the body.

Not every pathogen that enters the body results in illness -- our 
bodies come equipped with an immune system to fight off 
foreign agents. However, pathogens have the ability to adapt and 
evolve much more quickly than the immune system can, which 
means that pathogens sometimes have the upper hand when it 
comes to fooling the body's defences. One way that pathogens 
evade the immune system is by hiding within the body's healthy 
cells. Additionally, some people have weakened immune systems 
that make it harder for them to resist the effects of an invading 
pathogen.

Some examples of infectious disease include:

Hepatitis A - a viral disease that interferes with the 
functioning of the liver. It is spread through the 
consumption of food or water contaminated with faecal 
matter. This principally occurs in areas of poor sanitation. 
Hepatitis victims exhibit fever, jaundice (yellow skin), and 
diarrhoea.

Typhoid fever - a bacterial disease spread through contact 
with food or water contaminated by faecal matter or 
sewage. Victims of typhoid fever exhibit sustained high 
fevers and left untreated, death rates can reach 20%.

Malaria - caused by single-cell parasitic protozoa Plasmodium. It 
is transmitted to humans via the bite of the female Anopheles 
mosquito. The plasmodium parasites multiply in the liver 
attacking red blood cells resulting in cycles of fever, chills, and 
sweats accompanied by anaemia. Death can occur due to 
damage to vital organs and interruption of blood supply to the 
brain. Malaria is found in 100, mostly tropical, countries with 90% 
of cases and the majority of the 1.5-2.5 million estimated annual 
deaths occurring in sub-Saharan Africa.

Rabies - a viral disease of mammals usually transmitted through 
the bite of an infected animal, most commonly dogs. The virus 
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Countries shaded green had an absence of rabies in 2007 according to the 
World Health Organisation.

Rabies Free Countries



affects the central 
nervous system causing 
brain alteration and 
death. Rabies symptoms 
initially are non-specific 
fever and headache 
progressing to 
neurological symptoms. 
Death can occur within 
days of the onset of 
symptoms.

Meningococcal 
meningitis - a bacterial 
disease causing an 
inflammation of the lining 
of the brain and spinal 
cord. The symptoms 
include stiff neck, high 
fever, headaches, and 
vomiting.  Bacteria are 
transmitted from person 
to person by respiratory 
droplets and facilitated by close and prolonged contact resulting 
from crowded living conditions. Death occurs in 5-15% of 
meningococcal meningitis cases, typically within 24-48 hours of 
onset of symptoms!

NON-INFECTIOUS DISEASE

Non-infectious diseases aren't caused by pathogens and can't 
be spread from one person to another. These diseases are 
caused by a variety of factors including the environment, a 
person's lifestyle choices and genetics. For example, skin cancer 
is usually the result of people spending too much time in the sun 
without protection from the sun's UV rays, which is considered an 
environmental factor. A condition like heart disease may be 
caused by a sedentary lifestyle and a poor diet, or it may be 
caused by a family history of the disease. There are a number of 
known genetic or inherited diseases. Nutritional deficiencies 
are also non-infectious.

Though we may not be able to change our genetic code, there 
are plenty of things that humans can do to prevent non-infectious 
diseases. Most notably, we can choose to eat healthy foods and 
exercise. We can also reduce our exposure to avoidable risk 
factors such as cigarette smoke.

The World Health Organisation (WHO) reports non-infectious 
diseases to be by far the leading cause of death in the world, 
representing over 60% of all deaths!

Some well known genetic diseases or inherited diseases 
include:
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Neisseria meningitidis, often referred 
to as meningococcus, is a bacterium 
that can cause meningococcal 
meningitis.

Neisseria meningitidis



Cystic fibrosis - a genetic disorder that particularly affects the 
lungs and digestive system and makes people who have it more 
vulnerable to repeated lung infections. Normally, mucus in the 
lungs traps germs, which are then cleared out of the lungs. But in 
cystic fibrosis, the thick, sticky mucus and the germs it has 
trapped remain in the lungs, 
which become infected. 
Interestingly, the leading 
cause of cystic fibrosis is due 
to a small DNA mutation in 
which just 3 (of the 3 billion in 
total) letters of human genetic 
code have been mutated.

Down syndrome - a genetic 
disorder also called Trisomy 
21, is a condition in which 
extra genetic material causes 
delays in the way a child 
develops, both mentally and 
physically. Normally, at the 
time of conception a baby 
inherits genetic information, or 
DNA, from its parents in the 
form of 46 chromosomes: 23 
from the mother and 23 from 
the father. In most cases of 

Down syndrome, a child gets an extra chromosome 21 — for a 
total of 47 chromosomes instead of 46. It's this extra genetic 
material that causes the physical features and developmental 
delays associated with Down syndrome.

Another well known non-infectious disease is:

Cancer - for a great number of 
cancers, risk factors are 
environmental or lifestyle-
related, thus some cancers 
can be preventable non-
infectious diseases. Greater 
than 30% of cancer is 
preventable via avoiding risk 
factors including: tobacco, 
being overweight or obese, 
low fruit and vegetable intake, 
physical inactivity, alcohol, 
sexually transmitted 
infections, and air pollution.

In the industrialised world, 
most diseases associated with 
poor nutrition are rare, 
although they do sometimes 
still occur among certain 
groups of people, such as 

106

Cigarette smoking is a known cause of cancer.



alcoholics. Vitamin supplements and fortified foods are readily 
available and can completely cure most deficiencies when 
regularly ingested.

Some nutritional deficiencies include:

Iron Deficiency Anaemia - anaemia occurs when there is a lack of 
red blood cells or they are unable to carry the normal amount of 
oxygen. A lack of iron is one of the most common nutritional 

deficiencies and is the most prevalent cause of anaemia. Iron 
deficiency anaemia can cause fatigue and memory problems in 
adults and can lead to developmental delays in infants and 
children. Pregnant women with iron deficiency anaemia may go 
into preterm labor and deliver prematurely. Meat and fish are the 
best sources of iron but plant sources and iron supplements are 
other ways to get this vital mineral.

Scurvy - scurvy develops as a result of a deficiency in vitamin C 
and is rare in modern developed societies. Alcoholics and 
malnourished elderly individuals may be at risk of contracting 
scurvy, but most people get enough vitamin C to fend it off. While 
early symptoms of a vitamin C deficiency involve weakness, 
irritability, weight loss and muscle aches, people who develop 
scurvy may 
notice bleeding 
under the skin 
and from the 
gums, loose 
teeth, dry or 
brittle hair, rough 
and scaly skin, 
anaemia, and 
wounds that do 
not heal. High 
doses of vitamin 
C can cure 
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Symptoms of Anaemia

Vitamin C molecule



scurvy within one to two weeks.

Rickets - a deficiency in vitamin D can lead to rickets, a condition 
in which the bones become soft and weak. Over time, the spine 
and leg bones may curve, resulting in visible deformities. Vitamin 
D production occurs in the skin upon exposure to sunlight, so 
people who receive little sun exposure are more likely to develop 
rickets. Vitamin D is available in supplement form and from food 
sources for people who do not produce enough on their own.

QUESTIONS

1. Using dot points, briefly 
summarise the contents of this 
section.

2. Research and list the top 10 global infectious 
disease killers.

3. Is it possible to catch a non-infectious 
disease? Explain your answer.

4. Create a venn diagram to compare infectious 
and non-infectious diseases.

5. Explain why nutritional diseases are rare in 
Australia.

6. Create a venn diagram to compare genetic 
diseases with nutritional deficiencies.

7. Find out the name of two other nutritional 
deficiencies not listed in this book.
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Learn about infectious and non-infectious disease

Explanation 4.1 Disease



PROJECT - Disease map

Research and present a ‘Map of killer diseases around the world’.

The prevalence of diseases varies greatly around the world. Differing rates of diseases are related to the level of healthcare, availability of nutrition and 
general lifestyle of the residents of the country to name a few factors.

Your task is to find out which diseases are the biggest killers in as many countries around the world as you can. You will need to present this information on 
a large world map with an appropriate key.

Your project will also need to include an analysis of your data:

• What patterns emerge in the locations of various diseases.

• Are the countries with similar statistics similar in 
any other way.

• Are diseases clustered around 
areas of the world with similar 
climates.

• Include any other 
interesting information 
you discover in your 
research.

• Finally your project 
will need a complete 
bibliography.
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Life is a constant struggle 
to survive. Sometimes, for 
one organism to survive it 
has to invade the tissue of 
a different type of 
organism. When this 
invasion harms the 
organism being invaded it 
is an example of an 
infectious disease. The 
organism doing the 
invading is called a 
pathogen.

A pathogen is any agent 
— such as a virus, a 
fungus, or a bacterium — 
that causes a disease in 
another organism. There 
are many different types of 
pathogens:

•Prions are infectious 
agents that are non-
cellular and therefore not 
living organisms. They are 
basically infectious 
proteins. Prions cause a 
number of diseases in a 
variety of mammals, 
including bovine 
spongiform 
encephalopathy (BSE also 
known as "mad cow 
disease") in cattle and 
Creutzfeldt-Jakob disease 
(CJD) in humans.

•Viruses are extremely 
small. They are made of a 
fragment of genetic 
material inside a protective 
protein coat. Viruses can 

Section 2

How do we catch a disease?
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How many of these viral disease have you heard of before?



only reproduce inside host cells and they damage the cell when 
they do this. A virus can get inside a cell and, once there, take 
over and make hundreds of thousands of copies of itself. 
Eventually the virus copies fill the whole host cell and burst it 
open. The viruses are then passed out into the bloodstream, the 
airways, or by other routes and can infect others. Diseases 
caused by viruses include influenza (flu), colds, measles, 
mumps, rubella, chicken pox, AIDS.

• Bacteria are single celled microscopic organisms. They come 
in many shapes and sizes, but even the largest are only 10 
micrometres long - that's 10 millionths of a metre. In favourable 
conditions bacteria can multiply rapidly. Once inside the body, 

they sometimes release poisons or toxins that make us feel ill. 
Diseases caused by bacteria include food poisoning, typhoid or 
whooping cough.

• Protozoans are single celled organisms which are usually found 
within their host’s body. Malaria is a disease caused by a 
protozoan.

• Fungi can be 
single celled or 
very complex 
multicellular 
organisms. They 
are found in just 
about any habitat 
but most live on 
the land. A group 
of fungi called the 
decomposers grow 
in the soil or on 
dead plant matter 
where they break 
down dead 
organisms. A very 
small number of 
fungi cause 
diseases in 
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A colony of a bacteria called Escherichia coli (E. Coli) growing over a 
2 hour period.

Animation 4.1 Bacterial growth

This giant roundworm is the largest and 
most common parasitic worm in humans. 
One sixth of the human population (or over 1 
billion people) are estimated to be infected 
by Ascaris lumbricoides.

Ascaris lumbricoides



animals. In humans these fungal pathogens include skin 
diseases such as athletes’ foot, ringworm and thrush.

• Some multicellular organisms such as worms and insects can 
also grow on or inside people, acting as pathogens. Examples 
of multicellular organisms that cause disease are roundworm 
and lice. It is easier to prevent roundworms than to cure them. 
Some important ways to prevent roundworm infection include 
practicing good personal hygiene, washing hands and avoiding 
contact with faecal matter. If you are travelling to a part of the 
world where roundworm is common, you should take additional 
precautions, such as drinking only bottled water and avoiding 
raw fruits and vegetables.

REDUCING THE SPREAD OF PATHOGENS INTO AUSTRALIA

Australia has unique plants and animals and maintains strict 
quarantine laws to limit new pests and diseases. Australia even 
quarantines pets. Australia’s stringent quarantine regulations 
coupled with the fact that it is an island, means that Australia is 
free from many exotic pests and diseases found elsewhere in the 
world. Australia is one of the few countries in the world without 
rabies and is free of foot-and-mouth disease. Animals are 
quarantined to ensure it stays that way. Controls also exist to 
prevent the spread of some diseases that already exist in 
Australia.
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PROJECT - Quarantine

Find our more about the quarantine laws in Australia 
and other countries.

Include the following in your project:

• Details of the organisation that manages Australian quarantine.

• The reasons for having quarantine laws.

• Examples of Australian 
interstate quarantine laws.

• Examples of Australian 
international quarantine 
laws.

• A comparison of Australian 
quarantine laws with those 
of another (or many other) 
country.

• A list of some well known 
infectious diseases which 
are particularly important 
for travellers to be aware 
of when leaving Australia.

You may present your project 
as a brochure, poster, movie or report.

A flag, called the "Yellow Jack", 
which when flown in harbour 
means a ship is under quarantine.

1



Taenia solium, also called the pork tapeworm, infects pigs and 
humans. Taenia solium has four suckers on its head and is 
normally 2 to 3 metres in length.

Head of the Taenia solium tapeworm
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QUESTIONS

1. Using dot points, briefly summarise the 
contents of this section.

2. List one example of a disease caused by a 
prion, a virus, a bacterium, a fungus and a multicellular 
organism.

3. Make a list of some of the ways that you can avoid catching 
an infectious disease.

4. Find out whether or not most scientists think that viruses 
are living things. What do you think?

Explore the different sizes of human pathogens

Explanation 4.2 Human pathogens



EXPERIMENT: EXPLORING BACTERIAL GROWTH
[To be performed under teacher direction in a science laboratory]

Design your own experiment to investigate a question involving bacteria. For example:
• Do antibacterial soaps really kill bacteria?
• Which door handle in the school has the most bacteria?
• Do dark socks create more bacteria in a shoe than white socks.
• Do hand sanitizers really work to kill bacteria?
• What location in the school contains the most bacteria?
• Is there more bacteria in tap water, bottled spring water, rain water, or pond water?

You will need to create your own Aim and Hypothesis.

Materials: Petri dish of agar, Cotton buds, zip-lock bags to seal the petri dishes, any other materials required.

Method: You will need to design your own detailed method but it will involve growing bacteria. To do this rub a cotton bud on a surface of 
your choice. Next, rub the cotton bud over the agar with a few gentle strokes before putting the lid back on the petri dish and sealing the 
petri dish in a zip lock bag. Incubate the petri dish at 37°C (or a warm spot) over night.

SAFETY NOTE: DO NOT, UNDER ANY CIRCUMSTANCES, OPEN THE ZIP LOCK BAG AFTER THE BACTERIAL COLONIES HAVE 
GROWN.

Results
Create appropriate tables and diagrams to illustrate your results.

Discussion:
• Write a detailed description of your results.
• Explain if your results prove or disprove your hypothesis.
• Discuss anything interesting or surprising about your results.
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Summarise the things you discovered by performing this experiment. 114
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Every day your body is exposed 
to millions of pathogens. We are 
constantly under attack by 
bacteria, fungi, viruses and other 
organisms. Our body is a rich 
source of nutrients and water 
that these invaders need to 
survive. Amazingly we remain 
healthy most of the time. We are 
obviously very good at 
protecting ourselves. We do not 
get sick from the millions of 
pathogens that attack every day 
because of our immune system 
which acts as our very own 
defence system.

The immune system is a 
complex network of cells and 
chemicals. Its mission is to 
protect us against foreign 

organisms and substances. The 
cells in the immune system have 
the ability to recognise 
something as either "self" or 
"invader," and they try to get rid 
of anything that is an invader. 
Many different kinds of cells, and 
hundreds of different molecules, 
must be coordinated for the 
immune system to function 
smoothly.

The body has three lines of 
defence against disease:

•The first line of defence 
basically involves trying to keep 
bad stuff out of the body. 
Primarily this involves the skin 
acting as a physical barrier to 
pathogens. However, as 
organisms cannot be completely 

Section 3

How does our body fight disease?
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One mechanism of the ‘first line of defence’. The function of 
sneezing is to expel mucus containing foreign particles or 
irritants and cleanse the nasal cavity.

A sneeze



sealed against their environments, other systems must act to 
protect body openings. For example in the lungs (part of the 
respiratory system), coughing and sneezing mechanically eject 
pathogens and other irritants from the respiratory tract. Nasal 
hairs are another physical barrier, stopping pathogens entering 
the body. The flushing action of tears also mechanically expels 
pathogens. Chemical barriers are another part of the first line of 
defence. For example, saliva, tears and even sweat have anti-
bacterial properties to stop bacteria in its tracks. Similarly the 
acid in your stomach (part of the digestive system) kills 
pathogens that are ingested.

Unfortunately, the body’s first line of defence is not always 
enough and sometimes pathogens enter the body. When this 
happens the next lines of defence kick in. The second and third 
lines of defence involve the cells of the immune system ...

• White blood cells (or leukocytes) are the cells of the immune 
system and are involved in defending the body against internal 
invasion. They are a key component of the second line of 
defence. The second line of defence, like the first line of 
defence, is non-specific. That is, it targets any intruder to the 
body. Phagocytes (a type of white blood cells) are found 
circulating throughout the body and if a pathogen penetrates 
the first line of defence, these cells basically eat or destroy the 
pathogen before it harms the body. Phagocytes ‘eat’ foreign 

organisms or substances by engulfing them in a process called 
phagocytosis.

Inflammation is also a part of the second line of defence. 
Inflammation occurs at the site of infection to increase the blood 
supply to the area. This in turn increases the number of 
phagocytes at the site to fight the pathogens.

• The third line of defence involves different white blood cells 
known as lymphocytes. Importantly the third line of defence is 
specific against particular invasions. Lymphocytes recognise 
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A phagocyte engulfs (or phagocytoses) a fungal spore.

Animation 4.2 A white blood cell (phagocyte) in action 
defending the body against an invader



invading cells or particles, react to that invasion and remember 
the particular type of invader. The “non-self” particles that 
lymphocytes recognise are called antigens. Lymphocytes 
remember these particles by using special molecules called 
antibodies on their surface. 

Almost any large foreign molecule can act as an antigen, 
including those contained in bacteria, viruses, foods, snake 

venoms, tissue from another individual or animal, or some other 
foreign material.

As you can imagine there are an awful lot of different antigens out 
there, as a result some lymphocytes will have 50,000 to 100,000 
antibodies on their surface.
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A white blood cell (yellow) engulfing (phagocytosing) 
anthrax bacteria (orange). The white scale bar bottom 
left is 5 micrometres long.

The immune system in action.

Neutrophils defend against bacterial or fungal infection. They are 
usually the first responders to microbial infection; their activity and 
death in large numbers forms pus!

Animation 4.3 A white blood cell called a neutrophil (a type of 
phagocyte) chases and engulfs bacteria



Different antigens fit into receptors on antibodies like a lock fits 
into a key. When an antibody recognises a foreign or non-self 
antigen it triggers an immune response, which is when the body 

fights disease via actions such as phagocytosis.

Lymphocytes can also form special cells called memory cells. The 
immune system remembers infections via memory cells so that 
next time you encounter the same type of invader your immune 

QUESTIONS

1. Using dot points, briefly summarise the contents of this 
section.

2. Find out what ‘phagein’ means and use its meaning to 
explain why some white blood cells are called phagocytes.

3. Create a three circle venn diagram of the ‘three lines of defence’.

4. Explain how other body systems assist the immune system to fight 
disease.

5. Write your own definition of the terms ‘antibody’ and ‘antigen’.

6. To maintain a healthy mind it is considered important to keep learning, 
and to keep a healthy body it is considered important to keep exercising. 
These observations can be summarised as ‘use it or lose it’. Research or 
think about whether it is ‘healthy’ to be exposed to low levels of bacteria 
or other antigens to keep your immune system functioning well.

There are many, many different antibodies found on the surface of 
white blood cells. These antibodies recognise ‘non-self’ antigens 
to trigger an immune response to defend our bodies against 
attack.

Specific antibodies recognise specific antigens like a lock and 
a key
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Watch to see the three lines of defence explained.

Explanation 4.3 Immunity



response can be faster 
and stronger. 
Sometimes it is so fast 
and strong that, even 
though you may be 
infected with the 
pathogen, you may not 
show any symptoms of 
the disease that it could 
cause.

When the body 
remembers a specific 
disease it has 
developed an immunity 
to that disease. 
Immunity means that the next time the 
body encounters the disease it fights it off 
very quickly and avoids infection.

119

PROJECT - White blood cells

There are many different types of white blood cells. Your task is 
to learn about all of the different types.

Find out:

• The names of the different white blood cells.

• The function of the different white blood cells.

• Where white 
blood cells are 
made.

• Any interesting 
facts about 
white blood 

1



You get sick when your body is invaded 
by pathogens. For example, when the 
measles virus enters your body it gives 
you measles. The whooping cough 
bacteria cause whooping cough. And 
so on. It is the job of your immune 
system to protect you from these 
pathogens.

When pathogens enter your body they 
start to reproduce and cause disease. 
Your immune system recognises the 
antigens on these pathogens as 
invaders from outside your body and 
responds by making antibodies. 
Antibodies have two jobs. The first is to 
help destroy the pathogens that are 
making you sick. Because the 
pathogens have a head start, you will 
already be sick by the time your 
immune system has produced enough 

antibodies to help destroy them. But by 
eliminating the attacking pathogens, 
antibodies help you to get well.

Now the antibodies can do their second 
job. They remain in your bloodstream, 
guarding you against future infections. If 
the same pathogens ever try to infect 
you again, even after many years, these 
antibodies will come to your defence. 
Only now they can help to destroy the 
pathogens very quickly before they have 
a chance to make you sick. This process 
is called immunity. It is why most 
people get diseases like measles or 
chickenpox only once, even though they 
might be exposed many times during 
their lifetime.

This method of getting sick only once is 
a very effective system for preventing 
future occurrences of disease. Of course 
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Bordetella pertussis is a bacteria that causes 
pertussis or whooping cough. Whooping cough is 
an infection of the respiratory system 
characterised by a “whooping” sound when the 
person breathes in.

Bordetella pertussis



the big problem is you have to actually get sick before you 
develop immunity.

Fortunately, scientists have developed a way for us to develop 
immunity without getting sick. This process is called 
immunisation or vaccination and involves giving people a 
vaccine.

Vaccines work by stimulating our immune 
system to produce antibodies without 
actually infecting us with the disease. A 
vaccine contains a killed or weakened part 
of a pathogen that is responsible for 
infection. Because the pathogen has been 
killed or weakened before it is used to 
make the vaccine, it can not make a 
person sick but it has the same antigens 
as the disease causing pathogen. So when 
a person receives a vaccine, the body 
reacts in the same way it would to the 
actual disease, by making protective 
antibodies. Of course these antibodies 
remain in your bloodstream for years or 
even for life, and they fight off the real 
disease if and when it is encountered in 
the future, just as they would have if you 
had actually got sick. So a clear benefit of 

vaccines is that you can develop immunity to a disease without 
ever having to succumb to the disease itself.

Vaccination has been repeatedly demonstrated to be one of the 
most effective interventions to prevent disease worldwide. It 
currently saves an estimated three million lives per year 

throughout the world!

Australian children are very fortunate to be 
eligible under the National Immunisation 
Program to receive free vaccinations 
against the following diseases:

	 •	 Chickenpox (varicella)
	 •	 Diphtheria
	 •	 Haemophilus influenzae type b
	 •	 Hepatitis A
	 •	 Hepatitis B
	 •	 Measles
	 •	 Meningococcal C Disease
	 •	 Mumps
	 •	 Pneumococcal Disease
	 •	 Polio
	 •	 Rotavirus
	 •	 Rubella (German Measles)
	 •	 Tetanus
	 •	 Whooping cough (Pertussis) 
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Post World War II United Kingdom poster 
promoting vaccination against diphtheria.



The incidence of a number of diseases including smallpox, polio, 
the bacterial diseases diphtheria (caused by Corynebacterium 
diphtheriae), tetanus (Clostridium tetani), and pertussis (also 
known as whooping cough and 
caused by Bordetella pertussis) 
and the viral diseases measles, 
mumps and rubella (also called 
German measles) have been 
significantly decreased by the 
use of vaccines.

TRAVEL VACCINATIONS

When people travel overseas they are often at risk of infection 
due to the different conditions in the place they are travelling to. 
Travellers often get diarrhoea due to a bacterial infection. This can 
be avoided by ensuring that hands are clean before eating, only 
drinking bottled water and ensuring food has been hygienically 
washed and prepared.

Australians travelling overseas, especially to developing 
countries, need to be vaccinated against a range of diseases. 
Illnesses may be caused by contaminated food or water, poor 
personal hygiene or infected insects. The National Health and 
Medical Research Council (NHMRC) recommends all travellers be 
vaccinated against tetanus, diphtheria, pertussis (whooping 
cough), varicella (chicken pox), measles, mumps, rubella and 
polio.

Some additional vaccinations are recommended for travellers 
who are at risk of infection, have other health problems or are 
travelling to a higher risk destination. As such, anyone travelling 

overseas should visit their doctor or travel health clinic to 
find out what vaccinations they need.

ANTIBIOTICS

Antibiotics are natural substances that are released by 
bacteria and fungi into the their environment, as a means of 
inhibiting or killing other organisms - it is chemical warfare 
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When the body has developed immunity to a disease any future 
infection is fought off so quickly that you normally don’t even realise 
you are infected.

Penicillin



on a microscopic scale. Penicillin is one of the earliest discovered 
and widely used antibiotic agents, derived from the Penicillium 
mould.

In 1928, Sir Alexander Fleming observed that colonies of the 
bacterium Staphylococcus aureus could be destroyed by the 
mould Penicillium notatum, proving that there was an antibacterial 

QUESTIONS

1. Using dot points, briefly summarise the contents of this 
section.

2. Research what at least three different vaccines are made 
from.

3. Apart from vaccines think about or research two other technologies that 
have helped to fight or minimise disease over the past 100 years.

4. Define ‘immunity’, ‘vaccine’ and ‘antibiotic’ in your own words.

5. Create a short poem about immunisation.

6. Find out the year that the World Health Organisation certified the 
eradication of smallpox due to successful global vaccination.
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Penicillium mould and its spores on a mandarin.

Learn how we can trick the body to develop immunity against a disease.

Explanation 4.4 Immunisation



agent there in principle. At the time, however, the importance of 
Alexander Fleming's discovery was not fully realised.

It was not until 1939 that Dr. Howard Florey, an Australian, began 
intensive research and was able to demonstrate penicillin's ability 

to kill infectious bacteria. Its medical use as an antibiotic saved 
millions of lives. Howard Florey won the nobel prize for his work.

PROJECT - Timeline of disease 
and immunisation

Research and present a ‘Timeline 
of disease and immunisation’.

Find out more about Louis 
Pasteur’s discovery of the 
relationship between bacteria and 
disease as well as our present day 
knowledge and everything in 
between. Your project should 
include:

• Details of the scientists who 
have made major contributions 
to our understanding of disease 
and vaccine development.

• How our understanding has changed over time, consider the past 200 
years at least.

• Highlight the key scientific breakthroughs.

• A bibliography.

You may present your project as a traditional timeline or in a 
more creative method.

Louis Pasteur (1822-1895)
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PROJECT - The benefits of vaccination

Some parents choose not to have their children vaccinated in Australia. 
Your task is to create a brochure illustrating the positives of 
vaccination while dispelling some of the myths in an effort to educate 
readers of the 
brochure. Your 
brochure should 
include:

• Details of the 
benefits of 
vaccination.

• Some of the 
negative 
perceptions of 
immunisation 
and how these 
perceptions can be dispelled with scientific theory.

• A bibliography.

You may present your project as a traditional 
brochure or booklet or in a more creative method.

1

1
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Review 4.1 Immunology

Check Answer

Question 1 of 20
Infectious diseases can be caused by:

A. bacteria.

B. viruses.

C. prions.

D. all of the above.

FURTHER ACTIVITIES

• Create a screencast or movie explaining the three lines of 
defence.

• Find out about Rhesus incompatibility and the effects it can 
have on unborn children.

• Acquired immune deficiency syndrome (AIDS) is caused by 
the human immunodeficiency virus (HIV). Find out if the HIV 
virus is the pathogen directly responsible for AIDS deaths 
or if something else actually kills people infected with HIV.

• Create a play to illustrate the way that our body fights 
disease.

• Organise a class debate arguing the pros and cons of 
vaccination.

• Research the history of smallpox - the adverse effects of 
this disease over many, many years and the advances that 
lead to its eradication.



Chapter 5

Sound and 
Light

Energy transfer through different mediums can be 
explained using wave and particle models.

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

• explore how and why the movement of energy 
varies according to the medium through which it is 
transferred.

• discuss the wave and particle models and how 
they are useful for understanding aspects of 
phenomena.

• explore the properties of waves, and situations 
where energy is transferred in the form of waves, 
such as sound and light.

• investigate the effects on humans of exposure to 
electromagnetic radiations such as X-rays and 
microwaves.

20 stars available 
in this chapter



Have you ever ridden a wave in the ocean? Ocean waves travel 
on the surface of the water. You can see them and you can feel 
them. As you swim through the water, you can even make your 
own waves.

When we watch surf waves coming into shore, it’s easy to think 
that individual water particles are moving towards us, but that’s 
not actually the case. The particles involved in waves move up 
and down perpendicularly to the direction the wave is going, but 

don’t move significantly in the direction of the wave. The 
particles ‘take part’ in the wave by bumping into one another and 

Section 1

How do waves transmit energy?
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The medium that ocean waves travel through is ... water.

An ocean wave

Explanation 5.1 Introducing waves



transferring energy. This is how energy can be transferred, even 
though the average position of the particles doesn’t change.

How does this work? It can help to think of a buoy bobbing in the 
ocean. The buoy is moved up and down by the waves 
that pass by it, but doesn’t move directionally across 
the water.

You could also think about a Mexican wave at a sports 
match. The wave moves around the arena, but the 
audience members don’t move around with it – they 
only stand up and sit down.

A wave can transmit energy from one place to another 
without moving any matter over the same distance. 
The material through which a wave moves is called the 
medium.

There are two types of waves;

Transverse waves for example a vibrating guitar string. The high 
point of a transverse wave is called a crest. The low point is 
called a trough.

Compression waves or longitudinal waves, for example sound 
waves.

In sounds waves, compressions are created when air particles 
are pushed together; a rarefaction is when air particles are 
spread out.

Sound can travel through air because air is made of molecules. 
These molecules carry the sound waves by bumping into each 
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A compression or longitudinal sound wave

A transverse wave



other, like dominoes knocking each other over. Sound can travel 
through anything made of molecules - even water! There is no 
sound in space because there are no molecules there to transmit 
the sound waves. Sound waves travel at about 340 m/s in air.

Waves are described using some special words ...

The frequency of a wave is the number of complete waves that 
occur per second, it is measured in hertz (Hz). The frequency of a 
sound wave determines its pitch; high frequency –  high pitch; 
low frequency – low pitch.

Period (in physics) is the time it takes for one complete wave to 
pass a given point, measured in seconds.

The wavelength is the length of one complete wave. In a 
transverse wave, the wavelength is commonly measured between 
the crests or troughs of two adjacent waves; in a longitudinal 
wave, between points of maximum compression or rarefaction. In 
water, surf waves have wavelengths of 30–50m, and tsunamis 
have much longer wavelengths (about 100km). Sound waves vary 
in wavelength according to the pitch of the sound – humans can 
hear sound with wavelengths between around 1.7cm and 17m.

The amplitude is the maximum distance each particle moves 
from a rest position.
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Explanation 5.2 Transverse waves explained

Explanation 5.3 Compression (longitudinal) waves 
explained



QUESTIONS

1. Explain what causes all sound waves?

2. Explain the difference between a compression and a 
rarefaction?

3. When thinking about sound waves:
a. What units is frequency measured in and what does frequency 

measure?
b. What quality of sound does the frequency determine?

4. Is a Mexican wave a transverse or compression wave? Explain.

5. The diagram below shows a cross section of some waves on water.
a. What is the wavelength of the water waves?
b. What is the amplitude of the water waves?

6. Find out the frequency range of human hearing and how this changes 
with age. Compare this to a dog’s hearing range.

7. Find out how ocean waves are classified.

A transverse wave (top) and longitudinal or compression wave 
(bottom).

Animation 5.1 Slinky waves
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Explanation 5.4 How are waves measured?



EXPERIMENT: BOUNCY WAVES 
[To be performed under teacher direction in a science laboratory]

Aim: To explore the properties of waves.

Materials: Slinky, 1m ruler, iPad camera, ribbon, stop watch (optional).

Method:
1. On the floor have two people hold one end each of a slightly 

stretched slinky with a 1m ruler sitting alongside the slinky.

2. Tie some ribbon to the middle of the slinky. Then have one person 
hold their end still while the other person moves the other end left 
and right to create a transverse wave.

3. Ask a third person to take short movies and still photos of the slinky and ruler to record the waves frequency, 
wavelength, amplitude and period. Using a stop watch may also be helpful.

4. Try to repeat step 3 for a compression wave where one person pushes the slinky towards and away from 
themselves. This will be very 
challenging!

Results: 
Complete a table and include 
images and/or labelled diagrams of 
the various slinky waves you 
generated.

Discussion:
• Explain what you observed during this experiment.
• Describe your results in words.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Summarise the properties of transverse and compression waves.

Wave type Frequency
(Hz)

Wavelength
(m)

Amplitude
(m)

Period
(s)

Transverse

Compression
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4

Using dot points, 
summarise 
the contents 
of this section.



Music, like all sound, travels to us as compression waves and it 
is because of our remarkable ears that we can hear music.

The ear consists of three basic parts - the outer ear (or pinna or 
even auricle), the middle ear, and the inner ear. Each part of the 
ear serves a specific purpose in the task of detecting and 
interpreting sound. The outer ear works to collect and channel 
sound to the middle ear like a funnel. The middle ear works to 
transform the energy of a sound wave into the internal vibrations 
of the bone structure of the middle ear.

The middle ear is a small air-filled space on the inside of the 
eardrum. There are 3 tiny bones called ossicles in this part. 
They are called the malleus (or hammer), incus (or anvil), and 
stapes (or stirrup). When the sound waves move the eardrum (or 
tympanic membrane), these bones move and pass on the 
vibration to the very much smaller oval shaped window of the 
cochlea.

In the inner ear, in the cochlea, the vibrations transmitted from 
the eardrum through the tiny bones are converted into electrical 
impulses and sent along the auditory nerve to the brain. The 

inner ear also contains the vestibular system which is dedicated 
to balance.

Section 2

How do we hear music?
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The human ear

Compression sound waves travel through the auditory canal to the 
three bones of the middle ear and then to the cochlea.



To create music, all musical instruments use a device for 
producing special sound waves which are classified as standing 
waves. Standing waves are waves 
that remain in a constant position 
while vibrating or oscillating.

Every single musical instrument 
utilises standing waves for their 
sound wave production. 
Furthermore, to create music all 
instruments must vibrate to create 
the energy of the sound wave. 
Whether it is the vibrations of a 
guitar string or the vibrations of the 
surface of a drum or air vibrating as 

it passes through a wind instrument.

Standing waves don't go anywhere, but they do have regions 
where the disturbance of the wave is quite small, almost zero. 
These locations are called nodes. There are also regions where 
the disturbance is quite intense, greater than anywhere else in the 
medium, called antinodes.

The frequency of a sound wave determines its pitch; high 
frequency –  high pitch; low frequency – low pitch.

In humans the audible range of frequencies is usually 20 to 
20,000 Hz, although there is considerable variation between 
individuals, especially at high frequencies, where a gradual 
decline with age is considered normal.
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A standing wave (black) depicted as the sum of two waves traveling in opposite directions (red and 
blue). The red dots represent the wave nodes.

Animation 5.2 A standing wave

Explanation 5.5 How do we hear sound waves?



Of course some music is gentle and soft while other music is 
very, very loud. The amplitude of the sound wave determines how 
loud a sound is. The scale for measuring the intensity of sound is 
called the decibel (dB) scale. The decibel scale measures the 
intensity of the sound waves that pass through our ears and give 

an easy measurement for what sounds humans can exactly 
stand. For example, the lowest threshold of hearing is at exactly 0 
decibels. The threshold for pain, on the other hand, (the highest 
intensity of sound that can be withstood that brings pain) is 130 
decibels. Intensity required for instant ear drum perforation is 160 
decibels. Though, in normal day-to-day interactions, a typical 
conversation between two people is merely 60 decibels. These 
are just a few examples of how the decibel scale is comprised.

QUESTIONS

1. If a piano is used to play the note middle C, the string 
that is hit by the hammer will vibrate at a frequency of 
256 hertz.
a. Explain what is meant by the expression ‘vibrate at a frequency of 

256 hertz’.
b. Explain why people some distance away are less likely to hear the 

sound. 

2. If you half-fill a basin with water, then tip the vibrating end of a battery 
toothbrush into the water, ripples will move out across the water 
surface.
a. How are the ripples similar to sound waves?
b. In what ways are sound waves different to these water waves?

3. Find out the frequency (in Hertz) and wavelength (in metres) of at least 
5 different musical notes.

4. In your own words explain how sound waves travel through the ear.

5. Find out what ‘tinnitus’ is and how to avoid it.
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Decibel (Loudness) Comparison Chart

Sound Decibels (dB)

Weakest sound heard 0

Whisper, rustling leaves 20-30

Normal conversation 60

City Traffic 85

Jackhammer 95

Level at which sustained exposure may 
result in hearing loss 90-95

Loud Rock Concert 115

Pain begins 125

Even short term exposure can cause 
permanent damage - Loudest 

recommended exposure WITH hearing 
protection

140

Jet engine 140

Loudest sound possible 194
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PROJECT - Make a musical instrument

Working as a teacher you are trying to teach your students 
about musical instruments. To do this you have decided to make 
your own musical instrument to explain many of the physics 
concepts.

You could make a simplified version 
of a stringed instrument, using 
rubber bands as strings. A wind 
pipe using different length pipes or 
bottles filled with liquid may also be 
suitable. Percussion instruments 
could be made using a wide variety 
of materials.

Your instrument must:
• Be completely self-made.
• Be able to play at least five different notes.

You must also include a written report that contains:
• An introduction to your written report. This should include sufficient background 

information about sound and musical instruments.
• A written explanation of the physics behind your instrument.
• The materials used and the construction process. Include all the experimenting 

that you did, including any aborted constructions. INCLUDE A LABELLED 
DIAGRAM THAT SHOWS YOUR INSTRUMENT.

• A description or rough estimate of the different frequencies, or pitch of the notes 
your instrument plays. You may need to research this.

• An Evaluation ... Does your instrument make musical sounds? Could you improve 
it by changing a particular part or by changing the size of a part? Discuss how 
you could change the frequency or the loudness of the sound that it makes.

4

Using dot points, 
summarise 
the contents 
of this section.



As human scientific knowledge has advanced we have been able 
to exploit our understanding of sound to do amazing things.

Most of the uses of sound rely on the simple phenomena of an 
echo. An echo is a reflection of sound, arriving at the listener 
some time after the direct sound. Typical examples are the echo 
produced by the bottom of a well, by a building, or by the walls 
of an enclosed room and an empty room.

Sound is used in echolocation, which is determining the location 
of something by measuring the time it takes for an echo to return 
from it. One example of echolocation is sonar. Sonar (originally 
an acronym for SOund Navigation And Ranging) is a technique 
that uses sound propagation (usually underwater, as in 
submarine navigation) to navigate, communicate with or detect 
objects on or under the surface of the water, such as other 
vessels. Sonar has been used extensively in naval warfare since 
sonar listening devices were first used in World War I. Even 
modern torpedoes are generally fitted with sonar. Interestingly, 
the word sonar was not used until World War II.

Another type of echolocation called biosonar is the biological 
sonar used by several kinds of animals. Echolocating animals 
emit calls out to the environment and listen to the echoes of 
those calls that return from various objects near them. For 

Section 3

What are some uses of sound?
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A sonar display



example, bats use these returning echoes to locate and identify 
the objects around them. Biosonar is used for navigation and for 
foraging (or hunting) in various environments.

Whales and dolphins are animals that use biosonar to locate 
predators and prey. It is thought that active man made sonar 
transmitters used on marine craft could confuse these animals 
and interfere with basic biological functions such as feeding and 
mating.

Sound waves that have a very high frequency are called 
ultrasound or ultrasonic waves. These sounds are so high that 
humans can't hear them. Dogs and bats have a higher hearing 
range than humans and can hear some ultrasonic waves.

Ultrasound is used mostly by the medical field, 
allowing doctors to see inside patient’s bodies. It 
sends sound waves into a person’s body, and 
provides us with a digital image of their insides, 
based on the pattern of reverberation. Many of us, 
thanks to ultrasound, will have had the privilege of 
seeing pictures of ourselves inside our mothers’ 
uterus; besides this, ultrasound can also help doctors 
to detect internal injuries and wounds.

Animation 5.3 Animation of a dolphin using echolocation to detect a fish.
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In this medical ultrasound the unborn baby’s arms, hands 
and skull are clearly visible.

20 week ultrasound of human foetus



Another use of sound is a fishfinder. This is an instrument used to 
locate fish underwater by detecting reflected pulses of sound 
energy, as in sonar. A modern fishfinder displays measurements 
of reflected sound on a graphical display, allowing a fisherman to 
interpret information to locate schools of fish, underwater debris, 
and the bottom of a body of water. Fishfinder instruments are 
used both by sport and commercial fishermen.
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QUESTIONS

1. Find out which type of echolocation is the most accurate, 
sonar or biosonar.

2. Find some images illustrating both 2D and 3D ultrasound. Which type do 
you think gives doctors the most information?

3. Research the frequency range of medical diagnostic ultrasound 
instruments in Hertz.

PROJECT - Using sound

Create a detailed presentation on a 
single way that sound is used. Either 
one from the preceding pages or 
another one you can think of.

Your presentation must include:
• The way that the sound is generated.
• Information about the type of sound - frequency, 

wavelength etc.
• How the sound is detected.
• Relevant images of the technology chosen.

You can present your work as a movie, poster, report or 
another format negotiated with your teacher.

Watch this clip to explore some of the uses of sound.

Explanation 5.6 How is sound used? 4

Using dot points, 
summarise 
the contents 
of this section.



Light is technically a collection of particles called photons 
travelling through space. It is also technically a disturbance 
of electric and magnetic fields that travels in the form of a 
wave.

Subsequently light exhibits properties of both waves and 
particles. This property is referred to as wave–particle 
duality.

The disturbance of electric and magnetic fields is known as 
an electromagnetic wave or electromagnetic radiation. 
Electromagnetic waves, like all waves, can travel at different 
frequencies. All the different frequencies of electromagnetic 
radiation make up the electromagnetic spectrum.

Electromagnetic waves are transverse waves and travel 
through air at the speed of light, that is about 300,000,000 
m/s. Unlike sound waves, they can also travel in a vacuum.

The electromagnetic spectrum describes the various types of 
electromagnetic radiation based on their wavelengths. Different 
kinds of electromagnetic waves vary greatly in wavelength, from 

the long wavelength of radio waves (a few metres to well over a 
kilometre) to the much shorter wavelengths of visible light (less 
than a millionth of a metre – usually described as hundreds of 
nanometres) and X-rays (less than a billionth of a metre).

Section 4

What is electromagnetic radiation?
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Light is a disturbance of electric and magnetic fields that travels in the form 
of a wave.

A light wave



Gamma rays have the shortest wavelengths, < 0.01 nanometres 
(about the size of an atomic nucleus). This is the highest 
frequency and most energetic region of the electromagnetic 
spectrum. Gamma rays can result from nuclear reactions in stars 
and from similar processes taking place in objects such as 
pulsars, quasars, and black holes.

X-rays range in wavelength from 0.01 – 10 nm (about the size of 
an atom). They are generated, for example, by super-heated gas 
from exploding stars and quasars, where temperatures are near a 
million to ten million degrees.

Ultraviolet (UV) radiation has 
wavelengths of 10 – 400 nm 
(about the size of a virus). Young, 
hot stars produce a lot of 
ultraviolet light and bathe 
interstellar space with this 
energetic light.

Visible light covers the range of 
wavelengths from about 400 – 750 
nm (about the size of some cells). 
Our sun emits the most of its 
radiation in the visible range, 
which our eyes perceive as the 
colours of the rainbow. Our eyes 

are sensitive only to this small portion of the electromagnetic 
spectrum.

Infrared (IR) wavelengths span from 750 nm – 1 millimetre (from 
the width of a pinpoint to the size of small plant seeds). At a 
temperature of 37 °C, our bodies give off infrared wavelengths 
with a peak intensity near 900 nm.

Microwaves have wavelengths from 1 mm to 10 cm. Microwaves 
are used in microwave ovens as well as wireless protocols, such 
as Bluetooth and WIFI.
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A diagrammatic view of the electromagnetic spectrum illustrating the size of the various wavelengths.

The electromagnetic spectrum



Radio waves are longer than 10 cm. Since these are the longest 
waves, they have the lowest energy. Radio wavelengths are found 
everywhere: in the background radiation of the universe, in 
interstellar clouds, and in the cool remnants of supernova 
explosions, to name a few. Radio stations use radio wavelengths 
of electromagnetic radiation to send signals that our radios then 
translate into sound. Radio stations transmit electromagnetic 
radiation, not sound. The radio station encodes a pattern on the 
electromagnetic radiation it transmits, and then our radios receive 
the electromagnetic radiation, decode the pattern and translate 
the pattern into sound.

Over-exposure to certain types of electromagnetic radiation can 
be harmful to the human body. It is important to recognise that 
everyone is exposed to sources of natural radiation throughout 
their life. Natural radiation is sometimes known as background 
radiation. Sources of background radiation include:
• radon: a naturally occurring radioactive gas that is found in low 

levels in the atmosphere.
• cosmic rays: a type of radiation that originates from space (from 

the sun and stars).
• the earth: soil and rocks contain various radioactive materials 

that have been present since the earth was formed; these 
contribute to our exposure, as do building materials that are 
made from soil, rocks and stones.
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The electromagnetic spectrum illustrating precise frequency and 
wavelength measurements.

A detailed electromagnetic spectrum



• food and water: for example, nuts, bananas, red meat and 
potatoes all contain tiny traces of radiation.

The higher the frequency of the radiation, the more damage it is 
likely to cause to the cells of the body:

• Microwaves cause 
internal heating of body 
tissues.

• Infrared radiation is felt as 
heat and can cause skin 
burns.

• Ultraviolet radiation is 
found naturally in 
sunlight. Too much 
ultraviolet (UV) radiation 
exposure can cause 
sunburn. Sunburn is a 
radiation burn to the skin. 
Skin turns red within two 
to six hours of being 
burnt. It will continue to develop for the next 24 to 72 hours. 
Eventually damaged skin cells self-destruct and peel off in tatty 
sheets. It is the body's way of getting rid of damaged skin cells 
that might develop into cancers. UV also causes premature 

ageing and skin damage leading to skin cancer. It can also 
cause eye damage. There are three main types of UV radiation:
• UV C is high frequency UV and causes severe damage to 

cells.
• UV B is medium frequency UV and causes severe sunburn 

and damage to cells.
•UV A is low frequency UV and 
has weaker effects than UV B.
It is important not to avoid UV 
radiation all together as small 
amounts of UV are beneficial for 
people and essential in the 
production of vitamin D. Vitamin 
D is a substance that helps 
strengthen bones and safeguards 
against diseases such as Rickets.

•X-rays damage cells, causing 
mutations (which may lead to 
cancer) and cell death. An X-ray 
of your chest, teeth, arms or feet 

is the equivalent of a few days' worth of background radiation 
and has a less than 1 in 1,000,000 chance of causing cancer.

• Gamma rays also damage cells, causing mutations (which may 
lead to cancer) and cell death.
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From gamma rays to radio waves - discover electromagnetic radiation.

Explanation 5.7 What is the electromagnetic spectrum?
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QUESTIONS

1. What type of electromagnetic 
radiation would electromagnetic 
waves of the following 
wavelength be:
a. 1km
b. 1m
c. 1cm
d. 500nm
e. 1nm
f. 0.001nm

2. State the speed of light in both m/s and km/hr.
3. Describe two ways that radio waves and 

gamma rays are similar.
4. Describe two ways that radio waves and 

gamma rays are different.
5. Find out what the UV Index is and what the 

numbers mean.
6. Research the difference between a melanoma 

and a basal cell carcinoma.

EXPERIMENT: INVESTIGATING UV 
[To be performed under teacher direction]

Aim: To discover how much various materials block out UV radiation from the 
sun and to learn which is the best to use to avoid sunburn.

Hypothesis: Make an educated guess as to which material will block the most and least UV 
radiation.

Materials: UV Colour-Changing Beads, small 
containers, materials to test (various fabrics, sunglass 
lens, sunscreen coated clear plastic, UV tops for 
swimming, coloured paper, assorted clothing, etc).

Method:
1. Place 5 beads in a small container.
2. Cover with the material you want to test.
3. Take outside and put in direct sunlight for 1 minute.
4. Repeat step 1-3 for the various materials
5. Repeat for a control (a container 

with nothing on the top).

Results: Complete the following 
table:

Discussion:
• Explain what you observed during this experiment.
• Why was it necessary to use qualitative (not quantitative) results today?
• Describe which material provided the best and the worst UV protection.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment and explain which material would keep you safest from UV radiation.

Material to be tested
Amount of colour 

change to beads (none, 
small, medium or large)

4Using dot points, 
summarise 
the contents 
of this section.



PROJECT - The Pros and Cons of Electromagnetic 
Radiation

You have been elected to take part in a nationally televised 
debate on the ‘dangers’ versus the ‘benefits’ of gamma ray, 
X-ray, UV, IR and microwave electromagnetic radiation (EMR).

You must select to argue that these forms of EMR are 
dangerous and must be avoided at all costs OR that they are 
extremely beneficial and their use should be further 
researched and expanded.

You can have a class debate on this subject or you can 
present your work as a movie, script, podcast or another 
format negotiated with your teacher. 4

PROS CONS

Uses of gamma ray, X-ray, UV, 
IR and microwave radiation.

The health dangers associated 
with exposure to gamma ray, 
X-ray, UV, IR and microwave 

radiation.

Anything you can find to 
disprove the opposing 

viewpoint.

Anything you can find to 
disprove the opposing 

viewpoint.

Any research scientists are 
currently undertaking to 

increase human use of EMR.

Ways that humans could 
decrease their exposure to 

EMR.
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When we think 
about visible 
light it is 
important to 
understand 
that, although, 
we can see 
most objects, 
they generally 
do not emit 
their own 
source of light.

Luminous 
objects are 
objects that 
do give off 
light or glow in 
the dark. The 

object must have its own source of energy. An example of a 
luminous object would be the Sun or a torch. Some living things 

even emit their own source of light. When living things produce 
and emit their own light it is called bioluminescence.

Most objects are non luminous, they must reflect some of the 
light they receive. An example of a non luminous object would be 
the Moon or your hand.

When light strikes an object different things can occur depending 
on the composition of the object. Some objects let light pass 

Section 5

What happens when light waves hit objects?
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A bioluminescent glowworm

Explanation 5.8 Light behaves differently when it hits 
different objects. Watch this clip to see how.



through them and are called transparent. For example a glass 
window is transparent. Other objects let some light through but 
scatter it, they are called translucent (e.g. Frosted glass). Most 
objects that we encounter in our lives absorb or reflect all of the 
light that strikes them and are called opaque.

Reflection is the returning, or "bouncing" of a wave (like light) off 
a surface. When light reflects, it always does so at the exact same 
angle it came in at. If you shine a light directly at a 90 degree 
angle, it will come directly back at a 90 degree angle. If you shine 
a light 45 degrees to the left towards a mirror, it will exit 45 
degrees to the right. The angle at which the light comes in is 
called the angle of incidence, while the angle at which it exits is 
called the angle of reflection. A reflection coming off a smooth 
surface is sharp, because the waves are allowed to return 
"intact", without being disturbed. But, if the reflective surface is 
not a smooth one, what is called diffuse reflection occurs. 
Because the surface is not smooth, different parts of the light hit 
the surface in different places at different depths and different 
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Reflection

When a light ray (P) hits a flat mirror the angle of 
incidence (θi) is equal to the angle of reflection 
(θr). In other words the light ray (Q) bounces off 
the mirror at the same angle at which it hit it.

Explanation 5.9 How does light reflect?



times. This results in a mostly blurred 
image, which is why rough, grainy 
surfaces do not reflect images well.

Unlike mirrors, most natural surfaces are 
rough on a microscopic scale, and, as a 
consequence, parallel incident light rays 
are reflected in many different directions, 
or diffusely. Diffuse reflection is 
responsible for the ability to see most 
illuminated surfaces from any position—
rays reach the eyes after reflecting off 
every portion of the surface.

Of course light does not always bounce off materials, sometimes 
it travels through them. When light travels into different materials 
it can bend or change direction, this is called refraction. In fact, 
refraction is the turning or bending of any wave, such as light or 
sound, when it passes from one medium to another of different 
density.
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Diffuse reflection is responsible for the 
ability to see most illuminated surfaces 
from any position—rays reach the eyes 
after reflecting off every portion of the 
surface.

Diffuse reflection of light

An object (in this case a pencil) part immersed in water looks bent due to refraction: the light 
waves from point X change direction (bending away from the normal) and so seem to originate 
from point Y. Similarly the fish appears closer to the surface than its actual deeper position.

Refraction can make a straight pencil appear bent or (inset) a fish appear closer to the 
surface than it is



When light passes from a less dense to a more dense substance, 
(for example passing from air into water), the light is refracted (or 
bent) towards the normal. The normal is a line perpendicular 
(forming a 90 degree angle) to the boundary between the two 
substances. The bending occurs because light travels more 
slowly in a denser medium.

As light travels from a more dense (or slow medium) to a less 
dense (or faster medium), such as from water into air, it is 
refracted away from the normal.

As the beam of light enters the perspex (more dense) 
from air (less dense) it bends towards the normal. In 
this image the ‘normal’ runs from the number 0 to the 
number 0.

Refraction of a beam of light
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Watch this clip to explore refraction.

Explanation 5.10 How can light bend?

Using dot points, 
summarise 
the contents 
of this section.



EXPERIMENT: BENDING AND BOUNCING LIGHT WAVES  
[To be performed under teacher direction in a science laboratory]

Aim: To learn how to draw ray box diagrams and to 
explore the way that light interacts with various objects.

Materials: ray box kit, power supply, sheets of white 
paper or workbook, pencil.

Method:
1. Set up the ray box so that three rays of light emerge in 

parallel.
2. Place a mirror or perspex prism in front of the rays of 

light.
3. Using a pencil, trace around the mirror/perspex and 

draw tiny crosses along the rays of light.
4. Remove the ray box and mirror/perspex and then use a 

ruler to connect the tiny crosses to show the path the light took.
5. Repeat steps 1-4 for at least another three objects.

Results: 
Your results should be a series of ray box diagrams illustrating the path that light takes as it bounced off or 
travelled through various mirrors and prisms.

Discussion:
• Explain what you observed during this experiment.
• Describe your results in words.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Summarise the results of this experiment.

Refraction can be seen as the 
straw appears broken
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PROJECT - Bioluminescence

Working as a conservationist you need to convince some 
developers not to build a man made island holiday 
resort. You know that the damage a man made island would 
do to the ocean ecosystem would be immense! To change 
their minds you need to 
teach them about 
bioluminescent ocean 
dwelling organisms to 
illustrate how rich the 
biodiversity of the ocean is.

Create a detailed 
presentation on at least 
two bioluminescent sea 
organisms.

Your presentation must 
include:
• The way that the light is 

generated.
• Information about the type of visible light - frequency, wavelength etc.
• Where the animals live and why they have evolved to produce light.
• Relevant images of the organisms that display bioluminescence.

You can present your work as a movie, poster, report or another format 
negotiated with your teacher.

A bioluminescent anglerfish as depicted 
in the movie ‘Finding Nemo’.
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QUESTIONS

1. List three objects that are luminous and three 
objects that are non luminous.

2. List two objects that are transparent, two that are 
translucent and two that are opaque.

3. In your own words explain the difference between reflection and 
refraction.

4. Copy the following image into your workbook and draw lines on 
it to illustrate the actual 
path that rays of light 
would take as they go from 
the fish to the spear 
fisherman’s eyes AND draw 
an image of the fish 
showing where the 
fisherman would perceive 
it to be.

5. When light travels from water in to air does it move towards or 
away from the normal?

6. Write a short paragraph to explain how our world would be 
different if there were no transparent or translucent objects, if all 
objects on earth were opaque.

4



151

EXPERIMENT: EXPLORING REFRACTION 
[To be performed under teacher direction in a science laboratory]

Aim: To discover how much a ray of light bends when it enters a perspex prism at an angle of 45° and to disperse white 
light into the colours of the rainbow using a triangular prism.

Materials: ray box kit, power supply, protractor, ruler, sheets of white paper or workbook, coloured pencils.

Method: 
PART 1
1. Set up the ray box so that a single ray of light emerges.
2. Place a rectangular prism in front of the ray of light so that the ray of light hits it at a 45° 

angle.
3. Create a ray box diagram and then measure both the angle of incidence (you should have 

made it 45°) as well as the angle or refraction as the light enters AND leaves the perspex 
block. Use a ruler to draw in the normal using a dotted line.

PART 2
4. Place a triangular prism in front of the single ray of light and twist it until you disperse or 

separate the white light into its component colours.
5. Using coloured pencils, draw a ray box diagram of the triangular prism and dispersed light.

Results: 
Create a table to display the angle of incidence and angle of refraction as light passes into and 
out of the rectangular prism. You should also include your ray box diagrams in the results 
section.

Discussion:
• Explain what you observed during this experiment.
• Describe your results in words.
• Describe in detail what happens to light as it enters and exits the perspex block and triangle 

with reference to the normal.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Summarise the results of this experiment and answer the aim.

White light is broken down or 
dispersed into its component 
colours via refraction in a 
triangular prism

The different wavelengths of the 
different colours makes them 
refract, or bend, slightly different 
amounts. Red light has a longer 
wavelength than blue light and as a 
result it is refracted less.

4



When light travels from air into denser materials like glass or 
perspex it changes direction or refracts. As a result of this 
phenomenon, scientists have been able to develop objects 
called lenses. A lens is a piece of transparent material, usually 
circular in shape, with two polished surfaces, either or both of 
which is curved and may be either convex (bulging) or concave 
(depressed).

Lenses have proven to be useful in our society. A single biconvex 
lens mounted in a frame with a handle or stand is a magnifying 
glass. Lenses are used for the correction of visual impairments 
such as shortsightedness (myopia) or longsightedness 
(hyperopia). Other uses are in imaging systems such as 
binoculars, telescopes, microscopes, cameras and projectors.

There are two main kinds of lenses: converging lenses and 
diverging lenses.

When parallel light rays pass through a diverging lens (e.g. 
Biconcave lens), they emerge on the other side, spread out.

A converging lens (e.g. Biconvex lens) makes parallel rays that 
pass through it converge at a single point, called the focal point, 
on the other side.

The distance from the lens to the focal point is known as the 
focal length. Diverging lenses have a virtual focus point.

Section 6

How do we see?
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Light converges after passing through a biconvex, or converging 
lens.

Animation 5.4 Biconvex lens



Evolution has also worked to develop an extremely important use 
of a lens. That use is the lens in the eye of many animals which is 
an important part of how we see.

In order to see, there must be light. Light reflects off an object 
and -- if one is looking at the object -- enters the eye.

The first thing light touches when entering the eye is a thin veil of 
tears that coats the front of the eye. Behind this lubricating 
moisture is the front window of the eye, called the cornea. This 
clear covering helps to focus the light.

On the other side of the cornea is more moisture. This clear, 
watery fluid is the aqueous humour. It circulates throughout the 
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The focal length (f) of both converging and diverging lenses is shown. 
Converging lenses have a focal point (F), diverging lenses have a virtual 
focus point, also shown above as F.

The focal length of converging and diverging lenses

Explore the differences between converging and diverging lenses.

Explanation 5.11 How do lenses work?
Explanation 5.12 How does the human eye work?



front part of the eye and keeps a constant pressure within the 
eye.

After light passes through the aqueous humour, it passes through 
the pupil. This is the central circular opening in the coloured part 

of the eye -- also called the iris. Depending on how much light 
there is, the iris may contract or dilate, limiting or increasing the 
amount of light that gets deeper into the eye. The light then goes 
through the lens. Just like the lens of a camera, the lens of the 
eye focuses the light. Our eyes have a biconvex lens in them. It 
serves to focus light on the retina which is found at the back of 
the eye. The lens changes shape to focus on light reflecting from 
near or distant objects.

This focused light now beams through the centre of the eye. 
Again the light is bathed in moisture, this time in a clear jelly 
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The lens of the human eye is biconvex and focuses light onto the 
retina.

The human eye

Myopia is corrected via a biconcave or diverging lens.

Myopia (shortsightedness)



known as the vitreous humour. Surrounding the 
vitreous humour is the retina.

Light reaches its final destination in the photo 
receptors of the retina. The optic nerve then sends 
the images to the brain.

Unfortunately the lens in some people’s eyes is not 
able to focus light perfectly in all circumstances.

EXPERIMENT: DISSECT A BULL’S EYE
[To be performed under teacher direction in a science laboratory]

Aim: To observe how the structure of the eye relates to its function.
Materials: Bull eye, scalpel, scissors, dissecting board, newspaper, 
plastic bag, gloves, lab coat.
Method:
1. Cover dissecting board with paper, place eye on paper covered board.
2. Explore the eye and try to find the optic nerve at the back.
3. Cut the eye in half with the lens completely on one side.
4. Try and find where the optic nerve exits the retina.
5. Remove the lens and try to look through it.
6. Wrap up the dissected eye in the newspaper and dispose of it. Clean all 

equipment.
Results
Draw a detailed labelled 
diagram(s) of the eye and its 
components.
Discussion:
• Write a detailed description of 

your observations of the eye.
• Explain why the optic nerve is so important.
• Explain what the lens does and how it does it.
• Find out why the fovea is so important to good vision.
• Discuss anything you could have done better when dissecting the eye.
Conclusion:
Summarise the way the structure of the eye relates to its function making particular 
reference to the lens of the eye.

Dissected cornea, iris, lens and retina.
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Hyperopia is corrected via a biconvex or converging 
lens.

Hyperopia (longsightedness)

4



Myopia, commonly known as being shortsighted, is a 
condition of the eye where the light that comes in does 
not directly focus on the retina but in front of it. This 
causes the image that one sees when looking at a distant 
object to be out of focus.

Hyperopia, also known as longsightedness, is a defect of 
vision caused by an imperfection in the eye (often when 
the eyeball is too short or the lens cannot become round 
enough), causing difficulty focusing on near objects.

Both myopia and hyperopia are most often corrected	
through the use of corrective lenses, such as glasses or 
contact lenses. Myopia is corrected via a biconcave or 
diverging lens. Hyperopia is corrected via a biconvex or 
converging lens.

Project - Artificial Sight or Hearing

You are a science journalist working for a monthly science magazine. The editor wants 
to run a special edition about the latest advances in artificial sight OR hearing in next 
months’ edition.

Working for a technologically savvy publishing company, you can choose to produce 
the story in one or a combination of these formats:

• Blog / Webpage
• Magazine Article
• Audio Podcast
• Video

Your presentation should include the following information:

• How the human eye or ear works.
• Limitations of the range of human hearing or eyesight and our limitations of these as 

we grow older.
• An in depth description of how an artificial vision or artificial hearing system works.
• Description of the artificial materials that can mimic parts of the human eye or ear.
• Problems that scientists need to overcome in order to improve or create their 

systems.
• You should also include a bibliography.
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QUESTIONS

1. Create a table to list the differences between 
converging and diverging lenses.

2. Explain why diverging lenses are said to have a 
virtual focus point.

3. Find out what a cataract is and how it affects a persons vision.
4. Research the role of the macula and fovea in attaining clear 

vision.
5. Discover and explain how the eye evolved - diagrams may 

assist your explanation.

4

Using dot points, 
summarise 
the contents 
of this section.



157

EXPERIMENT: EXPLORING LENSES
[To be performed under teacher direction in a science laboratory]

Aim: To discover how various lenses alter the direction of light.

Materials: ray box kit, range of biconvex and biconcave lenses, 
power supply, sheets of white paper or workbook.

Method:
1. Set up the ray box so that three rays of light emerge in 

parallel.
2. Place a biconvex lens in front of the rays of light and draw a ray box diagram. 

Make sure you label the focal point and measure the focal length.
3. Repeat step 2 for any other biconvex lenses in the ray box kit.
4. Repeat step 2 and 3 for all biconcave lenses labelling the 

virtual focus point.

Results: 
Your results should be a series of labelled ray box diagrams 
illustrating the path that light takes as it travelled through the 
various lenses as well as the measured focal lengths.

Discussion:
• Explain what you observed during this experiment.
• Describe your results in words.
• Describe how the focal length relates to the thickness of the lens used.
• Discuss anything you could have done better when performing this 

experiment.

Conclusion: 
Summarise the results of this experiment.

4



Light is obviously an extremely useful thing. For starters we 
wouldn’t be able to see anything without it! Because scientists 
are such clever and creative people, they have been able to 
discover some extremely useful uses of light ...

Light Amplification by Stimulated Emission of Radiation is a 
special type of light more commonly known as a laser.

Ordinary light, like sunlight, is made up of many different 
wavelengths, or colours, of light. However, light from a laser 
contains exactly one colour or wavelength rather than a lot of 
different wavelengths. Scientists say that laser light is 
"monochromatic," meaning of one colour. Second, all the 
wavelengths are in phase. That is, they are all "waving" together. 
All the wave crests (high points) and troughs (low points) are 
lined up. Scientists say the laser light is "coherent." Laser light 
has many, many uses such as:
• CD and DVD players use lasers.
• Bar code readers in stores use lasers.
• Doctors use lasers to do delicate surgery, such as eye surgery.
• Metal workers use lasers to cut and weld metal into everything 

from street light poles to cars.

Light is also used in optical fibres. An optical fibre is a flexible, 
transparent fibre made of very pure glass not much wider than a 
human hair. They transmit light between the two ends of the 
fibre. The glass in optical fibres is made so that light is unable to 
emerge side ways from the glass. This is achieved by covering 
the glass with a cladding of denser glass or plastic. As light 

Section 7

What are some uses of light?
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Red (635 nm), green (532 nm), and blue-violet (445 nm) 
lasers.



travels from the 
inner glass core 
to the denser 
cladding, it 
bends so much 
that, instead of 
leaving the glass, 
it is reflected 
back into it. This 

process is known as total internal reflection.

Optical fibres are found in endoscopes that surgeons use to look 
inside people. They are also used in high-speed 
telecommunications.

Of course light is but a small part of the entire electromagnetic 
spectrum. Electromagnetic waves outside the range of visible 
light are also very useful ...

Radar (RAdio Detection And Ranging) is an object detection 
system which uses radio waves to determine the range, altitude, 
direction, or speed of objects. It can be used to detect aircraft, 
ships, spacecraft, guided missiles, motor vehicles, weather 
formations, and terrain. The radar dish or antenna transmits 
pulses of radio waves (or microwaves) which bounce off any 
object in their path. The object returns a tiny part of the wave's 

energy to a dish or antenna which is usually located at the same 
site as the transmitter.

The simplest function of radar is to tell you how far away an 
object is. To do this, the radar device emits a concentrated radio 
wave and listens for any echo. If there is an object in the path of 
the radio wave, it will reflect some of the electromagnetic energy, 
and the radio wave will bounce back to the radar device. Radio 
waves move through the air at a constant speed (the speed of 
light), so the radar device can calculate how far away the object is 
based on how long it takes the radio signal to return.
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Optical fibre

The radar emits a burst of energy (green). If the energy strikes an 
object (rain drop, bug, bird, etc), the energy is scattered in all 
directions (blue). A small fraction of that scattered energy is 
directed back toward the radar and detected

Animation 5.5 Principle of radar



Radar can also be used to measure the speed of an object, 
due to a phenomenon called Doppler shift.

A basic police speed camera is just a radio transmitter and 
receiver combined into one unit.

If a car is moving when the transmitted radar waves bounce off 
it the frequency of the waves change. Based on how much the 

frequency changes, a radar gun can calculate how quickly a car is 
moving toward it or away from it.

X-radiation (composed of X-rays) is a form of electromagnetic 
radiation. X-rays have a wavelength in the range of 0.01 to 10 
nanometres. Radiography is the use of X-rays to take pictures of 
your body tissues.

As an X-ray beam passes through your body, the body tissues 
and bones absorb and/or block the beam in varying amounts 

This military radar is typical of the type of radar used for 
air traffic control. The antenna rotates at a steady rate, 
sweeping the local airspace, to detect aircraft at all 
altitudes.

Mobile radar station
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X-rays

Different X-ray applications use different parts of the electromagnetic 
spectrum.



depending on its density. This creates a shadow that is picked up 
on film or a sensor placed on the opposite side of the beam—
much like when you hold a flashlight up to your hand and cast a 
shadow on a wall.

On an X-ray, bones appear white, air appears black, and muscles 
or soft tissues appear grey. In medicine an X-ray is used to detect 
bone fractures, arthritis, tumours, osteoporosis, fluid in the lungs, 
and infection.
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QUESTIONS

1. Decide which use of light you think is the most 
important and explain why you made your 
decision.

2. Research and briefly explain the ‘doppler effect’.
3. An X-ray is a medical imaging method. Find out about three 

other types of medical imaging methods and create a table 
listing a brief explanation of how they work as well as some of 
their uses.

Project - Synchrotron light

A synchrotron is a large machine (about the size of a 
football field) that accelerates electrons to almost the 
speed of light. As the electrons are deflected through 
magnetic fields they create extremely bright light.

Find out some of the ways that synchrotron light is used and present this 
as a poster, movie or other format. Make sure you include an introduction 
explaining what a synchrotron is.

Explanation 5.13 Explore some of the uses of light

4

Using dot points, 
summarise 
the contents 
of this section.



As waves take time to travel over distances we are 
able to calculate their speed.

You can calculate speed using the following formula 
for speed:

Speed = Distance/Time

OR

v = d / t

Where: 
v is speed or velocity (metres per second) 
d is distance (metres)  
t is time (seconds)

For example, if a sound wave was travelling through 
water and it took 2 seconds to travel 3,066 metres 
then its speed or velocity would be:

v =  d / t  =  3,066m / 2sec  =  1,533 m/s

THE SPEED OF SOUND

In dry air at 20 °C, the speed 
of sound is 343.2 metre per 
second. This is 1,236 
kilometres per hour, or about 
one kilometre in three 
seconds. At Standard Sea 
Level conditions 
(corresponding to a 
temperature of 15 degrees 
Celsius), the speed of sound 
is 340.3 m/s in the Earth's 
atmosphere. At 0 degrees 
Celsius the speed of sound in 
our atmosphere drops to 331 
m/s.

While the speed of sound 
changes it is still used to refer 
to the speed of objects, in 

Section 8

Extension: How fast do waves travel?
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The speed of sound in different materials

Material Speed (m/s)

Air (20°C) 343

Air (0°C) 331

Hydrogen (0°C) 1286

Sea water 1533

Iron 5130

Pyrex glass 5640

Gold 3240

Diamond 12000

Aluminium 5100

Skull Bone 4080

Lens of Eye 1620



particular aircrafts. Mach number is a quantity that defines how 
quickly a vehicle travels with respect to the speed of sound.

As the speed of sound can change, Mach number is a 'ratio' unit 
of speed. By definition, Mach number is a ratio of the speed of a 
body (normally aircraft) to the speed of sound in the medium 
through which the body is traveling. It is said that the aircraft is 
flying at Mach 1 if its speed is equal to the speed of sound in air. 
An aircraft flying at Mach 2 is flying at twice the speed of sound in 
air. An aircraft flying at Mach 0.8 is traveling at 80% of the speed 
of sound while a missile cruising at Mach 3 is traveling at three 
times the speed of sound.

Airplanes fly at subsonic, transonic, supersonic and hypersonic 
speeds. These speed classifications are called the "regimes" of 
flight. Subsonic refers to all speeds less than Mach 1.

Transonic refers to all speeds from approximately Mach 0.8 to 
Mach 1.2 - that is, the speeds at which an aircraft is going 
through the speed of sound or "breaking the sound barrier".

Supersonic refers to all speeds greater than the speed of sound, 
which is the same as saying all speeds above Mach 1.

Hypersonic refers to all speeds greater than Mach 5. Note that 
an aircraft flying at hypersonic speeds can also be said to be 
flying at supersonic speeds. 

A sonic boom is a 
loud, thunder-like 
noise heard by a 
person on the 
ground when an 
aircraft flies 
overhead at 
supersonic 
speeds.

THE SPEED OF 
LIGHT

As far as we know, all types of electromagnetic radiation, 
including visible light, move at one speed when in a vacuum. The 
speed of light in vacuum, commonly denoted c, is a universal 
physical constant important in many areas of physics. Its value is 
299,792,458 metres per second (this is often rounded up to 
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A United States Navy F/A-18E/F Super Hornet 
in transonic flight

A sonic boom visualised



300,000,000 m/s or 300,000 km/s.). That speed is really, really, 
really fast, but even when you're traveling that fast, it takes a 
while to get places in space. It takes about eight minutes for light 
from the Sun to reach Earth. It takes over four years for the light 
from our Sun to get to the nearest star. It would take a particle of 
light over 100,000 years to get from one side of our galaxy to the 
other side. All of those values are light moving through a vacuum. 
You can slow light down in other substances such as the 
atmosphere, water, or a diamond. Light moves at about 
124,000,000 metres per second (less than half the speed in a 
vacuum) in a diamond.

The speed of light is also the fastest possible speed at which 
energy or information can travel in the entire universe!

Travel Times for Light

Distance Time

The Earth to the Moon 1.255 seconds

The Sun to the Earth 8.3 minutes

Our Sun to the Next Closest Star 4.24 years

Across our Milky Way Galaxy 100,000 years

To the Closest Spiral Galaxy 
(Andromeda) 2.5 million years

Edge of the Known Universe to 
Earth 13.7 billion years
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A scale model of the Earth and the Moon, with a beam of light traveling between them at the speed of light. It takes approximately 1.26 seconds.

Animation 5.6 Speed of light from Earth to Moon



When scientists study waves they also calculate attributes of the 
waves other than their speed. It is possible to calculate a waves 
frequency and wavelength using a formula known as the wave 
equation.

The Wave Equation is:

V = fλ

Where: 
v is velocity (metres per second) 
f is frequency (in hertz)  
λ is wavelength (in metres)

For example, if a wave had a frequency of 100 Hz and a 
wavelength of 5cm or 0.05m then its velocity would be:

v = f x λ = 100Hz x 0.05m = 5m/s

Another formula that is used to calculate properties of waves is:

T = 1/f     or     f = 1/T

Where: 
T is the period (in seconds) 
f is frequency (in hertz)

For example if the period is 0.5 seconds then the frequency will 
be:

f = 1 / T = 1 / 0.5 = 2 Hz
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Explanation 5.14 How do scientists calculate a waves 
speed?

Explanation 5.15 How do scientists calculate the 
properties of waves?

Using dot points, 
summarise 
the contents 
of this section.



QUESTIONS (Show your working)

1. If you have seen an old ‘Cowboys and Indians’ movie, you might have seen someone get off their horse and put their ear to the 
ground, when being chased. Explain why they did this rather than simply stopping and listening. (Hint: sound travels faster in rock 
than air).

2. If you are swimming underwater at the beach and someone knocks two rocks together under the water, you can hear it even more clearly and 
quickly than you normally can. Explain why.

3. Calculate the distance travelled by a sound wave travelling in 20°C air for 5.4 seconds.

4. Calculate the distance travelled by a sound wave travelling in sea water for 1.6 seconds.

5. A sound wave travels a distance of 11,988m in 3.7 seconds. What substance is it probably travelling through?

6. Joe and Jill are watching a storm (with fork lightning). Jill tells Joe that she can accurately measure the distance from the lightning bolt to where 
they are standing. To do this she uses a stop watch to measure that it takes 4.37 seconds to hear the thunder.
a. Explain, in terms of waves, why Jill saw the lightning before she heard it.
b. Jill then does a calculation to work out the distance from the lightning bolt. Her answer was 1500 metres. Is she correct? Support your answer 

using a relevant calculation.

7. Paige observes that 8 waves (ripples) arrive at the beach in 4 seconds.
a. What is the frequency of the waves?
b. What is the period of the waves?

8. A wave generator in a ripple tank produces 15 wave pulses in 3.4 seconds.
a. What is the frequency of the waves?
b. What is the period of the waves?
c. The same wave generator is shown to produce waves with a wave length of 2.3 cm. What is the velocity of the wave (in m/s)?

9. A sound wave is found to have frequency of 700Hz and a wavelength of 0.5 metres.
a. What is the velocity of the sound wave?
b. What is the period of the sound wave? 

10.A sound wave travelling in wood is known to have speed of 4000 m/s. If the frequency of the wave is 812 Hz, find the wavelength.
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EXPERIMENT: THE SPEED OF ELECTROMAGNETIC WAVES  
[To be performed under teacher direction in a science laboratory]

Aim: To discover the speed of electromagnetic waves like visible light or microwaves.

Materials: a bar of chocolate on a ceramic plate (or a ceramic tray of marshmallows or cheese on toast), a ruler, a microwave oven, pen, paper, calculator.

Method:
1. Look on the back of your microwave, inside the door, or in the instruction manual to find the frequency of your microwave. For most microwaves this will 

be 2.45GHz.
2. Take the turntable out of your microwave oven – the bar of chocolate needs to be perfectly still not spinning.
3. Put the chocolate on a ceramic plate. 
4. Put the plate in the corner of the microwave so it doesn't move while the microwave is on. 
5. Cook the chocolate on high power until it starts to melt in two or three spots - this usually takes about 40 seconds. You should stop after 60 seconds for 

safety. 
6. Remove the chocolate from the microwave and measure the distance between neighbouring globs of melted chocolate. If you can't see the globs straight 

away you should be able to gently feel where the melted spots have formed, but be careful not to burn your fingers.
7. Measure the distance between melted spots in metres. Multiply this by two to calculate the wavelength (Eg. 6cm apart x 2 = 12cm this equals 0.12m).
8. Work out the frequency of your microwave in Hz. To write 2.45GHz in Hz you will need to multiply it by 1 000 000 000. 2.45GHz is 2 450 000 000Hz. 
9. Use the wave equation (V = fλ) to get the speed of light - multiply the wavelength (in metres) by the frequency of the microwave (in Hz).

Results: 
Draw a diagram of your melted chocolate. 
Include all of your calculations.

Discussion:
• Explain what you observed during this experiment.
• Describe your results in words.
• Explain why you think your result did not (in all likelihood) equal the actual precise speed of 

light, 299,792,458 m/s.
• Research and explain how microwave ovens heat food.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Summarise the results of this experiment.
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Section 9

Sound and Light Review
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FURTHER ACTIVITIES

• Design an A4 slogan/advert aimed at preschool children 
that makes them think about being sun-smart.

• Research the doppler effect and some of its uses.

• Investigate the sound-proofing properties of a variety of 
materials.

• Find out how a rainbow forms with respect to the refraction 
of sunlight in rain drops.

• Create a model of a working periscope to illustrate the 
principle of reflection.

• Find out how a kaleidoscope works and make your own.

• Research the ways that aircraft are designed differently to 
suit the different speeds they are capable of travelling at.

Review 5.1 Sound and Light Review

Check Answer

Question 1 of 40
Sound is an example of a(n):

A. Transverse wave

B. Compression wave

C. Ocean wave

D. Standing wave



Chapter 6

Heat and 
Electricity

Energy transfer through different mediums can be 
explained using wave and particle models.

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

• explore how and why the movement of energy 
varies according to the medium through which it is 
transferred.

• investigate the transfer of heat in terms of 
convection, conduction and radiation, and 
identifying situations in which each occurs.

• understand the processes underlying convection 
and conduction in terms of the particle model.

• investigate factors that affect the transfer of 
energy through an electric circuit.

9 stars available 
in this chapter



There are many different forms of energy:

• Magnetic energy is the energy in magnets and electromagnets.
• Kinetic energy is the energy in moving objects. Sometimes 

called movement energy.
• Heat energy, also called thermal energy, makes things hot.
• Light energy, also called radiant energy, is the energy of 

electromagnetic radiation.
• Gravitational potential energy is the stored energy in raised 

objects.
• Chemical energy is the stored energy in fuel, foods, batteries 

and other chemicals.
• Sound energy is that released by vibrating objects.
• Electrical energy is found in moving or static electric charges.
• Elastic potential energy is stored energy in stretched or 

squashed objects.
• Nuclear energy is stored in the nuclei of atoms.

Energy is able to move from one place to another. Consider 
sound energy being transported around a concert hall, light 
energy travelling through space from the sun or electrical energy 
travelling in the electrical wires of our homes.

When considering thermal energy, heat can move from one place 
to another in three ways:

Conduction is the transfer of energy through matter from 
particles that are in direct contact with each other. It is the 

Section 1

How do things get hot?
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Air particles are heated and carry this heat upwards via convection, heat 
is conducted along the metal rod and radiant heat moves away in all 
directions.

Forms of heat transfer



transfer and distribution of heat energy from atom to atom within 
a substance. For example, a spoon in a cup of hot soup becomes 
warmer because the heat from 
the soup is conducted along the 
spoon. Conduction is most 
effective in solids-but it can 
happen in fluids. The better the 
conductor (e.g. metals), the more 
rapidly heat will transfer. Materials 
that are poor conductors are 
called insulators (e.g. 
polystyrene).

Have you ever noticed that metals 
tend to feel cold? Believe it or not, 
they are not colder! They only feel 

colder because they conduct heat away from your hand. You 
perceive the heat that is leaving your hand as cold.

Convection is the transfer of heat 
by the actual movement of the 
warmed matter. Heat leaves a 
coffee cup as the currents of 
steam and air rise. Convection is 
the transfer of heat energy in a 
gas or liquid by movement of 
currents. As a gas or a liquid is 
heated, it warms, expands, and 
rises because it is less dense. 
When the gas or liquid cools, it 
becomes denser and falls. As the 
gas or liquid warms and rises, or 
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As heat is applied to a conducting substance (like metal) the particles vibrate more, passing on the energy to the 
surrounding particles. This process continues along the conducting material.

Conduction

See how convection, conduction and radiation transfer heat.

Explanation 6.1 Heat Transfer



cools and falls, it creates a convection current. Birds use 
convection currents to reach higher altitudes. Convection 
currents (thermals) are updrafts of warm air caused by the sun 
heating the ground; the ground re-radiates the heat which warms 
the air above it, causing it to rise.

Radiation occurs when electromagnetic waves directly transport 
energy through space. When electromagnetic waves come into 
contact with an object, the waves transfer radiant heat to that 
object. Sunlight is a form of radiation that is radiated through 
space to our planet without the aid of any matter. The energy 
travels through the vacuum of space! Just think of it! The sun 
transfers heat through 150 million kilometres of space. Because 
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QUESTIONS

1. In each of the following situations, identify the method 
of heat transfer taking place (conduction, convection, 
radiation).
a. Hot coffee is stirred with a spoon, the spoon gets hot due to 

__________ ?
b. A chair is placed several feet from a fire in a fireplace. The 

fireplace has a glass screen. The side of the chair facing the 
fireplace gets warm because of __________ ?

c. Near the ceiling of a room the air is warmer. The warm air rises 
because of __________ ?

d. A certain type of stainless steel cookware has a layer of copper 
applied to the bottom to help it heat evenly. The copper transfers 
heat to the pan by __________ ?

e. In a swimming pool, the water near the surface is slightly warmer. 
The warm water rises because of __________ ?

f. The metal skewer gets so hot that you drop your marshmallow in 
the campfire because of __________ ?

2. Where is the best place to put the heating element in a kettle? 
Explain your answer.

3. What is the advantage of using a metal cooking pot rather than a clay 
one? 

4. Find out the features of a Thermos or vacuum flask that enable it to 
retain heat well.

5. To prevent hypothermia after a marathon, officials sometimes wrap 
the runners in space blankets as they finish. Find out why space 
blankets are silvered?

An infra-red camera shows that all objects give out infra-red 
electromagnetic rays. Hotter objects give out more infra-red 
rays than cooler ones. These appear brighter on the image.

Thermographic image of a ring-tailed lemur



there are no solids (like a huge spoon) touching 
the sun and our planet, conduction is not 
responsible for bringing heat to Earth. Since 
there are no liquids or gases (like air and water) in 
space, convection is not responsible for 
transferring the heat. Thus, radiation brings heat 
to our planet.

Humans have a core body temperature of about 
37°C, maintained by the heat generated by the 
chemical reactions in our body. Your body 
continually loses heat to the environment via 
radiation, convection and conduction but only if 
the air temperature is lower than body 
temperature. When air temperature is at or above 
37°C the body perspires and loses heat through 
evaporative cooling. If the body gets too hot, 
heat exhaustion or heatstroke can occur.

EXPERIMENT: EXPLORING INSULATORS
[To be performed under teacher direction in a science laboratory]

Aim: To discover how to best insulate a cup of hot water so it retains its heat.

Materials: Glass cup, plastic cup, polystyrene cup, paper cup, aluminium foil, kettle 
(for hot water), thermometer, various fabrics, stopwatch.

Method:
Design your own experiment to test the insulating properties of various cups AND 
ALSO design and construct a cup that will have super insulating properties and 
compare your design to standard cups.

Results
Create appropriate tables and graphs to illustrate your results.

Discussion:
• Write a detailed description of your results.
• Explain what properties of the cups made them better or worse insulators.
• Discuss why tea cups are very rarely made of metal.
• Discuss anything you could have done better when 

performing this experiment.

Conclusion:
Summarise the things you discovered by performing this 
experiment.
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PROJECT - Using the sun’s energy to heat

In this activity you 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.

1



Have you ever combed your hair and had it follow the comb or 
have you ever rubbed a balloon over your head and have your 
hair stand straight up on your head? If so, you rubbed electrons 
off the comb or balloon. The electrons moved into your hair from 
the comb or balloon. They tried to get far away from each other. 
They moved to the ends of your hair. They pushed against each 
other and made your hair move - they repelled each other or 
pushed each other away because their negative charges repelled 
each other.

In atoms, the electrons near the nucleus are held tight to the 
atom while sometimes the ones further out are not. These 
electrons can be made to move 
out of their orbits. Moving 
electrons create electricity. So 
electricity is really a form of 
energy caused by the existence 
of charged particles (normally 
negatively charged electrons). 
Electrons can either accumulate 
to create static electricity or 

they can flow along a wire in the form of an electric current.

Section 2

What is electricity?
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ACTIVITY - Static Electricity

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

Part 1 - Rub the balloon with the fabric (or your hair) at least 20 
times then try to stick it to the roof (or wall).

Part 2 - Rub the plastic comb with the fabric in the same 
direction at least 20 times and move it close towards the stream 
of tap water - MAKE SURE THE COMB DOESN’T TOUCH THE 
WATER.

What did you observe?

Explain your observations in terms of the movement of 
electrons and repulsion or attraction.

Lightning is one of the most 
dramatic effects of electricity.



Electricity is not new and not just man made. Lightning is 
electricity. It is electrons moving from one cloud to another or 
moving between the clouds and the ground. Or have you ever felt 
a shock after walking across the carpet or jumping off a 
trampoline? A bunch of electrons jumped between you and 
another object. This kind of electricity is called static electricity.

Most of the electrical devices you use as well as all electrical 
wires in the home are arranged in an electric circuit. These 
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.
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Power Supply
Load

Switch

Interactive 6.1 The parts of an electrical circuit

How do different charged particles flow?

Explanation 6.2 What is electricity?



Often when scientists draw electric circuits they use circuit 
symbols to create circuit diagrams instead of drawing actual 
pictures of batteries and light globes. This makes the 
communication of electrical circuits a lot easier.

A major feature of energy is that it readily changes from one form 
to another. Rub your hands together and you will notice the 
conversion of motion energy to heat. You were able to rub your 
hands because your body converted the chemical energy in food 
into motion energy. These kinds of changes in the forms of energy 
happen within and outside us all the time.

The topic of electricity provides many examples of energy 
changing forms. For example, before electricity even arrives at 
your house it has been generated from another form of energy. 
This could have been any one of --- coal power stations, nuclear 
power stations, hydroelectricity generators, wind turbines, tidal 
power or solar power.

An electric heater, oven, clothes dryer or a clothes iron provide 
examples of devices that maximise the conversion of electricity to 
heat. Many household appliances and devices focus on 
converting electricity to motion. Obvious ones include electric 
beaters, blenders, or toothbrushes.
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A collection of basic circuit symbols

How does coal generate electricity?

Explanation 6.3 Coal-fired power station



The first type of light globe made was an 
incandescent light bulb. These get white 
hot because of the electricity flowing 
through an electric element called a 
filament. It gets so hot that it glows giving 
off light. Thus, in a light bulb, electrical 
energy is changing to heat and 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 
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.

LEDs or Light Emitting Diodes are also an extremely efficient 
form of lighting.
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QUESTIONS

1. Draw a basic circuit diagram containing a battery, a light 
globe and a switch.

2. Research and then create a table to compare the energy 
efficiency and costs associated with incandescent, 
fluorescent and LED lighting.

3. Think of and name a ‘load’ that is designed to convert 
electrical energy into: 
(a) light 
(b) sound  
(c) heat 
(d) movement

Explore the basics of electric circuits.

Explanation 6.4 Electric circuits

Using dot points, 
summarise 
the contents 
of this section.



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?
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Electricity exists as a result of charged 
particles. Around your house these 
charged particles are electrons moving 
along wires. The charged particles can also 
be positively or negatively charged ions 
moving in a solution such as Lithium ions 
(Li+) in a Lithium Ion battery.

There are several key concepts to 
understand when learning about 
electricity ...

Current is electricity in motion. It measures 
the amount of electrons (or other charged 
particles) that can flow through a material 
in a given period of time. Current is like the 
amount of water flowing through a pipe 
which is resting on the slope of a hill. A 
certain amount of water will flow past a 
point in the pipe every second in the same 
way that some number of electrons will 
flow through a point in a wire every 

second. Electrical current is 
measured in amperes or "amps" for 
short.

Interestingly the scientific symbol for 
current is the letter ‘I’. Whereas the 
symbol for amps, the units which tell 
us how much current is flowing, is 
the letter ‘A’. This is similar to 
considering that the symbol for 
velocity is ‘v’ yet velocity is measured 
in units like ‘metres per second’. A 
current of 2 Amps can be written as 
2A.

But current cannot flow without 
voltage ...

Voltage is the electric force that 
causes free electrons to move around 
a circuit. In other words, voltage is 
the "energy per unit charge”.

Section 3

How is electricity measured?
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A typical multimeter includes basic features such 
as the ability to measure voltage, current, and 
resistance.

A multimeter



Just like water needs pressure to force it through a hose, or 
gravity to pull it down a hill in a pipe, electrical current needs 
some force to make it flow. A volt is the measure of this electric 
pressure.

Voltage is usually supplied by a battery or a generator.

The scientific symbol for voltage is the letter ‘V’, for Volts. A 
voltage of 3 volts can be written as 3V.

The bigger the voltage the higher the pressure and the 
more current flows. But in order for the current to flow, 
the electrical conductor or wire must loop back to the 

battery.

If we break the circuit, with a switch for example, then no current 
will flow.

Voltage is also known as potential difference because it measures 
a change in the potential (or stored) energy of electric charge as it 
moves between one place and another. When electric charge 
moves through a circuit, it gains electrical energy as it passes 
through the power supply. It loses the same amount of energy as 

it passes through the rest of the circuit. That is, the 
voltage gain across the power supply is equal to the 

total voltage drop across the rest of the circuit.
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Watch to gain an understanding of electric current.

Explanation 6.5 What is current?

See what gives electricity its push!

Explanation 6.6 What is voltage?



Now let's add one more factor to current and voltage: resistance.

We can extend the water analogy to understand resistance, too. If 
voltage is equivalent to the water pressure and the current is 
equivalent to the flow rate then the resistance is like the pipe size. 
Smaller and shorter wires have more resistance than wider and 
longer wires because the current has a "tighter" space to move 
through.

The scientific symbol for resistance is the letter ‘R’. Resistance is 
measured in Ohms with the symbol ‘Ω’. So 5 Ohms can be 
written 5Ω.

When you turn down a dimmer light or the volume of a television 
you are changing the voltage and the current flowing through 
parts of the electric circuits inside. The volume dial or sliding 
knob is part of a variable resistor. Meaning that the resistance 
they provide to the circuit can change.

Resistance also tell us how tight the particular material is holding 
its electrons. 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. They are called insulators and do not have 
free flowing electrons.

An electrical cord has a plastic coating which is the 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!

A device called an ammeter is used to measure current. Some 
types of ammeter have a pointer on a dial, but most have a digital 
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How is resistance like water flowing through different sized pipes?

Explanation 6.7 What is resistance?



readout. To measure 
the current flowing 
through a 
component in a 
circuit, you must 
connect the 
ammeter in series 
with it or in a row 
with it.

Voltage is measured 
using a voltmeter. 
Some types of 

voltmeter have a 
pointer on a dial, but 
most have a digital 
readout. To measure 
the voltage across a 
component in a 
circuit, you must 
connect the voltmeter 
in parallel with it such 
that the voltmeter 
‘straddles’ the 
component being 
measured.

The voltage, current and resistance of a circuit can be calculated 
precisely using a very special formula know as Ohm's law. Ohm’s 
law states:

V = IR   or   R = V/I   or   I = V/R

Where: 
R is resistance measured in ohms (Ω) 
V is voltage measured in volts (V)  
I is current measured in amperes (A)

Ohm’s law illustrates that resistance, voltage and current are all 
related to each other in an electric circuit. Using our water 
analogy we can see the way they are related ...

Ammeters must be connected in series 
(in a row) to measure electrical current.

Connecting an ammeter

Voltmeters must be connected in 
parallel to measure voltage.

Connecting a voltmeter
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Se how Ohm’s law can be used to learn more about electric circuit 
properties.

Explanation 6.8 What is Ohm’s law?



Let's say you have a tank of pressurised water connected to a 
hose that you're using to water the garden. If you increase the 
pressure in the tank, more water comes out of the hose, right? 
The same is true of an electrical system: Increasing the voltage 
will result in greater current flow.

Now say you increase the diameter of the hose and all of the 
tank's fittings. This adjustment would also make more water 
come out of the hose. This is like decreasing the resistance in an 
electrical system, which increases the current flow.

Of course we can also use Ohm’s Law to calculate a circuits 
current, voltage or resistance. For example, a torch globe carrying 
an electric current of 300 mA (0.3 A) with a voltage of 3 volts 
therefore has a resistance of:

R  =  V / I  
R  =  3V / 0.3A 
R  =  10 Ω

Or a circuit with a resistance of 15 Ω and a current of 0.5 A would 
have a voltage of:

V = IR
V = 0.5 A x 15 Ω
V = 7.5 V

184

QUESTIONS (Show your working)

1. Define current, voltage and resistance in your own 
words.

2. A toy robot uses a standard 1.5 V battery. How much 
resistance is in the circuit if it uses a current of 0.01 A?

3. What current flows through a hair dryer plugged into a 
110 Volt circuit if it has a resistance of 25 ohms?

4. A 12 Volt car battery pushes charge through the headlight circuit with a 
resistance of 10 ohms. How much current is passing through the 
circuit?

5. An electric heater works by passing a current of 100 A though a coiled 
metal wire, making it red hot. If the resistance of the wire is 1.1 ohms, 
what voltage must be applied to it?

6. A subwoofer needs a household voltage of 110 V to push a current of 
5.5 A through its coil (circuit).  
What is the resistance of the 
subwoofer?

7. Find the applied voltage of a telephone 
circuit that draws 0.017 amperes 
through a resistance of 15,000 ohms. 

8. Suppose you did an experiment with a 
simple circuit and got the following 
data. Plot the data in the table on a 
graph.

Voltage (V) Current 
(A)

0.65 0.12

1.41 0.29

2.55 0.51

3.28 0.67

4.11 0.81

6.15 1.23

Using dot points, 
summarise 
the contents 
of this section.



EXPERIMENT: EXPLORING OHMS
[To be performed under teacher direction in a science laboratory]

Aim: To investigate the voltage drop across and the current flowing through a resistor, 
and hence explore Ohm’s law.

Materials: Power supply, 2 multimeters (or an ammeter and a voltmeter), 10Ω resistor, 
two or three other unknown resistors, connecting wires.

Method:
1. Connect the 10Ω resistor as shown in the diagram with the power supply set to 2V.
2. Switch on the power supply and take readings from the ammeter and voltmeter then 

switch off the power supply again.
3. Change the voltage to 4V and 6V repeating step 3 each 

time.
4. Complete the results table as you go.
5. Repeat step 3 and 4 for the unknown resistors.

Results
Complete the following table to illustrate the resistance of the 
unknown resistors.

Discussion:
• Write a detailed written description of your results.
• What were the actual resistance values for your unknown 

resistors and how close were the values you obtained.
• Discuss anything you could have done better during this experiment.

Conclusion:
Summarise the things you discovered by performing this experiment.

Resistor Voltage (V) Current 
(mA) Current (A) Resistance 

(V/I)

10Ω 2 V

10Ω 4 V

10Ω 6 V

Unknown 1

Unknown 2
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A motherboard is a printed circuit that is the foundation of a 
computer. When we consider the complexity of printed circuit 
boards (PCBs) in the wide array of electronic equipment, it is 
clear that there are many, many different types of electric circuits.

While we are able to create extremely complex electrical circuits, 
when we look closely we find that there are normally two different 
ways to connect the components of an electrical system 
together.

These two types of electric circuit are called series and parallel.

When several light globes (or other electrical components) 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 globes in 
series, all the other globes will be turned off. This is because if 
you stop the current flowing through one globe, the current 
flowing through all the other globes must stop. Also, if one globe 
in a series circuit 'blows' (i.e. stops working) all the other globes 
will stop working since the blown globe will halt the flow of 
electricity in the circuit. For example, if even one of the light 

globes in an older-style series string of Christmas tree lights 
burns out or is removed, the entire string becomes inoperable 
until the globe is replaced.

Section 4

Are there different types of electric circuits?
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A series circuit (left) has all globes in a row, the parallel circuit 
(right) has the globes along different parts of the conducting path.

Types of electrical circuits



When several globes 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 globe 
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.

Another key 
difference between 
series and parallel 
circuits is the 
different way that 
current flows through 
the circuits as well as 
the differences in 
how much voltage is 
available to power 
the various loads in 
the two types of 
circuits.

Consider a circuit 
with a 6V battery 
creating a current of 

0.4A. The current in 
a series circuit goes 
through every 
component in the 
circuit as there is 
only one path in the 
circuit in which the 
current can flow. 
Therefore, all of the 
components in a 
series connection 
carry the same 
current, 0.4A.

However, in a series 
circuit with two 
globes each electron 
can only give each 
globe half its energy. 
As a result each 
globe receives 3V of energy. If we added two more globes for a 
total of four, the voltage drop would be a quarter or 1.5V across 
each bulb, which may not be sufficient to make them glow.

If the light bulbs are connected in parallel, the current will split 
(and recombine) at the brach points. Thus - adding the current 
through each of the light bulbs will reveal the total current from 
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In a parallel circuit the current splits to travel 
each part of the circuit while the electrons 
still give each globe their full energy, thus 
each globe receives the full voltage of the 
power supply.

Voltage and current in a parallel circuit

In this series circuit the flow of charge, or 
the current, travels though each part of the 
circuit while the electrons only give each 
globe half their full energy, thus each globe 
receives only half the voltage of the power 
supply.

Voltage and current in a series circuit



the battery. In other words, the total current is the sum of the 
currents through the individual components.

In our example, a 6V battery pushing out 0.4A of current to two 
globes in parallel will result in 0.2A of current flowing through 
each battery while the voltage drop will be the full 6V across each 
globe and they will all glow at maximum brightness. Adding 
additional globes wont affect the 
brightness, but the current will 
continue to be split across the 
globes.

188

QUESTIONS

1. An apprentice electrician has designed a lighting circuit 
diagram (shown below) for a new house. Explain what is 
wrong with this circuit design.

2. If a series circuit with four globes was powered by a 12V battery and 
0.2A of current was flowing out of the battery, how many amps and volts 
would be available to each globe?

3. If a parallel circuit with four globes was powered by a 12V battery and 
0.2A of current was flowing out of the battery, how many amps and volts 
would be available to each globe?

4. In a kitchen there are eight light globes, one switch turns on four of 
them and another switch turns on the other four. Create a circuit 
diagram of this circuit.

5. In a science laboratory there are two light globes which are turned on by 
one switch, two different pieces of scientific equipment which need to 
be turned on separately and a master switch which turns everything off 
in an emergency. Create a circuit diagram of this circuit.

Explore variations in different types of electric circuits.

Explanation 6.9 How are series and parallel circuits 
different

Using dot points, 
summarise 
the contents 
of this section.



EXPERIMENT: EXPLORING CIRCUITS
[To be performed under teacher direction in a science laboratory]
Aim: To compare the characteristics of series and parallel circuits.

Materials: Power supply, 2 multimeters (or an ammeter and a voltmeter), electrical 
wires, 2x small light globes, switch.

Method:
1. Ensure the power supply is off prior to any circuit rearrangements!
2. With the power supply off, connect the first electric circuit together as per the 

series diagram.
3. Turn on the power to 6V and measure the current (in amps or milliamps) for the circuit (therefore each globe) 

and the voltage (in volts) for each globe. Record all readings and record your observations about the 
brightness of the globes.

4. Introduce a switch into the circuit in an attempt to turn off only one globe - is this possible in a series circuit?
5. Turn off the power supply and connect the second (parallel) electric circuit.
6. Turn on the power to 6V and measure the current (in amps or milliamps) for each of the globes in the circuit as well as the voltage (in volts) 

for each globe. Record all readings and record your observations about the brightness of the globes.
7. Introduce a switch anywhere into the circuit in an attempt to turn off only one globe - is this possible in a parallel circuit?
Results
Create an appropriate table to record your results.

Discussion:
• Write a detailed description of your results.
• Did anything surprise you about your results.
• Explain why parallel circuits are the best type of circuit to use for your home wiring.
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Summarise the things you discovered by performing this experiment.

CIRCUIT Globe 1 
current (A)

Globe 2 
current (A)

Globe 1 
voltage (V)

Globe 2 
voltage (V)

Other 
observations

Series

Parallel

Parallel circuitSeries Circuit
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PROJECT - A Solar Powered Car

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 series 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 and write a report or film a news report to explain your success. 1



Section 5

Heat and Electricity Review
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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 to create a circuit diagram encompassing every single 
electrical device in your entire house!

• 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.

Review 6.1 Heat and Electricity Review

Check Answer

Question 1 of 22
Heat from the sun travels to heat by a process 
called:

A. convection.

B. conduction.

C. radiation.

D. all of the above.



Chapter 7

Ecology

Ecosystems consist of communities of 
interdependent organisms and abiotic components 
of the environment; matter and energy flow through 
these systems.

Chemical reactions, including combustion and the 
reactions of acids, are important in both non-living 
and living systems and involve energy transfer.

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

• compare respiration and photosynthesis and their 
role in biological processes. 

• explore interactions between organisms such as 
predator/prey, parasites, competitors, pollinators 
and disease.

• examine factors that affect population sizes such 
as seasonal changes, destruction of habitats, 
introduced species.

• consider how energy flows into and out of an 
ecosystem via the pathways of food webs, and 
how it must be replaced to maintain the 
sustainability of the system.

• investigate how ecosystems change as a result of 
events such as bushfires, drought and flooding.

17 stars available 
in this chapter



There are millions and millions of different species of organisms 
sharing our planet. While a singled celled bacterium is very 
different from a giant eucalyptus tree which is very different again 
from a cuttlefish, they all share some common characteristics.

No living thing lives forever so they all need to reproduce. All 
organisms grow and they all need to get rid of waste products. 
Living things also need a source of food or nutrients.

The way that different organisms obtain the nutrients they need is 
radically different but we can classify all living things into two 
groups with regard to how they obtain food ...

Heterotrophs obtain nutrients by eating or consuming other 
organisms and are also referred to as consumers. Animals are 
heterotrophs but if they were rooted to the spot like plants they 
would very quickly eat all the organisms within their reach and 
then go hungry. As such most animals move around to maximise 
their food supply.

Section 1

Why is grass green?
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A deep sea hydrothermal vent

Explanation 7.1 What is Ecology?



Autotrophs actually make their own food from the simple 
molecules that they obtain from their environment. As autotrophs 
produce their own food they are also called producers.

To make their own food, autotrophs need a source of energy. A 
very small percentage of autotrophs get this energy from 
chemical reactions at the very bottom of the ocean - a process 
called chemosynthesis. Down in the deepest darkest oceans 
where we would expect there to be no life due to the complete 
darkness and extreme pressure, we actually find entire 
ecosystems! 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.

Of course most autotrophs are simply plants and they get their 
energy from the sun. Most plants have a number of things in 
common. These include:
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A breathtaking look at some of the organisms that live 
in the depths of the ocean.

Movie 7.1 What is at the bottom of the ocean?

Photosynthesis



• roots and root hairs that absorb nutrients from the soil.

• stems which transport nutrients and water up (and down) the 
plant; nutrients travel in tubes called phloem, water in tubes 
called xylem.

• and of course leaves. Leaves have stomata, which are tiny 
pores through which oxygen and carbon dioxide enter and exit 
a plant. The leaf is also where a very special reaction called 
photosynthesis takes place.

Photosynthesis is an extraordinarily important reaction for nearly 
all life on earth. First and foremost photosynthesis is how plants 
make their own food. To do this they need to have three things ... 
Carbon Dioxide, Water, and Light.

When plants are bathed in sunlight they use carbon dioxide and 
water to create glucose, a type of sugar. So really, photosynthesis 
converts the energy found in sunlight into a form of energy that 
can be used by living things in the form of glucose. Plants use 
glucose as a source of energy and also as a building block to 
make more plant tissue.

Of course animals eat plant tissue as their source of food so we 
can see that if some catastrophe occurred and photosynthesis all 
of a sudden stopped, all plants on earth as well as all organisms 
that eat those plants would die !!!

Photosynthesis occurs in special components of plant cells called 
chloroplasts. These contain a green pigment called chlorophyll 
which traps sunlight. It is this green pigment, chlorophyll, which 
makes both grass and the leaves of trees green.

The chemical reaction for photosynthesis is:

Carbon Dioxide + Water [+ Light energy] → Glucose + Oxygen

The above reaction is technically a simplified representation of 
what goes in at the start and what come out at the end of a series 
of more complex chemical reactions.
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Explanation 7.2 Explore photosynthesis



ACTIVITY - Observing Chloroplasts

[To be performed under teacher direction in a science laboratory]

You will need:
• Elodea leaf
• Microscope
• Microscope slide and 

cover slip

Step 1: Place one elodea 
leaf on a microscope 
slide and place a 
coverslip on top. [NOTE: 
Be extremely careful with 
the slides and coverslips as they can break very easily!]

Step 2: Place the prepared slide from step 1 under a microscope and 
observe the elodea leaf at a variety of different magnifications.

QUESTIONS

1. Which magnification gave the best view of the elodea leaf and its 
components?

2. Write a detailed description of what you observed, number of 
chloroplasts per cell, their colour as well as anything else about 
the elodea cells?

3. Draw a labelled diagram of what you saw down the microscope.
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QUESTIONS

1. Make a list if at least 5 different 
heterotrophs and 5 different 
autotrophs.

2. The autotrophic bacteria that live 
around hydrothermal vents are an example of an 
extremophile. Research one other extremophile and 
then explain what an extremophile is.

3. Create a venn diagram comparing autotrophs and 
heterotrophs.

4. Research an draw a picture of a glucose molecule.
5. The leaves of plants are rich with chloroplasts 

whereas the roots of plants have no chloroplasts, 
explain why plants evolved these features.

6. Research the current estimate of the number of 
different organisms on our planet.

Using dot points, 
summarise 
the contents 
of this section.



EXPERIMENT: EXPLORING PHOTOSYNTHESIS
[To be performed under teacher direction in a science laboratory]

Aim: To collect and test the gas produced by a plant as a result of photosynthesis.

Materials: Elodea (or other pondweed), test tube, funnel, large container or beaker, strong lamp, 
marker, sodium bicarbonate, spatula, matches, wooden splint.

Method:
1. Place the elodea on the bottom of the large water filled container.
2. Place a spatula of sodium bicarbonate into the water to increase the carbon dioxide level.
3. Cover the elodea with an inverted funnel and test tube ensuring the funnel and test tube are 

both filled with water. See diagram. It is also possible to insert the elodea into an inverted water filled test tube in a water filled beaker.
4. If the test tube is not completely full of water (it can be tricky) mark the water level.
5. Place the set-up in direct sunlight or point a powerful lamp at it.
6. Leave for a day or more.
7. Light a wooden splint such that it glows red hot and place it over the opening of the test tube to observe the effect the trapped gas has on 

the splint.

Results
Draw a detailed labelled diagram of the experiment set-up after waiting a day or more, paying particular attention to the change in the volume 
of gas at the top of the test tube. Also describe what happened to the splint when exposed to the trapped gas (carbon dioxide will cause the 
splint to go out, oxygen will cause the splint to flare up).

Discussion:
• Write a detailed description of your observations.
• Explain how this experiment provides evidence to prove the chemical reaction for photosynthesis: 6CO2 + 6H2O → C6H12O6 + 6O2. 

Consider both the reactants (inputs) and products (outputs) in your explanation.
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Summarise the results of this experiment and what it proves.
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The Sun is a star. It is a rather ordinary star - not particularly big 
or small, not particularly young or old. But it is absolutely vital for 
all life on earth. It is the source of heat which sustains life on 
earth and the light that it shines on earth also enables 
photosynthesis to happen inside the chloroplasts of the cells of 
every single plant on our planet.

Photosynthesis produces a simple sugar molecule called glucose 
and plants use this to build other molecules and subsequently 
grow. Of course the animals that eat plants and the animals that 
eat those animals rely on this 
process very much too.

Along with enabling organisms to 
grow, glucose is a vitally 
important molecule for living 
things in its role as an energy 
storing compound. The chemical 
energy glucose contains is crucial 
for maintaining regular cellular 
functioning.

Unfortunately, the chemical energy stored in glucose is not able 
to be immediately used by cells. The energy needs to be 
released by an extremely important process called cellular 
respiration.

Cellular respiration releases the chemical energy stored in 
glucose and in doing so generates the energy currency of cells, a 
molecule called adenosine triphosphate or ATP.

All cells need energy to live and ATP is to a cell as petrol is to a 
car. Without ATP a cell would simply cease to function and die!

The cells in organisms are 
constantly performing a wide 
range of chemical reactions to 
grow and function. These 
reactions are collectively known as 
metabolism. Many, many of these 
reactions require energy and thus 
cells use up ATP constantly. As a 
result it needs to be constantly 
replenished by cellular respiration.

Section 2

What type of energy powers all living cells?

198ATP, the energy molecule of the cell.

Adenosine triphosphate (ATP)



There are two types of cellular respiration:
•  Aerobic (meaning ‘with oxygen’) cellular respiration, and
•  Anaerobic (meaning ‘without oxygen’) cellular respiration

Aerobic cellular respiration requires oxygen and is represented 
by the following chemical reaction:

Glucose + Oxygen → Carbon Dioxide + Water [+ Energy]

C6H12O6 + 6O2 → 6CO2 + 6H2O [+36-38 ATP]

The above reaction is technically a simplified representation of 
what goes in at the start and what come out at the end of a series 
of more complex chemical reactions.

Anaerobic cellular respiration occurs in the absence of oxygen 
and is different in both plants and animals

In animals anaerobic respiration can be represented as:  
Glucose  →  Lactic Acid  +  Energy

In plants and yeast anaerobic respiration can be represented as:  
Glucose  →  Ethanol  +  Carbon Dioxide  +  Energy

Aerobic respiration produces much more energy, or ATP 
molecules, than anaerobic respiration. For every molecule of 

glucose that is broken down in the presence of oxygen by aerobic 
respiration, 36-38 ATP molecules are produced. By contrast, 
anaerobic respiration produces only 2 ATP molecules.

While aerobic respiration produces considerably more energy 
than anaerobic respiration, anaerobic respiration produces energy 
more quickly.
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Mitochondria (plural) are the parts of cells where aerobic 
cellular respiration takes place.

A Mitochondrion
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QUESTIONS

1. Find out the name of the 
molecule that adenosine 
triphosphate (ATP) breaks down to when it 
provides energy to a cell.

2. Define metabolism in your own words.
3. Explain how aerobic cellular respiration is 

similar to photosynthesis and how it is 
different.

4. Find out the full chemical equation (not word 
equation) for anaerobic cellular respiration in 
both plants and animals.

5. Create a venn diagram to compare aerobic and 
anaerobic cellular respiration.

Watch to learn about aerobic and anaerobic respiration.

Explanation 7.3 How do cells obtain energy?

Using dot points, 
summarise 
the contents 
of this section.
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EXPERIMENT: CELLULAR RESPIRATION EXPLORED
[To be performed under teacher direction in a science laboratory]

Aim: To explore how the rate of cellular respiration can be varied in yeast and to analyse the 
products of cellular respiration.

Materials: Yeast, spatula, conical flasks, sugar, warm water, cold water, measuring cylinder, 
balloons, matches, wooden splint.

Method:
Design your own experiment to explore how the rate of cellular respiration can be varied. Yeast 
can remain in a state of ‘suspended animation’ until it is rehydrated (water added to it). In your 
experiment think about the amount of yeast, the amount of water, the amount (if any) of sugar, 
the temperature of the water and anything else. You will need to capture the gas produced in a balloon and test this using a glowing wooden 
splint. Smell the odour coming out of the flask to give you clues as to what substance was produced by the reaction. Also consider how you 
will record your results, in a table over time by measuring the changing circumference of the balloon or at the start and the end alone.
Results
You will need to draw a detailed labelled diagram of the experiment. Also consider how best to present your results in a table and possibly a 
graph (balloon circumferences vs time). Describe what happened to the splint when exposed to the trapped gas (carbon dioxide will cause 
the splint to go out, oxygen will cause the splint to flare up).

Discussion:
• Write a detailed description of your observations and what they tell us about cellular respiration in yeast.
• Yeast is capable of both aerobic and anaerobic respiration. Considering the type of gas produced and the odour of the contents of the 

flask, what were the products of the reaction and which type of respiration do you think took place in this experiment?
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Summarise the results of this experiment and what it proves.
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There are literally millions 
and millions of different 
species of organisms on 
earth. If we consider just 
one species, homo 
sapiens, we know that 
there are billions and 
billions of us on the planet. 
And if we think for just a 
second about the number 
of trees and insects and 
fish we can clearly see that 
there must be trillions and 
trillions of individual 
organisms sharing the 
planet earth.

Of course organisms do 
not live in isolation, they 
interact with other 
organisms to form what 

are called communities, they also interact with their physical 
surroundings. The living parts of the environment (plants, animals 
and microbes) are known as the biotic factors. The non-living 
components in an environment (things like air, water and soil) are 
known as the abiotic factors.

We call a community of different species of organisms together 
with their physical surroundings an ecosystem.

The study of ecosystems is called ecology. In fact, if you break 
the word ecology down "eco" means ‘house’ and "logos" means 
‘study of’. So, essentially ecologists study our house in the 

Section 3

How do organisms interact with each other?
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Ecologists learn about the full scale 
of life, from tiny bacteria to processes 
that span the entire planet.

Explanation 7.4 Learn about the basics of 
ecosystems



biggest sense, which is Planet Earth!

The global sum of all ecosystems on earth is called the 
biosphere. It can also be called the zone of life on Earth. This 
zone of life is vast. Most lifeforms live on or near the surface of 
Earth. However, some live deep within the hydrosphere (oceans, 
lakes and streams), while others thrive in the depths of the 
lithosphere (solid portion of Earth). For this reason, mapping the 
exact borders of the biosphere is quite challenging.

While many organisms in an ecosystem produce their own food 
(the producers or autotrophs), for example, photosynthetic 
organisms like plants. Other organisms must consume food (the 
consumers or heterotrophs). The interaction of eating or being 
eaten is the single most common way that organisms interact 
with each other in the environment.

There are many types of consumers and so many types of ways 
that organisms eat other organisms:

• Herbivore are animals that eats plants.

• Carnivores are animals that eat other consumers (if they eat 
live prey they are called predators).

• Omnivores eat both plants and animals.
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• Parasites live and feed on other organisms causing them harm.

• Scavengers consume dead animals.

• Detritivores eat small particles of dead plant and animal matter 
that accumulates as detritus, they also eat waste products (or 
poo). For example a worm.

• Decomposers are consumers that do not ingest food but 
instead break down dead material by excreting enzymes onto 
their food and then absorbing the digested food into their cells. 
For example a bacterium or fungus.

Of course animals don’t just eat each other they also interact in 
other ways. Sometimes different 
species of organisms live together 
in close physical proximity. These 
organisms are said to be living in 
symbiosis.

There are different types of 
symbiosis:

Mutualism: Symbiotic relationship 
where both organisms benefit. An 
example of mutualism is the goby 
fish, which sometimes lives 
together with a shrimp. The shrimp 
digs and cleans up a burrow in the 

sand in which both the shrimp and the goby fish live. The shrimp 
is almost blind, leaving it vulnerable to predators when above 
ground. In case of danger the goby fish touches the shrimp with 
its tail to warn it. When that happens both the shrimp and goby 
fish quickly retreat into the burrow. When it comes to humans, 
obvious symbiotic relationship examples arise from interactions 
with animals. Cats and dogs are great examples, they give love 
and affection to the owner, and they get shelter, food and proper 
care in return. Therefore, both species have something to gain 
from the process.

Commensalism: Symbiotic relationship where one organism 
benefits but the other neither benefits or is harmed. Birds foraging 

in fields among cattle is an example of 
commensalism. As cattle, graze on the 
field, they cause movements that stir up 
various insects in the grass. As the 
insects are stirred up, the birds following 
the cattle catch and feed upon them. The 
birds benefit from this relationship 
because the cattle have helped them find 
their meals, while the cattle are typically 
unaffected by it.

Parasitism: Symbiotic relationship where 
one organism benefits and the other is 
harmed. An example of parasitism would 
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The the clownfish and the sea anemone have a 
symbiotic relationship

Symbiosis



be a tapeworm living inside a human gut. The tapeworm feeds of 
the food in the gut at the expense of the human.

Pollination by animals is another example of an interaction 
between different organisms. The pollination of flowers by 
pollinators such as birds or bees is technically not symbiosis as 
the organisms don’t live together.

Another way that organisms interact with each other is by 
competing for the same resources. Interspecific competition is 
a struggle between organisms of different species for the same 
resources. This competition can limit the locations where a 
species can live. When different species are competing for the 
same resource it also limits the population growth for one or both 
species.
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QUESTIONS

1. Make a list of all of the biotic and abiotic 
factors in your garden at home.

2. Define mutualism, commensalism, 
parasitism in your own words.

3. Find one example each of an animal that is a herbivore, a 
carnivore, an omnivore, a parasite, a scavenger, a 
detritivore and a decomposer.

4. When ecologists classify ecosystems on a world-wide 
scale, they use the term ‘biome’. A biome is a broad 
category defined on the basis of climate. Biomes occur 
widely across the Earth, and each has a characteristic 
structure. For example, rainforest is a biome that occurs 
where rainfall is high and there is much plant life. Research 
the characteristics of at least three other biomes.

5. Research three parasites that can infect humans and list 
the adverse effects that they have.

6. The following elements are included in a desert ecosystem. 
Divide the list of elements into ‘biotic’ and ‘abiotic’ factors. 
frill-necked lizard, spinifex grass, water droplets condensed 
on plant leaves, soil, rabbits, heat, stones, termites, termite 
mounds, oxygen, wind, emu, marsupial mice, insects, 
flowering desert pea.

Explanation 7.5 How do organisms interact?

Using dot points, 
summarise 
the contents 
of this section.
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EXPERIMENT: EXPLORING AN ECOSYSTEM
[To be performed under teacher direction in a science laboratory]

Aim: To explore the abiotic and biotic factors in a pond ecosystem.

Materials: Pond water, thermometer, pH paper, water test kit (optional), microscope, microscope slide, coverslip, pencil.

Method:
1. Measure and record the temperature and pH of the pond water. If you 

have a water test kit available measure and record as many other abiotic 
factors as possible.

2. Try and identify some biotic factors with the naked eye and draw them 
using a pencil. Use the image at right to assist you to identify any 
organisms.

3. Place a drop of pond water on a microscope slide and cover with a cover 
slip. Observe the pond water using a microscope and draw a diagram of 
each organism you are able to find.

Results
Describe and record any measurements for the abiotic factors in the pond 
water. Draw diagrams of all of the biotic factors you were able to find in the 
pond water.

Discussion:
• Write a detailed description of your observations.
• Refer to your results to discuss whether you think the pond water you analysed was from a healthy or unhealthy pond ecosystem.
• Discuss anything you could have done better when performing this experiment.

Conclusion:
Summarise the results of this experiment.

2



All living things need a source of 
energy to survive. As the survival of 
organisms is so dependent on energy 
they must be able to obtain more 
energy all the time. Furthermore, as 
energy is used up it must be constantly 
replaced.

Producers need a constant source of 
energy, usually the sun or boiling-hot 
deep-sea vents. Consumers also need 
to get energy regularly by eating. As a 
result, the most important way that 
consumers need other organisms is for 
food, as a source of energy.

The sequence of who eats who in an 
ecosystem is called a food chain. A 
food chain starts with an organism that 
makes its own food, for example 
photosynthetic plants, like grasses, 
that make their own food from 

sunlight, or chemosynthetic bacteria 
that make their food energy from 
chemicals in hydrothermal vents. 
These organisms are called autotrophs 
or producers.

Next come organisms that eat the 
autotrophs; these organisms are called 
herbivores or primary consumers -- an 
example is a small bug that eats grass.

The next link in the chain is animals 
that eat herbivores - these are called 
secondary consumers, an example is a 
large beetle that eats small bugs.

Next up is a tertiary consumer - a frog 
that eats large beetles.

The tertiary consumers are are eaten 
by quaternary consumers -- an 
example is a snake that eats frogs. 
Each food chain end with a top 

Section 4

How does energy move between living things?
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A forest and a marine food chain



predator, and animal with no natural 
enemies (like an hawk, alligator, human, or 
polar bear).

The arrows in a food chain show the flow of 
energy, from the producer to the top 
predator.

In ecosystems there exist many interlinked 
food chains. A network of many food 
chains is called a food web. The position 
an organism holds in a food chain or web is 
called its trophic level. There can be many 
trophic levels in a food chain:

• Primary producers (organisms that make 
their own food from sunlight and/or 
chemical energy from deep sea vents) are 
the base of every food chain - these 
organisms are called autotrophs.

• Primary consumers are animals that eat 
primary producers; they are also called 
herbivores (plant-eaters).

• Secondary consumers eat primary consumers. They are 
carnivores (meat-eaters) and omnivores (animals that eat both 
animals and plants).

• Tertiary consumers eat secondary consumers.

• Quaternary consumers eat tertiary consumers.

• Food chains "end" with top predators, animals that have little or 
no natural enemies.

208

A simple food web



When any organism dies, it is eventually eaten by detritivores (like 
worms) and broken down by decomposers (mostly bacteria and 
fungi).

The complexity of a food web gives an ecosystem its stability. In 
a simple food chain, the removal of one species (i.e. one link) has 
a disastrous effect on other organisms - the organisms ahead of it 
will starve to death and the ones below it may reproduce to 
plague proportions. The loss of one species from a complex web 
has less effect since alternative food sources are available.

About 90 per cent of the energy that an organism obtains is used 
up in regular life processes or lost as heat. As only about 10 per 
cent of the chemical energy is passed from one trophic level to 

the next, most food chains do not usually contain more than four 
or five trophic levels. The longer the food chain the more 
producers required to sustain it.

Ecological pyramids are a way to illustrate that due 
to the fact that most energy is lost in a food chain, 
many, many producer organisms are 
required to sustain secondary or 
tertiary level consumers.

209

Explanation 7.6 Watch to learn about food chains and 
webs



QUESTIONS

1. Create:
a. a food chain that ends with humans.
b. a food chain with five links.

2. Create a food web of a jungle, the Australian bush, your 
garden or a rock pool.

3. Consider a simple ecosystem consisting of a single food chain, where a 
crop plant is eaten by an insect (such as a grasshopper), which is eaten by 
a bird (such as a kestrel).
a. What might happen to the number of grasshoppers if the  

kestrels were killed?
b. What subsequent effect might there be on the crop?
c. If the ecosystem were more complex, with more food  

chains cross-linked in a food web, would the effect of killing one species 
of bird be the same as it is in the simple ecosystem? Explain your 
answer.

4. Describe what an ecological pyramid represents in your own words.
5. What would be the consequence if all photosynthesis occurring on earth 

came to an abrupt halt?
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PROJECT - Bioaccumulation

Bioaccumulation refers to the 
accumulation of substances, such as 
pesticides, in an organism. Create a 
presentation to explain the way that 
matter can move through food chains 
using a specific example of 

bioaccumulation.

Your presentation must include:
•An explanation of 
bioaccumulation.
•A real world example of 

bioaccumulation.
•Details of the impact that 
bioaccumulation can have on 
organisms in an ecosystem.

You can present your work 
as a movie, poster, report 
or another format 
negotiated with 
your 

Explanation 7.7 What are ecological pyramids?

2

Using dot points, 
summarise 
the contents 
of this section.



Energy is continually lost from ecosystems as heat, fortunately 
this energy is constantly replaced by the sun. The same cannot 
be said for matter, the atoms that organisms are composed of. 
Nutrients and matter are not replaced and as such must be 
constantly recycled.

In fact, in the last 4.5 billion years since the formation of the 
earth, the number and type of atoms on our planet have 
remained virtually identical. (A very small amount of new matter 
has arrived on earth via 
meteorites and a very 
small amount has left via 
space ships. This matter 
represents an extremely 
small percentage of all 
matter on earth.)

While the amount of 
matter on earth remains 
constant it is continually 
moving around. A carbon 
atom that was part of a 

tyrannosaurus rex some 70 million years ago could very well 
have become part of an underground fossil fuel reservoir when 
the dinosaur died. The fossil fuel reservoir could have been dug 
up and burnt by humans releasing the carbon atom into the air 
as carbon dioxide. This carbon dioxide could have been taken 
into an apple tree not long ago and converted into glucose due 
to photosynthesis. And just today you could have eaten an apple 
with the very same atom of carbon that used to form part of a 
tyrannosaurus’ big toe!

The constant movement of 
chemical elements and 
molecules within an 
ecosystem are known as 
biogeochemical cycles.

The most well-known and 
important biogeochemical 
cycles include the carbon 
cycle, the nitrogen cycle, 
the oxygen cycle, the 
phosphorus cycle, the 

Section 5

Are you part dinosaur?
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sulphur cycle and the water cycle.

THE WATER CYCLE

The water cycle describes the 
continuous movement of water 
on, above and below the surface 
of the Earth. The Sun, which 
drives the water cycle, heats 
water in rivers, oceans and seas. 
Water evaporates as water vapour 
into the air. Rising air currents 
take the vapour up into the 
atmosphere where cooler temperatures cause it to condense into 
clouds. Air currents move clouds around the globe. Water vapour 
particles fall out of the sky as rain or snow. Water is also stored as 
ground water deep underground. Over time, the water returns to 
the ocean where the cycle continues.

THE CARBON CYCLE

Carbon dioxide from the atmosphere is used up by plants for the 
process of photosynthesis to create glucose. Animals (like 
humans) consume these plants, and thus the carbon in the 
glucose is transferred from the plants to animals and humans.

From animals, the Carbon is sent 
back to the atmosphere through 
the process of cellular 
respiration.

Also, when plants or animals die, 
their remains decay and 
decompose, and carbon is 
transferred to the Earth when this 
happens. When the remains have 
been around for thousands of 
years, they become fossil fuels, 
and these form huge reservoirs of 
carbon.

The burning of wood and fossil fuels are also processes which 
transfer carbon back to the atmosphere. This is released in the 
form of carbon dioxide.

Oceans and other huge water bodies which have cool water on 
the surface also absorb some carbon from the atmosphere. But 
oceans exhibit dual behaviour. When the surface water is cooler 
(as may happen in cold regions, near the poles) carbon is 
absorbed into the water, whereas when the surface water is warm 
(near tropical regions), carbon is released into the atmosphere, 
from where the plants will again absorb it for photosynthesis, and 
the cycle repeats.
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Watch water molecules as they cycle around the earth.

Animation 7.1 The Water Cycle
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This diagram of the carbon cycle shows the movement of carbon between land, atmosphere, and oceans in billions of tons of carbon per 
year. Yellow numbers are natural fluxes, red are human contributions in billions of tons of carbon per year. White numbers indicate 
stored carbon.

The carbon cycle



Unfortunately, since the industrial revolution and the huge 
increase in the burning of fossil fuels, the amount of carbon 
dioxide in the atmosphere has increased. This has upset the 
carbon cycle and increased the greenhouse effect.

THE NITROGEN CYCLE

The majority of Earth's atmosphere (78%) is nitrogen. Nitrogen is 
also an essential part of the proteins and DNA found in living 
things. So while lots of nitrogen is found in air it must also cycle 
through ecosystems.

Interestingly, while all life needs nitrogen, the vast majority of life 
on earth cannot convert the nitrogen found in air into a useable 
form. Fortunately there are a very special group of bacteria called 
nitrogen fixing bacteria that are able to convert atmospheric 
nitrogen into molecules that plants can use via nitrogen fixation. 
Of course once the nitrogen is in plants it can then be spread 
throughout the food chain. When organisms excrete wastes or 
die, nitrogen is released back into the environment. Other bacteria 
also release nitrogen back into the air.
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QUESTIONS

1. Define biogeochemical cycle in your own words.
2. Considering that both carbon dioxide and water 

both contain atoms of oxygen. Try and create a diagram of ‘the 
oxygen cycle’.

3. In the carbon cycle, where is most of the earth’s carbon 
located?

4. Write a short paragraph of ‘a day in the life of a water molecule 
OR carbon atom.’

Explore the way that matter cycles around the ecosystems of Earth.

Explanation 7.8 Biogeochemical cycles

Using dot points, 
summarise 
the contents 
of this section.
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PROJECT - Water Treatment

Water borne diseases are responsible for 
over a million deaths around the world 
every year. Fortunately we do have ways 
to treat water to make it safe for human 
consumption. For this project you should 
imagine you are working for the World 
Health Organisation (WHO). As part of 
your role with the WHO you need to 
research the ways that water is treated in 
developed countries like Australia as well as ways that water treatment could be improved in developing 
nations like Vietnam. This advice will be given to a consortium of scientists travelling around the world in an 
effort to improve water quality globally, so you will also need to include ways for the scientists to avoid any 
water borne disease on their travels.

Your presentation must include:
• Comprehensive details of at least three water borne diseases - what is the pathogen, where is it prevalent, can it be 

cured, etc.
• How water treatment works in developed nations and what types of impurities are removed by the purification process.
• Ways in which water is purified in some developing nations if at all.
• Ways that water purification could be improved in developing nations.
• Any safety precautions travellers to developing nations should take to ensure they do not catch a water borne disease.

Make sure your display is engaging, informative and contains well researched scientific content.

You can present your work as a movie, poster, booklet, model or another format negotiated with your teacher.

2



PROJECT - Biogeochemical cycles

Imagine you are the curator of a museum and you have been 
given the task of creating a display to teach the general 
public all about all of Earth’s Biogeochemical cycles.

Either individually or in a group, create a display to illustrate as 
many of Earth’s biogeochemical cycles as you can.

Your presentation must include:
• At least three biogeochemical cycles.
• A clear explanation of how the atoms and molecules cycle around the 

ecosystem.

Make sure your display is as engaging to viewers as you can make it!

You can present your work as a movie, poster, model or another format 
negotiated with your teacher.

2
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A population is a number of organisms of the same species that 
live in a defined geographical area. Populations of organisms 
vary wildly. They can explode to huge numbers or decline to the 
point of extinction.

The only four factors that can alter population sizes are births, 
deaths, immigration, and emigration. Births and immigration 
add individuals to a population whereas deaths and emigration 
remove individuals from 
a population. When more 
individuals are being 
added to a population 
than are being removed, 
the population increases 
in size. Alternatively, 
when more individuals 
are removed from the 
population than are 
added to the population 
the population decreases 
in size. In fact we can 

calculate the change of a population using the following 
population change formula:

Population change = (birth - deaths) + (immigrants - emigrants)

Population growth rates of species are affected by interactions 
with both abiotic (non-living) and biotic (living) factors. Abiotic 
factors such as rainfall and temperature can have profound 
effects on population sizes. Biotic factors such as competition, 

sources of food and 
predation can also affect 
population sizes.

If an organism happened 
to find itself in ideal 
conditions to reproduce - 
an endless supply of 
food, just the right 
environment, no 
predators or competition 
for resource - its 
population would 

Section 6

How does a plague occur?
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Human movement across the globe showing immigration (blue), emigration 
(orange), stable (green), and no data (grey).

Human immigration and emigration



increase very quickly. This type of population growth can result in 
a plague. When a population increases its numbers by the same 
amount every cycle it experiences exponential growth.

For example, under the right conditions, some bacteria can divide 
once every 20 minutes.  If there were no other factors involved, a 
single bacterium could divide almost 80 times in a day. 

This would lead to 280 bacterial cells, that is 
1,208,925,819,614,629,200,000,000 cells (~1.2 x 1024 cells). 

And that is A LOT OF CELLS !!!

All populations have the potential for exponential growth but 
fortunately they are all affected by some sort of limiting 
factor. For example, the availability of food will stop, or 
limit, the ability of a population to growing exponentially 
forever.

Whether limited by the supply of food or water, the amount 
of competition for resources or the number of predators, 
populations eventually reach a constant size. The maximum 
population size a certain environment can support for an 
extended period of time is called the carrying capacity of 
the ecosystem. 
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The carrying capacity is the maximum population size a 
certain environment can support for an extended period 
of time.

The estimated size of human population over the last 12,000 years provides a 
very good real world example of exponential growth.

Human population growth



Sometimes the populations of two different species are intricately 
linked. This can occur in predator/prey relationships.

We can consider an example of a hare that is eaten by a lynx. 
When the population of the hares increases, possibly due to a 
lack of predation, this provides more food for the lynxes and their 
population may increase. Of course an increase in the number of 
lynxes then adversely affects the hare population which declines. 
This results in less food for the lynxes so their population declines 
too. A decline in lynxes can then result in an increase in hares and 
so the cycle continues.

Interspecific competition (between species) negatively affects 
both competing populations. For example, lions and cheetahs 
hunt similar prey and as a result, they must divide the available 
prey between both populations. Therefore, both the lion and 
cheetah populations are lower than if only one cat species existed 
in an area. The same mechanism can result in the extinction of a 
species. 
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Watch this clip to learn more about population change, exponential growth and 
carrying capacity.

Explanation 7.9 How do populations of organisms change?

Explanation 7.10 How are the populations of predators 
and their prey linked?



Sometimes species undergo population explosions where their 
numbers increase very rapidly. This can occur for several or a 
combination of reasons:
• Reproduction (many new offspring).
• Abiotic environment (lots of food).
• Predator control (lack of predators).
• Dispersal (spreading into new areas).

The introduction of a new species into an area can result in a 
population explosion.

An introduced species is an organism that is not indigenous, or 
native, to a particular area. Introduced species can cause great 
economic and environmental harm to the new area. Some 
species are brought to a new area on purpose. Often, these 
species are introduced as a form of pest control. Other times, 

introduced species are brought in as pets or 
decorative displays. People and businesses 
that import these species do not anticipate 
the consequences. Even scientists are not 
always sure how a species will adapt to a 
new environment. Some examples include:

CANE TOADS

Originally introduced into Australia to control 
pests, the cane toad has become a pest of 
its own. Native to Central America, the toads 
were brought to Australia in 1935 in an 
attempt to control the cane beetle population 
in sugar plantations. Ultimately there was no 
evidence they killed a single beetle.

Instead, the toads took over. Cane toads 
have few natural predators outside of Central 
America, and when other animals try to eat 

220The population of the predator (lynx) is intricately tied to that of the prey (hare).

Predator/Prey population dynamics



them, sacs that run down their sides secrete a poison that kills 
predators in minutes. The toads' huge appetite depletes 
resources for other native animals, and they're even known to 
steal pet food from bowls left outside houses. Weighing up to 1.3 
kg and measuring up to 15 cm long, these toads are serious 
threats to ecosystems in Australia.

EUROPEAN RABBITS

Rabbits are another introduced species that have caused 
immense ecological devastation to Australia for over 150-years. 
They reproduce very quickly, consume crops, and contribute 
significantly to soil erosion. Although some of the government's 
rabbit eradication methods have been partially successful in 

controlling their spread, the overall rabbit population in Australia 
is still huge.

MEASURING POPULATIONS

Because it is impossible to count all the members of a large 
community of organisms, some other type of measurement has to 
be used. There are three basic ways to measure populations in a 
big ecosystem:

A quadrat is a small, typically rectangular area. When ecologists 
want to know the number of organisms in a large area they can 
count the number in a 
few small quadrats. 
This information is 
then used to make an 
estimate of the 
number of organisms 
in the entire 
ecosystem. Sampling 
of plants or animals 
that do not move 
much (such as snails), 
can be done using a 
quadrat.
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The cane toad (Bufo marinus) was introduced into 
Australia and has become a huge pest.

A cane toad

A quadrat



Mark and recapture is another method commonly used in 
ecology to estimate an animal population's size. A portion of the 
population is captured, marked, and released. Later, another 
portion is captured and the number of marked individuals within 
the new sample is counted. By looking at the proportion of 
animals that are marked in the recapture it is possible to estimate 
the entire populations size.

Transects are used when ecosystems change gradually over a 
distance such as along the foreshore. Ecologists walk along a 
transect line counting and measuring the way the ecosystem is 
changing along the line.

QUESTIONS

1. Research and create a graph illustrating 
human population growth over the last 
2,000 years.

2. It is rarely possible to count directly all the 
individuals in a population. Decide and justify whether a 
quadrat, mark and recapture or transect would be the best 
way to measure:
a. The number of ants in a forest.
b. The number of kangaroos in the bush.
c. The number of ferns in a rainforest.

3. Research some estimates of what the global human 
population will be in the next 50 years. What factors do you 
think scientists take into account when making these 
estimates.

4. Do you think that humans are a plague on planet earth? 
Explain your answer.

5. Find out why the Cactoblastis cactorum moth is considered a 
hero to Australia as an introduced species.
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Explore quadrats, mark and recapture, and transects.

Explanation 7.11 How do ecologists measure the 
properties of ecosystems

Using dot points, 
summarise 
the contents 
of this section.



On a day to day basis, ecosystems 
may appear to be stable but they 
are actually in a constant state of 
change.

For example, marine foreshore 
ecosystems are sometimes 
covered in water at high tide while 
at low tide they are dry. 
Ecosystems are generally warm in 
summer and cold in winter When it 
rains they get wet but often they 
are dry. At times there are floods, 
droughts or bushfires.

These constant changes in 
ecosystems affect the organisms 
that live in them and living things 
themselves can change the nature 
of an ecosystem.

Minor changes occur as one 

species slowly replaces another in 
response to such factors as climate 
changes, human impact, or the 
introduction of introduced species. 
This process of gradual change is 
called ecological succession. In 
land environments, succession is 
driven by the plants. If the plant 
species change, the herbivores 
respond, and the predators follow. 
Succession continues until the 
most mature, stable community 
evolves. This community is called 
the climax community. The climax 
community is the most stable and 
will remain unless upset by a 
catastrophic event like a flood, fire, 
clear cutting or volcanic eruption, 
etc.

There are two main types of 

Section 7

How do ecosystems change over time?

223

The Daintree Rainforest in Queensland is an example of a 
climax forest ecosystem.



succession, primary and secondary. Primary 
succession occurs when no soil is present. 
Therefore, the organisms that migrate into the area 
must contribute to soil formation before other, larger 
plants can move in. Weathering begins breaking 
down the bare rock into smaller particles, and then 
pioneer species can move in. Lichens are a good 
example of a pioneer species. Lichens attach 
themselves to rocks with root-like growths. They 
secrete acids onto the rock surface, dissolving the 
rocks. This begins the formation of soil. Once there is 
a thin layer of soil, small plants (like grasses) move in 
and increase the formation of soil. This process 
continues until a mature soil profile is created and the 
climax community can be established.

Secondary succession takes place when soil is already present, 
usually following a catastrophic event that partially or completely 
removes the existing vegetation. Secondary succession occurs 
much faster than primary succession because soil already exists, 
a healthy seed bank in the soil may be present, or root stocks of 
previous plants may still be viable. Secondary succession usually 
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Secondary succession

An example of secondary succession by stages:
1. A stable deciduous forest community.
2. A disturbance, such as a wild fire, destroys the forest.
3. The fire burns the forest to the ground.
4. The fire leaves behind empty, but not destroyed, soil.
5. Grasses and other small plants grow back first.
6. Small bushes and trees begin to colonise the area.
7. Fast growing evergreen trees develop to their fullest, while shade-tolerant trees 
develop underneath.
8. The short-lived and shade intolerant evergreen trees die as the larger deciduous 
trees overtop them. The ecosystem is now back to a similar state to where it began.

Explanation 7.12 What is ecological succession?



begins with fast growing ground cover that stabilises the soil. 
Ultimately, the slower growing climax shrubs and trees re-grow 
and dominate the community again.

For succession to occur, an extremely significant change must 
first take place in an ecosystem. Huge change can occur in 
ecosystems as a result of natural disasters such as bushfires, 
drought and flooding.

Natural disasters are a part of life in Australia. In the summer of 
1983, conditions in Victoria and South Australia contributed to 
extremely high ignition levels. Drought conditions and a heatwave 
with temperatures of 43 degrees Celsius meant that forests were 
highly combustible. On Wednesday 16 February (now known as 
'Ash Wednesday'), around 180 bushfires were burning across 
both states, the largest of them starting in Victoria. Of significance 
was that out of the Ash Wednesday 
fires Victorian rescue teams were 
reorganised to better fight future 
fires, through improved radio 
networks, single command centres 
and linkages between established 
rural and city firefighters.

Droughts are one of the most 
common natural disasters we 
experience in Australia. 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.

In 1982-83, large areas of central and eastern - particularly south-
eastern - Australia experienced unprecedented low rainfall levels. 
This was the culmination of the four-year drought that had begun 
in 1979. It is estimated that the total cost to the economy was 
around $A7 billion. Agricultural losses, such as the death of 
livestock, resulted in massive job losses in rural areas. The effects 
of the drought contributed to the 1983 Ash Wednesday bushfires 
across Victoria and South Australia.

Floods occur when water covers land which is normally dry. 
Floods in Australia range from localised flash flooding as a result 
of thunderstorms, to more widespread flooding following heavy 
rain over the catchment areas of river systems.

In January 1974, the weakening 
Cyclone Wanda brought heavy 
rainfall to Brisbane and many parts 
of south-eastern Queensland and 
northern New South Wales. One 
third of Brisbane's city centre and 
17 suburbs were severely flooded. 
Fourteen people died and over 300 
were injured. Fifty-six homes were 
washed away and 1,600 were 
submerged.
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We often consider natural disasters to be the worst possible thing 
that could happen to an ecosystem. However, we fail to 
remember that the human race has arguably had a far greater 
impact on global ecosystems than all natural disasters combined.

Modern humans have always had an impact on the environment. 
For example, aboriginals used fire regularly to burn the land. A 

practice called fire-stick farming. Fire-stick farming helped 
hunting by herding the animals into particular areas, and also 
caused new grass to grow which attracted more animals. Over 
many years it changed the types of plants and animals that lived 
in an area. In fact it is possible that the changes caused by fire-
stick farming resulted in the extinction of the Australian 
megafauna some tens of thousands of years ago.

However, the effects of fire-stick farming is nowhere near as great 
as the impact modern humans have on ecosystems. The change 
of human culture from hunter-gatherers to large scale agriculture 
has had a huge effect on human population and this in turn is 
impacting on the whole biosphere.

Humans are:

• Clearing Land at an unprecedented rate. This destroys habitats 
for other organisms and can cause massive land degradation.

• Hunting of land dwelling animals and over fishing the oceans 
has resulted in the extinction or near extinction or countless 
species.

• Introducing species to non-native areas has enormous negative 
impact on the native species.

• Farming and planting a single crop in an area (or a 
monoculture). This greatly reduces the biodiversity of the area.
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• Polluting the land, the air and the waterways.

• Causing urbanisation or the conversion of land from a natural 
state to cities. This basically destroys the ecosystem creating a 
concrete jungle.

Humans must practice more sustainable use of the Earth’s 
resources. Resources should be used no faster than they can 
regenerate. Earth is our home, it is the 
only planet we have and we are 
dependent on it for our own survival. 
We must take care of it!

ACTIVITY - Agriculture and drought

• 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 7.2 Drought in 1967
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QUESTIONS

1. Describe an example of primary succession and 
secondary succession.

2. Explain what a bushfire, drought and flood are. Then 
decide which natural disaster is the worst, give reasons for your 
choice.

3. Create a 3 circle venn diagram of bushfires, droughts and flooding.
4. Do you think that human activity over the past 100 years has had a 

more negative impact on the globe than the last 100 years of natural 
disasters. Explain your reasoning.

5. Research one example of a species of ‘Australian megafauna’ that is 
now extinct.

2

Using dot points, 
summarise 
the contents 
of this section.



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. It is terrific, as you learn 
and in life, to constantly question, seek, source and explore new 
ideas.

To do this, sometimes, like real scientists, it is best for you to 
decide what learning journey do 
you want to take? What do you 
want to find out about and present 
to the world?

Browse through the following 
choices to decide, there should be 
something for everyone. Once you 
have decided find some 
classmates who can join your 
research team and begin your 
learning. Your learning can be 

presented in any way you like.

Life on another planet

S.E.T.I. has finally received communication from another planet – 
the news has been greeted with worldwide excitement and 
unification. The message was short yet to the point. All the aliens 
want from us is information. They want to know all about us and 
life on planet Earth. The United Nations has decided that 
providing the information is of the utmost importance and the 
first step in developing interplanetary relations and sharing 

knowledge. The world is keen not 
to disappoint and you, as someone 
who is growing up in the 
‘information age’, have been 
appointed to the team to gather the 
information and send it to NASA for 
final editing. You need to decide 
what to include but it is expected 
that you will start with details 
about:

•Human Anatomy – The structure 
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and function of our bodies.

• Information about DNA, our 
genetic code.

• Details of the theory of 
evolution.

• Astrobiology – what is it?

• Who is S.E.T.I. What do 
they do and how do they do 
it?.

• Some taxonomy to give an 
indication of the variety of 
life on Earth.

• How living things on Earth 
get energy: Respiration and 
Photosynthesis.

• The information we have 
about Gliese 667Cc (the 
planet where first contact 
originated from)

Of course this is only a start 
what else do you think the 
aliens need to know?

Nuclear War

It has finally happened …. 
NUCLEAR WAR !!!

Australia will be one of the last 
countries to be affected but the 
radiation will come, we will die … 
Unless, unless we can do the 
impossible – move underground. As 
a young Australian who has grown 
up in the ‘information age’ you have 
been selected to be a part of the 
team to get as many citizens 
underground as you can. There is 
lots to think about but time is 
running out. You need to start 
improving your knowledge so you 
can make some decisions – start 
thinking about:

•How do nuclear weapons work, 
who discovered them and why?

•Where should humans dig and how 
will tectonic plates affect where we 
dig?
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The mushroom cloud from the atomic explosion over Nagasaki 
rising 18,000 metres into the air on the morning of August 9, 
1945.



• Find out more about Australia’s Geology and any issues we may 
encounter while digging.

• What radiation will we need to be wary of due to the war? 
Alpha, Beta, Gamma or all of them?

• What engineering challenges does living underground provide – 
what does housing in Coober Pedy tell us?

• What is the temperature underground and should we use heat 
from the Earth’s core for energy, if not how will we get the 
energy we need?

• How will we get energy for life processes underground? How 
will we ensure that both respiration and photosynthesis 
continue?

Of course this is only a start, what else do you think we need to 
know to move underground?

Escaping Earth

Earth is about to be hit by a huge asteroid!

We must save the human race. You have 
been selected to be one of the groups of 
humans to be sent into space. There is 
only one spacecraft that will leave Earth 
and its journey will take you to a planet 
with many physical similarities to Earth in a 
nearby solar system. Your task is to get to 
the planet and set up a colony so that you 
or your descendants will be able to settle 
humankind for the future. With current 
space travel technology, it would take in 
the vicinity of 50,000 years to reach 
another planet. You and all the others with 
you will have to survive for that time on 
your spacecraft!
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To save mankind you will need to:

• Discover the current conditions on a real exoplanet – for 
example a planet on the Gliese 581 or Gliese 667 system. 
Which planet looks the best for possible future colonisation?

• Decide which lucky inhabitants of Earth will be selected to 
board the only ship to leave our planet. Who will you take? 
What skills or type of people will be taken? Will population 
numbers increase on the ship, how will this be optimised?

• Discover how will we power the spaceship?

• Discover how will we get energy for life processes on board a 
spacecraft? How will we ensure that both respiration and 
photosynthesis continue?

• Decide how to provide the crew with a constant possibly never-
ending supply of food.

• Decide how to get rid of any wastes. Or considering the impact 
of constantly losing matter, how to ensure that everything is 
recycled and sustainable.

But what if a breakthrough is made in space technology and we 
can drastically reduce the time taken to reach an extrasolar 
planet. We may be able to get to another habitable planet in 50 
years. If we do manage to find a habitable planet there will be 
more challenges ...

• How do we terraform a new planet. How will we create an 
atmosphere and the conditions required for life.

• What will we need to ensure we have on board to enable life to 
flourish on the new planet?

The fate of our entire species rests in your hands, can you provide 
the answers!

Space travel

Ever seen Starwars? What if we could actually do all that 
interstellar travel? Can we? Is it possible? Is there any way?

Find Out !!!

You will need to start with information on early and current human 
space travel. How is it done:

• How are space shuttles made?

• What fuel do they use and how does it work?

• What are the current challenges to successful space travel?

• What do astronauts eat in space?

• How do they exercise, do they even need to?
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But that’s not all. To date mankind has only put a man on the 
moon. What about another planet … in another solar system … in 
another galaxy is it possible:

• Will Einstein-Rosen bridges take us there?

• What are the limits of speed? Can we travel at the speed of 
light? What is Ion Propulsion?

What else – this is the information age – find out the ultimate 
limits of space travel!

Sports Science

Like sport? Don’t like 
Science? ARE YOU 
CRAZY ???

Sports Science is a 
huge industry and 
growing all the time. To 
be the best in the 
world you have to do 
more than train, you 
have to know about 
your body. You have to 
know how to get the 
best out of yourself – 
physically, mentally 
and technologically. 
Train hard, eat right, 
think right and learn 
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right.

You will need to learn about: 

• Human anatomy – muscles, 
ligaments and bones.

• Classes of Levers and 
examples in the body.

• Aerobic and anaerobic 
respiration – what’s the real 
chemical processes and 
where do they take place in 
the body?

• Nutrition: Carbohydrates, Fats and Proteins what are they, what 
is their chemical structure, what are their monomers and 
polymers how much of them do you need to be the best you 
can be?

• Sports Psychology: positive and negative reinforcement, 
gaining reward, pain avoidance. How can you train your mind to 
think what is needed to win.

• Gatorade, Powerade – Do they actually help and what are 
electrolytes anyway?

• Fabric construction: what is the best for your sport, what about 
other sports. Every little bit helps to be the best!

But this is only a start what 
else can you find out to WIN?

Our World is in Trouble

If the human race doesn’t 
take urgent, immediate action 
the future of our species on 
Earth may very well be 
limited. Humans are rapidly 
destroying the fragile planet 

they live on. We are severely damaging the surface of the planet 
and this is impacting worldwide climate. The general scientific 
consensus is, if we do nothing to start changing our ways and 
fixing things we are in for a very bad time! Your job is to find out 
why this is happening, and more importantly, what we can do to 
about it.

You will need to find out about:

• The greenhouse effect – what causes it, what is it? Can it be 
reversed and how?

• Why rising temperatures are bad for our planet? What are some 
of the effects they have on our ecosystems.
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• How could rising temperatures and melting ice affect the Gulf 
Stream. What does the Gulf Stream have to do with regulating 
the planets temperature anyway?

• Conservation and species loss. How many species are there on 
Earth? How many are endangered and why are the 
endangered?

• What we should be doing to help. How can the average person 
make changes in their life to help the future of their planet?

• What governments actually are doing to help. Are they doing 
enough or could they do more?

What else … this is important! All of our lives may depend on it! 
Anything else you can learn will help!
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Ecology Review
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FURTHER ACTIVITIES

• Create a concept map using all of the bold words in this 
chapter.

• Find out more about the light dependent and light 
independent stages of photosynthesis.

• Find out more about the three stages of aerobic cellular 
respiration: glycolysis, the Krebs cycle and electron 
transport.

• Explain how the processes of intraspecific and interspecific 
competition play a part in evolution and ‘survival of the 
fittest’.

• Create a detailed presentation or play explaining the 
ecological effects of a real life introduced species.

• Create a diorama illustrating the process of succession.

• Create a presentation detailing information about the 
world’s different biomes.

Review 7.1 Ecology Review

Check Answer

Question 1 of 40
What is the study of the relationship of organisms with 
their physical and biological surroundings? 

A. Biology

B. Ecology

C. Geology

D. Biometrics



Chapter 8

Plate 
Tectonics

The theory of plate tectonics explains global 
patterns of geological activity and continental 
movement.

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

• recognise the major plates on a world map.

• model sea-floor spreading.

• relate the occurrence of earthquakes and volcanic 
activity to constructive and destructive plate 
boundaries.

• consider the role of heat energy and convection 
currents in the movement of tectonic plates.

• relate the extreme age and stability of a large part 
of the Australian continent to its plate tectonic 
history.

6 stars available 
in this chapter



Earth may look like a big blue marble, but it 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 less viscous (“thinner” or 
more watery) than the mantle, and a 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 like 
that of an egg; it is broken up into huge, 
thick plates that drift atop the soft, 
underlying mantle.

When we look at maps of planet earth we 

Section 1

What is the structure of our planet?
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The structure of earth.



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.
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The theory of continental drift was first presented by Alfred 
Wegener to the German Geological Society on 6 January 1912. 
Alfred is one of the scientists most remembered for advancing 
this theory as well as the hypothesis that the continents once 
formed a single landmass (Pangaea) before breaking apart and 
drifting to their present locations.

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 15 major tectonic plates which cover the entire 
surface of the planet. Plates can be composed of oceanic crust 
(5-10 km thick), continental crust (20-70 km thick), or a 
combination of both. The plates move on a layer of partially 
molten rock in the upper mantle.

A map of Pangaea (a supercontinent that existed about 250 million 
years ago), with the modern continents outlined in it.
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An animation illustrating the movement of the continents over 
the last 250 million years.

Movie 8.1 Continental Drift



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.

Tectonic plates move because rocks 
near the core of the earth are heated 
and these warmer rocks rise. Meanwhile 
the cooler rocks at the surface sink 
creating slow, vertical currents within 
the mantle. This movement of warmer 
and cooler mantle rocks, in turn, creates 
pockets of circulation within the mantle 
called convection cells. The circulation 
of these convection cells is the driving 
force behind the movement of tectonic 
plates

Evidence for the movement of the 
continents on tectonic plates is now 
extensive. Similar plant and animal 
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Convection currents in the mantle of the earth cause tectonic plates to collide together or move 
apart from each other in a process called sea-floor spreading.

Tectonic plate movement



fossils are found around different continent shores, 
suggesting that they were once joined. The fossils of 
Mesosaurus, a freshwater reptile rather like a small 
crocodile, found both in South America and South 
Africa, is one example; another is the discovery of 
fossils of the land reptile Lystrosaurus from rocks of 
the same age from locations in South Africa, India, 
and Antarctica. There is also living evidence—the 
same animals being found on two continents. Some 
earthworm families (e.g.: Ocnerodrilidae, 
Acanthodrilidae, Octochaetidae) are found in South 
America and Africa, for instance.

Fossil maps provide evidence for continental drift

The locations of certain fossil plants and animals on present-day, widely separated 
continents would form definite patterns (shown by the bands of colours), if the 
continents are rejoined.
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Watch to learn about the nature of tectonic plates.

Explanation 8.1 Tectonic plates
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QUESTIONS

1. Using dot points, briefly summarise 
the contents of this section.

2. Define continental drift in your own 
words.

3. List the major tectonic plates and try to discover 
how many other minor tectonic plates there are.

4. Explain how finding fossils of the same species on 
different continents supports the theory of 
continental drift.

5. Find out what a ‘pitch drop experiment’ is and what 
it has to do with viscosity.

6. In your own words, explain how convection cells in 
the mantle cause tectonic plates to drift.

PROJECT - The Theory of Plate Tectonics

Your task is to outline what is meant by the “Theory of Plate 
Tectonics”, outline the historical development of 
the theory and provide evidence to 
support or reject the theory.

You should:

• Outline the historical 
development of the theory.

• Prepare evidence to support 
or reject the theory of Plate 
Tectonics.

• Outline what most geologists 
consider to be the cause of Plate 
Tectonics.

• Find out if the continents will come 
together again some time in the future.

• Discover if there has only been one episode of plate 
movement.

You may present your project as a traditional 
timeline or in a more creative method.

See how Earth’s structure influences its outer crust.

Explanation 8.2 What is the structure of our planet?
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The point at which two tectonic plates meet is called a plate 
boundary. It is at these locations where tectonic activity results 
in earthquakes, volcanoes and the formation of mountain ranges 
due to the movement of the plates. There are a number of 
different types of plate boundaries.

A divergent plate boundary (also known as a constructive 
boundary) occurs when two plates move away from each other. 
As the two plates separate, hot magma is able to rise up to fill 
the 'gap' creating or constructing new crust.

A convergent plate 
boundary (also 
known as a 
destructive 
boundary) occurs 
when two plates 
move towards each 
other. When oceanic 
and continental 
plates converge the 
oceanic plate can 

slip below the continental plate. This process is called 
subduction. Subduction results in the formation of volcanoes. 
When two thick continental plates move towards each other they 
both resist subduction and buckle and fold, being forced 
upwards to create fold mountains, such as the Himalayas. When 
such a plate boundary is being squished from two sides the land 
mass can be pushed up forming hills or mountains, or pushed 

Section 2

Why do Earthquakes occur?
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An animation illustrating the formation of mountains.

Movie 8.2 How do mountains form?

When continental crust collides with 
continental crust, mountain ranges are often 
formed.

A convergent plate boundary



down forming valleys. Folds that bend up are called anticlines, 
those that bend down are called synclines.

A transform plate boundary occurs when two plates move 
alongside each other. When plates slide past each other 
earthquakes can also occur. Crust is neither created or destroyed 
at a transform plate boundary.

The earth’s tectonic plates move very slowly, usually just a few 
centimetres a year. As a result of this movement the plates 
continually collide against each other, move away from each other 
or slide past each other. Sometimes when plates slide past each 
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Plate boundaries can be either divergent (A), convergent (B) 
or transform (C).

Tectonic plates boundaries

Explore divergent, convergent and transform plate boundaries.

Explanation 8.3 What are the different ways that tectonic 
plates can collide?



other their edges abruptly crack or slip and suddenly release 
huge amounts of pent-up energy.

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. 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.

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

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

San Andreas fault



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

Earthquakes aren’t the only kind of natural disaster that can be 
caused by the movement of tectonic plates. Tsunamis are 
gigantic waves that can come ashore with little or no warning. A 

tsunami is caused by earthquakes or volcanoes that move the 
Earth’s crust on the bottom of the ocean. When an earthquake 
shakes 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.

An animation illustrating a tsunami being formed.

Movie 8.3 Tsunami animation.
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QUESTIONS

1. Using dot points, briefly summarise 
the contents of this section.

2. Describe subduction in your own words.
3. Locate and list a place on earth where 

tectonic plates are converging, diverging and sliding 
past one another.

4. Create a very simple diagram with boxes, arrows and 
labels to illustrate a divergent plate boundary, a 
convergent plate boundary and a transform plate 
boundary.

5. Create a venn diagram to compare earthquakes with 
tsunamis.

6. In your opinion, which type of natural disaster is 
worse, earthquakes or tsunamis. Justify your opinion.



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 and the recording a 
seismograph makes is called a seismogram.

Scientists use 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 size of an earthquake is called its magnitude.

One standard of measurement for an earthquake’s magnitude is 
the Richter scale. Since the 1970s the use of the Richter 

Section 3

How are earthquakes recorded?
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A seismograph

A seismogram



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 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 
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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 
dropped.

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 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?

QUESTIONS

1. Using dot points, briefly summarise the 
contents of this section.

2. Research and list the 10 biggest 
earthquakes in history. Is the location of 
these earthquakes common in anyway.

3. Find out as many details as possible about the 
largest known earthquake ever to have been 
recorded near your home town.

4. Find out what foreshocks and aftershocks are.



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 is called sea-floor spreading. 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 
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great force, and to 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



The location of volcanoes and earthquakes provides strong 
evidence for the theory of plate tectonics. For example, 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. The 
‘Ring of Fire’ is located at the boundaries of several plates which 
are colliding.
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Eruption of Mount St. Helens on July 22, 1980.

Watch to learn about some of the features of volcanoes.

Explanation 8.4 How can volcanoes form?
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ACTIVITY - Create a 
claymation

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

app
• Plasticine
• Lots of creativity 

1. Create a 
claymation using 
plasticine to 
explain the various 
plate boundaries 
OR how an earthquake occurs OR to explain how the 
process of subduction causes volcanoes OR the process 
of continental drift.

An example of a claymation illustrating the 
process of subduction.

Movie 8.4 Subduction claymation

QUESTIONS

1. Using dot points, briefly summarise the contents of this section.
2. Considering the increased numbers of volcanoes and earthquakes at tectonic plate boundaries, list 

five locations on earth that you think would be the safest to live and five locations that would be the 
most unsafe to live (refer to a map of Earth’s tectonic plates).

3. Find out what igneous rock is and what it has to do with volcanoes.
4. Research the world's biggest volcanic eruption in recorded history. Where did it occur? How many fatalities were 

there? What other details can you find out?
5. Explain why pyroclastic flows are more dangerous than lava flows. You may need to research the answer.
6. Explain why volcanoes formed as a result of subduction result in the most violent eruptions.

PROJECT - Modelling Earth

Your task is to create a model 
illustrating an Earth Science 
concept.

You should pick one of these 
choices for your model:

- The structure of the Earth including 
details of the different layers.

- A working model of a volcano. Consider Baking Soda & 
Vinegar, Yeast & Peroxide or Mentos & Coke to make the 
lava.

- All three types of tectonic plates boundaries.

Your model must include:
• Detailed scientific labels.
• An appropriate scale.
• An information panel explaining the 

science behind your model.

1 1



Australia, sits close to the middle of the giant Indo-Australian 
tectonic plate. This plate currently moves in a northeasterly 
direction. In moving the Australian Plate collides with the edge of 
the Eurasian, Filipino and Pacific plates. This collision pushes up 
the ocean floor above sea level, creating island chains, island 
arcs, and a twisted, tumultuous sea floor. The top edge of the 
Australian tectonic plate forms part of the ‘Ring of Fire’.

While the top edge of the Australian tectonic plate experiences a 
great deal of seismic activity, the actual continent of Australia lies 
far more centrally on its tectonic plate. As a result, Australia does 
not experience the large earthquakes and volcanoes associated 
with the collisions of tectonic plates.

Australia is said to have great geological stability. Away from 
tectonic plate boundaries, volcanoes don’t erupt and mountain 
ranges don’t rise. There are no active volcanoes on the Australian 
mainland that have erupted 
since 

European settlement. However, some volcanoes in Victoria and 
South Australia are likely to have been active and witnessed by 
Aboriginal people several thousand years ago. In contrast to the 
neighbouring geologically active New Zealand, the Australian 
continent hasn’t changed, other than eroded, for about 80 million 
years ago.

This geological stability has given erosion a lot of time to flatten 
the land and expose some of the world's oldest rocks and most 
strange rock formations, like the Twelve Apostles in Victoria, 
Remarkable Rocks and Murphy’s Haystacks in South Australia, 
pinnacles in Nambung National Park and Wave Rock in Western 
Australia; and Devil’s Marbles, Kata Tjuta and the world’s largest 
monolith, Uluru in the Northern Territory. 

Uluru (sometimes called Ayers Rock) is one of Australia's most 
recognisable natural landmarks. It formed over millions and 

millions of years. The sandstone formation 
stands 348 m high, 

rising 
863 m 

Section 5
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above sea level, with most of its bulk lying underground, it has a 
total circumference of 9.4 km.

Uluru is found in a slight depression in the Earth's crust that 
formed about 900 million years ago. The depression received 
layer upon layer of sediment over several hundred million years. 
At times the depression also formed a shallow sea.

As sediments formed and were washed away over millions of 
years they created undulating areas of sedimentary rock.

The shallow sea receded between 400 and 300 million years ago 
and the rocks were folded and fractured. This raised the rocky 
region above sea level.

Over the last 300 
million years, the 
softer rocks and other 
sediment have eroded 
away, leaving Uluru 
protruding 
majestically from the 
landscape.

Kata Tjuta formed in a very similar way to Uluru.

Kata Tjuta
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QUESTIONS

1. Using dot points, briefly 
summarise the contents of 
this section.

2. Find out what Arkose is and what it has to 
do with Uluru.

3. Research how far apart Uluru and Kata 
Tjuta are from each other and how far 
they both are from Alice Springs.

4. Define geological stability in your own 
words.

5. Sedimentary rock is one of three basic 
types of rocks, find out the names of the 
other two types?
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Review 8.1 Earth Science

Check Answer

Question 1 of 20
The outer layer of the earth is called its:

A. Toast

B. Coating

C. Crust

D. Core

FURTHER ACTIVITIES

• 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).

• Write a creative story of survival after an earthquake or 
volcanic eruption.

• Create a map of Australia detailing all of the most amazing 
rock formations in each state.

• Research the technologies involved in the mapping of 
continental movement.



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.


