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Foreword
Vastly more sensitive than the world’s best existing radio-telescopes, the Square Kilometre 
Array (SKA) will be one of the largest and most ambitious international science projects 
ever devised. 

It will help us answer fundamental questions about the evolution of the Universe. 

Australia has been short-listed by the international science community as one of two 
potential locations for the SKA. The Australian Government, the State of Western Australia 
and Australia’s premier science agency, the Commonwealth Scientific and Industrial 
Research Organisation, are working together to maximise Australian participation in  
the SKA. 

To support Australia’s bid to host the SKA we are establishing Australia’s candidate core 
site in Western Australia and building the Australian SKA Pathfinder. This will be a major 
new observatory in its own right. It will amass more information in the first six hours of 
operation than has been collected by all the world’s radio-telescopes to date.

The SKA itself will be over fifty times more sensitive than the world’s largest existing radio-
telescopes. It will be able to see back to the birth of the Universe and the emergence of the 
first stars and galaxies.

The Pathfinder and SKA projects will need many engineers, IT specialists, astronomers 
and technologists over their estimated fifty-year life. They will lead to the development of 
industries and research opportunities in Australia that we have not yet even considered.

For Australia to take full advantage of this enormous opportunity, we must ensure that 
our students are prepared and ready to become involved in the coming decades. It is 
vitally important that Australia’s teachers understand the science behind the SKA and are 
supported in delivering this information to students. 

This excellent resource is full of information, lessons and activities about astronomy 
and space science, and the SKA in particular. It is supported by additional materials and 
activities on the Australian Government SKA website <www.ska.edu.au>.

Senator Kim Carr

Minister for Innovation, Industry, Science and Research

vii
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Rationale 

This lesson is used 
to identify prior 
knowledge of 
waves, introduce the 
language of wave 
description and 
relate the movement 
of waves to energy 
transfer.

Lesson 1  
Introduction to waves
Time required: 75 minutes

Equipment list 

 DVD player plus 
data projector 
or similar AV 
projection device

 DVD or video 
showing extreme 
sea wave motion 
eg excerpts from 
“The Perfect 
Storm” to show 
the crests and 
troughs of ocean 
waves at sea. 
(rated PG)

 OHP or 
PowerPoint 
facility attached 
to data projector

 Slinky springs 
to demonstrate 
transverse  
wave motion

 Masking tape 
and coloured 
wool, ribbon  
or string

 Stop watch – 
1 per slinky 
spring

 Metre ruler – 
1 per slinky 
spring

 Scissors – 
1 pair per  
slinky spring

List of references 

<http://resources.sargentwelch.com/lesson-plans/making-waves/> 
Part of the lesson description below has been adapted from this site.

Google “Tsunami: The Big Wave” for some further ideas for demonstrations and lessons 
about energy transmission in water.

Outcomes 
Students should be able to:

 ▸ relate wave motion to energy transfer.

 ▸ appropriately use the following terms related to describing wave motion:

 ▹ Crest

 ▹ Trough

 ▹ Velocity

 ▹ Frequency

 ▹ Wavelength

 ▸ distinguish between transverse and longitudinal waves.

Prior knowledge, understandings and skills required 
 ▸ Students will need to have some conceptual understanding of energy and its 

various forms.

 ▸ Students should be able to work in groups and use brainstorming strategies.
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This unit of work 
begins by building 
the background 
information that 
students will need 
to understand 
the purposes and 
benefits of the 
proposed Square 
Kilometre Array 
(SKA) as well as the 
Australian Pathfinder 
(ASKAP) that will be 
a next generation 
radio telescope 
incorporating novel 
receiver technologies 
and leading-edge  
ICT systems. 

Background information
Introducing a new concept in science also includes introducing the language and symbolic 
jargon that accompanies the concept. For this reason, the introductory lesson begins with 
a guided activity.

1.	 Language of waves:

a.	 Ask students, in groups, to brainstorm all the words that they know to describe waves.

b.	 Ask students to group words which seem to have similar purposes in describing waves.

c.	 Bring the class together and form a class summary of words that can be used to 
describe waves. You may need to introduce terms that students would not normally 
use such as: 

 ▹ Frequency

 ▹ Wavelength 

 ▹ Amplitude

The lesson then provides some context to introduce the concept that energy is transmitted 
by wave motion without actual transfer of particles. 

2.	 Use a short excerpt from a video or similar to show the moving of water waves in 
the deep sea – students will have a better idea of what is actually moving if there 
is a boat bobbing up and down on the waves. Alternatively, use a cork floating 
on a fish tank to demonstrate the concept of a wave moving through water.

3.	 After this introduction, the slinky springs can be used to demonstrate a number of 
features of wave motion as well as distinguish between longitudinal (compression) 
waves and transverse waves.

4.	 Finally, introduce the wave diagram with symbols that can be used to describe features 
of a transverse wave and assist students to draw and label the diagram.
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Student handout 
Introduction to wave motion

1. Words about waves
a.	 Write down all the words that you know that can be used to describe waves.

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

b.	 Now group the words: for example are there words to describe how high the wave is or 
how fast the wave is? 

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

c.	 Use a dictionary to find the meaning of the following words used to describe waves.

 ▹ Wavelength ������������������������������������������������������������

 ▹ Frequency �������������������������������������������������������������

 ▹ Amplitude �������������������������������������������������������������

2. Slinky springs and waves –  
 investigating wave motion

Investigation 1 

Your group will need 

 Slinky spring  Coloured string  Scissors  Metre rule

Purpose: to make observations about energy waves
a.	 Stretch the slinky spring about 1.5 metres between two of you so that your hands are 

touching the floor and the slinky spring is laying sideways stretched out on the floor.

b.	 Tie pieces of coloured string at 10 cm intervals along the spring.

c.	 While one person holds one end still, the other person moves the spring sideways.

These waves are transverse waves. You will 
notice that the movement goes along the spring 
but the coils of the spring move sideways as the 
energy wave passes.

slinky spring
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Repeat the exercise so that you can answer the following questions:

 ▸ What observations allowed you to conclude that 
the wave was moving along the spring?

 ������������������������������������������������������������������������

 ▸ What happened when the wave hit the end of the spring?

 ������������������������������������������������������������������������

 ▸ Watch the pieces of string carefully as the wave passes.  
Do they travel with the wave, or do they just jiggle back and forth? Does mass or 
energy get transferred in wave motion?

 ������������������������������������������������������������������������

 ▸ Did the wave slow down or keep moving at the same speed?

 ������������������������������������������������������������������������

 ▸ If it slowed down, suggest a reason why.

 ������������������������������������������������������������������������

d. Once the spring is still again, hold one end and make a wave by pushing and pulling the 
spring. 

You will notice that, as the movement goes 
along the spring, this time the coils of the spring 
move backwards and forwards as the energy 
wave passes. These waves are longitudinal	
(compressional) waves. Repeat the exercise and 
take note of all observations you make as the 
spring moves.

Summary notes
1.	 Compare the movement of the spring when a transverse wave passes through to the 

movement that occurs when a longitudinal (compression) wave passes through.

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

2.	 Make a full list of the observations that you made. 

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

slinky spring
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Q Is there a 
relationship between 
the time it takes a 
wave to travel along 
the spring and the 
amplitude of the wave?

Investigation 2

Your group will need 

 Slinky spring  Coloured string  Scissors

 Masking tape  Stop watch  Metre rule

a.	 Stretch the slinky spring about 1.5 m between two of you so that your hands are 

touching the floor and the slinky spring is laying sideways stretched out on the floor.

b.	 Mark the floor with masking tape where the ends of the spring are.

c.	 Practice making transverse waves with different amplitudes from one length of the 

spring to the other. 

d.	From the centre of the masking tape on the floor, mark 10 cm intervals going in one 

direction perpendicular to the length of the spring. 

e.	 Measure the amount of time it takes for the wave to travel down the slinky and back 

making a 10 cm wave. 

f.	 Repeat the last step three times to get three results to average. 

g.	 Then increase the amplitude to 20 cm and time three trials. 

h.	Continue to increase the intervals until 60 cm, timing three trials and averaging each set 

of results. 

From your results, what is the answer to the question 1?

���������������������������������������������������������������������������

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Investigation 3

Your group will need 

 Slinky spring  Metre rule  Stop watch

a.	 Stretch the slinky spring 2.0 m between two students.

b.	 Start a transverse wave in the slinky spring and measure the time it takes for one wave 

to travel the length of the spring, repeat measurements twice more for accuracy. 

c.	 Record your data in a data table.

1
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d.	Next stretch the slinky spring 2.5 m between the students and time a transverse wave 
three times. 

e.	 Continue until you have stretched the spring to 5.0 m. 

f.	 Calculate the speed of the transverse wave by using  
speed = distance wave travelled/time it took for wave to travel. 

g.	 Graph length vs. speed (check with your teacher if you are not sure which values to put 
on the X and Y axes of the graph).

From your results, what is the answer to the question 2?

���������������������������������������������������������������������������

���������������������������������������������������������������������������

���������������������������������������������������������������������������

3. The Wave Diagram 
From all the information you have collected in this lesson, label the following diagram.

N

A

O

V

Y

X

M
λ

λ

What is the  
relationship between 
tension of the spring 
and the time it takes  

for a wave to pass  
along the spring?  

(Warning: take care  
not to overstretch  

the spring).

Q2
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Lesson 2
Electromagnetic spectrum; 
description and detection
Time required: 50 minutes

Equipment list 

 Radio or television  Internet access or library access

List of references 

If you have not used the jigsaw teaching activity before, 

<www.jigsaw.org/overview.htm> has a good description of the strategy.

Outcomes 

Students should be able to:

 ▸ state the common properties of the electromagnetic spectrum;

 ▸ use wave property terminology to describe the differences in properties of the various 
forms of radiation making up the electromagnetic spectrum;

 ▸ identify the origins of each form of radiation; and

 ▸ state uses for each form of radiation. 

Prior knowledge, understandings and skills required 

Students need to be: 

 ▸ familiar with the terms used to describe energy waves;

 ▸ able to work efficiently in groups; and

 ▸ able to collaborate with other groups in a jig-saw activity.

Activity 

1.	 Introduction: 

a.	 Take a radio or television to the class and ask the students to choose their favourite 
station and switch it on and listen for a minute or so. 

b.	 Repeat this exercise with one more student.

c.	 Ask students why / how each station can be picked up separately? 

d.	Students should start to answer with words such as frequency, wavelength etc. 

Rationale 

This lesson will 
introduce students to 
the electromagnetic 
spectrum.  
An understanding 
of the range and 
properties of 
the waves of the 
electromagnetic 
spectrum is essential 
for students if they 
are to develop an 
appreciation of the 
information that can 
be detected from the 
Universe.
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2.	 Do a quick review of characteristics of waves with the students. 

3.	 Introduce the idea that by varying these characteristics a spectrum of waves can be 
mapped out which we use everyday in our lives.

4.	 Divide the students into 7 groups and, if necessary, explain the system used in a  
 Jig-saw activity.

5.	 Give out the task card for each type of wave including frequency, wavelength and its 
uses and ask the students to collect information on the card provided. 

6.	 Each group is required to share the information collected with other groups.

7.	 Once the information has been shared, the students complete the table by listing the 
types of radiation, in order of increasing frequency, i.e. from lowest frequency to  
highest frequency.

Assessment 
During a brief Q&A session, students should be able to identify the different types of 
electromagnetic waves and describe their different properties and uses.
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Student task cards
Run these cards off prior to the lesson and hand one card to each group.

Your task is to find out about Radio Waves.

 ▸ How they are generated (made)

 ▸ Wavelength

 ▸ Frequency

 ▸ Uses

Your task is to find out about Microwaves.

 ▸ How they are generated (made)

 ▸ Wavelength

 ▸ Frequency

 ▸ Uses

Your task is to find out about  
Infra-Red Waves.

 ▸ How they are generated (made)

 ▸ Wavelength

 ▸ Frequency

 ▸ Uses

Your task is to find out about  
Light (Visible) Waves.

 ▸ How they are generated (made)

 ▸ Wavelength

 ▸ Frequency

 ▸ Uses

Your task is to find out about  
Ultra-violet Waves.

 ▸ How they are generated (made)

 ▸ Wavelength

 ▸ Frequency

 ▸ Uses

Your task is to find out about X-rays.

 ▸ How they are generated (made)

 ▸ Wavelength

 ▸ Frequency

 ▸ Uses

Your task is to find out about Gamma Rays.

 ▸ How they are generated (made)

 ▸ Wavelength

 ▸ Frequency

 ▸ Uses

Your task is to find out about  
Radio	Waves

Your task is to find out about  
Infra-Red	Waves

Your task is to find out about  
Ultra-violet	Waves

Your task is to find out about  
Gamma	Rays

Your task is to find out about  
Microwaves

Your task is to find out about  
Light	(Visible)	Waves

Your task is to find out about  
X-rays
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Student handout 

Type	of	radiation How	it	is	generated Frequency Wavelength Uses

Radio waves
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Summary diagram for distribution at end of lesson

 Y N Y N

 Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
 103 10-2 10-5 10-8 10-9 10-10 10-22

 1 K 100 K 10,000 K 10,000,000 K 
-272 oC -173 oC 9,727 oC 10,000,000 oC

 104 108 1012 1015 1016 1018 1021

Buildings Humans Flies Needle Point Protozoans Molecules Atoms Atomic Nuclei

Penetrates Earth’s 
atmosphere?

Radiation type
Wavelength (m)

Approximate scale 
of wavelength

Frequency (Hz)

Temperature of 
objects at which 
this radiation is 
the most intense 
wavelength emitted
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Lesson 3
Optics – Reflection
Time required: 75 minutes

Equipment list 

Per group of students:

 12V power pack

 Ruler
 Hodson Light Box with 1 slit card 
attached and mirrors (concave, 
convex and plane)

 Protractor

List of references 

The following websites may be helpful in providing background and  
additional information:

Davidson, M.W. 2003, Online activity guidebook for teachers, 
Centre for Integrated Research and Learning  
<www.micro.magnet.fsu.edu/optics/activities/teachers/index.html>. 

Henderson, T 2007, The Physics Classroom Tutorial, 
Glenbrook South High School Glenview Illinois  
<www.glenbrook.k12.il.us/gbssci/phys/Class/refln/reflntoc.html>.

The Nuffield Foundation 2004, Classroom management 
in semi-darkness, The Nuffield Foundation 2004, 
<www.practicalphysics.org/go/Guidance�9.html?topic�id=2&collection�id=101>.

The Nuffield Foundation 2007, Reflection of light, The Nuffield Foundation 2004, 
<www.practicalphysics.org/go/Collection�101.html?topic�id=2&collection�id=101>. 

The Nuffield Foundation 2007, Teaching ray optics, The Nuffield Foundation 2004, 
<www.practicalphysics.org/go/Guidance�111.html?topic�id
=$parameters.topic�id&collection�id=%24parameters.collection�id>.

Outcomes 

Students should be able to:

 ▸ identify a problem and independently produce an investigation plan;

 ▸ undertake a first-hand investigation safely and confidently;

 ▸ select and use appropriate forms of communication to present information to an 
audience; and

 ▸ identify trends in data to draw conclusions.

Rationale 

Students will have 
knowledge and  
personal experience 
about the reflection  
of light through their 
use of mirrors in 
everyday life. 

This lesson seeks to 
extend and formalise 
the student’s own 
knowledge and 
experiences about 
reflection in a practical 
and meaningful way.

Since the principle 
of reflection forms 
the basis of how 
many modern day 
telescopes function, 
it stands to reason 
that students develop 
an understanding 
of this principle and 
its application in 
the “real world”.
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Prior knowledge, understandings and skills required 
 ▸ The electromagnetic spectrum and wave properties of light as presented earlier in  

the unit.

 ▸ Personal knowledge and experience about reflection of light through everyday use  
of mirrors.

 ▸ Students will require the skills in being able to manipulate the scientific equipment used 
in this lesson.

Activity 
1.	 Initial “think, pair, share” activity to ascertain student’s understanding of the  

term ‘reflection’.

2.	 Practical activity – using the Hodson light box, 1 slit card and associated mirrors. 
Students then place the plane, concave and convex mirror in the path of the 
light in turn, and trace the location of the mirrors and the path of the light. 
Use of the 3 slit card may be useful for the concave and convex mirrors so 
that the incident rays are always parallel. It will make the convergence of the 
reflected rays using the convex mirror more obvious. Alternately, the students 
can use the single slit card for all experiments but give the instruction that the 
incident rays for the concave and convex mirrors are parallel to each other.

3.	 Students then independently answer the follow-up questions. These can then be 
discussed as a class.

Extension
The websites above have links to various online activities for students to explore the 
reflection of light in more depth, including the “Law of Reflection”. Students could explore 
these sites and activities.

Java applet to explain step by step the reflection and refraction of light waves by Huygens’ 
Principle. <www.walter-fendt.de/ph14e/huygenspr.htm>.  

Students could visit the following website for a more in depth explanation of the reflection 
and refraction of electromagnetic waves. This site was written specifically for the NSW 
stage 6 physics syllabus. 

Emery, B. 2002, The World Communicates, Catholic Schools Diocese of Maitland Newcastle, 
viewed 12 January 2009, <http://webs.mn.catholic.edu.au/physics/emery/prelim�
communication.htm#emreflection>.  

Students could experiment with the reflection of light by using the curved surface of a 
silver spoon. This would show students the properties of light and images as it reflects off a 
concave and convex surface.

Student handout
Optics – Reflection student handout page 15.
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Assessment 

 ▸ Students are able to manipulate equipment to produce situations where the reflection 
of light can be observed and recorded.

 ▸ Students’ diagrams and written responses are clear and concise.

Background notes on Reflection

incident ray — 
ray going towards 
the mirror

normalsurface 
of mirror

The energy reflects off of a surface at the same angle at which it initially struck the surface. 
The angle of incidence (i) equals the angle of reflection (r). This is measured from the 
normal (a line drawn at 90° to the surface).

The quality of the reflected image produced will depend on the quality of the reflecting 
surface. A smooth flat surface will reflect parallel rays of light in the same direction.

Re�ection on a smooth surface

Incident rays Re�ected rays

 
Re�ection on a rough surface

Incident rays

Any variations or defects in the quality of the surface will result in light being reflected off 
in multiple directions and any image produced will be distorted.

Discussion of this issue can be included to alert students to the fundamental importance 
of high quality mirror technology in any new optical telescopes to ensure maximum 
capture of sharp images from very faint, very distant objects.

Students need to 
develop the concept 
that any reflective 
surface will reflect 
light rays according 
to the same law of 
reflection. 
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Student handout
Optics – Reflection
Think: Write a definition for ‘reflection’.

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Pair: Write down the definition for ‘reflection’ that your neighbour has written.

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Share:  Write down a different definition than the two above that someone else in the 
class has written.

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Dictionary definition: Write down a definition from a dictionary.

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Important information
 ▸ When drawing rays of light, mark with an ‘x’ a couple of places along the ray, then use 

your ruler to join the ‘x’s.

 ▸ The normal is a line drawn at right-angles to the surface of the mirror at the point where 
the ray of light hits the mirror. 

 ▸ All angles are measured from the normal.

 ▸ The arrow on the ray shows the direction of the ray (towards or away from the mirror).

i – Angle of incidence r – Angle of re�ection

Normal

Re�ection

Light

Incident ray

Mirror

Re�ected rayri
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Practical activity – Reflection of light
You are to write up complete experimental records for the following tasks.

Tasks

 ▸ You are to set up the equipment provided to measure the angle of reflection for three 
different angles of incidence using a plane mirror. 

 ▸ Identify any trends in data that you see.

 ▸ Repeat the previous task using the concave and convex mirrors instead of the  
plane mirror.

 ▸ Do you see the same trend in data with these mirrors as with the plane mirror?

Follow-up questions

1.	 Identify at least two uses in everyday life for each of the three types of mirrors 
investigated above.

2.	 Telescopes use mirrors. What type of mirror is utilised in modern day telescopes? Why?

���������������������������������������������������������������������������

���������������������������������������������������������������������������

���������������������������������������������������������������������������

3.	 What is the advantage of using a large rather than a small mirror for a telescope?

���������������������������������������������������������������������������

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Type	of	mirror Use	1 Use	2

Plane

Concave

Convex
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Lesson 4
Optics – Refraction
Time required: 75 minutes

Equipment list
Per group of students::

 ▸ 12V Laboratory transformer/power pack.

 ▸ Hodson Light Box and lenses (concave, convex, semi-circular prism and  
glass triangular prism).

 ▸ 1 and 3 slit card.

 ▸ Concave and convex lenses if available (similar in size to a magnifying glass lens).

 ▸ Coloured filter (eg red) for light box and diffraction grating (see point 5 under  
“Activity” below).

 ▸ LASER pointer (low power <1mW for safety reasons) and diffraction grating (see 
point 5 under “Activity” below). NB: If you are going to use a LASER, then it is highly 
recommended that you read the “Laser pointer hazard” website below. 

 ▸ Access to the internet or reference books can assist further discussion activities.

List of references 
The following websites may be helpful in providing background and  
additional information:

Davidson, M.W. 2006, Diffraction of light, National High Magnetic Field Laboratory, 
<www.molecularexpressions.com/primer/java/diffraction/basicdiffraction/index.html>.

Davidson, M.W. 2006, Light diffraction through a periodic grating, 
National High Magnetic Field Laboratory,  
<www.micro.magnet.fsu.edu/primer/java/imageformation/gratingdiffraction/index.html>.

Davidson, M.W. 2003, Online activity guidebook for teachers, National High Magnetic Field 
Laboratory, <www.micro.magnet.fsu.edu/optics/activities/teachers/index.html>. 

The Nuffield Foundation 2004, Classroom management in semi-darkness, 
The Nuffield Foundation 2004,  
<www.practicalphysics.org/go/Guidance�9.html?topic�id=2&collection�id=101>. 

The Nuffield Foundation 2007, Refraction of light, The Nuffield Foundation 2004, 
<www.practicalphysics.org/go/Collection�102.html?topic�id=2&collection�id=102>. 

The Nuffield Foundation 2007, Teaching ray optics, The Nuffield Foundation 2004, 
<www.practicalphysics.org/go/Guidance�111.html?topic�id=$parameters.topic�
id&collection�id=%24parameters.collection�id>. 

Charles Sturt University 2009, Laser pointer hazard, Charles Sturt University, 
<www.csu.edu.au/acad�sec/committees/radiation/faq/laser�pointer�hazard.htm>. 

2009, Diffraction grating, Wikipedia, <www.en.wikipedia.org/wiki/Diffraction�grating>. 

Rationale 
Students have now 
completed the lesson 
on the reflection of light 
and discussed how it 
can be used in everyday 
life and telescopes. 
Another property of 
light that is widely used 
in technology and 
everyday devices is 
refraction.

Refraction is not as 
widely used in modern 
day large telescopes as 
the primary method of 
collecting and focusing 
light, as is reflection. 
However, it still plays a 
critical role in astronomy 
and telescope 
technology.

Many students would 
have experience with 
using refraction through 
their experience 
with microscopes, 
magnifying glasses, 
cameras etc. This lesson 
sets out to formalise 
student understanding 
and experience with 
refraction, dispersion 
and diffraction of light, 
its applications and 
limitations.
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Outcomes 
At the completion of this activity, students should be able to:

 ▸ Identify the media interface as the point of refraction of a light ray;

 ▸ Describe the effect of concave and convex lenses on the path of light rays;

 ▸ Describe the effect of a prism on refracting light and thus dispersing white light into its 
spectrum of colours;

 ▸ Distinguish between the terms refraction, dispersion and diffraction and describe the 
effect of each on light rays;

 ▸ Undertake a first-hand investigation safely and confidently; and

 ▸ Select and use appropriate forms of communication to present information to  
an audience.

Prior knowledge, understandings and skills required 
 ▸ The electromagnetic spectrum and wave properties of light as presented earlier in  

the unit.

 ▸ Some students will have personal experience about the refraction of light and 
dispersion through everyday life.

 ▸ Students will require the skills to manipulate the scientific equipment used in this 
lesson.

Activity 
1.	 Initially a variation of the “think, pair, share” activity to ascertain student’s understanding 

of the term ‘refraction’.

2.	 Practical activity – using the Hodson light box, 3 slit card and associated lenses, students 
manipulate the light box to produce three parallel beams of light. Students then place 
the concave lens, convex lens and semi-circular prism in the path of the light in turn, 
and trace the location of the lens and the path of the light.

3.	 Students independently answer the discussion questions. These can then be discussed 
as a class.

4.	 Finally, a conclusion needs to be drawn about the investigation. This will be dependent 
on the school, class and students. Typically, it should relate to the ‘aim’ and the students’ 
results and discussions.
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Extension
5.	 To show the dispersion of white light into a spectrum of its component colours (red, 

orange, yellow, green, blue, indigo and violet) students will need the light box, single 
slit card and glass triangular prism. Shine the single beam of light on to the paper, place 
the prism in the path of the light and rotate the prism until a spectrum appears. Have 
students trace the incoming (incident) ray of light, prism and the spectrum.

6.	 To show the diffraction of light, one of the following options could be used:

a.	 Set up the Hodson light box with a coloured filter (eg red) and single slit card. Place a 
diffraction grating in the path of the beam of light and observe.

b.	 Point a LASER pointer toward the ceiling and turn on to show students the 
monochromatic and collimated light. Place diffraction grating in the path of the light 
and observe the pattern produced on the ceiling.

Further extension possibilities
The websites listed on page 17 have links to various online activities for students to 
explore the refraction of light in more depth, including “Snell’s Law”. Students could  
explore these sites and activities.

Java applet to explain step by step the reflection and refraction of light waves by Huygens’ 
Principle. <www.walter-fendt.de/ph14e/huygenspr.htm>.

Students could visit the following website for a more in depth explanation of the reflection 
and refraction of electromagnetic waves. This site was written specifically for the NSW 
stage 6 physics syllabus. 

Emery, B. 2002, The World Communicates, Catholic Schools Diocese of Maitland Newcastle, 
viewed 12 January 2009, <http://webs.mn.catholic.edu.au/physics/emery/prelim�
communication.htm#emreflection>.

Students could experiment with convex and concave lenses (magnifying glass size) to 
determine how an image is formed using each lens. 

Students could research how large modern telescopes use adaptive optics and active 
optics to help overcome the effects of the atmosphere on light from distant objects. 
(Suggested for gifted and talented students, or students who have a keen interest in 
physics and/or astronomy.)

Assessment 
 ▸ Students are able to manipulate equipment to produce situations where the refraction 

of light can be observed and recorded.

 ▸ Students’ diagrams and written responses are clear and concise.

 ▸ Final Q&A with full class elicits responses indicating that students can distinguish 
between the terms used in this lesson.
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Background information on Refraction

Refraction

Light Normal

Glass

i – Angle of incidence
r – Angle of re
ection

r

i

Refraction of light through a glass block

As the light enters the glass block it slows down and bends towards the normal, as glass 
is a denser medium than air. It then travels through the block in a straight line. As it exits 
the block, it is once again bent, this time away from the normal as it speeds up in the less 
dense medium of air and then continues to travel in a straight line.

The shape of a biconvex lens allows for the effect of refraction at two media boundaries to 
be utilised for focusing the light from a distant object such as a star. 

The dispersion of white light into its colours is also evidence of the relationship between 
wavelength/frequency and refraction at media boundaries. This phenomenon can then be 
further discussed when considering the use of lenses in telescopes and the problems of 
chromatic aberration.

Light

biconconvex
lens

f i

Fi

Students need to 
develop the concept 
that any transparent 
medium will refract 
light rays according 
to the density of the 
medium. Refraction 
is said to occur when 
the light ray crosses 
the interface between 
two media.
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Student handout
Optics – Refraction
Think: You have seen how the reflection of light occurs and where this is used in 
everyday situations. Another property of light is refraction. What is the dictionary 
definition of refraction?

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Pair: Where do you think you might have seen refraction occurring?

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Share: Write a definition for ‘refraction’ that you will remember.

���������������������������������������������������������������������������

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Practical activity
Exploring refraction through lenses

 
Biconvex

lens
Biconcave

lens

1.	 Start with a biconvex lens for this investigation:

 ▸ Use a light source such as the light coming through your classroom window, and a 
screen such as an empty page of your exercise book. 

 ▸ Place the lens between the light source and the screen. 

 ▸ Move the lens backwards and forwards until you can see a picture of the light source 
on the screen. 

 ▸ Write down your observations. 
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 ▸ What happens if you use a thicker or thinner convex lens? 

 ▸ What happens if you use a biconcave lens?

2.	 Set up the ray box so that you have three parallel rays of light exiting the box. 

 ▸ Now place a biconvex lens in the path of the parallel rays and slide it along the 
path of the rays. What happens? Use a ruler and pencil to draw and label a diagram 
showing the path of rays through the lens.

 ▸ Now repeat the investigation with a biconcave lens. What differences can you see? 
Again draw and label a diagram to show the path of the rays through the lens.

 ▸ Leave your ray box set up for the next investigation.

Discussion
1.	 Use your dictionary to find the meanings of 

a.	 Converging ������������������������������������������������������������

b.	 Diverging ��������������������������������������������������������������  

Now complete the following sentences:

A biconvex lens is a �������������� lens as it �����������������������������light rays.

A biconcave lens is a ������������� lens as it �����������������������������light rays.

2. The rays of light coming from very distant objects are very faint and 
need to be gathered together so that they can be seen better.  
Which type of lens would be best to do this in a telescope?  �����������������������

Explain your answer  ���������������������������������������������������������

���������������������������������������������������������������������������

���������������������������������������������������������������������������

Practical activity
Exploring dispersion of light
Set up the Hodson light box with a single slit card.  
You will also need to find the glass prism and have a  
sheet of white paper.

 ▸ Shine one beam of light across a piece of white paper. 

 ▸ Place a glass prism in the path of the light and rotate  
it until you see a spectrum of colours.

 ▸ Draw and label a diagram that shows what you see  
as the light leaves the prism.

 ▸ Leave your ray box set up for the next investigation.

White light

Prism
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Discussion
1.	 Where have you seen this effect before? Suggest a reason why this may be happening.

2.	 Why does this happen? You may wish to research the answer to this question.  
A place to start is <www.science.hq.nasa.gov/kids/imagers/ems/visible.html>. 

3.	 Predict how this effect may affect the light gathered through a telescope lens.  
If you want to learn more, here is a place to start.  
<http://csep10.phys.utk.edu/astr162/lect/light/refracting.html>. 

Practical activity 
Exploring diffraction of light
You will need to set up the ray box with a coloured filter (eg red) and the single slit card. 
Have a piece of white paper ready and find a card with several slits (a diffraction grating) in 
the light box kit.

 ▸ Before you start using the ray box, do this simple investigation. Hold two pencils parallel 
to one and other and about 0.5 cm apart. Place them just in front of your eye and look 
at a fluorescent light (perhaps one on the ceiling of your classroom?). Gradually bring 
the pencils together until they are nearly touching. What do you see? Do the sides of the 
pencils look straight? Can you see anything between the two pencils?

 ▸ Now investigate this phenomenon with the ray box. Take the card with several slits and 
place it in front of the coloured beam of light.

 ▸ What do you see? What is happening to the light?

 ▸ Draw and label a diagram to illustrate the effect produced.

 ▸ You can get the same effect with the grooves of a compact disc, which can act as a 
grating and produce iridescent reflections. Bird feathers may produce the same result too!

Discussion
1.	 Have you seen this effect before anywhere? What could cause such an effect?

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

2.	 Why does this effect happen? If you need help answering this question, a good 
place to start research is <http://library.thinkquest.org/27356/p�diffraction.htm>. 

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������

3.	 How may this effect hinder or help astronomers?  
The following page is a good place to start your research.  
<http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/grating.html>. 

 ������������������������������������������������������������������������

 ������������������������������������������������������������������������
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Lesson 5
Investigating microwaves 
Time required: 50 minutes

Equipment list 

 Microwave kit consisting of 
transmitter, receiver, single diode 
probe, aluminium reflection plates  
and a wax triangular prism 

 2 Powerpacks

 Cardboard (project size)

 Milliammeter

 Electrical leads

 Metre rule

Please read the instructions on how to use the microwave kit before use. Most importantly 
(depending on the model you have) read what settings are required on the power packs to 
provide power to the transmitter and receiver.

List of references 
<www.science.hq.nasa.gov/kids/imagers/ems/micro.html> 
has information on microwaves suitable for lower ability Year 9–10 students.

<http://teacher.pas.rochester.edu/PHY�LABS/E&M�Waves/E&M�Waves.html> 
has some more complex investigations using formulae for interference patterns  
and the nature of wave motion.

Outcomes 
Students should be able to:

 ▸ relate the properties of reflection and refraction to microwaves;

 ▸ determine if the law of reflection applies to microwaves; and

 ▸ identify that microwaves have common properties with visible light.

Rationale 

The purpose of 
this lesson is to 
demonstrate that 
microwaves which 
can be detected by 
radio telescopes, 
demonstrate the same 
properties as light.
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Prior knowledge, understandings and skills required 
Students should have completed the previous activities on reflection and refraction.

Activity 
Students will set up the microwave apparatus to make measurements to determine if the 
law of reflection applies to microwaves.

Students will also set up the equipment to observe the refraction of microwaves.

Extension
Interference activity.

Activity for measuring the wavelength of microwaves.

Assessment 
Measure the angle of incidence and the angle of reflection to determine if the law of 
reflection can be applied to microwaves.
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Experiment 1 Reflection
1.	 Place a sheet of 

cardboard on the bench 
top and draw a line 
perpendicular to one 
edge. Draw a second line 
at an angle to the edge 
and the perpendicular 
line.

2.	 Setup the equipment on 
the cardboard as shown 
in the diagram, making sure that the transmitter aligns with the angled line.

3.	 Turn on the transmitter (and where necessary the receiver).

4.	 Point the receiver at the aluminium plate and by keeping the receiver behind the 
transmitter (to stop getting direct transmission from the transmitter) move it away from 
the perpendicular line. Observe the readings on the meter in or attached to the receiver 
and stop moving when a maximum reading is observed. What does this reading 
suggest?

5.	 Turn off the transmitter and remove the aluminium plate. Carefully draw a line from the 
receiver to the point where the perpendicular line meets the edge of the cardboard.

6.	 You now have two angles either side of the perpendicular line. Compare the sizes of 
these angles. What do they tell you? 

7.	 Turn off the transmitter (and if necessary the receiver).

Experiment 2 Refraction
1.	 Set up the equipment on the cardboard as 

shown in the diagram. Making sure that the 
transmitter is at right angles to the side of 
the prism.

2.	 Turn on the transmitter (and where 
necessary the receiver).

3.	 Point the receiver at the prism and move 
it along a line parallel to the side of the 
prism as shown in the diagram. Observe 
the readings on the meter in or attached 
to the receiver and stop moving when a 
maximum reading is observed. What does 
this reading suggest?

4.	 Slowly rotate the prism and see if there is a position where the reading on the meter 
again reaches a maximum. Draw this arrangement. What does this observation suggest 
to you? 

5.	 Turn off the transmitter (and if necessary the receiver).

Student handout  
Investigating microwaves

Aluminium plate

TransmitterReceiver

Aluminium plate

Wax prismTransmitter

Receiver

Microwaves are a form 
of electromagnetic 
radiation that are 
detectable by radio 
telescopes. These 
experiments are 
designed to show that 
microwaves have the 
same properties of 
reflection, refraction 
and interference.
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Experiment 3 Interference
1.	 Using the same cardboard as before, set up the 

equipment as shown in the diagram.

2.	 Depending on the type of microwave equipment 
you have, you may be able to connect the single 
diode probe to the receiver or alternatively you 
will have to connect it to a milliammeter.

3.	 Turn on the transmitter (and where necessary the 
receiver).

4.	 Place the probe near the aluminium plate and 
slowly move it along the drawn line. 

5.	 Make a note of how the meter readings change 
as the probe moves along the line. Describe the 
pattern you observe. 

6.	 Turn off the transmitter (and if necessary the receiver). 

7.	 The probe was receiving signals from the transmitter and reflected signals from the 
plate. These are added together to form an interference pattern.

Experiment 4 Measuring wavelength
1.	 Using the same cardboard as before setup the equipment 

as shown in the diagram.

2.	 Depending on the type of microwave equipment you 
have, you may be able to connect the single diode probe 
to the receiver or alternatively you will have to connect it 
to a milliammeter.

3.	 Turn on the transmitter (and where necessary the receiver).

4.	 Place the probe near the aluminium plate and slowly move 
it along the drawn line. 

5.	 As the probe moves along the line put a pencil mark on 
the cardboard every time you reach a point of a maximum 
meter reading. (If your receiver has a speaker describe the 
pattern of sound you hear as the probe moves.)

6.	 Turn off the transmitter (and if necessary the receiver).

7.	 The probe was receiving signals from the transmitter 
and reflected signals from the plate. These are added together to form an interference 
pattern.

8.	 Measure the distance between pairs of adjacent pencil points. Are they about the 
same? Multiply one of the distances by 2. This is a measure of the wavelength of the 
microwaves being used in the experiment. Check with the microwave kit’s data sheet 
and see if your value agrees with the manufacturers value.

Summary task
Discuss whether radio waves have properties in common with light.

Aluminium plate

Move probe along this line.
Transmitter

Single
diode
probe

Aluminium plate

Transmitter

Single
diode
probe
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Lesson 6
The birth of the Universe
Time required: 120 minutes

Equipment list 

 Internet access  Hard copy reference 
books on the history of 
ideas about the Universe 
(if available)

 Maps, charts or physical 
models that illustrate 
common models of the 
Solar System and other 
phenomena

List of references 
<www.utexas.edu/courses/bio301d/Topics/Models/Text.html> provides a very simple 
explanation of the role of models in Science.

<www.atlasoftheuniverse.com/index.html> There are nine main maps on this web page, 
each one approximately ten times the scale of the previous one. The first map shows the 
nearest stars and then the other maps slowly expand out until viewers reach the scale of 
the entire visible Universe.

<http://map.gsfc.nasa.gov/Universe/> provides a thorough but readable description of the 
Universe and the theories of its origins. A 1.67 MB pdf file is available for download and will 
be useful for distribution to students if internet access is not available.

Outcomes 
At this end of this lesson, students should be able to:

 ▸ discuss the origins of the Universe;

 ▸ list evidence that supports the Big Bang theory; and

 ▸ discuss the role of scientific models in understanding phenomena.

Prior knowledge, understandings and skills required 
Students will need:

 ▸ internet research skills including ability to assess the reliability and validity of sources;

 ▸ the ability to extract and collate information; and

 ▸ background knowledge on the fundamental structure of the Solar System as an 
example of a scientific model developed through a range of observations.

Activity 
The purpose of this activity is to: 

 ▸ introduce the Big Bang and associated theories to explain the origins of the Universe;

 ▸ demonstrate that scientific knowledge and understanding is often increased by the 
development of scientific models and the predictions that can be made from models; and

Rationale 

The purpose of this 
lesson is to provide 
students with current 
understandings about 
where the Universe 
came from and to 
provide them with 
ideas about some of 
the big questions of 
cosmology. During 
this lesson, students 
will be introduced to 
the use of models  
in science.
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 ▸ demonstrate the relationship between developments in technology (such as the impact 
of the invention of the telescope) and developments in understanding about the 
Universe (such as the confirmation of the heliocentric nature of the Solar System with 
the invention of the telescope). 

Students can be given the whole task to complete as individuals or the task may be divided 
up between groups with the sharing of information as part of the process. The time 
allocation of 60 minutes for the activity will only be possible if the class divides the task up.

Assessment 
Informal assessment can be made on the quality of the presentation and accuracy of the 
information in the models developed.

Background information 

Models in science

Scientific models change as new evidence comes to hand, and often models are used 
to make and test predictions. The intense use of models in the prediction of possible 
directions of climate change is one current example of an important use of models to 
guide research into phenomena.

No one witnessed the start of the Universe but scientists are gathering information to 
develop a model of the process that occurred. As more evidence is gathered, the model(s) 
need to be adjusted accordingly. The theory of the formation of the Universe is such  
an example.

Ideas about the Universe have changed through time as the study of astronomy has 
evolved. Right up until the dark ages (800–1200 AD), some people still feared falling off the 
edge of the Earth and many were scared by phenomena such as comets. 

Aristotle (384–322 BC) was the first to speculate that the Earth was a sphere, but incorrectly 
believed that it was the centre of the Universe. His ideas were adopted by the Church and 
remained untested for over a thousand years. Aristarchus of Samos (ca. 270 BC) proposed a 
model for a heliocentric Solar System, which was dismissed by Aristotle. 

Ptolemy (150 AD) developed a model for a geocentric Universe, which complemented 
Aristotle’s beliefs, and was held to be true for many hundreds of years. It was not until 
1300 years later that Nicolas Copernicus (1473–1543) built on the ideas of Aristarchus of 
Samos and again proposed a heliocentric Solar System. His work provided the foundations 
for modern astronomy.

Modern models for the formation of the Universe

The prevailing scientific theory for the origin of the Universe is the Big Bang theory. This 
states that the Universe began about 13.2 billion years ago with a cosmic explosion that 
released all matter and energy, which until that point had been compacted into a single, 
inconceivably dense point. 

Evidence for the Big Bang was discovered by accident by Arno Penzias and Robert Wilson 
at the Bell Laboratories in 1963. They came across radio noise that was interfering with the 
development of communication satellites. No matter how they adjusted their instruments, 
they couldn’t get rid of the noise. They even went as far as scrubbing the bird poo off the 
satellite dishes thinking that may have been the problem. They had actually discovered 
Cosmic Microwave Background Radiation, which is background radiation thought to be left 
over from the Big Bang. They received a Nobel Prize for their work.

The model is the 
most basic element 
of the scientific 
method. A model 
can be thought of 
as any simplification, 
substitute or stand-
in for what scientists 
are actually studying 
or trying to predict. 
Everything done in 
science is done with 
models. For example, 
it is impossible to 
actually “see” the 
whole Universe so 
models of its structure 
are developed.
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The Big Bang model is not complete. For example, it does not explain why the Universe 
is so uniform on the very largest scales or, indeed, why it is so non-uniform on smaller 
scales, i.e., how stars and galaxies came to be. Many cosmologists suspect that Inflation 
Theory, which proposes a period of extremely rapid (exponential) expansion of the 
Universe during the first few moments afters the Big Bang, may provide the framework for 
explaining the large-scale uniformity of the Universe and the origin of structure within it.

After the explosion the Universe began to cool and expand and particles started to form. 
Until about thirty years ago, astronomers thought that the Universe was composed almost 
entirely of baryonic matter, that is, matter made up of protons, neutrons and electrons. 

Since then, there has been increasing amounts of evidence accumulating that suggests 
there is something in the Universe that cannot be detected by traditional methods, 
perhaps some new form of matter. Astronomers have had to develop a new model of 
matter and energy to fit their observations of the Universe.

They now propose that the Universe is approximately:

 ▸ 4.6% Baryonic matter – atoms and sub-atomic particles;

 ▸ 23% Cold Dark Matter (CDM) – non-baryonic matter; astronomers are still developing 
models to describe this matter; and 

 ▸ 72% Dark Energy – some type of force that is overcoming gravity and pushing the 
Universe apart. 

13.7 BILLION YEARS AGO
(Universe 380,000 years old)

TODAY

Photons
15%

Neutrinos
10% Dark 

Matter
63%

Dark 
Energy
72%

Dark 
Matter
23%

Atoms
4.6%

Atoms
12%

The Wilkinson Microwave Anisotropy Probe (WMAP) is a NASA  
Explorer mission to measure the composition of the Universe. 

The left-hand chart shows a pie chart of the relative constituents 
today. A similar chart (right) shows the composition at 380,000 
years old (13.7 billion years ago) when the light WMAP observes 
emanated. 

The composition varies as the Universe expands: the dark matter 
and atoms become less dense as the Universe expands, like an 
ordinary gas, but the photon and neutrino particles also lose energy 
as the Universe expands, so their energy density decreases faster 
than the matter. They formed a larger fraction of the Universe 
13.7 billion years ago. 

It appears that the dark energy density does not decrease at all, so it 
now dominates the Universe even though it was a tiny contributor 
13.7 billion years ago.

Image and Caption text from  
<http://map.gsfc.nasa.gov/news/index.html#timeline>. 
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Student activity 
Modelling the Universe 
and its origins

Background
Since humans first looked into the skies at night, they have tried to describe and explain 
what they saw. One way of providing explanations is to develop a model. 

Essentially a model is an interpretation of observations made in a mathematical, or logical 
way. Scientific models include physical, mathematical, or computer representations of:

 ▸ systems such as the human digestive system;

 ▸ phenonomena such as tides, phases of the Moon and eclipses; and 

 ▸ processes such as the water cycle or photosynthesis. 

Different types of models have different uses:

 ▸ Physical models are used when it is not possible or practical to view the actual object. 
For example, most school science laboratories have at least one pull-apart model of the 
human body (e.g. system).

 ▸ Mathematical models are used where processes and phenomena may not be 
observable. For example, mathematicians have provided the theoretical background for 
modern atomic theory and the current model of an atom.

 ▸ Computer models allow scientists to simulate, visualise, manipulate and understand 
more about about a:

 ▹ whole objects such as a star system; 

 ▹ phenomenon such as eclipses or comets; or 

 ▹ process such as star formation being represented.

Computer modelling is becoming increasingly more important in modern cosmology.

Your task
Track through the history of ideas about the Universe and describe models that have 
been used through time. Start your journey with the model proposed by Aristotle. Some 
sections have been filled in to help your search.

If you can find the name of a particular person who is associated with the model, find out 
where and when he/she lived. Some website addresses have been provided as a starting 
point for you but there may be other places to search on the internet as well. Don’t forget 
to list the sites that you visit and write them up correctly. 

Your summary
Use the information that you gather in this table to assess the effects of technology on 
changing models of the Universe and its origins.
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Models	of	the	Universe	and	its	origins

Time	 	Model About	the	person	who	
is	attributed	to	this	

idea	or	model

What	technology	was/
is	used	to	develop	
this	idea	or	model

Reference

Aristotle Center for History of Physics  
(No date), The Greek World View, 
American Institute of Physics.  
Retrieved from <www.aip.
org/history/cosmology/ideas/
greekworldview.htm>. 

Aristarchus of Samos

150 
AD

Heliocentric Model 
of the Universe

The invention of 
the telescope

Center for History of Physics (2009), 
The first telescopes, American Institute 
of Physics retrieved from <www.
aip.org/history/cosmology/tools/
tools-first-telescopes.htm>.

Spectroscopy and 
photography

Center for History of Physics 
(2009), Spectroscopy and the birth 
of physics. American Institute of 
Physics. Retrieved from <www.
aip.org/history/cosmology/tools/
tools-spectroscopy.htm>.

Model of a Static 
Universe

Center for History of Physics (2009), 
The expanding Universe, American 
Institute of Physics. Retrieved from 
<www.aip.org/history/cosmology/
ideas/expanding.htm>.

Hubble Center for History of Physics (2009), 
The expanding Universe, American 
Institute of Physics. Retrieved 
from <www.aip ip.org/history/
cosmology/ideas/expanding.htm>. 

Steady State theory Center for History of Physics (2009), 
Big Bang or Steady State, American 
Institute of Physics. Retrieved 
from <www.aip ip.org/history/
cosmology/ideas/bigbang.htm>. 
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Models	of	the	Universe	and	its	origins

Time	 	Model About	the	person	who	
is	attributed	to	this	

idea	or	model

What	technology	was/
is	used	to	develop	
this	idea	or	model

Reference

The Big Bang theory 
– the Universe began 
when a single, very 
small volume of 
matter at extremely 
high density and 
temperature 
exploded

The Inflation theory

The Wilkinson 
Microwave Anisotropy 
Probe (WMAP) is a 
NASA Explorer mission 
that is measuring 
the composition 
of the Universe.
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Lesson 7
Forces and Gravity
Time required: 50 minutes

Equipment list 
For each group:

 A selection of magnets  Retort stand, clamp and boss head

 String  Pendulum bob or similar mass

 Stopwatch  Metre rule

List of references 
<www.adlerplanetarium.org/education/resources/gravity/5-8�cb1-4.shtml> 
has a list of myths and misconceptions about gravity that might be worth discussing  
with your class.

<www.sciencenetlinks.com/pdfs/gravity�actsheet.pdf> is a 4-page worksheet 
that could be used to pre-test or post-test students on their understandings of the  
force of gravity.

Outcomes 
At the end of this activity, students should be able to:

 ▸ identify gravity as a force that acts at a distance;

 ▸ describe the effect of the force of gravity on a moving object; and

 ▸ extrapolate their observations of the effects of gravity on Earth to the motion of objects 
in space.

Prior knowledge, understandings and skills required 
 ▸ Students should be familiar with the concept of force and, in particular, the effect of friction.

 ▸ Students should be able to plan and carry out simple experiments involving measurements 
and detailed observations.

Activities 
The activities involve the use of simple observations and measurements to demonstrate 
the nature of forces acting at a distance and the implications of this in the Universe.

It will be important in winding up these activities to stress that gravity is a force that acts 
at a distance away from Earth, particularly when discussing apparent weightlessness. 
Teachers need to be alert to the inaccuracies on websites that describe weightlessness 
being due to a lack of gravity or due to being in space.

Assessment 
Students will be able to demonstrate their conceptual development by giving examples to 
demonstrate the effect of gravity as a force acting at a distance.

Rationale 

The purpose of this 
lesson is to review 
the concept of forces 
with a focus on the 
force of gravity as the 
force which is active 
between astronomical 
objects.
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Student handout
The force of gravity in action
Gravity is one of the four basic forces of nature. It is a fundamental physical force of 
attraction that pulls any two masses together. Any object with mass (no matter how small) 
will exert its own attraction on other matter. The greater the mass, the greater the force it 
exerts on other masses. 

Hence, gravity is responsible for interactions that occur because of mass between particles 
as well as between big clumps of matter such as stars and planets. Gravity extends over 
infinite distances but is dominant over very large distances especially between very large 
objects such as galaxies with enormous mass.

The question of why objects attract one another with this force called gravity is still not 
fully understood and remains one of the great questions of science.

Part 1 Imagining the force of gravity – 
using an analogy

An analogy is the use of a similar example or model to explain a phenomenon. You are 
going to use the force of magnets as an analogy for the gravitational attraction caused  
by objects.

Gravity is a force that can act at a distance. 

Magnetism is a similar force that can act at a distance. Magnetic forces may be attractive 
or repulsive. Magnets have poles that have opposite attractive forces. Unlike poles in a 
magnet (that is a North, N, pole and a South, S, pole) attract each other; like poles (N-N or 
S-S) repel.

Gravity is always a force of attraction. This activity uses the unlike poles of magnets to help 
you visualise how gravity works.

For this activity you need:

 2 bar magnets of the same size  Retort stand, boss head and clamp

 Metre rule  Magnets of different sizes – larger and/
or smaller than the bar magnets

1.	 Place one bar magnet on a smooth surface. Starting about 20 cm away, move the 
second bar magnet towards it, with unlike poles facing. What happens?

2.	 Repeat using magnets of different strengths. Can you detect any differences in the force 
of attraction?

3.	 Design and carry out an investigation that allows you to identify any relationship 
between the strength of the magnetic attraction and the distance at which the force of 
attraction takes effect? 
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Part 2 Motion and the force of gravity
The path that moving objects take will be influenced by the force of gravity as well as the 
speed of the object.

Activities
a.	 Swing on a pendulum – Do you have a park with a swing set near you? 

 If so, you can do the following exercise.

You will need a swing, a stop-watch and a partner.

1.	 Sit on a swing and have your partner gently push you once.  
Don’t pump the swing, just sit and let it go backwards and forwards. 

2.	 Your partner should start the stopwatch as soon as you start swinging. Count the 
number of times that the swing completes one full swing forward and back.

3.	 Once the swing stops, get your partner to give a bigger push. Repeat step 2.  
Is there any difference?

4.	 Now pump the swing! You are introducing more force by pushing further on the 
swing. What happens? 

b. Alternate pendulum experiment in the laboratory 

Diagram adapted from Fig 13.7, 
page 13-7 Science for High School 
Students Vol 1 1964

A nail would do but in the 
laboratory you can set this 
up using a retort stand, boss 
head and clamp.

Make sure the pendulum can 
swing through its lowest point 
without hitting any other object.

2nd 
position

1st 
position

Thread

Heavy 
weight
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A simple pendulum can be made by hanging a mass from a rod and then letting the mass 
fall from a vertical point. The pendulum will begin to swing backwards and forwards under 
the effects of gravity.

Your task is to work in a small group to find out if there is pattern to the pendulum 
movement. 

You may use any materials from the list below:

 Retort stand, boss head and clamp  Light string

 Cork with slit for string to pass through  Pendulum bob

 Stopwatch  Metre rule

1.	 Design and build an apparatus that has a pendulum bob swinging freely from a fixed 
point.

2.	 Let the pendulum fall and watch its action.

3.	 Can you detect a pattern? In your group, discuss and test measurements that may help 
you to describe the pattern you can see.

Discussion questions 
1.	 What force causes the path of the pendulum or swing? 

a.	 What forces causes the swing or pendulum to slow down? 

b.	 What would happen if the force(s) you have mentioned in part (a) did not exist?

c.	 Do you think the forces that you mentioned in part a, would exist in space? Explain 
your answer.

2.	 If an object was moving in space under the force of gravity, what would happen?

3.	 For further research: Why do space based satellites have to be travelling at high speeds 
if they are to remain in orbit around the Earth?
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Lesson 8
Galaxies
Time required: 60 minutes

Equipment list 

 Computer  Internet access  Handout

List of references 
Websites are listed on each question card. Students may need some guidance in 
interpreting the differences between optical and radio telescopes.

Further websites that may be useful include:

<www.jpl.nasa.gov/stars-galaxies/index.cfm> that has an overview of the various space-
based and Earth based telescopes.

<www.universe-review.ca/F05-galaxy.htm> has short and useful information on the types 
of galaxies.

<www.portaltotheuniverse.org/> Portal to the Universe is an excellent site crammed with 
news and information. Given its complexity, some students may need assistance in finding 
relevant information to assist with this task.

Outcomes 
At the end of this lesson, students should be able to:

 ▸ define the term ‘galaxy’ and describe the average composition of a galaxy; 

 ▸ demonstrate an understanding of the dynamic nature of galaxies;

 ▸ describe the range of galaxies that have been discovered in terms of their structure, 
composition and behaviour; and

 ▸ identify further questions that need to be answered about the structure, composition 
and behaviour of galaxies.

Prior knowledge, understandings and skills required 
This activity requires students to be able to:

 ▸ effectively use the internet to extract information;

 ▸ distinguish between relevant and irrelevant information; and

 ▸ work cooperatively and collaboratively in teams to build a shared knowledge base.

Activity 
The activity is based on students using the internet to extract information about galaxies. If 
time permits, all parts of the activity could be given to each group. 

Rationale 

The purpose of this 
lesson is to provide 
students with 
increased knowledge 
and understanding of 
order in the Universe 
with an emphasis  
on galaxies. 
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In the time span allocated above, students will need to either: 

 ▸ use the jigsaw process to obtain information about the range of galaxies and 
information available about these galaxies; or

 ▸ deliver a series of short presentations to share information with the rest of the class.

Students are instructed in the handout to check with their teacher to ascertain which 
procedure to use to share information.

Extension work
You may wish to encourage your more able students to try their hands at classifying 
galaxies from a massive data set, the Sloan Digital Sky Survey. Go to the Galaxy Zoo 
website <www.galaxyzoo.org/>.

Assessment 
Informal assessment processes can be used to judge the quality of the information 
extracted from the internet sources, the efficiency with which students use the internet, 
the efficiency with which information is shared between groups and any independent 
decisions made by students on where to access further information.

Background information on Galaxies

A galaxy is a massive, 
gravitationally bound 
collection of stars, 
interstellar medium 
(mostly H, some He, 
traces of C, N, O, Ca 
and dust) and dark 
matter. The number 
of stars in a galaxy 
varies – dwarf galaxies 
can have as few as 
10 million, while 
larger ones may have 
hundreds of billions. 

Galaxies may also contain multiple star systems and interstellar clouds. Some galaxies 
are older and darker, with far fewer stars than our own galaxy. Others are more energetic, 
ejecting jets of high speed material from centres and distorting the shape of the galaxy. 

The most active type of galaxy is one that has a quasar at its core. A quasar is a disk of 
gas and stars surrounding and powered by a supermassive black hole, which emits 
intense heat and light. They are typically 100 times brighter than the galaxy that hosts 
them. More than 100 000 quasars are now known and most are billions of light years 
away. Astronomers think they represent an earlier, more violent phase in the evolution of 
galaxies and the Universe.

As Earth-based and space-based telescopes become more sophisticated, astronomers 
are able to search for more distant and very faint galaxies. As the radiation from them has 
been travelling for billions of years before telescopes detect it, astronomers are viewing 
galaxies as they were in the distant past.
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Student handout
Galaxies
The purpose of this exercise is to gather and share information about galaxies. Each group 
will be provided with a question card and websites to begin its search. 

In naming and describing a galaxy, you should include the following information:

 ▸ Size.

 ▸ Type of galaxy.

 ▸ Distance from Earth.

 ▸ Composition – if you can find the information, don’t forget to mention the differences 
that optical and radio telescopes detect.

 ▸ Approximate/estimated number of stars.

 ▸ Types and ages of stars.

 ▸ Any features that are special to the galaxy.

Once your group has completed its search, you will need to design a table to summarise 
your findings. This table will also need further rows so that you can record the information 
collected by other groups.

Check with your teacher to find out how you are to share the information you have 
collected with the rest of the class. You may have to give a presentation or you may need to 
talk to other groups about the information they have collected and share the information 
that you have gathered.

Extension work
You may wish to try your hand at classifying galaxies from a massive data set, the  
Sloan Digital Sky Survey. Go to the Galaxy Zoo website <www.galaxyzoo.org/>.
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Student question cards

Q
ue

st
io

n 
ca

rd
 1

Q
ue

st
io

n 
ca

rd
 1 1.	 Define the term ‘galaxy’.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage of each 
type of matter.

3.	 What is a spiral galaxy?

4.	 Name and describe a typical spiral galaxy.

5.	 Do any questions remain to be answered  
about spiral galaxies? If so, what are they?

Start your search for answers at <www.aao.gov.au/images/general/galaxies.html>. 
Click on any spiral galaxy and you will find specific information about that galaxy. This site also has a 
number of images of galaxies viewed via a radio telescope. Can you find your galaxy amongst the list?  
<www.atnf.csiro.au/people/Baerbel.Koribalski/LVHIS/index.html>.

Q
ue

st
io

n 
ca

rd
 2

Q
ue

st
io

n 
ca

rd
 2 1.	 Define the term ‘galaxy’.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage of each 
type of matter.

3.	 What is an elliptical galaxy?

4.	 Name and describe a typical elliptical galaxy.
5.	 Do any questions remain to be answered about elliptical galaxies? If so, what are they?

Start your search for answers at <www.aao.gov.au/images/general/galaxies.html>. 
Click on any elliptical galaxy and you will find specific information about that galaxy. This site also  
has a number of images of galaxies viewed via a radio telescope. Can you find your galaxy amongst 
the list? <www.atnf.csiro.au/people/Baerbel.Koribalski/LVHIS/index.html>.

Q
ue

st
io

n 
ca

rd
 3

Q
ue

st
io

n 
ca

rd
 3 1.	 Define the term ‘galaxy’.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage of each 
type of matter.

3.	 What is a lenticular galaxy?

4.	 Name and describe a typical lenticular galaxy.

5.	 Do any questions remain to be answered about lenticular galaxies? If so, what are they?

Start your search for answers at <www.aao.gov.au/images/general/galaxies.html>. 
Click on any lenticular galaxy and you will find specific information about that galaxy. This site also 
has a number of images of galaxies viewed via a radio telescope. Can you find your galaxy amongst 
the list? <www.atnf.csiro.au/people/Baerbel.Koribalski/LVHIS/index.html>.
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Q
ue
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 4

Q
ue

st
io

n 
ca

rd
 4 1.	 Define the term ‘galaxy’.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage  
of each type of matter.

3.	 What is meant by the term ‘satellite galaxy’?

4.	 Name and describe a typical satellite galaxy.

5.	 Do any questions remain to be answered about satellite galaxies? If so, what are they?

Start your search for answers at <www.aao.gov.au/images/captions/misc021.html>. 
This site also has a number of images of galaxies viewed via a radio telescope.  
Can you find your galaxy amongst the list?  
<www.atnf.csiro.au/people/Baerbel.Koribalski/LVHIS/index.html>.
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 5 1.	 Define the term ‘galaxy’.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage  
of each type of matter.

3.	 What is an ‘irregular galaxy’?

4.	 Name and describe a typical irregular galaxy.

5.	 Do any questions remain to be answered about irregular galaxies? If so, what are they?

Start your search for answers at <www.aao.gov.au/images/captions/aat064.html>. 
This site also has a number of images of galaxies viewed via a radio telescope.  
Can you find your galaxy amongst the list?  
<www.atnf.csiro.au/people/Baerbel.Koribalski/LVHIS/index.html>.
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 6 1.	 Define the term ‘galaxy’.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage  
of each type of matter.

3.	 What is meant by the term ‘interacting galaxies’?

4.	 Name and describe typical interacting galaxies.

5.	 Do any questions remain to be answered about interacting galaxies? If so, what are they?

Start your search for answers at <www.aao.gov.au/images/general/galaxies.html>. 
Scroll down the page and you will find examples of interacting galaxies. This site also has a number  
of images of galaxies viewed via a radio telescope. Can you find your galaxies amongst the list?  
<www.atnf.csiro.au/people/Baerbel.Koribalski/LVHIS/index.html>.
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 7 1.	 Define the term ‘galaxy’.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage  
of each type of matter.

3.	 What is meant by the term ‘radio galaxy’?

4.	 Name and describe a typical radio galaxy.

5.	 Do any questions remain to be answered about radio galaxies? If so, what are they?

Start your search for answers at <www.aao.gov.au/images/captions/aat118.html>. 
This site also has a number of images of galaxies viewed via a radio telescope. Can you find your 
galaxy amongst the list? <www.atnf.csiro.au/people/Baerbel.Koribalski/LVHIS/index.html>. 
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1.	 Define the term ‘galaxy’ and distinguish between a ‘normal’ galaxy and an ‘active’ galaxy.

2.	 List the types of matter that may be found in a galaxy and the approximate percentage of each 
type of matter. Summarise any general differences between normal and active galaxies.

3.	 Name and describe a typical active galaxy.

4.	 Do any questions remain to be answered about active galaxies? If so, what are they?

Start your search for answers at  
<http://imagine.gsfc.nasa.gov/docs/science/know�l1/active�galaxies.html>.
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Lesson 9 
The secret life of stars
Time required: 60 minutes

Equipment list 

Spectral activity

 Bunsen burner  Spectroscope  Spray bottles 
containing solutions 
of

 ▸ Barium chloride
 ▸ Calcium chloride
 ▸ Copper chloride
 ▸ Lithium chloride
 ▸ Potassium chloride
 ▸ Sodium chloride
 ▸ Strontium chloride
 ▸ Zinc chloride

 Safety goggles  Heat mat

Computer activity

 Computer room with internet access, flash player and ability to play 
QuickTime movies.

List of references 
The following websites may be helpful in providing background and  
additional information:

NASA 2006, Background: Introduction to Spectroscopy, NASA, <http://imagine.
gsfc.nasa.gov/docs/teachers/lessons/xray�spectra/background-spectroscopy.html>.

Kaler, J. B. 2007, Spectra, University of Illinois,  
<www.astro.uiuc.edu/~jkaler/sow/spectra.html>.

CSIRO Australia, 2004, Spectroscopy, CSIRO Australia,  
<www.outreach.atnf.csiro.au/education/senior/astrophysics/spectroscopytop.html>.

Russell, R. 2005, The Life Cycle of Stars, University Corporation for Atmospheric Research, 
<www.windows.ucar.edu/tour/link=/sun/Solar�interior/
Nuclear�Reactions/Fusion/Fusion�in�stars/star�life.html&edu=high>.

Outcomes 
By engaging in this activity, students will:

 ▸ increase their knowledge and understanding of the composition and evolution of stars;

 ▸ undertake a first-hand investigation and accurately record observations; and

 ▸ interpret information from the web and convert it into a flow diagram.

Rationale 

The purpose of this 
lesson is to increase 
students’ knowledge 
and understanding of 
the pathways involved 
in the evolution of 
stars. In working 
through this lesson, 
students will learn 
of the unanswered 
questions as 
astronomers use a 
broader range of 
telescopes in their 
quest for information.

Students will observe 
spectra of elements 
and develop the idea 
that the spectrum of 
stars can be used to 
identify the chemicals 
that are present 
in stars. Based on 
these observations, 
scientists have 
developed a model 
for the life cycle 
of stars, which 
students will interpret 
and develop an 
understanding of  
the model.
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Prior knowledge, understandings and skills required
This activity requires students to have:

 ▸ knowledge of the electromagnetic spectrum.

 ▸ skills required to safely carry out experiments with Bunsen burners.

 ▸ the ability to record results accurately.

 ▸ knowledge of what is meant by a flow chart and skills to design and draw a flow chart.

Activity 
1.	 Experimental activity to record spectra of different elements. Use a Bunsen burner and 

spectroscope to observe spectra. A basic plastic spectroscope without adjustments is 
easiest to use for students. Solutions only need small amounts of salts (0.1 M). Chloride 
salts are used to ensure that is it is only the metal ion that is causing the change in 
spectra. Simple spectroscope can be made from a CD.  
<www.scienceinschool.org/2007/issue4/spectrometer>.

2.	 Students observe a Flash website to produce a basic flow diagram of the possible life 
cycle of a star. If writing does not appear in the Flash activity, refresh the page and  
it appears.

3.	 Using a second website, they add extra information to their flow diagram, to show the 
nuclear reactions that occur in the star at different stages in its life cycle.

Extension
Watch the video at the following link to investigate what extra information can be 
obtained from spectra: <www.hscphysics.edu.au/resource/Spectroscopy.pdf>.

A worksheet to go with the video is available on this website.

Assessment 
Students can be informally assessed on the accuracy of the spectral diagrams they 
produce and on both the presentation of flow chart and the accuracy of information in 
their summary table.
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Background information
1.	 Giant	Molecular	Cloud:	Particles within a giant molecular cloud become attracted to 

one another by gravitational force. The molecular cloud at this stage is very cold (about 
100 K). As the particles concentrate, they speed up and the temperature of the  
cloud increases. 

2.	 Proto-star:	The continuing compression of the cloud creates heat, which gives off light. 
It is no longer a dark interstellar cloud, but a glowing proto-star. No thermonuclear 
reactions are occurring yet. 

3.	 Young	star	or	brown	dwarf: If the temperature within a proto-star reaches around 
15 000 000 K, thermonuclear fusion begins to occur at its core, and the proto-star 
officially becomes a star. Only large proto-stars have a mass sufficient to generate 
enough heat to trigger fusion. Smaller proto-stars end their lives as brown dwarfs that 
do not have fusion occurring.

4.	 Main	sequence	star: These stars are fusing hydrogen into helium in their core. Our Sun 
is a main sequence star. The effective outer temperature of such stars ranges between 
30 000 K and 2,500 K; hotter stars appear white to bluish while cooler stars appear 
orange or reddish.

5.	 Red	giant:	A stage in the evolution of a star when the fuel begins to exhaust and the 
star expands to about fifty times its normal size. The temperature cools, which gives the 
star a reddish appearance. Helium accumulates in the core of the star until the core is so 
large that fusion stops. With no energy being produced to counteract gravity, the star 
collapses. This heats the core up, triggering fusion reactions once again and burning  
up the remaining hydrogen around the core. The outer layers of the star begin to 
expand again. 

6.	 White	dwarf	or	supernova:	

a. When all of the hydrogen has fused to produce helium for a star about the same 
mass as our Sun, the helium reacts at once and the outer layer is thrown off to form 
a planetary nebula (e.g. the Hour-glass Nebula). A white dwarf is the remaining 
core, which glows white as it dissipates the stored heat from the nuclear reactions. 
White dwarfs are about the size of the earth but contain the mass of the Sun so are 
extremely dense.

b. For stars with higher masses, the stopping of nuclear reactions causes the star to 
contract, triggering fusion once again. This time it is carbon being consumed, so the 
temperature and pressure is higher and the result is a massive supernova explosion, 
which flings about 90% of the star’s matter out into space. 

7.	 Black	holes: This is one possible end stage of the life cycle of a star. Only stars initially 
at least 20 times the mass of our Sun may end up as black holes. If, after the hypernova 
explosion more than 3 solar masses of material are left, this matter contracts under 
gravity until it collapses to a singularity, forming a black hole.

8.	 Neutron	star: Neutron stars result from massive stars, which have masses greater than  
about 4 to 8 times that of our Sun. After these stars have finished burning their nuclear 
fuel, they undergo a supernova explosion. This explosion blows off the outer layers of a 
star and the central region of the star collapses under gravity. If the remaining material 
has a mass of about 1.4 to 3 times the mass of the Sun, the gravitational forces are so 
great that electrons are forced into the nuclei of atoms to combine with protons to form 
neutron degenerate matter. The resulting neutron star is about 20 km in diameter. 

The typical life 
stages of a star are 
summarised, in order, 
at left.
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9.	 	Pulsar:	Pulsars are rotating neutron stars, which emit beams of radiation that sweep 
through the Earth’s line of sight. The “pulses” of high-energy radiation that can be 
detected from a pulsar are due to a misalignment of the neutron star’s rotation axis 
and its magnetic axis. Pulsars pulse because the rotation of the neutron star causes the 
radiation generated within the magnetic field to sweep in and out of our line of sight 
with a regular period. The radiation generated may be gamma rays, X-rays or light but 
most are detected through their emission of radio waves.

10. Black	dwarf: It is postulated that a white dwarf cools slowly over time to become a 
cold, dark black dwarf but this takes tens of billions of years so the Universe is not yet 
old enough for this to have occurred.
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Student handout
The secret of starlight
The properties of stars can only be determined by the observations made of the 
electromagnetic radiation that reaches us. This electromagnetic radiation has many details 
hidden within its spectra. The spectrum is the range of colours that make up the radiation.

The simplest spectra you can observe is a rainbow after sunlight pass through raindrops.  
Scientists use a spectroscope to observe the spectra of a star. When the spectrum of an 
element is produced, it will appear as a series of bands.

Part 1 Investigation

Aim
To investigate if different elements produce unique spectra

Materials

 Bunsen Burner  Spectroscope  Spray bottles 
containing solutions 
of

 ▸ Barium chloride
 ▸ Calcium chloride
 ▸ Copper chloride
 ▸ Lithium chloride
 ▸ Potassium chloride
 ▸ Sodium chloride
 ▸ Strontium chloride
 ▸ Zinc chloride

 Safety goggles  Heat mat

Risk assessment
 ▸ Wear safety goggles.

 ▸ Only use a short squirt of each liquid, not in the direction of your partner.

 ▸ Do not approach too close to the flame with the spectroscope.

Method
1.	 Set up the Bunsen burner on the heat mat. 

2.	 Adjust the Bunsen to the blue flame and spray a short squirt of barium chloride into the 
flame. Observe the colour change. 

3.	 Repeat with the same spray and observe the Bunsen burner flame using the 
spectroscope. Draw the spectrum produced in the space provided below.

4.	 Repeat for other spray bottles and record appropriate results.
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Results
Compound: �����������

Colour: ���������������

Compound: �����������

Colour: ���������������

Compound: �����������

Colour: ���������������

Compound: �����������

Colour: ���������������

Compound: �����������

Colour: ���������������

Compound: �����������

Colour: ���������������

Compound: �����������

Colour: ���������������

Compound: �����������

Colour: ���������������

Red Violet

Red Violet

Red Violet

Red Violet

Red Violet

Red Violet

Red Violet

Red Violet

Discussion
1.	 Explain why all the compounds used were chlorides. Hint: Control.

2.	 Describe how the spectra were similar.

3.	 Describe how the spectra were different.

4.	 Discuss why astronomers could use the spectra as a fingerprint of the elements present 
in a star. 

5.	 Visit the website <http://chemistry.beloit.edu/BlueLight/moviepages/em�el.htm> 
and compare your diagrams with the spectra in the video.
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Part 2 Life cycle of stars
Use the website link below to complete the flowchart of the life cycle of a star.  
<www.ioncmaste.ca/homepage/resources/web�resources/
CSA�Astro9/files/multimedia/unit2/star�lifecycle/star�lifecycle.swf>.

The final flowchart should include details for Low and High mass stars. 

<http://map.gsfc.nasa.gov/Universe/rel�stars.html>

Use the above website to:

1.	 identify the scientific names for the different stages in the life of a star.

2.	 identify the energy sources for a star during its life cycle and complete the table below.

Stage Energy	source

3.	 explain why scientists’ understanding the spectra of stars was essential for an 
understanding of the life cycle of stars.
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Lesson 10
Cradle of life
Time required: 180 minutes

Equipment list 
 ▸ Access to the internet for research.

 ▸ Hard copy reference texts which include information on the characteristics of living 
things and their requirements.

List of references 
<www.nasa.gov/mission�pages/kepler/news/index.html> has a downloadable 2-page fact 
sheet that will provide further information on the Kepler mission.

Outcomes 
At the end of this lesson, students should be able to:

 ▸ relate the requirements for life as we know it to the conditions that must exist on 
planets other than Earth if life is to exist; 

 ▸ discuss the range of habitats that can be occupied by living things;

 ▸ review the range of living things and relate their needs to the environments in which 
they may live; and

 ▸ describe current research into the areas of extraterrestrial life.

Prior knowledge, understandings and skills required 
Students will need to have some knowledge of the overall schema used to classify living 
things at kingdom or domain level. 

Activity 
This activity is based on manipulation of secondary information, both supplied and 
from the internet. It begins with a brainstorming activity to verify student conceptual 
understanding of the requirements for life.

The long activity that asks students to design a space mission is challenging. The task is 
open-ended in that specifications are few. Students who have not had experience of such 
activities will need guidance in identifying the criteria to be considered and will need 
guidance in developing plans. 

Assessment 
Informal assessment can be achieved through assessing the quality of the answers 
provided for the tasks put, particularly where students are required to summarise findings 
and draw conclusions from the data.

Rationale 

The purpose of 
this lesson is to link 
the astronomical 
processes and 
structures which 
students have been 
investigating to 
the beginnings of 
life on Earth, as we 
know it. As part of 
the lesson, students 
will investigate the 
search for exoplanets 
and consider the 
conditions under 
which life may exist 
on these planets.
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Student handout
Cradle of life

Background information
Once astronomers understand the environmental conditions under which life exists, they 
can search for planets that may support life. Whilst you are not going to delve into the 
realms of science fiction and discuss the possibilities of intelligent beings such as humans 
being present on other planets, hopefully you will begin to understand that the search for 
simple forms of life may even produce results in our own Solar System.

1. Conditions necessary for life – 
brainstorm

a.	 Each of the four circles below has the name of a living thing underneath it. In the centre 
of each circle, write the name of an example of that type of living thing. Then draw lines 
out from each circle to identify what living things need to stay alive and be healthy. The 
first circle has been started for you.

b.	 Once you have completed the list for each living thing, highlight those needs that are 
common to all of them.

c.	 Complete the sentence below to identify the conditions needed to live:

All living things need  ���������������������������������������������������������

koala

shelter

food  
(eucalytpus leaves)

 Terrestrial	animal	 Aquatic	or	terrestrial	plant

	 Aquatic	animal	 Bacterium
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Now check your answer with the group next to you or go  
on-line to check your answer. One website to visit for help is  
<www.climatechangematters.net.au/LOTS/Bio/sub/chara/chara.htm>. 

Did you miss any conditions? If so, add them to the list.

2. What about extreme conditions?  
Can life exist?

You were probably thinking about environments similar to those that you are familiar with. 
Did you consider very extreme environmental conditions?

1.	 Brainstorm and discuss answers to the following questions:

a.	 Can any living thing live without light?

b.	 Can any living thing survive without water?

c.	 Can any living thing survive very high temperatures?

d.	Can any living thing survive extreme cold?

e.	 Can any living thing survive acidic or alkaline conditions?

2.	 Once you have considered your answers, go on-line to the site below. 
<www.theguardians.com/Microbiology/gm�mbm04.htm>. 

Use this information to add to / modify your answers to your questions in section 1.

3.	 Now draw a table in the space below that gives information about the extreme 
conditions under which living things exist and provide examples that support  
this information.

4.	 With the evidence above, suggest the range of conditions that astronomers need to 
remember when they are looking for planets or moons on which there may be  
living things.
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3. The search for extraterrestrial life in 
our Solar System

Extraterrestrial life is life which does not originate on Earth. It is the subject of astrobiology 
and its existence remains hypothetical. At the moment, there is no credible evidence of 
extraterrestrial life accepted by the scientific community. 

There are many hyoptheses about the origins of life and the origins of extraterrestrial life, 
if it does exist. Whilst Urey and Miller did demonstrate that organic molecules could have 
been made in a primitive Earth environment, there is no longer any doubt that organic 
materials that are the precursors of life have also been found coming from outside of  
the Earth. You can read more about the Urey and Miller experiment at  
<www.en.wikipedia.org/wiki/Miller-Urey�experiment>.

The Murchison Meteorite landed in Murchison, Victoria in 1969. Over 100 kilograms of 
this meteorite have been found. More than 92 different amino acids have been identified 
within the Murchison meteorite to date. Nineteen of these are found on Earth. The 
remaining amino acids have no apparent terrestrial source. This discovery is very significant 
as amino acids are the building blocks of proteins. Proteins are key chemicals in both 
building living bodies and maintaining life processes.

If you would like to know more about the Murchison meteorite, and find out why scientists 
have been so interested in this piece of extraterrestrial rock, go to  
<http://science.jrank.org/pages/4501/Murchison-Meteorite.html>.

As more information is collected about solid planets and moons in our Solar System, 
scientists are becoming increasingly hopeful that primitive life may be found elsewhere in 
the Solar System.

Activity – Life beneath Europa’s ice crust?
This activity is adapted from that developed by Robert Hollow for the NSW Quality Teacher 
Program for Years 7–10 Science funded by the Australian Government in 2003.

Europa, one of Jupiter’s large moons, is covered in a thick crust of surface ice. Scientists 
believe that liquid water lies beneath this crust. Given that microorganisms have been 
found in similar conditions in Antarctic waters, this water could, conceivably be a habitat 
for microorganisms that obtain their energy from volcanic processes similar to those in 
the depths of the Pacific Ocean. The discovery of life on Europa would be of profound 
significance to astrobiologists’ understanding of the origins of life. 

Your task 
Work in a team to develop a preliminary proposal for a space mission to Europa with the aim 
of discovering a) the existence or not of liquid water beneath the ice crust and b) if there are 
any microorganisms in this water.

Your team has to
1.	 Plan an achievable mission, either manned or unmanned, that utilises current 

technology.

2.	 Provide evidence from current data available that suggests that this mission is likely to 
succeed in its search for extraterrestrial life.
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3.	 Determine a suitable means of drilling through the ice crust to obtain water sample/s. 
Consideration must be given to the likelihood of contamination from Earth based tools 
and ideas proposed to prevent this contamination.

4.	 Identify and discuss the scientific knowledge that could be gained from such a mission. 
Support your proposition with an outline of the potential benefits of this knowledge to 
society back on Earth.

5.	 Identify and discuss other key technical and scientific problems that may need to be 
overcome before this mission can proceed.

6.	 Provide an outline of how the mission will occur should approval be given for it  
to proceed.

4. Exoplanets and the search for 
extraterrestrial life

Exoplanets (or extra solar planets) are planets beyond our Solar System that are orbiting 
other stars. Whilst astronomers have hypothesised that planets must exist outside of 
our own Solar System, it is only in relatively recent times that these planets have been 
discovered. With the assistance of the sophisticated technology that is available to 
astronomers, more and more exoplanets have been discovered. 

There is now clear evidence for substantial numbers of three types of exoplanets: 

 ▸ gas giants similar to and larger than Jupiter;

 ▸ hot-super-Earths in short orbits close to their stars; and 

 ▸ ice giants – large rocky planets at great distances from their star. 

The challenge now is to find terrestrial planets (i.e. those one half to twice the size of the 
Earth), especially those in the habitable zone of their stars where liquid water might exist 
on the surface of the planet.

The Kepler Mission by NASA, is specifically designed to survey our region of the Milky Way 
galaxy to investigate hundreds of Earth-size and smaller planets in or near a habitable zone 
and identify the fraction of the hundreds of billions of stars in our galaxy that might have 
such planets.

Astronomers are also beginning to detect organic compounds (possibly components of 
living things) in space. Recent studies have suggested that molecules important for life 
commonly form in the gas and dust clouds that condense to form stars and planets.From the earlier work 

in this activity, propose 
a definition for the term 
habitable zone of stars.

List the conditions 
that must exist in a 
habitable zone if life in 
some form is to survive 
on a planet or moon.

Q

Q
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Research 
Use the internet to find answers to the following questions.

3

4

Q

Q

Q Q Q

Exoplanet		
summary	

How many exoplanets 
have been discovered 
so far? Is there any 
evidence that they 
may be suitable for life 
to exist on them?

The	Kepler	
Mission

Go to <http://kepler.
nasa.gov/> to find and 
summarise information 
to describe how the 
Kepler Mission will find 
planets around other 
stars. This mission will 
be searching for years! 
Stay tuned!

Organic	chemicals		
in	deep	space

Use an internet search to make 
a list of the organic molecules 
that have been found in 
space. <www.space.com/
scienceastronomy/060808_st_
life_molecules.html> is a good 
place to start. 

Organic	chemicals		
in	deep	space

From your list of chemicals, 
identify those that occur in 
living things. 

Organic	chemicals		
in	deep	space

From your research, 
what questions remain 
to be answered about 
how life began in the 
Universe?

5 5 5
i ii iii



Astronomy and 
Technology

SECTION 3
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Lesson 11
Measuring time 
Time required: 60 minutes 

Equipment list 

 Internet access  Presentation equipments such as data 
projectors etc for use by students

List of references 
<www.physics.nist.gov/GenInt/Time/time.html> is a good place 
for students to start research on the history of measuring time.

<www.videos.howstuffworks.com/> The “How Stuff Works” video centre has someshort 
video clips. Use the search facility to find the clip Investigating Astronomy: Measuring Time.

Outcomes 
At the end of this lesson, students should be able to:

 ▸ recognise that measurements used to measure time are arbitrary units that are useful to 
describe the Universe;

 ▸ describe human history of time measurement and explain why more accurate 
measurements of time have become necessary over the history of time measurement;

 ▸ list the measurements used to describe and catalogue the Universe; and

 ▸ identify the appropriate measurements used to describe features of the Universe.

Prior knowledge, understandings and skills required 
Students will need to be able to:

 ▸ refer to the electromagnetic spectrum and the speed of light;

 ▸ develop time lines; and

 ▸ extract, collate and analyse data from secondary sources.

Activity 
Students will need access to resource books and the internet. These activities may be 
used as a differentiation exercise with mixed ability classes as there are varying degrees of 
difficulty in the activities.

internet research on measuring time – each student group is given a different historical 
age to research and each group will be required to provide a presentation to the  
whole class.

Assessment 
Assessment can be made via the accuracy of quality of the presentations and the scale 
models developed.

Rationale 

The purpose of this 
lesson is to introduce 
students to the scale 
of time measurements 
that are used in 
astronomy. The lesson 
has been structured 
to provide students 
with an opportunity 
to explore the history 
of time measurement.
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Student activity
Measuring time in the Universe
The purpose of this activity is to help you understand the changing reasons for measuring 
time and the changing ways in which time has been measured over the history of humans.

Your teacher will provide you with a card that identifies which time period you are to 
investigate. Your task is to produce a short presentation that will provide the rest of 
your class with information about measuring time in the period of history that you have 
researched.
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Measuring time – Student activity cards

Ancient calendars

1.	 How did people measure time before clocks were 
invented?

2.	 What types of time periods were important for 
people to know about?

3.	 Why was it important for people to measure time?

Start your research here: 
<www.physics.nist.gov/GenInt/Time/ancient.html>. 

Early clocks

1.	 Why did people need to invent clocks?

2.	 What types of time periods did they need to know 
about?

3.	 Describe the first clocks that were invented. When 
were they invented?

Start your research here: 
<www.physics.nist.gov/GenInt/Time/early.html>. 

Mechanical clocks

1.	 When and why were mechanical clocks invented?

2.	 There are many different types of mechanical 
clocks. Describe three different types of clocks and 
explain how they kept accurate time.

3.	 Describe any disadvantages of these clocks.

Start your research here: 
<www.physics.nist.gov/GenInt/Time/revol.html>. 

Sundials

1.	 What is a sundial and how does it work?

2.	 When were sundials invented and who by?

3.	 What problems occur with the use of sundials as 
timekeepers?

Start your research here: 
<www.liverpoolmuseums.org.uk/nof/sun/san5.html>.

Quartz clocks

1.	 How are quartz clocks different to mechanical 
clocks?

2.	 Why are they more accurate?

3.	 Describe any disadvantages of these clocks.

Start your research at  
<www.physics.nist.gov/GenInt/Time/revol.html>.

Atomic clocks

1.	 What is an atomic clock?

2.	 How does an atomic clock work?

3.	 Why do scientists and others need clocks with the 
accuracy of atomic clocks?

Start your research at 
<www.physics.nist.gov/GenInt/Time/atomic.html>. 

Pulsars as clocks

1.	 What is a pulsar?

2.	 How can a distant astronomical object be used as a 
clock?

3.	 Under what circumstances would astronomers use 
pulsars as clocks?

Start your research at 
<www.en.wikipedia.org/wiki/Pulsar>. 

Time across the Earth

1.	 What is ‘Greenwich Mean Time’ and why was it 
invented?

2.	 How is the surface of the Earth organised into time 
zones and why was this done?

3.	 How many time zones exist around the world? 
Suggest any problems that may exist with the 
organisation of these time zones

Start your research at 
<www.physics.nist.gov/GenInt/Time/world.html>. 

For all students
Design a time-line that shows the history of development of methods of measuring time.

Mechanical	clocks

Pulsars	as	clocks

Ancient	calendars

Quartz	clock

Early	clocks

Atomic	clocks

Sundials

Time	across	the	Earth
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Lesson 12
Measuring distance
Time required: 60 minutes 

Equipment list 

 Internet access  Materials for model building such 
as ingredients for papier mache and 
Plaster of Paris, cardboard, newspaper Rulers

List of references 
<www.papiermache.co.uk/tutorials/getting-started-with-papier-mache/> 
has information on making and using papier mache.

<www.astro.princeton.edu/~clark/teachersguide.html> contains a series of pages 
describing a step-by-step guide to developing students’ ideas about the size of the 
Universe. This activity would be useful for lower ability students who need further 
assistance with conceptualising the scale of the Universe.

<www.youtube.com/watch?v=kNAUR7NQCLA> Great clip from the movie ‘Contact’ which 
gives us a glimpse of where we actually live.

<www.youtube.com/watch?v=I34FNr�peUk&feature=related> has a video clip comparing 
the size of Earth to the largest star known at this time. Unfortunately the labels are not 
easy to read.

<http://heasarc.gsfc.nasa.gov/docs/cosmic/> is a self-tutorial site based on the distances 
to various types of objects: Solar System, stars, the Galaxy, etc. Excellent background on 
astronomical methods of measuring distance.

<www.outreach.atnf.csiro.au/education/senior/astrophysics/astrometry�links.html> has a 
large number of useful links that can be used with more able students to discuss the use of 
parallax for measuring astronomical distances.

Outcomes 
At the end of this lesson, students should be able to:

 ▸ recognise that measurements used to measure distance are arbitrary units that are 
useful to describe the Universe;

 ▸ list the measurements used to describe and catalogue the Universe; and

 ▸ identify the appropriate measurements used to describe features of the Universe.

Prior knowledge, understandings and skills required 
Students will need to be able to:

 ▸ refer to the electromagnetic spectrum and the speed of light;

 ▸ develop scale models; and

 ▸ extract, collate and analyse data from secondary sources.

Rationale 

The purpose of this 
lesson is to introduce 
students to the 
scale of distance 
measurements that 
are used in astronomy. 
Astronomy is 
a science that 
searches the past 
for explanations 
of phenomena 
and for enabling 
predictions about 
future events. As the 
tools of astronomy 
become increasingly 
sophisticated, 
astronomers are able 
to search further 
and further into the 
distance. The greater 
the distance, the 
further back in time 
they are viewing.
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Activity 
Students will need access to resource books and the internet. These activities may be 
used as a differentiation exercise with mixed ability classes as there are varying degrees of 
difficulty in the activities.

Understanding distance

a.	 Developing a scale model to conceptualise the distances involved in astronomy.

b.	 Identifying and describing the units used to describe distance.

Students will then be required to consider the usefulness of the light year as a way of 
describing distance.

Extension activity
A detailed description of an exercise using parallax for measuring distance is available at 
<www.astro.princeton.edu/~clark/ParAct.html> Students will need to have the imperial 
measuring units in the description translated into metric units for them.

Assessment 
Assessment can be made via the accuracy of quality of the presentations and scale models 
developed.
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Student activity
Measuring distance in  
the Universe
The purpose of this activity is to help you understand the different types of measurements 
that can be used to describe distance, especially when describing astronomical objects 
and distances.

Watch the following clips from ‘Youtube’:

<www.youtube.com/watch?v=kNAUR7NQCLA> is from the movie ‘Contact’ which gives 
us a glimpse of where we actually live. Notice how small the Sun gets as the clip takes you 
further out into space.

<www.youtube.com/watch?v=I34FNr�peUk&feature=related> has a video clip comparing 
the size of Earth to the largest star known at this time. Unfortunately the labels are not 
easy to read. 

Use the information in the table below and the scale models of the Solar System and other 
stars to design a model that shows one of the following:

1.	 Distances between the planets and the Sun in our Solar System.

2.	 The relative sizes of the planets and the Sun.

3.	 Our Sun’s diameter compared to some named stars – you select the stars.

4.	 The distances between our Sun and some nearby stars – you select the stars.

5.	 The Sun’s place in the Milky Way galaxy.

Your task is to research the sizes and distances involved, then design and make a scale 
model that you can present to your class.

Questions 
for the whole class to 
discuss and answer

Why are the units that we 
use to measure distance 
on Earth useless when it 
comes to describing the 
Universe?

What units are used to 
describe distances in the 
Universe?

The ‘light year’ can be 
thought of as a unit of 
time and distance? How 
is this possible?

If a distant galaxy is said 
to be 10 billion light years 
away, what does this tell 
us about the radiation 
that we detect on Earth 
from that galaxy?



Window to the Universe The Square Kilometre Array A resource for teachers of students in Years 9–10

66

Lesson 13
The atmosphere and radiation
Time required: 50 minutes

Equipment list 
Access to the internet is needed for this lesson. If the internet is not available during class, 
the information on each of the recommended sites may be printed off and handed to the 
students as hard copy.

For the simple investigation, each group will need:

 A large glass bottle or beaker with 
straight sides

 Small quantity of powdered milk or 
ground white chalk

 Torch  Stirring rod

List of references 
There are ample sites on the internet on this topic; those chosen for use are simply 
written and should be accessible to most Year 9 or Year 10 students.

<www.visionlearning.com/library/module�viewer.php?mid=107> for information on the 
composition of the atmosphere.

<http://teachertech.rice.edu/Participants/louviere/struct.html> 
for information on the layered structure of the atmosphere.

<www.earthobservatory.nasa.gov/Features/RemoteSensing/remote�04.php> 
for a brief overview on atmospheric windows.

Outcomes 
At the end of this activity, students will have: 

 ▸ increased their knowledge on the composition and layered nature of the atmosphere;

 ▸ increased their conceptual understanding of the interaction of the atmosphere with 
various wavelengths of radiation;

 ▸ practised their skills in extracting and collating information from secondary sources; and

 ▸ considered the impact of atmospheric conditions on astronomers’ ability to collect data 
from outer space.

Prior knowledge, understandings and skills required 
Students will need to have knowledge and understanding of the electromagnetic 
spectrum.

Students will need the skills to extract, collate and analyse data.

Rationale 

Having developed 
a conceptual 
understanding of 
the electromagnetic 
spectrum and 
the phenomena 
of reflection and 
refraction, students 
now need to consider 
the limitations 
of ground-based 
telescopes due to 
the composition and 
layered nature of the 
atmosphere.
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Activity 
This activity may be carried out as a sequence by all students or it may be developed as 
three stations for students to rotate through. If the latter, at least 4 on-line computers 
would be needed and 4 wet areas available for students to carry out the investigation.

Assessment 
If students have achieved the outcomes of this lesson, they will have:

1.	 Successfully provided answers to all questions requiring extraction of data; and

2.	 Provided suggested answers to the questions requiring inference and creative solutions 
to the problems caused by the absorption and scattering of radiation in  
the atmosphere.

Background information
1.	 Because of the effects of turbulence, looking through the Earth’s atmosphere is 

like looking through a layer of water with ripples on its surface. For a more detailed 
explanation of the effects of atmospheric turbulence on astronomy, go to  
<www.astro.ufl.edu/~oliver/ast3722/lectures/EffectOfAtmosphere/EffectAtmos.htm>. 

2.	 Atmospheric gases also absorb specific wavelengths of light so that any light gathered 
may not represent all the wavelengths of the light spectrum emitted from an object.  
For example, the Sun appears white in space, not yellow as it appears on Earth.  
<www.windows.ucar.edu/tour/link=/earth/Atmosphere/earth�atmosph�radiation�
budget.html> is another useful page on the effects of the 
atmosphere on EMR.

Two problems with 
ground-based optical 
telescopes result from 
the effects of the 
Earth’s atmosphere. 
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Student handout
The atmosphere and radiation

Station 1 
The composition of the atmosphere
Go to <www.visionlearning.com/library/module�viewer.php?mid=107> and read through 
the information provided to complete the following table. You could practise your 
computer skills and use a spreadsheet program to tabulate, then draw a sector graph (or a 
divided bar graph).

The gases of the atmosphere

Name	 Symbol Percentage	in	the	
atmosphere
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If you have not used a spreadsheet program, use the information in column 3 of the table 
above to design and construct a sector graph to demonstrate the gaseous composition of 
the atmosphere. 

Use the information on the website to make a list of other non-gaseous matter that may be 
found in the atmosphere.
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Station 2
The structure of the atmosphere
Use the information at <http://teachertech.rice.edu/Participants/louviere/struct.html> to 
label the diagram below. For each level of the atmosphere, include information about its 
composition and temperature. Add in any extra layers that are described if you believe 
they may assist your understanding of the structure of the atmosphere.

0–10 km

10–30 km

30–50 km

50–400 km

>400 km

Troposphere

Stratosphere

Mesosphere

Thermosphere

Exosphere

Complete the table below to summarise the information about what happens to different 
radiations from the electromagnetic spectrum as they pass through the layers of the 
atmosphere. 

In the ‘Further comments’ column, you may wish to think about:

 ▸ the benefit to humans by what happens in the atmosphere; and

 ▸ the benefit/disadvantage to astronomers by what happens in the atmosphere.

Hint:	you may 
need to search other 
websites to finish the 
table completely. 

Radiation Reaches	
Earth	Yes/No

Absorbed	by Further	comments

Radio waves

Microwaves

Infra-red 

Light 

Ultra-violet radiation

X-rays

Gamma rays
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Station 3 
Light in the atmosphere
At this station, you have to carry out a short investigation. Follow the instructions carefully 
and write your observations down in the space below. Once you have carried out the 
instructions, empty the bottle, wash it out and leave all equipment neat for the next group.

You will need a clear glass bottle or beaker, water, white powder and a torch.

1.	 Fill a clear bottle with water and shine a torch through the bottle.

2.	 Add the powder just a pinch at a time until you can clearly see the beam of light inside 
the bottle.

3.	 Look at the beam of light passing out of the bottle. You should notice that the beam is 
made up of mostly yellow and orange light.

4.	 Now view the light beam from the side (perpendicular to the light beam). You should 
see a blue-white colour in the bottle.

Your observations

To help you understand what is happening 

When the visible light spectrum passes through a medium such as air, glass or water, each 
colour is bent, separated and scattered by different amounts. Blue and violet light are 
scattered the most, while red and orange light are scattered the least. 

Objects in the 
atmosphere

Sunlight

The Earth’s atmosphere contains particles of water vapour, dust and various gases. When 
sunlight passes through the atmosphere during the day it hits these particles. The blue and 
purple light is scattered within the atmosphere, causing the sky to appear blue. As the Sun 
sets (and rises), its light passes through more of the atmosphere. The blue and purple light 
is scattered so much that it bends away from you. The yellow and red light now scatters 
within the atmosphere and the sky appears orange. Whenever there is an increase in the 
amount of particles in the air, such as after a bushfire or volcanic eruption, light is scattered 
even more and sunsets become redder.  

In your 
group: 
discuss and then  
write an answer to the 
following question. 
Scattering is a problem 
for astronomers on the 
ground. Why?



Window to the Universe The Square Kilometre Array A resource for teachers of students in Years 9–10

72

Putting it all together 
While all forms of electromagnetic radiation may be given out by celestial bodies across 
the Universe, very little will actually travel in the direction of Earth. Even then, radiation 
that does reach Earth’s neighbourhood may be stopped by Earth’s atmosphere before it 
reaches the ground. 

Astronomers use the term “Atmospheric Window” to describe the effect of the atmosphere 
on incoming radiation. The diagram below summarises the situation.

Activities
1.	 Use your dictionary and the diagram above to answer the following questions:

a.	 Find the meaning of:

i.	 Opaque.

ii.	 Transparent.

b.	 What is meant by the statement “Atmosphere is opaque” in the shaded areas of  
the diagram?

c.	 At which wavelengths is the atmosphere completely transparent to radiation?

d.	Given your answer to part c, what types of radiation may astronomers gather with 
their telescopes at ground level on Earth?

2.	 Research task: What options do astronomers have if they wish to 
collect X-rays and Ultra-violet rays emitted by celestial objects?

 0.1 mm 1 mm 10 mm 100 mm 1 μm 10 μm 100 μm 1 mm 1 cm 10 cm 1 m 10m 100 m

 X-rays Ultraviolet Infrared Microwaves Radio
Visible

Optical
window

Atmosphere 
is opaque

Atmosphere 
is opaque

Atmosphere 
is opaque

Radio window

100%

50%

0%Tr
an

sp
ar

en
cy

Wavelength



A resource for teachers of students in Years 9–10 Window to the Universe The Square Kilometre Array

73

Lesson 14
Comparison of telescopes 
and the world’s largest 
optical telescopes
Time required: 75 minutes

Equipment list 

 Computer and internet 
access

 Student handout (Alternatively, place electronic 
version of handout onto school server so students can 
download and use it electronically)

List of references
The following is not a complete list of websites available but will provide students with 
some information to get started.

The World’s Largest Telescopes 
<www.astro.nineplanets.org/bigeyes.html>.

The European Southern Observatory 
<www.eso.org/public/>.

European Extremely-Large Telescope 
<www.eso.org/sci/facilities/eelt/>. 

Mauna Kea Observatories 
<www.ifa.hawaii.edu/mko/>. 

Keck Observatory 
<www.keckobservatory.org/index.html>.

Gemini Observatories 
<www.gemini.edu/>.

Large Binocular Telescope 
<www.lbto.org/>. 

South African Large Telescope 
<www.salt.ac.za/>.

Anglo-Australian Observatory 
<www.aao.gov.au/>
<www.aao.gov.au/AAO/about/aat.html>.

Giant Magellan Telescope 
<www.gmto.org/>.

La Silla Paranal Observatory 
<www.eso.org/sci/facilities/paranal/>.

Gran Telescopio CANARIAS 
<www.gtc.iac.es/en/>.

Rationale 

This lesson provides 
students with the 
opportunity to familiarise 
themselves with the 
construction, function 
and use of various 
telescopes used in 
modern astronomy.  
With the various tools 
available to astronomers, 
telescopes remain at the 
forefront of research and 
development in both 
instrumentation and our 
understanding of the 
Universe.

Students will have 
completed an 
introduction to the 
unit, with a focus 
on electromagnetic 
radiation, its properties 
and how it can be 
manipulated (reflected, 
refracted, dispersed, 
etc).  This lesson seeks 
to provide students 
with the opportunity 
to compare various 
types of telescopes and 
determine why the 
world’s largest telescopes 
are constructed in the 
locations that they 
are.  This should enable 
students to appreciate 
some of the problems 
faced by astronomers.
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Space Telescope Science Institute 
<www.stsci.edu/resources/>.

ANU Research School of Astronomy and Astrophysics 
<www.mso.anu.edu.au/home.php>.

Telescope Simulator 
<www.scopesim.com/>.

Earth at Night and Energy Production 
<www.geni.org/globalenergy/multimedia/earth-at-night016.gif>.

Outcomes 
In completing this activity, students will:

 ▸ relate some common technologies to their underlying scientific principles;

 ▸ access information from a wide variety of secondary sources;

 ▸ collate and present information to an audience; and

 ▸ use critical thinking skills in evaluating information and drawing conclusions.

Prior knowledge, understandings and skills required 
Students need to have an understanding of how light (and electromagnetic radiation in 
general) can be reflected and refracted.  They would also benefit from knowing how a 
telescope works. 

Students will need to be able to apply basic computer and research skills to complete  
this lesson.   

Activity 
Each student will require a copy of the handout on which to complete his or her work.  

All students complete the section on ‘Comparing Telescopes’. Each group of students is 
then given the name of ONE telescope, on which they collect information. The students 
then share the information so that each student has information on all eight telescopes.

This part of the lesson is designed to assist students in developing their research skills 
and also reinforcing the need to appropriately record sources of information.

Extension
Students could identify and summarise the research carried out at one particular 
telescope of their choice.  They should include information such as wavelength of 
radiation detected, what scientists are searching for, what they hope to find and the 
instrumentation that will be utilised.

There is also a telescope simulator provided in the list of websites  
<www.scopesim.com/>.  This could be used by students to determine 
how the resolving power of a telescope, and hence quality of the image, can  
be affected when certain parameters of the telescope are altered.
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Assessment 
Assessment can take place in the form of checking the students’ responses to the 
questions on the handout about the function of telescopes and critically analysing the 
reasons behind the location of large telescopes.

Verbal and/or written feedback to students on the completion of the table, would give an 
indication on the ability of students to use secondary sources and communicate scientific 
information to an audience. 

Background information on optical telescopes

The Refracting Telescope

The refracting telescope was invented in 1609 in the Netherlands. These telescopes use 
lenses to gather and focus the incoming light.

starlightlens

to eye

eyepiece

focus

The images from refracting telescopes may be distorted by chromatic aberration. This is 
due to the fact that lenses bend light of different colours by different amounts. This means 
that the different colours of an object will come to focus at different points. Chromatic 
aberration can become especially apparent when viewing bright objects such as the moon 
or planets. The better refracting telescopes use special lenses to reduce or nearly eliminate 
chromatic aberration.

The Reflecting Telescope

The reflecting telescope was invented later in the 1600s as an alternative to the refracting 
telescope. These use one or more curved mirrors and gather the incoming light and focus 
it back along a path called the focal plane.

concave 
primary mirror

main tubelight secondary
mirror

eyepiece

The primary mirror in many reflecting telescopes is a parabolic shape, which causes a 
distortion of the image called coma. Coma is an optical aberration that makes stars near 
the edge of the field of view appear as a tiny mark. Coma can degrade sharpness of 
extended nebula and galaxies, and can affect views of star clusters. Coma can be corrected 
and/or reduced using a specialised eyepiece.

All modern large 
optical telescopes are 
reflecting telescopes 
for two reasons:

1.	 The size and 
resolution 
of refracting 
telescopes is limited 
by the size, weight 
and quality of the 
lenses that can 
be manufactured.  
Mirrors can be 
supported by a 
supporting back 
structure so the 
primary mirror in a 
reflecting telescope 
can be very much 
larger.

2.	 The primary lens 
of a refracting 
telescope also 
absorbs some light 
so that any study of 
the light spectrum 
of a distant object 
has to be adjusted 
for the effect of the 
glass lens.
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Student handout
World’s largest telescopes

Comparing telescopes
1.	 Describe how a reflecting telescope collects and focuses light. A diagram may assist you.
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2.	 Describe how a refracting telescope collects and focuses light. A diagram may assist 

you.
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3.	 Complete the following table:

Refracting	telescope Reflecting	telescope

Advantages

Disadvantages
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Telescopes around the world
There are many large optical telescopes in the world. Some are currently being used to 
gather astronomical data, others are still in the planning stages.

You will be allocated the name of one telescope. Use the internet to gather the information 
below about the telescope.

Please record the details of any sources used to gather this information.

Name	of	telescope

Location	of	telescope

Diameter	of	telescope

Height	above	sea	

Which	countries	provide	
funding	for	this	telescope?

Interesting	facts	about	the	
telescope

Sources	used	to	gather	
information
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Telescope Location Diameter	
(m)

Height	
above	sea-

level	(m)

Countries	that	provide	
funding	for	the	

telescope
Interesting	facts	about	the	telescope

Keck

Large 
Binocular 
telescope 
(LBT)

Gemini 
North

Gemini 
South

Anglo-
Australian 
Telescope 
(AAT)

Giant 
Magellan 
Telescope 
(GMT)

European 
Extremely-
Large 
Telescope 
(E-ELT)

Gran 
Telescopio 
CANARIAS 
(GTC)
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Location, location, location
1.	 Explain why many optical telescopes are located in isolated places on high mountains. 
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2.	 In searching for locations for telescopes, would any mountain range 
be a suitable spot to build a telescope? Explain your answer.
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3.	 Plot the locations of the telescopes listed in the table above on the world map.  
Describe any trend you see in the locations of the telescopes.

Map source http://serc.carleton.edu/usingdata/nasaimages/index4.html 
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Lesson 15
Introduction to radio astronomy
Time required: 45 minutes

Equipment list 

 Access to the internet  Hard copy resources such as library or 
textbooks could be used as a second 
reference point

List of references 
<www2.jpl.nasa.gov/radioastronomy/radioastronomy�all.pdf> is an excellent 109-page 
resource on radio astronomy. The physics included will be beyond most Year 9-10 students 
but it is an excellent reference resource for teachers, especially with its detailed glossary.

<www.nrao.edu/index.php/learn/radioastronomy> is a comprehensive website on radio 
astronomy, its history and uses.

<www.outreach.atnf.csiro.au/education/everyone/radio-astronomy/> has a well-written 
introduction to radio waves, radio telescopes and radio astronomy. 

<www.usq.edu.au/library/help/referencing/harvard.htm> is the Harvard referencing guide 
quoted in the example in the student handout. This page had a comprehensive list of 
examples on how to reference any hard copy or electronic source.

The APA (American Psychological Association) Referencing System is also used extensively 
in education. Information on this system can be found at <www.lc.unsw.edu.au/onlib/
ref�apa.html>. 

Outcomes 
At the end of this activity, students will increase their knowledge and understanding of:

 ▸ the origins of radio astronomy; and

 ▸ the use of radio astronomy to broaden knowledge about the Universe.

Students will also increase their skills in:

 ▸ extracting information from secondary sources;

 ▸ evaluating information from secondary sources; and

 ▸ referencing materials from the internet.

Rationale 

The purpose of this 
lesson is to provide 
students with 
information about 
radio astronomy and 
the structure and 
function of radio 
telescopes. 
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Prior knowledge, understandings and skills required 
This activity requires prior knowledge of:

 ▸ the electromagnetic spectrum; and

 ▸ properties of waves.

This activity requires skills in:

 ▸ extracting, collating and summarising information from secondary sources; and

 ▸ referencing sources of information from the internet.

Activity 
This activity is a guided exercise in extracting and summarising information from 
secondary sources.

Assessment 
Informal assessment can be made of the quality of student summaries e.g. have they 
included all key words? Have they referenced the sites from which they extracted 
information? Have they crosschecked the information with that from another source?
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Student activity
Introduction to radio astronomy 
When you get information from other sources, you must acknowledge the ideas of others 
that you use. In most cases, this means stating which book or journal article is the source 
of an idea, information or quotation. In this exercise, you are required to use the internet to 
find answers to each of the questions. 

However, in accessing the internet, you need to be careful about the reference source 
that you quote. You can check the quality of the site by checking its origins. The domain 
address itself will in many cases provide you with important information: 

 ▸ <.edu> indicates the site should be sponsored by an academic institution in the United 
States (US);

 ▸ <.edu.au> indicates the site should be sponsored by an academic institution in 
Australia;

 ▸ <.gov> or <.us> indicates sponsorship by the US federal government or a US state;

 ▸ <.gov.au> indicates sponsorship by the Australian Government;

 ▸ <.nsw.gov.au> indicates sponsorship by the NSW government and similar domain 
addresses will exist for each of the other states;

 ▸ <.com> or <.net> indicates a commercial site. This information may be biased towards 
any product that the company is producing; and

 ▸ the UK uses a slightly different system to identify their sites. Academic sites use .ac.uk 
whilst commercial sites use <.co.uk>.

You can also check the quality of the information by crosschecking it with another website.

Once you have decided to use information from a website, make sure that you reference that 
site at the end of your answer. A web document can be referenced in the following way:

 ▸ author/editor or compiler; 

 ▸ year of the most recent version; 

 ▸ title, version number (if applicable);

 ▸ description of document (if applicable);

 ▸ name and place of the sponsor of the source;

 ▸ date viewed Day Month Year; and

 ▸ <URL either full location details or just the main site details>.

For example
Anderson, J (Minister for Transport and Regional Services) 2000,  
CASA approves avgas contamination test, media release, 23 January, 
Department of Transport and Regional Services, Canberra, viewed 7 February 2000,  
<www.dotrs.gov.au/media/anders/archive/2000/jan�00/al6�2000.htm>.

Check with your teacher to find out if you are to research all questions in the table yourself 
or if you may work in a group.	The information provided on how radio astronomy images 
are produced will help you understand the difference between radio and optical images. 
You will need this understanding to fill in the last row of the table on the next page.
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Question	group Answer First	reference Second	reference	
used	for	

crosschecking

About radio-waves

 ▸ When were radio waves 
discovered and by whom?

 ▸ Identify three people who 
worked with radio waves.

 ▸ What did each scientist 
discover that added to our 
knowledge of radio waves?

Detecting radio-waves 
from space

 ▸ When did scientists realise 
that radio waves came from 
outer space? 

 ▸ Who first detected 
extraterrestrial radio waves? 

 ▸ How was it done?

The design of a radio 
telescope

 ▸ Describe the parts of a radio 
telescope and explain the 
purpose of each part. 

 ▸ Explain the reason for the 
shape of a radio telescope 
antenna. 

Information gathered by 
radio telescopes

 ▸ Describe one example from 
radio astronomy research 
that shows the difference 
in information gathered 
about the Universe from 
that obtained from optical 
telescopes.
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Images from radio astronomy
We cannot hear or see radio waves so how do astronomers produce ‘images’ from data 

received as radio waves?

This image from the CSIRO ANTF gives us a clue.

This is a combined radio/optical image of the powerful radio galaxy PKS 2356-61. The radio 

emission is shown in red, superimposed on the optical image of the field (blue). The radio 

image was made from observations taken with the Australia Telescope Compact Array at 

Narrabri, NSW.
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Making an image from data gathered by a single dish radio telescope is rather more 
complicated than obtaining an image through an optical telescope. Each little point in the 
image is saved as a tiny dot to make up the representation of an image in a computer’s 
memory. These dots are called pixels. In the image above, you can detect each pixel point 
as a tiny square.

For a single dish telescope, such as the Parkes dish, the telescope scans across an object 
and receives radio waves from each little point across the object being studied. Some spots 
in the object emit more energy than others. The amount of information is stored in each 
pixel and a computer turns this information into numbers. For example, if radio waves are 
weak at a particular position, a small number would be recorded in the pixel. If no radio 
waves were coming from that spot, the computer would put a zero in that pixel. Radio 
astronomers can then use different colours to distinguish regions of high energy from 
regions of low energy. 

For radio telescopes such as the Australia Telescope Compact Array (ATCA) at Narrabri, the 
Australian Square Kilometre Array Pathfinder (ASKAP) or the proposed international Square 
Kilometre Array (SKA), many antennas or dishes receive the signal from a source in space. If 
there are two antennas pointing at a source such as a galaxy as the day progresses and the 
Earth rotates on its axis the antennas appear to rotate around each other. The net effect is 
that one antenna has swept out a track around the other. 

If you have more antennas you can sweep out more strips at the same time. In effect, as 
time passes the individual antennas trace out concentric circular paths on the surface of 
an imaginary giant antenna surface. This imaginary antenna is as wide as the distance 
between the most widely separated pair of real antennas. For ATCA and ASKAP this is 6 km. 
This technique is called Earth-rotation synthesis and was pioneered in the 1950s by groups 
at CSIRO’s Division of Radiophysics and the University of Cambridge in Britain.

To actually process the information received by multiple antennas, complex mathematics 
is required and powerful computers handle this nowadays. Data processing removes 
unwanted artefacts caused by calibration errors, atmospheric effects and correct for 
incompleteness of measurements (no group of antennas can exactly mimic a single large 
one). The final result is a better quality image which often reveals features hidden in the 
raw data.

Thus, to analyse radio telescope ‘images’, powerful computers with versatile software are 
needed. The more information that comes into the computer, the better the computer 
must be. As it stands, radio astronomers may spend many months studying a single set of 
images gathered by a telescope.

Extension activity
You can download two examples of a radio data sheet from  
<www.nrao.edu/index.php/learn/radioastronomy/makeradioimage>  
Choose some interesting colours and make your own radio image.
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Lesson 16
Sensitivity in radio astronomy 
Time required: 60 minutes

Equipment list 
For each group of students:

 Packets of dried peas 
(the dry peas act as analogues  
for photons)

 3 – 4 flower pot saucers with flat 
bottoms of different diameters (Flat 
plates could be used instead)

 Paper or foam cup  Electronic or beam balance

 Rule  Graph paper

List of references 
<www.ligo-wa.caltech.edu/teachers�corner/lessons/ifo�simulator.htm>
This site has instructions to build a model simulating the Michelson Interferometer. It 
would make an ideal longer-term project for able students. There are files to download and 
also files to assist the teacher.

<www.haystack.mit.edu/edu/pcr/resolution/index.html> is another very useful site for 
teachers with resources to download including a teacher’s guide to resolution and the 
Doppler Effect as well as a ‘resolutions and interference patterns’ project which students 
may engage in.

Outcomes 
At this end of this activity, students should be able to:

 ▸ define resolution with respect to radioastronomy and explain its importance for 
astronomy in collecting information; and

 ▸ provide examples of methods that can be used to increase the sensitivity of radio 
telescopes.

Prior knowledge, understandings and skills required 
Students will need to have conceptual understanding of: 

 ▸ wave motion; and

 ▸ the electromagnetic spectrum and properties of radio waves.

Students will need to have graphing skills.

Rationale 

The purpose of this 
lesson is to introduce 
students to the 
concept of sensitivity 
with respect to 
radio astronomy. 
Understanding 
sensitivity is a key 
component in 
understanding radio 
astronomy. 
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Activity 
This activity demonstrates the effect of surface area on the number of photons collected 
and the sensitivity of a telescope.

Assessment 
The assessment process may include a final question and answer discussion of the effect of 
surface area on collection of data. 

Background information

Sensitivity

The sensitivity of a telescope is an indication of the amount of electromagnetic radiation it 
can collect. The fainter an object the more sensitive a telescope needs to be to collect data 
from it. 

The sensitivity of a telescope is a function of the area of the radiation collecting surface of 
the telescope. The larger the surface area the more radiation it can collect. 

Electromagnetic radiation travels as photons. The more photons detected by a detector 
the higher the intensity of the radiation. If you think of the radiation as a stream of photons 
then the larger the surface area the more photons can strike it and so the intensity of the 
radiation collected is greater.

Resolution

The resolution of a telescope is a measure of its ability to separate two objects that are 
close together but far from the telescope, for example able to see as two separate stars the 
stars that are part of a binary star system. 

The size of the collecting surface not only increases the sensitivity of a telescope, it also 
increases its ability to resolve objects at greater distances.

Mathematically the resolution is given as an angle, which is determined by the ratio of the 
wavelength of radiation to be observed to the diameter of the collecting surface. 

To increase the surface area, bigger telescopes need to be built. In many cases this 
produces engineering problems that cannot be easily overcome and can place restrictions 
on the flexibility of the telescope. The largest single-dish radio telescope in the world is 
built into a valley in Puerto Rico and has a diameter of about 300m. The dish itself is too 
large and heavy to move so it can only view part of the sky straight up.

The problem of needing larger surface areas has been solved by the use of many smaller 
telescopes operating together to provide an equivalent surface area equivalent to that 
of one large telescope. The elements (individual telescopes) can be spread apart many 
kilometres from each other.

The elements together make up what is called an	interferometer. The elements are 
positioned physically away from each other so the radiation from an object being 
observed takes different path lengths to reach each element. The radiation when added 
together produces interference patterns. 
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Interference 

When two (or more) waves move through a medium their effects may be added together. 
This adding together is called interference. The two extreme cases of interference are: 

The resulting pattern detected because of the addition of the waves forms a pattern called 
an interference pattern.

In practice interferometry requires the use of high speed computers using mathematical 
tools to produce the data about the radiation received and the object(s) that emitted it. 

An example of an optical interferometer is the Michelson Interferometer. This device uses 
a light beam from a single source that is split into two beams. Each beam travels along 
separate paths that are at right angles to each other. Each beam is reflected by a mirror so 
that each beam retraces its path. The two beams are then combined to form a single beam. 
If there is a difference in path length between the paths the beams took an interference 
pattern is seen. The nature of the pattern can be used to determine the differences in the 
paths taken by the split beams.

destructive interference

constructive interference
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Student activity

Purpose 
To consider the effect of surface area on the number of photons collected and the 
sensitivity of a telescope.

Materials
 Packets of dried peas 
(the dry peas act as analogues  
for photons)

 3 – 4 flower pot saucers with flat 
bottoms of different diameters (Flat 
plates could be used instead)

 Paper or foam cup  Electronic or beam balance

 Rule  Graph paper

Method
1.	 Measure and record the diameters of the saucers.

2.	 Measure the mass of the paper or foam cup. Add 20 peas to the cup and measure the 
mass. Determine the mass of 20 peas.

3.	 Place peas in the smallest saucer until a single layer covers the complete surface of the 
smallest saucer. 

4.	 Measure the mass of the peas in the saucer and, using the information gathered in step 
2, determine and record the number of peas for that diameter.

5.	 Repeat steps 3 and 4 for each of the saucers.

6.	 Draw a graph of diameter of saucers versus the number of peas per saucer. Comment on 
the trend you see.

7.	 The area of a circular saucer is proportional to the square of the diameter of the saucer. 
For each saucer calculate the square of the diameter.

8.	 Draw a graph of the square of diameter versus the number of peas per saucer. Comment 
on the trend you see.

9.	 Comment on the difference in shapes of the two graphs.

Discussion
How do the findings of this activity assist in your understanding of the requirements in the 
design of telescopes?
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Lesson 17
Locating a radio telescope
Time required: 60 minutes

Equipment list 

Activity 1

 Portable AM radio  1.5 V battery  Piece of wire with two 
bare ends

Activity 2

 Access to the internet

List of references 
Australian Academy of Science, 2009, SKA-Activity 1, Australian Academy of Science,  
<www.science.org.au/nova/114/114act01.htm>.

National Radio Astronomy Observatory, 2009, Try It At Home!, National Radio Astronomy 
Observatory,  <www.gb.nrao.edu/epo/interf.html>.

SKA Organisation, 2009, Untitled Document, SKA,  
<www.skatelescope.org/pages/location�gen.htm>.

Commonwealth of Australia, 2008, Australia’s Candidate SKA Site, Commonwealth of 
Australia, <www.ska.gov.au/australiaska/Pages/default.aspx>.

Amalfi, C., 2006, Array for Australia? | COSMOS magazine, COSMOS,  
<www.cosmosmagazine.com/node/693/full>.

The Australian National Telescope Facility; Wagner, C, 2003, Initial Site Analysis, The 
Australia SKA Consortium Committee, <www.skatelescope.org/documents/swp/Aust�
SKA�proposal�2003�june�30�secure.pdf>.

SKA South Africa, 2009, Square Kilometre Array (SKA) South Africa, SKA South Africa 
<www.ska.ac.za/offer/advantage.shtml>.

SKA South Africa, 2003, Initial offer to host the SKA radio telescope in South Africa,, SKA 
South Africa , <www.skatelescope.org/documents/swp/SouthAfr�Site�pdf.pdf>.

Outcomes 
At the end of this lesson, students should be able to:

 ▸ identify the limiting factors in the location of radio-telescopes; and

 ▸ analyse information from a number of sources and draw conclusions from this analysis.

Prior knowledge, understandings and skills required 
Definition of the term ‘criteria’.

Understanding of the term ‘assess’.

Rationale 

The purpose 
of this lesson is 
to understand 
the difficulties 
encountered in 
selecting a location 
for a radio telescope 
and other aspects that 
may be important in 
selecting the location.
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Activity 
1.	 Carry out an investigation to measure the radio interference found around a city.

2.	 Using second hand data investigate the best site for a radio telescope.

Alternative

<www.science.org.au/nova/114/114act01.htm>
A variation on the activity to select the site for the SKA.

Assessment 
Assessment of the outcomes of this activity could be achieved by the quality student 
responses to the final question for this activity.
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Student handout
Locating a radio telescope
Radio telescopes are used to pick up faint signals from galaxies many light years away. 
These radio telescopes have similar problems to optical telescopes in terms of interference 
from human activity.

Activity
Aim:	To investigate possible sources of interference to radio telescopes.

Apparatus

 Portable AM radio  1.5 V battery  Piece of wire with two 
bare ends

What to do
1.	 Turn on your radio. Choose AM and find a place low down on the dial where there are 

no stations.

2.	 What do you notice? Can you hear anything? ����������������������

3.	 Record the Dial setting: ���������������������kHz

4.	 Tape one end of the wire to one end of the battery. Touch the other end of the wire to 
the other end of the battery. What do you notice? ������������������

5.	 Change the dial on the radio and repeat the battery experiment. Is the interference 
better or worse?

6.	 Turn on the radio and listen as you try using different things. You can try:

 ▸ Light switches, remote control cars, electric shavers, microwave oven, computer, TV.

 ▸ Get your parent to start the car. Try windshield wipers, turn signals.

 ▸ Listen to different small motors: blenders, food processor.

Dial	setting	
(kHz)

Interference	
noise		

(1	=	soft,		
5	=	loud)

Object	tested Description	of	interference 	Interference	noise	level

7.	 Describe the difficulties of having a radio telescope situated near a city.
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Selecting a site for a radio telescope
1.	 Using the link below, identify the criteria that the SKA is using as criteria for the location 

of the new radio telescope:

 <www.skatelescope.org/pages/location�gen.htm>

2.	 Describe why criterion would be important.

3.	 Use the links below to describe the advantages of the Australian site:

<www.ska.gov.au/australiaska/Pages/default.aspx>

<www.cosmosmagazine.com/node/693/full>

<www.skatelescope.org/documents/swp/Aust�SKA�proposal�2003�june�30�secure.pdf>

4.	 Use the links below to describe the advantages of the Southern African site:

<www.ska.ac.za/offer/advantage.shtml>

<www.skatelescope.org/documents/swp/SouthAfr�Site�pdf.pdf>

5.	 Assess which site should be chosen for the SKA.
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Lesson 18
Engineering and 
radio telescopes 
Time 75 minutes 

Equipment list 

Radio telescope construction

 Aluminium foil  Spaghetti  White glue

 Sticky tape  Scissors  Ruler

Real life engineering challenge

 Access to internet  Requires software to 
play movie

 Preferable headphones 
for each student

List	of	references 

NASA, 2005, DSN: Educators: Build Your Own DSN Station  
<http://deepspace.jpl.nasa.gov/dsn/educ/model.html>.

ATNF, 2009, Overview of ASKAP, CSIRO, <www.atnf.csiro.au/projects/askap/>.

Murchison Widefield Array, 2009, Murchison Widefield Array: Instrument, Murchison 
Widefield Array,<www.mwatelescope.org/instrument/index.html>.

Harris, M., 2009, China builds super-sized radio telescope - physicsworld.com, physicsworld.
com, <www.physicsworld.com/cws/article/news/37483>.

SKA, 2009, Untitled Document, SKA,  
<www.skatelescope.org/pages/design�gen.htm>.

Murchison Widefield Array, 2009, Murchison Widefield Array: MWA Video: From the 
Outback to the Cosmos, Murchison Widefield Array,  
<www.mwatelescope.org/epo/video.html>.

Outcomes 
At the end of this activity, students should be able to:

 ▸ describe a model radio telescope and identify the limitations of this model;

 ▸ list the issues that need to be addressed in designing a radio telescope; and

 ▸ relate the design features of a telescope to the skills required to design and construct a 
radio telescope.

Rationale 

The purpose 
of this lesson is 
to understand 
the engineering 
difficulties 
encountered in 
constructing radio 
telescopes and the 
roles of engineers in 
telescope design.
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Prior knowledge, understandings and skills required
 ▸ Understanding of what a parabolic mirror is.

Activity
1.	 Construct a model radio telescope, to identify the engineering problems involved in 

supporting a radio telescope and maintaining its shape.

2.	 Using news and other websites, identify methods engineers are using to overcome the 
problems encountered in radio telescope design.

3.	 Identify the importance of engineers to radio astronomy.

Extension
Construct a model of a base station and increase size to encounter engineering difficulties: 
<http://deepspace.jpl.nasa.gov/dsn/educ/model.html>

Investigate other area of research needed to improve telescope design: 
<www.atnf.csiro.au/projects/askap/>
<www.mwatelescope.org/instrument/index.html>

Assessment 
This activity could be assessed by:

 ▸ the quality of the model produced.

 ▸ teacher–led whole class discussion or summary of the issues to be considered in 
designing and building a radio telescope.
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Student handout
Designing a radio telescope
As the chase for more information from the Universe continues, many new radio 
telescopes are being designed or planned. The Square Kilometre Array plans to use many 
small dishes to produce a radio telescope with one square kilometre of collection area. In 
China they are planning the world’s largest single dish 500 m wide.

Each of these provides unique challenges and career paths for engineers. 

Activity
Aim: To identify problems in constructing large parabolic dome radio telescope.

Method
1.	 Using aluminium foil and spaghetti for supports construct a 10 cm horizontal parabolic 

dish that is smooth and self-supporting.  

2.	 Describe any difficulties involved in obtaining a smooth parabolic dish.

3.	 Change the position of the parabolic so that it is vertical but still supporting. 

4.	 Describe any difficulties encountered in: 

a.	 changing the position of your dish.

b.	 keeping the shape of your parabolic dish.

5.	 Increase the size of your aluminium dome to 20 cm and repeat putting it in a horizontal 
and vertical position.

6.	 Describe the difficulties encountered.

Discussion 
Discuss the problems that engineers would 
encounter in increasing the size of this dish 
to a workable size. 

Figure 1: visualisation 
of an ASKAP antenna.  
Credit: Ross forsyth, 
CSIRO.
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Real life engineering challenges
Read the following article on the planned FAST telescope in China.  
This will be the world’s largest single dome radio telescope. 
<www.physicsworld.com/cws/article/news/37483>.

1.	 Describe how the location of the telescope is being used to construct the telescope. 

2.	 Describe how they can ensure the shape of the telescope is always correct. 

Radio telescope arrays

To overcome some of the engineering difficulties in constructing large telescopes, arrays of 
smaller telescopes can be used to mimic a larger telescope. Currently Australia has a small 
array at Narrabri that mimics a 6 km radio telescope. 

Internationally there are plans for a Square Kilometre Array.  
This requires the development of new technology.

Using the following site answer the questions: 
<www.skatelescope.org/pages/design�gen.htm>

1.	 Identify and compare the two types of antenna that are being prototyped to be used 
with the SKA.

2.	 Identify what projects Australian engineers are involved in with the design of these 
antennas.

3.	 Watch the video found at <www.mwatelescope.org/epo/video.html>.

Describe how Australian engineers are working at the problem of enabling the SKA to 
view multiple points of the sky at once.

Summary

Discuss the difficulties involved in producing large telescopes and the role of engineers in 
their design.
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Lesson 19
The Australian Square Kilometre 
Array Pathfinder (ASKAP)
Time required: 50 minutes

Equipment list 

 Students will need access to a world atlas and an Australian atlas showing towns and 
cities and access to the internet.

List of references 
A two page fact sheet on ASKAP can be downloaded as a pdf from  
<www.ska.gov.au/media/factsheets/Pages/default.aspx>.

Websites of use for students have been included within the text of the student handout.

Outcomes 
At the end of this activity, students will have increased understanding of: 

 ▸ The design and purpose of ASKAP;

 ▸ The importance of radio quiet skies; and

 ▸ The potential benefits of ASKAP to astronomy.

Prior knowledge, understandings and skills required 
Students will need to have completed earlier activities associated with radio astronomy to 
understand the implications of this new facility.

Activity 
This activity allows for a mixture of student tasks including extracting and summarising 
information, and making inferences from secondary data.

Assessment 
Informal assessment could include assessing the quality of student responses to the 
questions, particularly those associated with prediction and inference.

Rationale 

The purpose of this 
lesson is to identify 
the rationale for the 
location, construction 
and technology  
of ASKAP.
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Student handout
The Australian Square Kilometre 
Array Pathfinder (ASKAP)
Across the world, large radio telescopes study cosmic objects that emit radio waves. These 
telescopes are large reflectors that catch and focus radio waves that stream in from objects 
in the cosmos such as comets, nebulae and galaxies as well as from extreme objects such 
as neutron stars and black holes. For a long time, it has been realised that these telescopes 
are also capturing radiation from the Big Bang.

These signals are weak by the time they reach Earth as they have spread from single points 
and travelled enormous distances. For example, a mobile phone detects radio signals that 
are 1x10-2 watts, but radio telescopes have to detect signals that are only 1x10-29 watts. 
The following analogy has been used to describe radio astronomy: imagine a small feather 
fluttering to the ground. The energy released when that feather hits the ground is more 
than the total amount of cosmic radio wave energy that has been collected by all the radio 
telescopes currently in existence.

Consequently, with all the radio waves that are emitted by our modern communication 
systems, it is not difficult to understand why radio telescopes need to be placed where 
there is likely to be little interference. Man-made radio signals can effectively disrupt radio 
telescopes and even make it impossible to study signals of some frequencies that may be 
coming from deep space. Radio astronomers need quiet skies!

For example

Where’s the astronomical signal in this pulsar observation?  One of the spikes in this graph 
is a pulse from the pulsar as it sweeps across Earth.  The other spikes are man-made radio 
signals.  Pulsars are used in many studies of astrophysics, but the interference is making 
such research more and more difficult to accomplish.

Source <www.outreach.atnf.csiro.au/education/pulseatparkes/>.
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Activity 1
Locations of radio telescopes in Australia
The table below lists the locations of most of the radio telescopes in Australia. 

Telescope Location Website
Parkes Observatory Parkes, NSW <www.atnf.csiro.au/projects/askap/> 
Australia Telescope Compact 
Array 

Narrabri, NSW <www.narrabri.atnf.csiro.au/> 

Mopra Observatory Warrumbungle 
Mountains, NSW

<www.narrabri.atnf.csiro.au/mopra/> 

Tidbinbilla Observatory Tidbinbilla, ACT <www.atnf.csiro.au/observers/tidbinbilla/> 
Molonglo Observatory 
Synthesis Telescope

Molonglo, ACT <www.physics.usyd.edu.au/astrop/most/> 

Australian Very Long Baseline 
Array

Parkes,  
Narrabri,  
Mopra,  
Tidbinbilla,  
Ceduna,  
Perth  
Hobart

<www.atnf.csiro.au/vlbi/> 

Australian Square Kilometre 
Array Pathfinder (ASKAP) 
and the Murchison Widefield 
Array (MWA)

Murchison shire WA <www.atnf.csiro.au/projects/askap/>
and
<www.mwatelescope.org/> 

Use an online map or hard copy atlas to find the location of each telescope in Australia. 
Then place the name and site of each telescope on the map of Australia below. 

Discussion: What characteristics are common to each of the radio telescope sites?

©EnchantedLearning.com
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Activity 2
Radio telescopes around the world
Although Australia has long been one of the world leaders in radio astronomy, it is not the 
only country where radio telescopes have been built.

This image of the world at night gives an idea of where human activity is greatest. The 
more lights that are switched on, the more radio signals from humans using microwaves, 
radios, TVs and other instruments will be emitted to produce interference to radio 
telescopes. (Source NASA)

This image shows the amount of radio noise at 131 MHz being produced in across the 
countries of the world. The lighter the colour, the greater the amount of radio noise. 
(Source FORTE)
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For discussion: Study the two maps and predict some places in the world where radio 
telescopes could be placed to achieve minimum radio interference ie where the skies 
might be quiet.

For research: How good was your prediction? Use an internet search to identify the major 
radio telescopes around the world. Show their name and location on the map of the world 
below.

If you want to check your answers,  
<www.atnf.csiro.au/people/Tobias.Westmeier/tools�radiotelescopes.php> 
is a great place to start.

Activity 3
ASKAP: why do we need another radio 
telescope?
Technology continues to improve and, wherever possible, improvements in technology 
have been used to improve the sensitivity of the current radio telescopes. What the 
telescopes have revealed is that there is still more to find out! Radio astronomers need still 
more sensitive instruments to collect more data coming in from the Universe as  
radio waves. 

Astronomers predict that, in one week, ASKAP will generate more information than is 
currently contained on the World Wide Web. They further predict that in one month it will 
generate more information that is contained in the world’s academic libraries.

ASKAP will be able to do this because it will have vastly improved survey speeds and 
greater sensitivity that current radio telescopes. 
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For research and discussion
1.	 What steps are being taken to ensure that ASKAP will be able to detect more radio 

waves from deep space?  
Go to  <www.atnf.csiro.au/projects/askap/site.html> for an answer.

2.	 Describe the design of ASKAP and explain how this design increases the sensitivity of 
the telescope.  
Go to <www.atnf.csiro.au/projects/askap/technology.html and also 
<www.astronomy.curtin.edu.au/research/askap.cfm>. 

3.	 It is apparent that ASKAP can collect a great deal more information than current radio 
telescopes. However, this information has to be processed at great speed if astronomers 
are going to have any chance of analysing and interpreting the data that is collected. 
What steps are being taken to ensure high-speed data processing?  
Go to <www.atnf.csiro.au/projects/askap/computing.html>. 

4.	 The Science of ASKAP – outline some of the questions about the Universe that may be 
answered by data collected from ASKAP.  
Go to <www.atnf.csiro.au/projects/askap/science.html>. 
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Lesson 20
Technological improvements 
in astronomy
Time required: 45 minutes

Equipment list 

 Access to the internet

List of references 
Website references are included within the text of the student handout.

Outcomes 
At the end of this activity, students will be able to:

 ▸ discuss future directions in technological developments that will assist in the study of 
astronomy;

 ▸ identify the relationship between building science knowledge and improved 
technology; and

 ▸ justify ASKAP as a driver of new technology.

Prior knowledge, understandings and skills required 
This lesson follows directly on from lesson 19 on ASKAP and used some of the information 
produced in that lesson.

Students will need to know how to write an exposition or justifying essay.  
If necessary, a simple scaffold for such an essay is available at  
<www.virtualteacher.com.au/exposition2.pdf>.
Further information about the language features of an exposition is available at  
<http://sacsnet.sacs.nsw.edu.au/library/Texttypes/ttexposition.htm>. 

Activity	
This activity is a research exercise to identify some of the current technological 
developments that are being driven by advances in astronomy. It relied on students 
extracting data from a single website and using that information to develop an exposition 
supporting the design, construction and completion of the ASKAP project.

Assessment 
The assessment instrument for this lesson would be the quality of the final essay 
completed. It can be assessed from two perspectives:

1.	 The content of the essay.

2.	 The skills with which the language features of an exposition are used and the 
organisation of the essay.

Rationale	

The purpose of 
this lesson is to 
enhance students’ 
understanding of 
the improvements 
in technology that 
continue to change 
the nature of 
astronomy.
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Student handout
Technological improvements 
and astronomy

What is technology?

The term technology has many meanings and covers a broad range of ideas. In this activity, 
you are going to focus on technology as it refers to the materials and objects, which are 
used by astronomers for their daily purposes, such as machines and utensils. Today’s 
modern technology is the direct consequence of the emerging science and engineering in 
the world. 

Technology and astronomy

Astronomical technology involves the use of tools to examine the Universe and collect 
data on the various forms of radiation being emitted from distant objects. 

In this activity, you will get an opportunity to reflect on ways in which original technologies 
have to be improved in the search for more astronomical information. The outcome will be 
an essay in which you demonstrate the importance of advances in science and technology 
being supported by the general population.

CSIRO is building the Australian Square Kilometre Array Pathfinder, ASKAP, a project that 
requires a significant commitment of resources, time and money. Astronomers will use 
the wealth of data produced by the telescope to learn more about the Universe. Not all 
Australians may agree that this is a worthwhile project.

Task
1.	 You have been given the responsibility to develop a media release that highlights the 

advantages of this project for all Australians. Research, draft and finalise this press 
release. 

2.	 If you need further arguments to help you, consider the ideas listed below. 
As you work through each site, take a note of the tender costs involved. 
What is the approximate final cost of the ASKAP project? You might wish to 
mention this cost against the potential benefits within your press release:

 ▸ Associated Industrial projects. 
<www.atnf.csiro.au/projects/askap/technology.html>.

 ▸ Further opportunities for industry with respect to building the antennae and 
receivers;

 ▸ Electronic systems. <www.atnf.csiro.au/projects/askap/smart�feeds.html>. 

 ▸ The digital systems. <www.atnf.csiro.au/projects/askap/digital�systems.html>.

 ▸ The technical challenges associated with data transport.  
<www.atnf.csiro.au/projects/askap/data�transport.html>.

 ▸ The computing challenges. <www.atnf.csiro.au/projects/askap/computing.html>.



Window to the Universe The Square Kilometre Array A resource for teachers of students in Years 9–10

106

Lesson 21
Questions for the future
Time 45 minutes

Equipment list 

 Access to the internet

List of references 
Reference websites are listed within the student handout.

Outcomes 
At the end of this activity, students should be able to:

 ▸ articulate the unanswered questions in modern astronomy;

 ▸ discuss the role of SKA in answering these questions; and

 ▸ identify the skills and knowledge required to have a career in astronomy.

Prior knowledge, understandings and skills required 
Students will need to have worked through earlier lessons in this unit, as they will be 
drawing on their knowledge to answer the questions asked in the first part of the activity.

Activity 
This activity is a ‘winding-up’ activity to ensure that students not only have some sense of 
the range of astronomical knowledge and supporting technology currently in use, but that 
they realise that many questions remain unanswered and new technology is needed to 
assist in finding answers. The activity focuses on the future role of SKA and astronomy as a 
career.

Assessment 
No final assessment tool has been provided for this unit of work. Suggested assessment 
activities could include:

 ▸ Group presentations on some aspect of current astronomy research.

 ▸ Group presentation on current models for the structure of the Universe.

 ▸ Debate on the importance of continued support for astronomical research in Australia.

Rationale 

The purpose of this 
lesson is to leave 
students with a sense 
of future directions for 
research in astronomy.
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Student handout
Questions for the future
Astronomy began as a science	of	observation	and	mathematical	computations. In early 

times, astronomy comprised the observation and predictions of the motions of objects 

visible to the naked eye. As technology developed, these observations became more and 

more detailed and astronomers have been able to explore, via their telescopes, further and 

further into the distant past. 

Modern astronomy has access to technology, both on Earth and in space, which allows 

the gathering of further evidence to describe objects and events in the Universe. This is 

observational astronomy as it collects data emitted as energy waves from many sources. 

As you have discovered in earlier activities, observations made in astronomy usually raise 

more questions than provide answers!

Observational astronomy investigates: 

 ▸ The evolution of objects to find out how they formed and how they are changing;

 ▸ The physics of the Universe to find out and describe what forces operate in the Universe 

and how they affect objects; and

 ▸ The chemistry of the Universe to find out and describe the chemicals that make up 

objects and what happens to these chemicals over time. 

As you have seen in earlier activities, astronomy has used always developed models to 

describe the Universe and its behaviour, but astronomy in the 21st century has become 

increasingly theoretical and continues to enlarge on and develop more sophisticated 

models to describe astronomical events and phenomena. 

Astronomy has also become a collaborative international effort as the costs of developing 

and building new technology become too great for any one nation to support. In 

addition, the skills and knowledge of scientists from many areas of science are needed to 

understand and explain the formation and development of the Universe. 

As you have learned in prevous activities, Australian astronomers are operating on the 

front line of the new astronomy – both observational and theoretical - and assist in the 

building of a greater body of knowledge and understanding about the cosmos.
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The big astronomy questions of the 
21st century – what are they?

Tasks

1.	 From all the activities that you have done so far, what questions stood out? In your 
group, brainstorm and list any big questions that arose through this unit of work. A 
table has been provided that might help you. Enlarge this on a separate sheet of paper 
if you need to!

Note, if you can’t answer the question in the 3rd column, leave it for the moment and 
come back later in the lesson.

What	astronomers	KNOW What	astronomers	WANT	to	know HOW	will	astronomers	find	this	out

Follow-up: Have a look through the Question and Answer list on this page  
<http://curious.astro.cornell.edu/cosmology.php> Were any of your questions 
answered there?

World-wide astronomy plans for 
the future of radio astronomy
Astronomers across the world have big plans for big telescopes, both on Earth and in 
space for the years ahead. Focus on one big plan – the Square Kilometre Array (SKA) – to 
answer the questions below.

2.	 Use the websites <www.ska.gov.au> and <www.skatelescope.org> to fill in any empty 
spaces in column three of the table above. 

3.	 The SKA will help to answer fundamental questions about the Universe that remain 
unanswered. What are the five key science drivers for the SKA? Did you have these in the 
table above? If not, list them on the left.
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 Interested in a career in astronomy? Is this a 
question for your future?
The following is some advice provided by the Astronomical Society of Australia. As you 
read through this, consider the following questions:

 ▸ What skills do you need to develop to become an astronomer?

 ▸ What knowledge do you need to acquire to become an astronomer?

 ▸ What university in your state has an astronomy department or runs astronomy courses?

 ▸ What seems to be the best thing about working in astronomy?

You can also read some profiles of astronomers and engineers working at the CSIRO 
Australia Telescope National Facility here:  
<www.outreach.atnf.csiro.au/about/astroinaction/>. 

Introduction

Astronomy is a very exciting and challenging subject, which involves many of the other 
sciences such as physics, mathematics, chemistry and geology, and, more recently, even 
palaeontology and biology. 

Many people are fascinated by the splendour and enormity of objects in space and 
become amateur astronomers while still at school. Astronomy can be an engrossing hobby 
for people of all ages, and there are many clubs and societies in Australia which provide 
information and facilities for looking through quite large telescopes that would be out 
of the range of most lone amateurs. Because of the wide public interest in astronomy, 
many universities and colleges organise evening courses on the subject, designed for 
people who do not have an advanced scientific background. Some offer online courses in 
astronomy. There are well-produced local magazines, such as Australian Sky & Telescope, 
which have lots of useful information for the keen amateur. 

Professional astronomy as a career

Some people decide at some stage in their lives that they would like to earn their living 
by working on a particular aspect of astronomical research. They may not have had an 
amateur interest in astronomy from an early age, but have turned to this science through 
an interest in some astronomical application of mathematics, physics or another subject. 
Present day astronomers have a wide variety of backgrounds but with a common thread 
linking them all together. They have demonstrated the ability to master a particular facet 
of astronomical research, and they have a curiosity about nature that can drive them to 
spend long hours in an endeavour to reveal something new about the Universe. Note 
though that the employment situation in professional astronomy is very competitive, even 
for students who graduate with excellent PhDs.
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How to start

Professional astronomers get a real kick out of doing what they like best but, of course, 
there is a snag. Before you can do this you have to demonstrate that you can do very well 
in some areas of basic science; that is, you must obtain a university degree (or equivalent) 
with high enough grades to be accepted to undertake a research degree or be taken on 
the staff of one of the research institutes. 

Where to go

Most universities can give you a good grounding in science, but it does help to attend a 
university that has an astronomy department or that can provide some astronomy courses 
taught by astronomers, usually as part of an undergraduate BSc teaching programme. This 
becomes more important in the honours year of a degree course, when an astronomy or 
mathematics department can supervise some research project that can count for a large 
fraction of the marks for the year. Another advantage is that your ability and interests will 
be known to the astronomers at your university, who will support you when you apply to 
commence the next stage of your career as a post graduate student undertaking an MSc or 
PhD degree. 

Information and courses in astronomy

The astronomy offerings by universities in Australia now range from some lectures in 
astronomy as part of a degree program (usually Science) to a full astronomy program. 
Lecture courses range from a survey of the subject intended for students taking  
astronomy as a General Studies course, to specialist lectures aimed at students in the  
final year of an honours degree in science. For a list of astronomy coursework subjects  
and programs offered by Australian universities, see the ‘Higher Education’ page  
<www.astronomy.org.au/ngn/engine.php?SID=1000010> on the ‘Australian Astronomy’ 
web site <www.astronomy.org.au/>. 
You should make enquiries of the universities themselves shortly before you have to make 
the choice of which tertiary institution to attend. 

Many people aim to improve their knowledge of astronomy so that they can get more out 
of it as a hobby or for other reasons, for example, to aid their work as science educators or 
science communicators. If that applies to you, evening lecture courses or online courses 
may be most appropriate. To find out what is available in this area, contact the external 
studies centre of the nearest university or one of the amateur astronomy societies,  
or do a search for online astronomy courses on the internet. A list of astronomical societies 
appears regularly in Australian Sky & Telescope and many of them have internet sites  
(see the list of websites at <www.astronomy.org.au/ngn/engine.php?SID=1000022> on 
the Australian Astronomy web site <www.astronomy.org.au/>. 

The daily life of a professional astronomer

Professional astronomers are research scientists who strive to understand the properties 
and behaviour of objects in the Universe beyond (and including) our little planet. 
Astronomers may:

 ▸ Be involved in taking astronomical observations, using optical, infrared, millimetre or 
radio ground-based telescopes, or a range of satellite-based telescopes and detectors.

 ▸ Work on developing astronomical theories, which make predictions which can in turn 
be tested by observation or computational analysis. 

 ▸ Interpret observations or theories using their knowledge of astronomy and other 
sciences and use computers to test their ideas mathematically. 
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The instruments used to analyse radiation from objects in the sky are often at the cutting 
edge of technology, and astronomers are also heavy users of the latest in computer 
technology, including the use of supercomputer techniques and robotic telescopes.

Contrary to popular belief, most astronomers do not spend most of their time at 
telescopes. An astronomer will often record enough data in a week’s observations at a 
telescope to be kept busy back at their home institution for much of the year. Most of 
the work is done using computer analysis, so computer skills are very important, and 
astronomy graduates gain a wide range of computer skills. 

Where to find employment

Here we must be careful not give a false idea of the number of positions available in 
astronomical research. After finishing your initial training and obtaining your research 
(PhD) degree, it is a important to gain some experience working as a research fellow at 
one or more local or overseas universities or observatories. Indeed, most astronomers 
find it necessary to take a succession of fellowships, each lasting two or three years and 
often in different countries. There is great demand for these positions and you will need to 
have a very good academic record to be offered one. There is a similar, if not even greater, 
demand for almost any kind of position in astronomical research within Australia, because 
at present most astronomical facilities are being forced to economise on staff. If you are 
able to join the staff of a university, then you will be likely to spend a significant proportion 
of your time teaching undergraduate and/or postgraduate students. 

The typical astronomy postgraduate student becomes very experienced in many aspects 
of computing, mathematical analysis, data reduction and instrumentation. These skills 
make astronomy MSc and PhD graduates very employable in many fields other than 
astronomy, and many find employment in areas such as high-performance computing. 

As an example of where astronomy can lead a young person, look at the following links:

 ▸ Joss	Bland-Hawthorn, Senior Astronomer at the Anglo-Australian Observatory 
see <www.atnf.csiro.au/asa�www/profiles/joss.html>.

 ▸ Michael	Burton, Associate Professor at the University of New South Wales 
see <http://science.uniserve.edu.au/faces/michael/michael.html>. 

 ▸ Marc	Elmouttie, Teacher 
see <www.atnf.csiro.au/asa�www/profiles/elmouttie.html>.

 ▸ Tanya	Hill, Astronomer at Melbourne Planetarium 
see <www.atnf.csiro.au/asa�www/profiles/hill.html>.

 ▸ Bryan	Gaensler, Young Australian of the Year in 1999 
see <www.physics.usyd.edu.au/profiles/profiles�gaensler.html>. 

There are other ways to become involved in astronomy beyond “being an astronomer”. Any 
observatory or university depends on its technical and support staff too. Meet some staff 
of the ATNF who are engineers and technicians, public relations and administration staff as 
well as astronomers <http://outreach.atnf.csiro.au/about/astroinaction/>. 
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Amateur astronomy

Astronomy has the largest organised amateur following of any of the sciences. Amateur 
astronomers observe the sky with the naked eye, binoculars, or telescopes, and often 
meet together in regional astronomy societies for discussions, guest speakers, telescope 
building workshops and night observing sessions at dark sites. See the list of astronomical 
society websites at <www.astronomy.org.au/ngn/engine.php?SID=1000022>. 

Many keen amateur astronomers take part in searches for objects such as supernovae and 
studies of variable stars, contributing significantly to the advance of astronomy generally. 
The person who holds the record (over 30!) for the highest number of visual discoveries 
of supernovae by anyone, amateur or professional, is an Australian amateur, Rev. Robert 
Evans. Many amateur astronomers combine busy professional careers in other areas with a 
lifelong recreational interest in astronomy. 

More information on the internet about careers in astronomy

The American Astronomical Society: A New Universe to Explore: Careers in Astronomy 
<www.aas.org/education/publications/careerbrochure.html>. 
Schools’ Observatory (UK): Careers in Astronomy  
<www.schoolsobservatory.org.uk/astro/career>. 

FAQs 

Astronomy Careers FAQ: <www.astro.cornell.edu/~brs/faq.html>. 
The Astronomy Cafe: 61 FAQs about a Career in Astronomy 
<www.astronomycafe.net/qadir/acareer.html>. 
US National Optical Astronomy Observatories:  
FAQs about … Being an Astronomer <www.noao.edu/education/astfaq.html>. 

The above information is provided by the ASA Education and Public Outreach Committee.  
It may be freely copied for wide distribution provided the ASA letterhead is retained.

Now write some answers to the four questions at the beginning of this information.

4.	 What skills do you need to develop to become an astronomer?

5.	 What knowledge do you need to acquire to become an astronomer?

6.	 Which universities in your state have an astronomy department or run astronomy 
courses?

7.	 What seems to be the best thing about working in astronomy?
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Radio astronomy and the SKA

What is radio astronomy?
Radio astronomy, like optical astronomy, examines the electromagnetic radiation from 
objects outside the earth’s atmosphere – stars, galaxies and other cosmic objects. Where 
optical telescopes gather light, radio telescopes gather radio waves. 

Astronomers use both light and radio waves to learn about the objects in space that 
emit them. Information, including the size, shape and composition of objects can be 
ascertained from their radio or light emissions. Radio waves can penetrate through cosmic 
dust allowing astronomers to look into regions, such as the centre of our galaxy, the Milky 
Way, which is obscured by dust at optical wavelengths.

What are radio waves?
Radio waves are a form of electromagnetic radiation, as are light waves. Since wavelength 
and frequency are inversely related, lower frequency means longer wavelength. Radio 
waves are low frequency waves and thus have a greater wavelength than light waves. 
In fact light waves have wavelengths measured in hundreds of nanometers, while radio 
waves are measured in up to tens of metres. Low frequency also means low energy, so 
radio waves have less energy than light waves as well. 

long wavelength
low frequency
low energywavelength, λ

wavelength, λ

shorter wavelength
higher frequency
higher energy

Electromagnetic waves 

Credit: CSIRO
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Since radio waves can penetrate through dust and different cosmic objects radiate most 
strongly at different frequencies, something that cannot be seen with an optical telescope 
can often be ‘seen’ with a radio telescope. 

The longer wavelength of radio waves means radio telescopes need to be much larger 
than optical telescopes to generate high-resolution images. Radio telescopes are some of 
the largest scientific instruments in the world.

Radio telescopes

Radio telescopes are very sensitive devices that measure the intensity of radio waves 
over a band of frequencies. Their antennas are often in the shape of a ‘dish’ or cylindrical 
reflector to provide a large collecting area. The radio waves are reflected off the collector 
surface and are focused onto a receiver. Australia’s largest single dish radio telescope is the 
CSIRO Parkes radio telescope, also known as ‘The Dish’. The information, once collected, is 
then electronically amplified and processed so that it can be measured by a computer and 
interpreted by astronomers. 

When two (or more) signals are combined from separate antennas the telescope is known 
as an interferometer. Signals from an interferometer can be electronically combined to 
simulate a single dish of a size equal to the largest antenna separation – the bigger the 
separation, the better the resolution of the image that can be produced. The sensitivity 
of an interferometer increases as the total amount of collecting area increases. This is one 
reason why the Square Kilometre Array (SKA) will be such a powerful radio telescope. 

Where are radio telescopes sited?

Because they are so sensitive to radio emissions, radio telescopes are highly susceptible 
to radio frequency interference (RFI) from modern-day radio-communication services and 
emissions from other electrical equipment such as microwave ovens, mobile phone towers 
and industry in general. To minimise such interference radio astronomy antennas are 
usually placed in remote locations where there is a low population density. 

History of radio astronomy 

The first radio astronomy observations were made in 1932 by the USA Bell Laboratories 
physicist Karl Jansky. He detected cosmic radio noise from the centre of the Milky Way 
galaxy while he was investigating radio disturbances to a trans-oceanic telephone 
service. Then, with the development of radar in the Second World War, improvements to 
antennas and electronics were made. This meant that after the war, scientists could start 
to investigate radio signals coming from space. Britain, the Netherlands and Australia 
pioneered this new field of astronomy post-war.

Australia’s role in radio astronomy

Australia has been at the forefront of radio astronomy since the early days with scientists at 
CSIRO’s Radiophysics Laboratory using an antenna perched high on a cliff at Dover Heights 
in Sydney to make many important discoveries. Since then Australia has developed 
a strong tradition of excellence in radio astronomy and is acknowledged as a world 
leader in this field. CSIRO’s Australia Telescope National Facility currently operates three 
observatories in NSW:

1.	 The 64 m Parkes radio telescope (the Dish).

2.	 The Australia Telescope Compact Array at Narrabri comprises six 22 m antennas on a six 
kilometre baseline. They operate as an interferometer.

3.	 An additional 22 m antenna at Mopra, near Coonabarabran that is optimised for mm-
observations.
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 The Parkes radio telescope and three antennas of the Australia Telescope Compact Array 
Credit: Ángel Rafael López-Sánchez, CSIRO. 
Source <www.atnf.csiro.au/people/Angel.Lopez-Sanchez/pictures�observatories.html>.

All these telescopes can be combined using a technique called very long baseline 
interferometry (VLBI) to form the Australia Telescope, a telescope with a 300 km baseline. 
When combined with additional telescopes operated by NASA at Tidbinbilla near 
Canberra and the University of Tasmania’s dishes at Hobart and Ceduna in South Australia 
it forms the Long Baseline Array.

As part of its involvement in the international SKA collaboration, Australia is building 
the Australian Square Kilometre Array Pathfinder telescope (ASKAP) in outback Western 
Australia. Led by CSIRO, ASKAP comprises thirty-six 12 m antennas in a 6 km array, with 
30 of the dishes within a 2 km core. Each antenna will have a 192-element phased array 
feed that gives ASKAP an exceptional field-of-view of 30 square degrees on the sky. 
ASKAP will be a super fast, sensitive survey radio telescope unlike any current facility.  It 
will demonstrate some of the technologies that may be incorporated into the SKA and 
capitalise on the excellent radio-quiet properties of the Murchison Radio-astronomy 
Observatory (MRO) in Western Australia.

Artist’s impression of ASKAP antennas at the Murchison Radio-astronomy Observatory. Credit: Swinburne 
Astronomy Productions. Design data provided by CSIRO.
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What is the SKA?
The Square Kilometre Array (SKA) is a next-generation radio telescope that will be vastly 
more sensitive than the best present-day instruments. It will give astronomers remarkable 
insights into the formation of the early Universe, including the emergence of the first stars, 
galaxies and other structures. This will shed light on the birth, and eventual death, of the 
cosmos. The SKA will require new technology and progress in fundamental engineering in 
fields such as information and communication technology, high performance computing 
and production manufacturing techniques. As the name implies the SKA will have a 
collecting area of about one square kilometre or a million square metres. A single dish 
or panel of this size would be too heavy to steer or support itself. Instead, the collecting 
area will comprise a vast array of smaller antennas, arranged in clusters to be spread over 
3000 kilometres or more.  The antennas will be linked electronically to form one enormous 
telescope. The combination of unprecedented collecting area, versatility and sensitivity 
will make the SKA the world’s premier imaging and survey telescope over a wide range of 
radio frequencies, producing the sharpest pictures of the sky of any  telescope.  

The SKA will:

 ▸ be the next-generation radio telescope for the international scientific community.

 ▸ revolutionise our understanding of the Universe by providing answers to questions 
about its complexity and the fundamental laws of physics.

 ▸ have up to one square kilometre of effective collecting area and be the largest telescope 
in the world.

 ▸ have up to 50 times the sensitivity and 10,000 times the survey speed of present radio 
telescopes.

 ▸ use new technology antennas, signal transport, signal processing and computing 
provided by innovations in radio frequency and information communication 
technology.

Why build the SKA?
In order to answer some fundamental questions about the origin and evolution of the 
Universe, a more sensitive radio telescope is needed that can detect the very weak signals 
coming from the edge of the cosmos. A telescope such as the SKA will be able to ‘see’ 
distant objects in the very young Universe and provide answers to questions such as the 
emergence of the first stars, galaxies and other structures. Because the speed of light is 
finite and the size of the Universe is so large, telescopes are effectively time machines, 
enabling astronomers to look into the past and study the Universe as it was billions of 
years ago.
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Science with the SKA
In designing and building a sophisticated instrument such as the SKA, astronomers and 
engineers need to ensure it is capable of making the observations required to help answer 
some specific questions. There are six key science projects for the SKA:

1.	 Probing the dark ages and the Epoch of Reionization: What happened after the 
Big Bang and before the first stars and galaxies formed? Which came first – stars or 
galaxies?

2.	 Galaxy evolution, cosmology and dark energy: What is the mysterious 
dark energy? How are galaxies born and how do they evolve?

3.	 The origin and evolution of cosmic magnetism: Is the Universe magnetic? How does 
magnetism affect the formation of stars and galaxies? Where has magnetism come 
from? Where do we find cosmic magnets and what do they look like?

4.	 The cradle of life: Are we alone in the Universe? Are there Earth-like planets around 
other stars? What are the organic molecules in star forming regions that are relevant to 
the formation of planets and life?

5.	 Extreme tests of general relativity with pulsars and black holes: Was Einstein right or will 
general relativity eventually be replaced? What are the properties of black holes? Are 
there still gravitational waves rippling in space-time from the early Universe?

6.	 Exploration of the unknown: Can we predict everything in the Universe on the basis of 
what we now know? What else will we discover when exploring the cosmic frontier?

Who is involved in the project?
The SKA is a collaboration between institutions in 19 countries (including Australia and 
countries in Europe, Asia, Africa, and North and South America), led by an international 
science and engineering committee and a jointly-funded SKA Project Office. The cost of 
the telescope (about 3 billion in Australian dollars) will be shared by the participating 
countries. Scientists are also collaborating with industry partners to develop the necessary 
technologies to design and build the telescope.

Where will the SKA be built?
In December 2005 four countries (Australia, Argentina, China and South Africa) submitted 
proposals to the International SKA Steering Committee (ISSC) to host the SKA. 

On September 28, 2006 it was announced that Australia and Southern Africa had been 
short-listed as sites to host the SKA – the final decision will be made around  2012.

The Australian candidate site is in the mid west of Western Australia, within the Shire of 
Murchison. This region is one of the few places in the world today that is suitable in terms 
of its radio-quietness and its radio-astronomy observational qualities. 
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What will the SKA look like?
It is proposed that the SKA will have an inner core, comprising a set of flat phased arrays 
surrounded by several hundred dish-shaped antennas.

Two different kinds of antenna at the core are necessary to enable the telescope to 
receive a wider frequency range and to enable wide fields-of-view at low frequencies. In 
addition to this core site, a series of remote array-stations (clusters of dishes) forming a 
five-arm spiral configuration will be built. The addition of the remote stations means that 
the signals from the separate antennas can be digitally combined to simulate a single 
telescope with a diameter equal to the distance separating the two furthest antennas. 
Since the Australian proposal provides for array-stations to potentially be sited as far away 
as New Zealand, this could be more than 5000 km. The completed SKA may have up to 
4,000 antennas.

Computing 
The telescope’s computing and communications systems will need to cope with very high 
data transport rates. In the inner array the data will be transported to a central processor at 
the rate of 80 gigabytes per second per antenna, while long haul links servicing the outer 
and remote array-stations may need a capacity of 2 terabytes per second per station. This 
is more than the current total internet traffic in Europe!

Artist’s impression of the core 
region of the SKA with the low 
frequency flat panel arrays and  
the mid frequency dishes.  
Credit: Xilostudios.
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Stars online!
There are many websites 
available on the internet 
that provide fantastic 
resources for astronomy 
teachers and students. 
Some websites offer free  
planetarium software, 
others offer star charts 
and some provide 
amazing astronomical 
images!

Whatever your level of 
interest, there will be a 
website just for you!

Stellarium	– <www.stellarium.org/>
An excellent free planetarium software package. Easy to use and looks great through a 
data projector in a lecture theatre.

Cartes	du	Ciel	– <www.stargazing.net/astropc/download.html>
Another free planetarium software package. More advanced than Stellarium. Various 
additional packages can be added by accessing the ‘mother load’.

Celestia	–	<www.shatters.net/celestia/>
A free Space simulation program that allows you to navigate yourself around the Universe 
– excellent.

Virtual	moon	–	<www.ap-i.net/avl/en/download>
Excellent free software that allows you to show lunar detail, phases etc. 

Astronomy	WA	–	<www.astronomywa.net.au/>
The objectives for this website are to promote astronomy with a strong focus on Western 
Australia’s contributions to the subject, and to provide useful resources for teachers, 
students, and others, professional or amateur, with an interest in the field. You will find 
downloadable teaching resources and ideas developed by WA teachers.

Astronomy	picture	of	the	day	–	<http://antwrp.gsfc.nasa.gov/>
Every day a new picture is described. Some of the pics are glorious naked eye events and 
others are of more specialised objects. All pics are explained with web links attached.  
A huge archive is also accessible. 

Heavens	Above	–	<www.heavens-above.com/>
Find the time for your location for passage of the ISS, Hubble telescope and other 
satellites. Fine predictions for Iridium flares – caused by the reflection of sunlight by solar 
panels on communication satellites. 

International	meteor	association	–	<www.imo.net/>
Check the predictions for various meteor showers throughout the year.

ATNF	–	<www.atnf.csiro.au>
The Australian Telescope National Facility supports Australia’s research in radio astronomy 
by operating the Australia Telescope. Includes educational resources on many aspects of 
astronomy.

ASA	– <http://asa.astronomy.org.au/education.html> <www.astronomy.org.au>
The Astronomical Society of Australia is an organisation for professional astronomers.  
The education section includes astronomy resources, factsheets and information for 
higher learning in the field.

SKA	International	– <www.skatelescope.org/>
SKA	Australia	– <www.ska.gov.au>
The Square Kilometre Array is one of the largest and most ambitious international science 
projects ever devised.  Information about the location, design, science and technology of 
the SKA.

NASA	for	Educators	– <www.nasa.gov/audience/foreducators>
JPL	Education	– <http://astronomy101.jpl.nasa.gov>
These two NASA websites have been developed specifically for educators. You will find 
many useful resources in these websites relevant to the Western Australian curriculum.

ESA	– <www.esa.int>
Europe’s gateway to space.  Discover information about ESA’s latest astronomical and 
space endeavours.  The education section includes web based resources, toolkits, 
printable books, movies and factsheets.



Astronomy in 
the curriculum
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NSW Years 7–10  
Science Essential Content related to  
Astronomy Unit of Work
Prescribed Focus Areas – Essential Content

Outcome	5.1:	 A	student	explains	how	social	factors	influence	the	development	and	acceptance	of	scientific	ideas.
Students	learn	about Students	learn	to Related	Lesson	Number

4/5.1 the history of science c) describe some models and theories that have been considered in science and 
then been modified or rejected as a result of available evidence

f ) describe historical cases where developments or improvements in technology 
have transformed science.

6

 
3, 4, 6, 11, 14, 15,16

Outcome	5.2:	 A	student	describes	the	processes	that	are	applied	to	test	and	validate	models,	theories	and	laws.

4/5.2	 the nature and 
practice of science

c) apply scientific processes to test the validity of ideas and theories

e) use examples which show that scientists isolate a set of observations, identify 
trends and patterns and construct hypotheses or models to explain these

f ) give examples that demonstrate the benefits and limitations of using models

19, 10

6, 15 

7, 12, 18

Outcome	5.3:	 A	student	evaluates	the	impact	of	applications	of	science	on	society	and	the	environment.

4/5.3 the applications and 
uses of science

c) identify and describe examples where technological advances have impacted on 
science 

3, 4, 7, 11, 14, 17, 18, 20, 21

Outcome	5.5:	 A	student	analyses	how	current	research	might	affect	people’s	lives.

4/5.5 current issues, 
research and 
developments in 
science

a) describe some recent scientific contributions made by male and female 
scientists, including Australians, and discuss the effect of their contributions

c) identify scientific skills that can be useful in a broad range of careers

d) identify possible career paths in science.

15, 21 

18, 21

21

Knowledge and Understanding

Outcome	5.6:	 A	student	applies	models,	theories	and	laws	to	situations	involving	energy,	force	and	motion.
Essential	content

Students	learn	about Students	learn	to Related	lesson	number

5.6.1 the wave model a) identify waves as carriers of energy 

b) qualitatively describe features of waves including frequency, wavelength and 
speed

c) give examples of different types of radiation that make up the electromagnetic 
spectrum and identify some of their uses.

1

1 

2, 15 

5.6.4 light energy a) distinguish between the absorption, reflection and refraction of light and identify 
everyday situations where each occurs.

3, 4, 13, 14

Additional	content

Wave model  ▸ discuss similarities and differences between transverse and longitudinal wave 
models

 ▸ compare different types of radiation making up the electromagnetic spectrum in 
terms of frequency, wavelength and energy

 ▸ describe ways of enabling or impeding energy transfer by waves

 ▸ describe quantitatively features of waves including frequency, wavelength and 
speed using ν = ƒλ.

1 

2, 5, 17 

3, 4, 16

1 qualitatively only

Light energy  ▸ relate scattering and dispersion of light to everyday occurrences. 4, 13

Gravitational force  ▸ relate qualitatively the force of gravity between two objects to their masses and 
distance apart.

7
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Outcome	5.9:	 A	student	relates	the	development	of	the	Universe	and	the	dynamic		
structure	of	Earth	to	models,	theories	and	laws	and	the	influence	of	time. 

Essential	content

5.9.1 the big bang theory a) discuss current scientific thinking about the origin of the Universe

b) identify that some types of electromagnetic radiation are used to provide 
information about the Universe

c) describe some of the difficulties in obtaining information about the Universe.

6

15 

13, 14

5.9.3 components of the 
Universe

a) relate some major features of the Universe to theories about the formation of the 
Universe

b) describe some changes that are likely to take place during the life of a star.

6, 8, 21 

9

Additional	content

Big bang theory  ▸ compare the big bang theory with other theories of the development of the 
Universe

 ▸ consider interactions between various features of the Universe and hypotheses 
on past and future developments in the Universe

 ▸ describe evidence used to support estimates of time in the Universe.

6

6

11

Components of the 
Universe

 ▸ relate colours of stars to their age, distance from Earth and size

 ▸ explain why quasars have provided evidence of a changing Universe

9

6, 9

Outcome	5.12:	 A	student	relates	the	interactions	involved	in	using	some		
common	technologies	to	their	underlying	scientific	principles.

Additional	content	

Students	learn	about Students	learn	to Related	Lesson	Number

Technology discuss technological developments that have extended the ability of scientists to 
collect information about, and monitor events in, the natural and physical worlds.

3, 4, 6, 11, 12, 14, 15, 16

Skills
Essential	content

Outcome	5.15:	 A	student	gathers	first-hand	data	accurately.

4/5.15 gathering first-
hand information

a) make and record observations and measurements accurately over a number of 
trials

Outcome	5.16:	 A	student	accesses	information	from	a	wide	variety	of	secondary	sources.

Students learn about Students learn to Related Lesson Number

4/5.16 gathering 
information from 
secondary sources

a) use a range of sources, including databases, CD-ROMs and the internet, to access 
information

b) use a variety of techniques, such as keywords, skimming and scanning to identify 
appropriate information

c) extract information from column graphs, histograms, divided bar and sector 
graphs, line graphs, composite graphs, flow diagrams, other texts and audio/
visual resources

6, 8, 10, 11, 13, 15, 17, 19 

6, 8, 10, 11, 15, 17, 19 

6, 13

Outcome	5.17:	 A	student	explains	trends,	patterns	and	relationships		
in	data	and/or	information	from	a	variety	of	sources.

Students learn about Students learn to Related Lesson Number

4/5.17 processing 
information

a) collate information from a number of sources

b) distinguish between relevant and irrelevant information

8, 17, 19

There is no specific instruction on teaching skills in this unit but the following content statements identify skills, which are practised in this unit of work.
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Outcome	5.18:	 A	student	selects	and	uses	appropriate	forms	of		
communication	to	present	information	to	an	audience.

Students	learn	about Students	learn	to Related	Lesson	Number

4/5.18 presenting 
information

a) select, and use appropriately, types of texts for different purposes and contexts 
including a discussion, explanation, procedure, exposition, recount, report, 
response or experimental record for oral or written presentation

b) select and use an appropriate medium to present data and information

c) select and use an appropriate method to acknowledge sources of information

e) use drawings, diagrams, graphs, tables, databases, spreadsheets and flow charts 
to show relationships and present information clearly and/or succinctly

f ) select and draw the appropriate type of graph (from column graph, histogram, 
divided bar, sector or line graph) or diagram to convey information and 
relationships clearly and accurately.

10, 19, 20

11, 12

15

3, 4, 12, 13 

13

Outcome	5.19:	 A	student	uses	critical	thinking	skills	in	evaluating	information	and	drawing	conclusions.

Students	learn	about Students	learn	to Related	Lesson	Number

4/5.19 thinking critically a) justify inferences in light of gathered information 

d) make generalisations in relation to a relevant set of observations or experimental 
results

f ) use models, including mathematical ones, to explain phenomena or make 
predictions

g) use cause and effect relationships to explain ideas.

5, 16, 17

3, 7, 19 

1 

10, 13

Outcome	5.20:	 A	student	selects	and	uses	appropriate	strategies	to	solve	problems.

Students	learn	about Students	learn	to Related	Lesson	Number

4/5.20 problem-solving a) identify the nature of a presented problem

b) describe different strategies that could be employed to solve an identified 
problem

c) use identified strategies to develop a range of possible solutions to a particular 
problem

d) evaluate the appropriateness of different strategies for solving an identified 
problem.

12, 18

18 

18 

18

Outcome	5.21:	 A	student	uses	creativity	and	imagination	in	the	analysis		
of	problems	and	the	development	of	possible	solutions.

Students	learn	about Students	learn	to

a) seek evidence to support claims

d) propose ideas that demonstrate coherence and logical progression

f ) formulate cause and effect relationships.

Related	Lesson	Number

4/5.21 the use of 
creativity and 
imagination

10

10, 12, 14

7, 19

Outcome	5.22:	 A	student	plans,	implements	and	evaluates	the	effectiveness		
of	a	variety	of	tasks	independently	and	as	a	team	member.

Students	learn	about Students	learn	to Related	Lesson	Number

4/5.22.2 working in teams a) identify the specific roles needed when working in a team

b) match the tasks to the team members according to the 
requirements of the task and the skills of the individual

c) negotiate and allocate individual roles to members of the team

d) accept specific roles in a team while planning and conducting investigations, 
communicating information and understanding and solving problems

e) set and work to realistic timelines and goals as a team

f) accept personal responsibility for maintenance of a 
safe working environment for the team

g) monitor progress of the team towards completion of a task

h) evaluate the process used by the team and effectiveness 
of the team in completing the task.

8, 10, 18
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WA Early Adolescence Science Content 
relating to Astronomy Units of Work
This document outlines the links between the Astronomy units of work and the WA Early 
Adolescence Elaborated Curriculum Guide.

Each lesson is linked to the Science learning outcome and its relevant aspect. It then states 
the content from the Elaborated Curriculum Guide specifying what the student will cover 
when the lesson is taught.

Lesson Learning	
Outcome

Aspects Students	should	be	taught:

1 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ telescopy and the detection of objects and changes 
through emitted or reflected light or other electromagnetic 
wavelengths

Investigating Planning 
Conducting 
Processing

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ how and why the movement of energy varies according to 
the medium through which it moves (e.g. light, sound)

 ▸ sound interacts differently with air, solids and liquids; it 
has particular waveform characteristics; and these have 
application to hearing and production, effects and uses of 
sound

Transfer and 
transformation

 ▸ energy transfers in systems in different ways
 ▸ energy transfers occur in everyday life

2 Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ different forms of energy have different effects on materials, 
living things and the environment

 ▸ how and why the movement of energy varies according to 
the medium through which it moves (e.g. light, sound

 ▸ electricity interacts differently with materials such as 
conductors and insulators, and this affects their uses; static 
and current electricity have different characteristics, effects 
and uses; electromagnetic effects are the result of forms of 
energy interacting 

 ▸ light transmission, reflection, refraction and dispersion 
occurs in different materials, including lenses, cameras and 
eyes, in rainbows, through coloured filters and in the form of 
electromagnetic radiation, and results in different effects and 
uses

Transfer and 
transformation

 ▸ energy transfers in systems in different ways
 ▸ energy transfers occur in everyday life
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Lesson Learning	
Outcome

Aspects Students	should	be	taught:

3 Investigating Planning 
Conducting 
Processing 
Evaluating

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ different forms of energy have different effects on materials, 
living things and the environment

 ▸ energy can be stored in various ways 
 ▸ how and why the movement of energy varies according to 

the medium through which it moves (e.g. light, sound)
 ▸ light transmission, reflection, refraction and dispersion 

occurs in different materials, including lenses, cameras and 
eyes, in rainbows, through coloured filters and in the form of 
electromagnetic radiation, and results in different effects and 
uses

 ▸ the main components of energy systems and the significance 
of different arrangements

Transfer and 
transformation

 ▸ energy transfers in systems in different ways
 ▸ energy transfers occur in everyday life

4 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ telescopy and the detection of objects and changes 
through emitted or reflected light or other electromagnetic 
wavelengths

Investigating Planning 
Conducting 
Processing 
Evaluating

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ different forms of energy have different effects on materials, 
living things and the environment

 ▸ how and why the movement of energy varies according to 
the medium through which it moves (e.g. light, sound)

 ▸ light transmission, reflection, refraction and dispersion 
occurs in different materials, including lenses, cameras and 
eyes, in rainbows, through coloured filters and in the form of 
electromagnetic radiation, and results in different effects and 
uses

 ▸ the main components of energy systems and the significance 
of different arrangements

Transfer and 
transformation

 ▸ energy transfers in systems in different ways
 ▸ energy transfers occur in everyday life
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Lesson Learning	
Outcome

Aspects Students	should	be	taught:

5 Investigating Planning 
Conducting 
Processing 
Evaluating

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ different forms of energy have different effects on materials, 
living things and the environment

 ▸ how and why the movement of energy varies according 
to the medium through which it moves (e.g. light, sound)
electricity interacts differently with materials such as 
conductors and insulators, and this affects their uses; static 
and current electricity have different characteristics, effects 
and uses; electromagnetic effects are the result of forms of 
energy interacting

 ▸ light transmission, reflection, refraction and dispersion 
occurs in different materials, including lenses, cameras and 
eyes, in rainbows, through coloured filters and in the form of 
electromagnetic radiation, and results in different effects and 
uses

 ▸ the main components of energy systems and the significance 
of different arrangements

Transfer and 
transformation

 ▸ energy transfers in systems in different ways
 ▸ energy transfers occur in everyday life

6 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ features of the Universe (e.g. black holes, quasars) and 
processes of change (e.g. gravitational pull resulting in 
condensation of matter, life cycle of a star in terms of the 
reactions within it)

 ▸ theories about the formation of the Solar System and 
evidence about the origin, frequency and other relevant 
information comparing components of the Solar System and 
their influence on each other

 ▸ scientific theories of the origin of the Universe
 ▸ telescopy and the detection of objects and changes 

through emitted or reflected light or other electromagnetic 
wavelengths

 ▸ changing ideas of astronomy through time and across 
cultures
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Lesson Learning	
Outcome

Aspects Students	should	be	taught:

7 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ scientific theories of the origin of the Universe
 ▸ the effects of gravity on the Earth and its effects on other 

astronomic bodies (e.g. in maintaining orbits)

Investigating Planning 
Conducting 
Processing 
Evaluating

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ magnetism has effects on different materials (eg magnetic 
shields) which determine use the interactions of forces and 
materials have application to work and in simple machines; 
forces affect motion; different forces that act by contact and 
those that act over a distance; balanced and unbalanced 
forces

Transfer and 
transformation

 ▸ energy transfers in systems in different ways
 ▸ energy transfers occur in everyday life

8 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ features of the Universe (e.g. black holes, quasars) and 
processes of change (e.g. gravitational pull resulting in 
condensation of matter, life cycle of a star in terms of the 
reactions within it)

 ▸ changing ideas of astronomy through time and across 
cultures

9 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ features of the Universe (e.g. black holes, quasars) and 
processes of change (e.g. gravitational pull resulting in 
condensation of matter, life cycle of a star in terms of the 
reactions within it)

 ▸ theories about the formation of the Solar System and 
evidence about the origin, frequency and other relevant 
information comparing components of the Solar System and 
their influence on each other

Investigating Planning 
Conducting 
Processing 
Evaluating

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ how and why the movement of energy varies according to 
the medium through which it moves (e.g. light, sound)

 ▸ light transmission, reflection, refraction and dispersion 
occurs in different materials, including lenses, cameras and 
eyes, in rainbows, through coloured filters and in the form of 
electromagnetic radiation, and results in different effects and 
uses

10 Earth and Beyond Earth forces and 
Materials

 ▸ ideas about the Earth forming 

Life and Living Interdependence 
of Living Things

 ▸ habitats and adaptations affect organisms’ chances of 
survival, patterns of distribution and abundance

 ▸ ecological sustainability focuses on the interdependence and 
balance within living and non-living aspects of ecosystems 
and on retaining systems’ biodiversity

11 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ the concept of light years and other measurements in the 
Universe



Window to the Universe The Square Kilometre Array A resource for teachers of students in Years 9–10

128

Lesson Learning	
Outcome

Aspects Students	should	be	taught:

12 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ features of the Universe (e.g. black holes, quasars) and 
processes of change (e.g. gravitational pull resulting in 
condensation of matter, life cycle of a star in terms of the 
reactions within it)

 ▸ the Earth’s movement, orientation, gravity and energy 
source, and the Sun’s role in these

 ▸ the effects of gravity on the Earth and its effects on other 
astronomic bodies (e.g. in maintaining orbits)

 ▸ changing ideas of astronomy through time and across 
cultures

 ▸ the concept of light years and other measurements in the 
Universe

13 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ features of the Universe (e.g. black holes, quasars) and 
processes of change(e.g. gravitational pull resulting in 
condensation of matter, life cycle of a star in terms of the 
reactions within it)

 ▸ telescopy and the detection of objects and changes 
through emitted or reflected light or other electromagnetic 
wavelengths

Investigating Planning 
Conducting 
Processing 
Evaluating

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ how and why the movement of energy varies according to 
the medium through which it moves (e.g. light, sound)

 ▸ light transmission, reflection, refraction and dispersion 
occurs in different materials, including lenses, cameras and 
eyes, in rainbows, through coloured filters and in the form of 
electromagnetic radiation, and results in different effects and 
uses

14 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ telescopy and the detection of objects and changes 
through emitted or reflected light or other electromagnetic 
wavelengths

15 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ telescopy and the detection of objects and changes 
through emitted or reflected light or other electromagnetic 
wavelengths

16 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ telescopy and the detection of objects and changes 
through emitted or reflected light or other electromagnetic 
wavelengths

 ▸ changing ideas of astronomy through time and across 
cultures

Investigating Planning 
Conducting 
Processing 
Evaluating

Energy and 
Change

Energy sources 
and receivers, 
patterns and uses

 ▸ how and why the movement of energy varies according to 
the medium through which it moves (e.g. light, sound)
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Lesson Learning	
Outcome

Aspects Students	should	be	taught:

17 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ telescopy and the detection of objects and changes 
through emitted or reflected light or other electromagnetic 
wavelengths

Investigating Conducting 
Processing 
Evaluating

Energy and 
Change

Transfer and 
transformation

 ▸ energy transfers in systems in different ways
 ▸ energy transfers occur in everyday life

18 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ scientific theories of the origin of the Universe
 ▸ telescopy and the detection of objects and changes 

through emitted or reflected light or other electromagnetic 
wavelengths

 ▸ changing ideas of astronomy through time and across 
cultures

Investigating Conducting 
Processing 
Evaluating

19 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ scientific theories of the origin of the Universe
 ▸ telescopy and the detection of objects and changes 

through emitted or reflected light or other electromagnetic 
wavelengths

 ▸ changing ideas of astronomy through time and across 
cultures

20 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ scientific theories of the origin of the Universe
 ▸ changing ideas of astronomy through time and across 

cultures

21 Earth and Beyond Relationship 
between the Earth, 
our Solar System 
and the Universe

 ▸ scientific theories of the origin of the Universe
 ▸ changing ideas of astronomy through time and across 

cultures
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ACT – Framework mapping
This mapping is done against the Late Adolescence Essential Learning Achievements. The 
relevant lessons will give students opportunities to practise and/or learn the identified 
achievements.

Essential	Learning	Achievement Relevant	Lesson	
Number(s)

2.LA.1 understand the possibility of multiple perspectives and partial 
explanations of phenomena being investigated.

1, 5, 6, 11, 12, 14, 
15, 16, 17, 18, 20

2.LA.4 compare and select suitable models or inquiry forms, prepare plans for managing 
and monitoring investigations, and record any adjustments to their plans.

1, 5

2.LA.5 identify key features of the context for investigation such as concepts, assumptions, 
conditions, variables, principles of fair testing, level of precision required.

1, 10, 16, 18

2.LA.6 decide on the most suitable methods, including safe use of equipment 
and selection of suitable technologies, for collecting, managing and 
analysing data and information, and for communicating findings

2, 3, 4, 9, 16

2.LA.7 identify sources and collect data and information in systematic ways to improve 
reliability such as use refined searches to locate a range of relevant sources, control 
variables, use repeat trials and replication of experiments with appropriate sample 
sizes, seek counter-examples or explore proofs to verify the truth of propositions.

2, 3, 4, 9, 16

2.LA.8 manage and organise data and information in ways that 
assist in their interpretation, analysis and synthesis.

2, 3, 4, 6, 10, 11, 16

2.LA.9 routinely evaluate data and information and their sources for accuracy, 
relevance, reliability, completeness, authenticity and credibility

2, 3, 4, 8, 10, 11, 15

2.LA.10 explain trends, patterns, relationships and discrepancies in data and information 1, 9, 10, 16

2.LA.11 draw conclusions that are consistent with the data or information 
and provide evidence or supporting details

1, 5, 9, 10, 16, 19, 20

2.LA.12 apply mathematical skills and logical processes to make 
deductions and to verify and generalise their reasoning

4 (extension)

2.LA.13 present and discuss their investigation using appropriate representations, 
conventions and terminology specific to the discipline

3, 4, 5

2.LA.14 evaluate methodologies, reasoning and conclusions, and discuss specific 
improvements to their investigation or ways to conduct further investigations 

3, 4, 5, 16, 18

2.LA.15 document sources of information using reference lists, in-text 
referencing and captions on images, tables and figures

2, 3, 4, 5, 10, 13, 19

2.LA.16 relate their own investigative experiences to the way in which experts 
in the discipline use evidence to modify explanations and models

6, 8, 9, 13, 14, 
16, 18, 21
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Essential	Learning	Achievement Relevant	Lesson	
Number(s)

3.LA.3 evaluate and apply risk assessment techniques 5, 9, 18

6.LA.1 routinely use ICT to enhance their ability to research and learn through 
inquiry, with an understanding that using ICT can enable broader inquiry 
and access to a wide variety of information, opinions and perspectives

6, 8, 10, 11, 12, 
13, 15, 20

6.LA.2 perform advanced ICT searches, selecting appropriate sources of digital 
information in response to identified needs and research questions

6, 8, 10, 11, 
12, 15, 20

19.LA.1 current issues that involve implications of research or applications of science 6, 8, 13, 14, 15, 16, 
17, 18, 19, 20, 21

19.LA.2 instances in which progress in science can be affected 
by and influence social issues and priorities

14, 15, 17, 19, 20, 21

19.LA.3 scientific advances that challenged understandings 
and practices in science and everyday life

6, 7, 8, 14, 15, 21

19.LA.4 how contemporary scientists often draw on concepts and processes across 
scientific disciplines and how science can provide rewarding careers.

6, 8, 17, 18, 
19, 20, 21

19.LA.5 how people of diverse cultures have contributed to 
and shaped the development of science

11, 18, 19, 21

19.LA.6 effects of several forces on the motion and energy of objects 1, 6, 7, 8

19.LA.7 how and why the movement of energy (eg light and sound) 
varies according to the medium through which it moves and the 
conservation of energy when it is transformed and transferred

1, 2, 3, 4, 5, 13, 17

19.LA.8 scientific models and terms to explain the properties of materials, the 
changes materials undergo and the conservation of matter.

6, 7, 13

19.LA.13 scientific concepts and models to explain the interdependence 
of populations of organisms and the environment and to 
predict the consequences of changes to an ecosystem

10

19.LA.14 scientific theories of the origin of the universe 6, 8, 11, 12, 15

19.LA.17 examine, questions and consider scientific ideas, concepts and theories 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 17

19.LA.18 analyse and synthesise information, and use scientific models and terms to explain 
properties and interrelationships and to predict change in phenomena and systems

4, 5, 6, 8, 11, 12, 
16, 17, 19
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