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TOPIC 6
The solar system

6.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in 
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered 
in this topic.

6.1.1 Why learn this?
Our understanding of the solar system continues to deepen with each new discovery. In the quest to deter-
mine whether Mars could ever have supported life, NASA successfully landed the rover named Curiosity 
on the surface of Mars in 2012. The rover has since discovered what appears to be an ancient stream bed, 
suggesting that water once flowed in large volumes across the Martian surface. This chapter will take you 
on a journey through the solar system and explain important phenomena such as the seasons and the day/
night cycle.

An artist’s depiction of the Curiosity rover on the surface of Mars
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What do you already know about the solar system?

1. Before you start working on this chapter, draw a diagram on A3 paper of the sun and planets of the solar 
system. Draw the planets in order from the sun. Label each planet with its name.

2. Write down your answers to each of the following questions. There is no need to use any books or the 
internet to help. Your answers should be based on what you already know.
(a) Which is the largest planet?
(b) Which is the smallest planet?
(c) Which two planets are closest to Earth?
(d) Which planets have moons?
(e) Which planets have rings?
(f) Which planet has a surface that is frozen solid?
(g) What else is there in the solar system apart from planets and moons?

3. The photos below were taken early in the morning at low tide and in the afternoon at high tide. Between the 
two tides, the water level rose vertically by 2–6 metres, but stretched much further horizontally along the 
beach. What causes such changes?

4. Discuss the following questions with others in your class and write down answers to each after your 
discussion.
(a) What do you think a ‘shooting star’ is?
(b) Can we see any planets from Earth? If so, which ones?
(c) Why can you see more stars at night when you are out in the countryside than when you are in the city?
(d) If our Earth is shaped like a sphere, why don’t we fall off?
(e) How is the moon different from Earth?

5. A friendly alien has landed near your house. He asks you the two questions below to try to understand our 
part of the universe. How would you answer him? Draw diagrams that help explain your answers.
(a) Why can you Earth people see the moon but not the sun at night?
(b) What makes your moon shine?
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6.2 Voyage to the planets
Science as a human endeavour

The solar system consists of eight planets travelling around a central star that we know as the sun. 
These planets travel around the sun in an almost circular path called an orbit. The orbits are actually 
in the shape of an ellipse, which is slightly oval in shape. The orbits of some planets are more circular 
than others.

Until 2006, our solar system was considered to contain nine planets. The four inner planets — Mercury, 
Venus, Earth and Mars — are classified as terrestrial planets (terrestrial means ‘like Earth’). They are 
small and solid. The next four — Jupiter, Saturn, Uranus and Neptune — are classified as gas giants. These 
huge planets do not have a solid surface.

Pluto was considered the ninth and outermost planet. However, in 2003, the discovery of an orbiting 
rocky object, named Eris, which is similar in size to Pluto but further away from the sun, created debate 
about what defines a planet. In 2006, astronomers agreed that, to be called a planet, a celestial body must:
 • be in orbit around a star, while not itself being a star
 • be large enough in mass for its own gravity to cause it to be nearly spherical in shape
 • travel in an orbit that does not overlap with other objects, including planets.

As a result, Pluto and Eris were disqualified as major planets and instead were classified as dwarf planets. 
In the case of Pluto, the main reason for this was that its orbit overlaps Neptune’s.

The planets Mercury, Venus, Mars, Jupiter and Saturn can all be seen without using a telescope. All of 
these planets were discovered in ancient times. They were noticed among the many stars in the sky because 
they move in regular patterns against the background of stars. In fact, the word ‘planet’ comes from a 
Greek word meaning ‘wanderer’.

The most distant planets, however, cannot be seen without telescopes and were discovered more recently. 
Uranus was discovered by accident with a telescope in 1791. Neptune was discovered in 1846 and the 
dwarf planet Pluto in 1930.

All of the planets spin, or rotate, as they orbit the sun. The Earth rotates once every 24 hours. This 
period is called one day. Jupiter takes only about 10 hours to rotate. That means that a day on Jupiter is 
only 10 hours long. Venus takes 243 Earth days to complete one full rotation.

The planets of the solar system with their sizes drawn to scale (but not their distances from the sun)
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Key features of the planets of the solar system

Planet

Period of orbit
Period of 
rotation

Gravitational 
force

Average surface  
temperature (°C)

Number  
of satellites (compared with Earth) 

Terrestrial planets

Mercury 88 days 59 days 0.38 −180 to 420 0

Venus 225 days 243 days 0.91 450 0

Earth 1 year 1 day 1.00 22 1

Mars 687 days 24.5 hours 0.38 −120 to −30 2

Gas giants          

Jupiter 12 years 10 hours 2.9 −140 At least 62

Saturn 29 years 11 hours 1.3 −170 At least 33

Uranus 84 years 17 hours 0.93 −210 At least 27

Neptune 165 years 16 hours 1.2 −220 At least 13

INVESTIGATION 6.1

The scale of the solar system
AIM: To develop an understanding of the scale of the solar system

You will need:
cardboard
marking pens
trundle wheel
basketball
2 golf balls (or table tennis balls)
2 marbles
2 peas
2 silver cachous (small shiny spheres used to decorate cakes)

• Make nine large cardboard labels for your class: one for the sun and one for each planet.
• Collect a basketball to represent the sun, and each of the items listed in the table below to represent the 

planets, and move to a large outdoor area.
• One student should be selected to hold the ‘sun’ and its label. Eight teams of students should also be 

selected to carry the ‘planets’ and their labels to the correct distances from the ‘sun’. If you don’t have a 
trundle wheel, assume that each pace is 1 metre long.
 (The model created here is not quite to scale for both planet size and distance from the sun.)

Discussion
1. Describe your model in words. Does it surprise you in any way?
2. Outline why this modelling exercise is useful in understanding the solar system.

Planet Item representing planet Distance from the ‘sun’ (metres)

Mercury Silver cachou 1.5

Venus Pea 2.7

Earth Pea 3.7

Mars Silver cachou 5.7

Jupiter Golf ball   20

Saturn Golf ball   36

Uranus Marble   72

Neptune Marble 110

A model of the solar system
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6.2.1 Space probes providing new insights into the solar system
Our understanding of the solar system has increased substantially through the use of technology. Galileo 
first described the craters on the moon in 1610 using an early telescope. Today, astronomers have a sophis-
ticated array of ground-based and satellite-based telescopes to collect data from the far reaches of the solar 
system. From the 1960s, NASA (the American National Aeronautics and Space Administration) began to 
develop probes that could be launched into space to collect data from the planets in our solar system from 
closer proximity.

Venus is the closest planet to the Earth and the brightest object 
in the night sky apart from the moon. However, thick clouds above 
the planet made the surface of Venus a mystery until the Mariner 
2 mission. This space probe became the first successful mission to 
another planet when it flew past Venus in 1962. Mariner 2 scanned 
the planet with infra-red and microwave sensors, revealing that 
Venus has an atmosphere containing mainly carbon dioxide and an 
extremely hot surface, over 425 °C. The probe also confirmed that 
Venus rotates in the opposite direction to most of the other planets 
in our solar system and, unlike the Earth, Venus has no detectable 
magnetic field. Mariner 2 was also the first spacecraft to sample the 
solar wind, a constant stream of charged particles flying outward 
from the sun.

Mercury is the closest planet to the sun and quite small compared with Earth. The surface of Mercury 
is very much like that of the moon. It is very heavily cratered and has mountains, valleys and flat plains 
just like the ‘seas’ on the moon. Until 1974, prior to the Mariner 10 mission to Mercury, the planet was 
believed to have no atmosphere. The gravitational pull on Mercury is much smaller than that on Earth so 
that gases tend to escape into space. However, Mariner 10 detected a thin atmosphere with traces of the 
gases helium and hydrogen and even smaller amounts of several other gases.

Mission to Mars
Mars is about half the diameter of Earth and, after Earth, its orbit is next furthest from the sun. Mars’ red 
appearance is due to dust blown over its surface by light winds. Like Mercury, it has little gravitational 
pull and a thin atmosphere without clouds, making it possible to observe its surface from Earth using tel-
escopes. In fact, in 1877, one astronomer observed what appeared to be canals on the surface. This obser-
vation led to the widely held belief that there was life on Mars. The Mariner 4 mission was launched in 
1964 and, after an eight-month voyage to the red planet, the spacecraft flew past Mars collecting the first 
close-up photographs of another planet. The pictures, played back from a small video recorder, showed 
lunar type impact craters.

In the years that followed, NASA set about to develop a spacecraft 
that could land on the surface of Mars to collect and analyse sam-
ples in search of any signs of life, either past or present. In 1975, the 
Viking 1 and 2 probes were launched. Each consisted of an orbiter and 
a lander designed to take high-resolution images to study the Martian 
surface and atmosphere. The orbiter snapped images on approach that 
helped mission controllers navigate the landers to safe landing sites. 
These images revealed icecaps at the poles and large volcanoes. The 
icecaps were believed to be made of frozen carbon dioxide (dry ice) 
and frozen water. The largest volcano, Olympus Mons, towers 25 kilo-
metres above the surface, with a diameter of 600 kilometres and well 
over twice the height of Mount Everest. The pictures showed a dry, 
barren surface with no evidence of any form of life. However, there 

An artist’s depiction of Mariner 2 
approaching Venus

The Viking lander, the first 
spacecraft to land successfully on 
another planetUNCORRECTED P
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are what appear to be dried-up river beds. It was believed that  these 
river beds were formed by water millions of years ago and that there 
may still be frozen water beneath the surface.

The landers were successfully deployed, and analysis of the soil 
samples provided no clear evidence of the presence of living micro- 
organisms in soil near the landing sites. The mission biologists believe 
that the combination of intense ultraviolet radiation from the sun and 
extreme dryness of the soil prevent the formation of living organ-
isms in the Martian soil. However, the question of whether life may 
have existed on Mars in the past remains open. While the landers’ 
chemical-sensoring instruments found no sign of organic molecules 
(the building blocks of cells) they did find all the elements essential 
to life: carbon, nitrogen, hydrogen, oxygen and phosphorus. In addi-
tion, water vapour was found to be relatively abundant in the far north 
during the summer, with the north pole covered permanently in ice.

The next technological development in the exploration of the planets was the construction of mobile 
landers, or rovers, capable of surveying a planet, and collecting and analysing samples from the planet 
surface as directed by mission controllers. The Mars Pathfinder mission, launched in 1996, was the first 
wheeled vehicle to be used on another planet in the solar system and served as the foundation for the latest 
Mars rovers. More recently, the Curiosity rover, the most technologically advanced rover ever built, landed 
in Mars’ Gale Crater in 2012 using a series of complicated landing manoeuvres never before attempted. 

Image of the surface of Mars taken 
by the Viking lander

NASA’s Mars Curiosity rover, a mobile robot for investigating Mars’ past or present ability to sustain 
microbial life. The rover examines a rock on Mars with a set of tools at the end of its arm, which extends 
about 2 metres. Two instruments on the arm can study rocks up close. Also, a drill can collect sample 
material from inside rocks and a scoop can pick up samples of soil. The arm can sieve the samples and 
deliver fine powder to instruments inside the rover for thorough analysis. The mast, or rover’s ‘head’, 
rises to a height of 2.1 metres and supports two remote-sensing instruments: the mast camera, or ‘eyes’, 
for stereo colour viewing of surrounding terrain and material collected by the arm; and the ChemCam 
instrument, which is a laser that can vaporise material from rocks up to about 9 metres away and determine 
the chemical composition of the rocks.

UNCORRECTED P
AGE P

ROOFS



206 Jacaranda Core Science Stage 4

c06TheSolarSystem Page 206 09/07/17  7:30 PM

The specialised landing sequence used a giant parachute, a jet-controlled descent vehicle and a bungee-like 
apparatus because landing techniques used during previous rover missions could not safely accommodate 
the much larger and heavier rover with its payload of scientific equipment. Curiosity’s mission is to deter-
mine whether the red planet was ever habitable by microbial life. The rover, which is about the size of a 
small car, is equipped with 17 cameras and a robotic arm containing a suite of specialised laboratory-like 
tools and instruments, including a laser able to 
drill holes in rock samples to allow the rock com-
position to be tested.

Voyage to the gas giants
The four largest planets, Jupiter, Saturn, Uranus 
and Neptune, lie well beyond the planet Mars. 
These planets are called the gas giants because 
they are like huge balls of gas. They do not have 
a solid surface like the terrestrial planets Mercury, 
Venus, Earth and Mars. The gas giants gradually 
change their physical state from gases in their deep 
atmospheres to liquids and solids closer to the 
centre. They are composed mainly of hydrogen, 
helium and methane. The Voyager 2 spacecraft, 
in operation since its launch in 1977, has visited 
all the gas giants, with a flyby of Jupiter in 1979, 
Saturn in 1980, Uranus in 1986 and Neptune in 
1989. Throughout its journey Voyager 2 sent back 
pictures showing that all of the gas giants had 
ring systems around them. Prior to this mission, 
it was believed that Saturn was the only planet 
with rings. In addition it has discovered and pho-
tographed many of the gas giants’ moons. It is the 
most distant human-made object ever to have trav-
elled from the Earth. In 1998, engineers switched 
off the spacecraft’s non-essential instruments to 
conserve power. Data from at least some of the six 
instruments still in operation should be received 
until at least 2025, by which time Voyager 2 is 
destined to be well beyond the boundaries of the 
solar system.

Jupiter, the largest of all the planets, can be seen 
from Earth without a telescope, and its largest four 
moons can be seen with a small pair of binoculars. 
It has a giant hurricane, called the Great Red Spot, 
which is over twice the size of the Earth. This hurri-
cane was first observed over 300 years ago! Jupiter 
rotates so quickly that it bulges at its equator. A thin 
ring of fine dust was detected around Jupiter by 
both of the Voyager space probes in 1979. In a more 
recent NASA mission, the space probe Galileo 
was sent towards Jupiter, arriving in 1995. It pro-
vided detailed information on the moons of Jupiter, 

Voyager 2 and its partner Voyager 1 are the first 
spacecraft to have travelled beyond the solar system.

Voyager 2 aboard the Titan III–Centaur launch vehicle 
lifted off on 20 August 1977.
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including discovering evidence of salt water below the 
surface of the moons Europa, Ganymede and Callisto 
and new insights into the intensity of volcanic activity 
on the moon Io.

Saturn has a system of rings around its equator that 
is several kilometres thick. The rings are difficult to 
see when their edge faces the Earth. There are seven 
rings consisting of thousands of smaller ringlets. The 
ringlets appear to be made up of small particles of 
ice-coated rock revolving around the planet like tiny 
moons. Like Jupiter, it bulges at its equator because 
of its rapid rotation. The Cassini mission to Saturn, 
launched in 1989, is a joint endeavour of NASA and 
the European Space Agency (ESA). The Cassini space-
craft landed a probe on Titan, Saturn’s largest moon, 
in 2005. Scientists were keen to investigate Titan as 
its atmosphere, like that of Earth, contains both nitrogen and 
oxygen, but the oxygen is likely to be in the form of ice water. 
Interestingly, Titan’s atmosphere also contains a mixture of 
complex organic molecules. It is thought that, if Titan received 
more sunlight, its atmosphere might more closely resemble that 
of a primitive Earth. Most scientists agree that conditions on 
Titan are too cold for life to have evolved. Even if Titan proves 
to be lifeless, understanding the chemistry on this distant moon 
may help us better understand the chemical origins of life on 
Earth.

Uranus appears blue from the Earth due to methane gas in 
its atmosphere. The axis of rotation of Uranus is almost in line 
with the sun. This means that light from the sun falls on one pole 
for a very long time. Like Jupiter and Saturn, Uranus bulges 
at the equator because of its rapid rotation. This rapid rotation 
also creates very strong winds in its atmosphere. Uranus has a 
system of about 11 rings that are smaller and fainter than those 
of Saturn.

Space probe Galileo made numerous 
discoveries about Jupiter and its moons.

Image of a swirling vortex above the 
north pole of Saturn taken by NASA’s 
Cassini spacecraft in 2012. The 
vortex is swirling at 480 km/h with 
a diameter greater than that of the 
Earth. Cassini will continue orbiting 
the planet until 2017.

NASA’s Cassini orbiter captured this view of Saturn in 2009. A narrow shadow is cast on the 
surface of the planet by the rings.
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Neptune, like Uranus, appears blue from the Earth due to methane gas in its atmosphere. It has a system 
of five faint rings that appear to consist of dust particles. It has a large dark spot similar to Jupiter’s Great 
Red Spot. This dark blue spot, which is larger than Earth, is believed to be a giant storm. It was discovered 
in 1989 by the space probe Voyager 2, which also discovered six of the planet’s moons. One of Neptune’s 
moons, Triton, is the coldest known body in the solar system.

INVESTIGATION 6.2

What keeps the planets in the solar system?
AIM: To model the gravitational force of the sun

You will need:
styrofoam ball
one metre of thread
sticky tape
small metal nut or similar weight
hollow plastic tube or empty biro case
scissors

• Tape a piece of thread to a styrofoam ball or table tennis 
ball and pass it through a hollow plastic tube. Tie the 
other end to a large metal nut or similar weight. The 
ball represents a planet and the plastic tube represents 
the sun.

• Move to an area in the playground where you are several 
metres away from all other students. Hold the plastic tube 
in your hand and whirl the ball in a circle as shown in the 
diagram above.

• Cut the thread just below the plastic tube while the ball is 
being whirled and observe the motion of the ball.

Discussion
1. What force prevents the ball in this activity from flying off into the distance while it is in orbit?
2. The planets are obviously not tied to the sun with a string. What is the name of the force that keeps the 

planets from escaping from the sun and the solar system?
3. Describe what happened to the ball when the thread was cut.
4. What would happen to the planets if the sun suddenly disappeared from the solar system?

Thread

Styrofoam ball
(Earth)

Hollow
plastic
tube (sun)

Metal
nut

There must be a force to keep the ball 
moving in a circle. What force keeps the 
planets in orbit around the sun?

6.2 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Construct a mnemonic to remember the eight planets in order from the sun.
2. Identify the

(a) terrestrial planets
(b) gas giants.

3. Propose why Uranus, Neptune and the dwarf planet Pluto were discovered much later than the other planets.
4. Identify the space mission(s) that

(a) detected the thin atmosphere of Mars
(b) travelled on the surface of Mars, collecting data
(c) investigated Io, a moon of Jupiter
(d) has travelled beyond our solar system.

Think
5. The table at the top of next page shows how the size and distance from the sun of other planets compare with 

the dimensions for Earth.
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Follow the instructions below to construct two scale drawings of the solar system. The first drawing will 
show how the sizes of the planets compare with each other. The second drawing will show how far the 
planets are from the sun.
(a) On a sheet of A3 paper, draw a circle to represent the size of each of the planets in the order listed 

above. Use the diameter in Earth units from the table above and a scale of 1 cm = 1 Earth unit. Colour 
and label each planet.

(b) Turn the sheet over and rule a 40 cm line across the centre. At one end of the line, draw a large dot and 
label it as the sun. Use the distances in Earth units from the table to draw a dot representing each planet 
on your line. Again, use a scale of 1 cm = 1 Earth unit. Label each planet.

6. Explain why scientists have thought it possible for life to exist on Mars.
7. Explain why our knowledge of the gas giants increased so dramatically between 1979 and 1989.

Create
8. Draw a column graph to compare the time taken for an orbit by each of the four gas giants. Identify 

whether there is a trend in the orbital time for these planets.
9. Create a PowerPoint or Flash presentation or a tourist brochure to entice people to visit the planet Mars. 

You should include information about
(a) the trip to and from Mars
(b) accommodation on Mars
(c) weather conditions and atmosphere
(d) the surface, including sights to see
(e) how to get around while on the planet
(f) leisure activities, especially those that would be different from those on Earth

(g) excursions to the two moons.
10. Create a timeline, drawn to scale, to sequence the NASA missions within the solar system.

Investigate
11. Until 2006, Pluto was considered the ninth planet of the solar system. Find out

(a) when it was discovered and by whom
(b) how Pluto differs from the eight planets
(c) whether it has any moons and, if so, their names
(d) how long Pluto’s orbit of the sun takes.

12. The decision by astronomers not to consider Pluto (shown at right) 
as a planet in our solar system was momentous and somewhat 
controversial. Take the role of a journalist and write a newspaper 
article announcing the decision to strike Pluto off the list of 
planets. Include an outline of the conflicting views of scientists on 
this issue.

Evaluate
13. Write a 400-word essay with examples to explain how advances in 

technology have enhanced our understanding of the solar system.

Planet
Diameter at equator  

(Earth = 1 unit)
Average distance from  
the sun (Earth = 1 unit)

Mercury 0.38 0.39

Venus 0.95 0.72

Earth 1.00 1.00

Mars 0.53 1.52

Jupiter 11.2 5.19

Saturn 9.41 9.43

Uranus 3.98 19.1

Neptune 3.81 29.9

How the other planets compare with Earth
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6.3 A very important star
The sun is a star at the centre of the solar system and over 
a million times larger than the Earth. The sun accounts for 
99.8 per cent of the mass of our solar system. The majority 
of the remaining 0.2 per cent is accounted for by Jupiter. 
The sun is one of billions of stars in the universe. Our next 
closest star, Proxima Centauri, is very far away, more than 
four light-years away in fact. This means that a beam of 
light from Proxima Centauri travelling 300 000 km/s takes 
over four years to reach Earth; light travelling from the sun 
takes approximately 8 minutes to reach the Earth.

A time-lapse photograph of the transit of 
Venus in 2012 illustrating the immense size 
of the sun compared with the planets. The 
next transit will not occur until 2117!

HOW ABOUT THAT!
Like all of the planets, the sun rotates around its own axis. It therefore has two poles and an equator. Because 
it is not solid, different parts of the sun rotate at different speeds. At its equator, the sun rotates once every 
25 days. At the poles, it takes 34 days for a full rotation.

Complete this digital doc: Worksheet 6.1: The solar system (doc-0000)

 RESOURCES — ONLINE ONLY

Venus

Sun

Sunspots

The sun has a complex internal structure. The fusion of hydrogen atoms in the core generates light 
and heat that travel through several layers of the sun before escaping from the surface.

Corona: white-hot halo 
above the surface, most 
visible during solar eclipses

Radiative zone: 
light and heat 
radiating out

Core: site 
of hydrogen 
fusion

Photosphere: 
visible surface 
of sun

Prominence: an eruption 
of glowing gas from the 
surface

Convective zone: 
heat travelling in 
circular convection 
currents

6.3.1 Generating heat and light
Planets and moons are visible in the night sky because they reflect the light produced by the sun. Like 
other stars (but unlike planets and moons), the sun generates light and heat through a nuclear fusion 
reaction in its core. This fusion reaction requires the immense heat of its core, where the temperature is 
believed to be about 15 million °C; the temperature at the surface of the sun is about 6000 °C. In this 
reaction, hydrogen atoms are fused together producing helium atoms and a great deal of energy. This 
energy travels out from the core through several layers of the sun before it escapes into space as sunlight.
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Sunspots
Sunspots are darker, cooler areas on the surface of the sun, which is called the photosphere. Sunspots can 
be very large, up to 50 000 kilometres in diameter. They are caused by interactions with the sun’s magnetic 
field. Sunspots occur over regions of intense magnetic activity and, when that energy is released, solar 
flares and large eruptions, called coronal mass ejections, emerge from the sunspots. Sunspots typically last 
anywhere from a few days to a few months.

Solar radiation — essential for life
The sun provides the planets with heat, light and other forms of energy. The energy released from the sun 
is called solar radiation. Solar radiation reaches all of the planets.

All the different types of energy coming from the sun form the electromagnetic spectrum. This includes 
visible light, infra-red radiation, ultraviolet radiation and even X-rays and gamma rays.

Life exists on Earth because the atmosphere allows the right amounts of each type of solar radiation to 
reach the surface. Solar radiation provides:
 • the light needed by plants so that they can grow and make their own food using a process called pho-

tosynthesis. Animals rely on plants as a source of food. Even animals that do not eat plants eat other 
animals that do eat plants.

 • heat, which keeps the atmosphere, the Earth’s surface and bodies of water warm enough to support life. 
The sun controls our climate. Heat is released from the sun in the form of infra-red radiation. Infra-red 
radiation is not visible to the human eye. Some gases in the Earth’s atmosphere trap infra-red radiation 
from the sun. This makes the atmosphere heat up. This process is called the greenhouse effect. The 
atmosphere of Venus is mostly carbon dioxide, which absorbs a lot of infra-red radiation. The green-
house effect is responsible for the extremely high temperatures on Venus.

 • ultraviolet radiation, which is needed by humans to help the body make vitamin D. The amount required 
can be obtained by being outdoors in the open for just a few minutes each day. However, the ultraviolet 
radiation emitted from the sun is also the cause of sunburn and can lead to skin cancer.

INVESTIGATION 6.3

Observing sunspots
AIM: To observe sunspots

You will need:
cardboard
tripod-mounted telescope

SAFETY WARNING: The sun should never be observed directly, 
either with the naked eye or through a telescope or binoculars. 
Damage to the eyes can result from direct observation.

• Cut out a masking screen to fit over the front of the tube of the 
telescope.

• Position the tripod and telescope so that it is directed towards 
the sun, but do not look through the telescope to align it; rather, 
use the shadow cast on the ground as an indication of the correct 
position.

• Hold or position a sheet of cardboard 0.5–1.0 metre behind the eyepiece of the telescope to capture the 
image of the sun and to view any sunspots. You may need to adjust the eyepiece focus knob and the 
cardboard screen to obtain a sharp image.

• Record your observations in your notebook using a labelled illustration.

Discussion
1. How many sunspots did you observe? Were they positioned close together?
2. Are all the sunspots similar in size?

Sun

Cardboard
screen

Masking
screen

Projecting sunspots onto a screen
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UV radiation is not related to temperature, so you can still get sunburned on cool, cloudy days. The 
Bureau of Meteorology provides a daily forecast of the sun’s UV radiation intensity. This is called the 
UV index. It divides UV radiation levels into low (1–2), moderate (3–5), high (6–7), very high (8–10) and 
extreme (11 and above). In Australia, UV radiation levels are most intense from the beginning of Sep-
tember to the end of April, particularly between 11 am and 3 pm. When UV levels are 3 and above, sun 
protection is needed because the UV radiation is intense enough to damage the skin.

The ozone layer high in the Earth’s atmosphere absorbs much of the ultraviolet radiation reaching 
the Earth from the sun. If humans were living and working in sunlight on the moon or Mars, they 
would need a lot more protection from ultraviolet radiation than on Earth. Like infra-red radiation, 
ultraviolet radiation is not visible to the human eye.

INVESTIGATION 6.4

Sunspot activity
AIM: To investigate data on sunspot 
activity to see if there is a pattern

You will need:
graph paper
The following data were collected 
on the average number of sunspots 
recorded each year from 1970 to 2004.

• Plot the number of sunspots (vertical 
axis) against years (horizontal axis) 
on a sheet of graph paper.

• Join the data points with a ruler.

Discussion
1. Is there a pattern in the data?
2. Approximately how long is there 

between periods of high sunspot 
activity and periods of low sunspot 
activity?

3. Predict whether there will be many 
or few sunspots
(a) this year
(b) the year you turn 18.

Year
Average number  

of sunspots Year
Average number  

of sunspots

1970 109 1988   89

1971   74 1989 148

1972   72 1990 149

1973   39 1991 146

1974   34 1992   96

1975   15 1993   54

1976   14 1994   36

1977   30 1995   19

1978 103 1996     9

1979 156 1997   22

1980 141 1998   65

1981 141 1999   94

1982 116 2000 120

1983   72 2001 111

1984   44 2002 104

1985   17 2003   64

1986   12 2004   41

1987   28    
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The daily forecast of the sun’s UV intensity allows us 
to predict the time of day when the sun’s rays will 
be most damaging to our skin.
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The Earth’s atmosphere filters some of the 
electromagnetic radiation from the sun.
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6.4 Rocks in space
The solar system contains many objects other than the 
sun and the planets. All of the planets except Mercury and 
Venus have moons. Each moon is held in orbit around its 
planet by a gravitational force.

The moons vary greatly in size. Deimos, the smaller of the 
two moons of Mars, is only about 10 kilometres in diameter. 
The largest known moon in the solar system is Ganymede, 
one of the 16 moons of Jupiter. It is larger than the planet 
Mercury. Some moons, like the Earth’s moon, are cratered 
while others are quite smooth.

6.4.1 Asteroids
Thousands of small, irregular objects called asteroids 
orbit the sun just like the planets. Most of them are 
between the orbits of Mars and Jupiter — a region 
sometimes called the asteroid belt. The largest 

6.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Outline how the sun produces the huge amount of energy that it releases. Where does this process occur 

and why?
2. Identify the types of radiation emitted by the sun.
3. Identify one type of solar radiation that

(a) is absorbed by the ozone layer
(b) heats the Earth’s surface.

Think
4. Explain why life on Earth would not be possible without the sun.
5. Explain why there is no greenhouse effect on Mars.
6. Explain why you would need protection from the sunlight on Mars, even though it is very cold.
7. All of the Earth’s fossil fuels, including coal, petroleum and natural gas could be described as stored solar 

energy. Explain why. (Hint: Think about how they are formed.)

Investigate
8. Find out more about one of the following sun topics and present your findings.

• Sunspots and how they can affect the Earth
• What causes the northern lights (aurora borealis) and southern lights (aurora australis)
• How the Earth is protected from the particles and radiation from the sun
• Space probes sent to study the sun

Jupiter and three of its moons

Complete this digital doc: Worksheet 6.2: The sun (doc-0000)

 RESOURCES — ONLINE ONLY
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It is believed that comets are formed from dust and ice in the cold, outer regions of the solar system.
The most famous comet is Halley’s comet, named after Sir Edmond Halley, who correctly predicted that 

it would return every 76 years. Its orbit extends beyond the orbit of Neptune. We see it as it passes near 
Earth on its path to and from the sun. This last happened in 1986.

asteroid, Ceres, is about 970 kilometres in diameter. The smallest 
known  asteroids are only about one  kilometre across.

The orbits of asteroids are more elliptical in shape than the orbits of the 
planets. This brings them quite close to the sun and to the orbit of Earth. 
In 1991, a small asteroid passed within  170 000 kilometres of Earth. That 
is less than half the distance from the Earth to the moon and dangerously 
close. It passed Earth at a speed of about 72 000 kilometres per hour.

In 1993, the space probe Galileo, on its way to Jupiter, discovered the 
first known moon of an asteroid. A body of rock about one kilometre 
across was photographed orbiting a potato-shaped asteroid called Ida. It is 
likely that many asteroids have moons.

6.4.2 Comets
Comets are balls of rocky and metallic particles amid ice and frozen 
gases. Most of the mass of a comet is in its nucleus. A bright glowing tail 
of dust and gases becomes larger as the comet moves closer to the sun. Up 
to millions of kilometres long, the tail is blown away from the sun by the 
solar wind.

Most asteroids have 
irregular shapes.

Sun

Tail

Nucleus

Coma

Comet’s orbit

The orbit of a comet is long and narrow. The tail gets longer as the comet 
approaches the sun.
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6.4.3 Meteoroids
Occasionally people see bright streaks of light called ‘shooting stars’ in the night sky. The streaks of 
light are called meteors. They are created when a lump of rock or metal burns up as it passes through 
the Earth’s atmosphere. Lumps of rock or metal that travel around the solar system orbiting the sun are 
called meteoroids. Most of those that cross the path of the Earth’s orbit are so small that they burn up 
completely before they reach the ground. Those that are large enough to reach the ground are called 
meteorites. Meteorites hit the ground with speeds of up to 70 kilometres per second, or 252 000 kilo-
metres per hour. They are very hot and 
explode on impact, leaving craters 
much bigger than themselves. The 
Wolf Creek crater in Western Aus-
tralia, pictured below, has a diameter 
of about 850 metres. The crater’s rim 
rises about 25 metres above the sur-
rounding plains and its floor is about 
50 metres below the rim.

Some scientists believe that a mete-
orite caused the extinction of the dino-
saurs about 65 million years ago. They 
believe that the impact of the meteorite 
lifted tonnes of dust into the atmos-
phere, blocking out sunlight from the 
surface for several months. This would 
have killed all plants and changed the 
climate, making it impossible for larger 
animals like dinosaurs to survive.

The Wolf Creek meteorite crater in Western Australia

INVESTIGATION 6.5

Meteorite impact
AIM: To model the formation of craters

You will need:
large plastic tray or tub
damp sand
rocks ranging in size from 2 to 5 cm in diameter
metre ruler

• Design an investigation to model the effect of the size of a rock and the height from which a rock is dropped 
on the diameter and depth of the crater that is formed.

• Be sure to conduct a controlled experiment. If you are varying the size of the rock, keep the height from which 
it is dropped constant. Similarly, if increasing the height from which the rock is dropped, keep the size of the 
rock constant.

• Repeat each experiment twice and record an average diameter and depth in the damp sand.
• Draw a line graph to show the pattern between any two variables you investigated. For example, you might 

like to show the effect of the drop height on the diameter of the crater or the effect of rock size on the depth 
of the crater. Each member of your group might like to graph different variables.

Discussion
1. Identify the independent and dependent variables in each of your experiments.
2. Write a suitable conclusion to your investigation.
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6.5 The Earth in motion
6.5.1 Day and night
Have you ever wondered why it gets dark or why the sun rises in Sydney before it does in Perth? Why is 
Australia in the middle of a hot summer in January while Europe experiences a cold winter? These things 
can all be explained by the movement of the Earth through space.

The Earth’s rotation
To us on Earth it seems that the sun rises each 
day in the east and sets in the west. In fact, the 
sun doesn’t move across the sky at all. It is the 
Earth that moves — and quite fast, too! People 
living on the equator are moving at close to 
1670 kilometres per hour! We don’t sense we 
are moving as everything around us moves at the 
same speed.

Like a spinning top, the Earth rotates — 
 spinning from west to east around its axis. The 
axis of the Earth is an imaginary line drawn 
from the North Pole to the South Pole, but tilted 
at an angle of 23.5°. One rotation takes 24 hours. 
We call the time for a complete rotation one day. 
As the Earth spins around, first one side and then 
the other faces the sun and experiences daytime. 
The side facing away from the sun gets no sun-
light, so it experiences night-time.

Night

South Pole

North Pole

Axis

Day

Sun’s rays

Sun’s rays

23.5°

23.5°

Equator 

The Earth rotates from west to east. Continents facing 
the sun are in daylight.

HOW ABOUT THAT!
The Earth is spherical but it is not a perfect sphere. The diameter of the Earth measured across the equator 
is 12 760 km. However, if you measure the diameter between the two poles, the diameter is shorter by 40 km 
because the Earth has a slight bulge at the equator.

6.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe what comets are made of.
2. Describe the asteroid belt.
3. Explain the difference between a meteor and a meteorite.
4. Explain the difference between a meteor and a meteoroid.

Think
5. Explain why the tail of a comet gets larger as it gets closer to the sun.
6. Explain how asteroids are different from moons.
7. Explain the difference between a planet and a moon.
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The Earth rotates from west to east. Therefore, the sun 
during the day and the moon, planets and stars during the 
night seem to move in the other direction, from east to west. 
Ancient astronomers believed that the Earth was stationary 
while objects in the sky moved.

6.5.2 The Earth in orbit
As well as rotating on its axis, the Earth is travelling through 
space in orbit around the sun. A gravitational force keeps 
the Earth in orbit around the sun. The time it takes to com-
plete one revolution of the sun is called a calendar year. The 
earth rotates 365¼ times in each calendar year and so there 
are 365¼ days in a year.

To make the calendar simpler, each year is allocated 365 
days, and every fourth year is called a leap year, with an 
extra day added (29 February), giving a leap year 366 days 
in total.

6.5.3 The seasons
As the Earth completes its orbit around the sun, 
the tilt of its axis does not change. It leans to 
the left or to the right, depending on the direc-
tion you are observing the orbit. This means that, 
during one part of the orbit, one hemisphere is 
tilted towards the sun while the other hemisphere 
points away.

Sunlight hitting the hemisphere that is tilted 
towards the sun is concentrated over a smaller 
area and so heats that part of the Earth more. This 
hemisphere experiences summer. At the same 
time, the other hemisphere is tilted away from the 
sun. The sun’s rays striking it are spread out over 

6 am 6.15 am 6.30 am

On the east coast of Australia, the sun rises over the Pacific Ocean.

Star trails. Stars appear to move in the night 
sky but it is the Earth that is rotating, as 
shown in this time-lapse photo.

Position of sun

The sun’s rays are more
concentrated because the
Southern Hemisphere
is tilted towards the sun.

The sun’s rays are spread
over a larger area because the
Northern Hemisphere is tilted
away from the sun.

Simulating winter in the Northern Hemisphere and 
summer in the Southern Hemisphere using torches
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a larger area so this hemisphere heats up less, so the days are colder. This hemisphere experiences winter. 
When neither hemisphere tilts towards the sun, which happens in autumn and spring, each receives the 
same amount of the sun’s rays. So there is not much difference between, say, a Northern Hemisphere spring 
and a Southern Hemisphere autumn.

Sun

Both hemispheres receive equal amounts of 
sunlight in March. It is autumn in Australia and 
spring in the Northern Hemisphere.

The Southern 
Hemisphere tilts 
towards the sun in 
December. It is 
summer in Australia 
and winter in the 
Northern Hemisphere.

Both hemispheres receive equal amounts of 
sunlight in September. It is spring in Australia 

and autumn in the Northern Hemisphere.

The Northern 
Hemisphere tilts 
towards the sun in June. 
It is winter in Australia 
and summer 
in the Northern 
Hemisphere.

Because of the tilt of the Earth, seasons change as the Earth completes its orbit of the sun.

INVESTIGATION 6.6

Day and night across the Earth
AIM: To model the day/night cycle

You will need:
polystyrene (or similar) sphere (about the size of a small rockmelon)
metal or wooden skewer
pen
spotlight or bright torch

• Your sphere represents the Earth. Draw a line 
around the centre to represent the equator. 
Label the Northern and Southern Hemispheres 
and mark in the North and South 
Poles.

• Draw an outline of Australia and Africa on your 
sphere. Use an atlas to check the positions 
and approximate shape of each continent. 
Also note the position of north.

• Mark the four compass directions — north, 
south, east and west — around the outlines of 
each continent.

• Gently push a skewer through the centre of 
your sphere from bottom to top through the 
‘polar regions’. This skewer represents the 
Earth’s imaginary axis.

• Do this experiment in a darkened room. This 
will help you see more clearly the contrast 
between light and dark.

Darkened roomSkewer

Sphere

Spotlight or
bright torch

N
W

E
S

Equator
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• Turn on the spotlight in a dark room. Its light represents the sun’s light. Hold the skewer so it leans a little 
away from the vertical. This represents the Earth’s tilt.

• Turn your sphere very slowly in the light, making sure you keep the skewer slightly tilted all the time. Turn it in 
an anticlockwise direction (as seen from above). Watch what happens from side on.

Discussion
1. In which direction is the ‘Earth’ rotating — from east to west or west to east? Check the compass directions 

you marked on your sphere.
2. In which direction does the ‘sun’s’ light seem to move around the ‘Earth’? How does this explain the 

apparent movement of the sun across the sky?
3. Where is Africa when Australia is lit up? Where is Australia when Africa is lit up? Explain why these 

continents experience daylight at different times.
4. How does this experiment help to explain why night falls in Perth about two hours later than in Sydney?

INVESTIGATION 6.7

Day length in summer and winter
AIM: To explain why the number of daylight hours varies

You will need:
the equipment used for Investigation 6.6
2 pins with coloured heads

• Do this experiment in a darkened room; this will help you see more clearly the contrast between light and 
dark.

• Hold the skewer vertically. Push two pins into your sphere — one about where Sydney is and the other 
directly above it at the top of the sphere, near the skewer.

• Set the torch up in a central place (such as on a table you can move around).
• Stand to the left of the torch. Turn on the torch. Hold the skewer so it leans away to the left from the vertical. 

The southern half of your sphere should be leaning more towards the light.
• Slowly turn your sphere in the light, making sure you keep the skewer slightly tilted. Turn it in an anticlockwise 

direction. Observe how long the two 
locations marked with pins remain in 
the light.

• Now stand to the right of the torch 
holding your skewer tilted to the left 
as before. This time the northern half 
of your sphere should be leaning 
more towards the light. Repeat what 
you did in the previous step.

• Repeat the whole procedure above 
two more times. The first time, look 
at what happens at each of the 
poles. The second time, look at what 
happens at the equator.

Discussion
1. Which pin comes into the light first when the southern half of the sphere leans towards the light? Ask your 

partner which pin moves out of the light first.
2. What does this tell you about the number of daylight hours in each hemisphere when the Southern 

Hemisphere tilts towards the sun?
3. Which pin comes into the light first when the northern half of the sphere leans towards the light? Ask your 

partner which pin moves out of the light first.
4. What does this tell you about the number of daylight hours in each hemisphere when the Northern 

Hemisphere tilts towards the sun?
5. What is the approximate length of day and night at the equator in each season?
6. Suggest why the sun never sets at certain times of year at the North and South Poles. Which season is the 

Southern Hemisphere experiencing when the South Pole has several months of darkness?

Pin

Pin

Pin

Pin
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6.6 The moon in motion
6.6.1 Studying the moon
The moon is, by far, the brightest object in the night 
sky. Its presence and changing appearance when viewed 
from Earth have raised many questions, inspired myths 
and legends, shaped our calendar and even determined 
the dates of some religious holidays.

The moon takes the same time to complete one full 
rotation around its own axis as it takes to orbit the Earth. 
For this reason only one face of the moon can be seen 
from the Earth. The face seen from Earth is much less 
mountainous and rugged than the other side, probably 
because it has experienced fewer meteorite impacts.

Unlike the Earth, the moon has no atmosphere. There 
is no air and there is no water on the surface. It does 
not experience wind or rain. This means that there is no 
erosion of its cratered surface.

6.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Explain why we experience day and night on Earth.
2. Explain why the sun rises in the east and sets in the west.
3. During which season in Australia does the Southern Hemisphere tilt towards the sun?
4. Explain why it is warmer on a summer’s day than it is on a winter’s day.
5. Explain why there are 365 days in each year but 366 days in every fourth year.

Think
6. Explain why the climate near the equator does not vary much from season to season.
7. Identify the season in Australia when:

(a) it is autumn in England
(b) it is summer in Canada
(c) the sun does not set at the South Pole.

Create
8. Present a 3–5 minute lesson to the class using models to explain why we have seasons.
9. Use the Day, night and time zones interactivity in the Resources tab to determine whether it is day or night 

in any location of the world at a specific time. 

Profile of the moon
• Natural satellite of the Earth
• Distance from Earth: 385 000 km (three 

days by spacecraft)
• Diameter at equator: 3475 km (Earth’s 

diameter is 12 750 km)
• Period of orbit around Earth: about 291

2
 

days
• Period of rotation around its own axis: 

about 291
2
 days

• Surface gravity: about one-sixth that of 
Earth

• Surface temperature: ranges from 
−175 °C in darkness to 125 °C in 
sunlight

Complete this digital doc: Worksheet 6.3: Night and day (doc-0000)

Complete this digital doc: Worksheet 6.4: Star trails and seasons (doc-0000)

 Explore more with this weblink: Day, night and time zones (int-0006)

 RESOURCES — ONLINE ONLY
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Galileo Galilei is thought to be the 
first person to have used a telescope to 
study the moon, planets and stars. He 
made one of the first telescopes him-
self in 1610 after hearing rumours of 
the invention of a magnifying tube in 
Holland.

While observing the moon’s surface, 
Galileo observed:
 • large, dark and flat areas that he 

called maria (Latin for seas)
 • dark shadows that appeared to be 

made by mountains up to 6 kilo-
metres high

 • numerous craters.
Each of these features can be seen in 

the photograph below left.

The dark, flat areas in this photograph are called ‘seas’, though 
no water exists on the surface of the moon. Numerous craters are 
visible, believed to be the result of meteorite impacts.

HOW ABOUT THAT!
The word ‘month’ comes from the Old English word mona, meaning ‘moon’. In early calendars, a month was 
the length of time between full ‘moons’. This period is called a lunar month. The modern calendar was not 
developed until the sixteenth century by Pope Gregory XIII. The Islamic, Hebrew and Chinese calendars are still 
based on the lunar month.

INVESTIGATION 6.8

Observing the moon’s surface
AIM: To observe the moon using binoculars or a small telescope

You will need:
binoculars or small telescope

• Observe the moon with a pair of binoculars or a small telescope. The best time to observe the moon is during 
a quarter moon (when about half of it is visible). Craters and mountains are difficult to see when there is a full 
moon because they do not cast shadows.

• Try to identify the seas (dark, smooth areas), mountainous areas and craters.
• Sketch and label what you see.

Discussion
1. Which features were easiest to locate?
2. How do you think the craters were formed?

Until 1959, when the first images were transmitted from space, our knowledge of the moon depended on 
what could be seen through telescopes from Earth. The table at top on next page lists some of the important 
events that have occurred in the quest for knowledge about the moon.

The most significant event, since Galileo’s use of a telescope in 1610 to observe the moon, occurred on 
20 July 1969. On that day, astronaut Neil Armstrong stepped down from the lunar landing craft Eagle and, 
as his foot touched the lunar soil, he uttered the memorable words: ‘That’s one small step for a man, one 
giant leap for mankind’.

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



222 Jacaranda Core Science Stage 4

c06TheSolarSystem Page 222 09/07/17  7:30 PM

6.6.2 Phases of the moon
The moon is visible from Earth only because it reflects light from the sun. As the moon orbits the Earth, it 
rotates so that the same side of the moon always faces the Earth. Once in each lunar cycle, when viewed at 
night, this entire side of the moon is completely bathed in sunlight; this is called a full moon.

As the moon continues its orbit of the Earth, less of the lit face of the moon is visible from the Earth, 
leading to a quarter moon. Eventually, the near side is completely dark again and there is another new 
moon, and so the sequence continues. During the period between a new moon and a full moon, the moon is 
said to be waxing. As the phases move from full moon to new moon, it is said to be waning.

The diagram below shows how the phases change during the 291
2
-day lunar cycle, the period between one 

new moon and the next.

1 2 3 4 5 6 7 8

New moon Crescent
moon

Crescent
moon

Quarter
moon

Gibbous
moon

Full moon Gibbous
moon

Quarter
moon

6
7

8

1 5

2
3

4

Sun’s rays

Year Event

1610 Galileo Galilei used a telescope to observe the moon.

1850s Astronomers took the first photographs of features of the moon.

1959 Luna 2 (USSR) became the first space probe to reach the moon when it crashed into the surface.

1959 Space probe Luna 3 (USSR) provided the first pictures of the previously unseen far side of the 
moon.

1964 Space probe Ranger 7 (USA) took the first close-up pictures of the moon.

1966 Luna 9 (USSR) became the first space probe to make a soft landing on the moon and take pictures 
from the surface.

1969 Apollo 11 (USA) carried three astronauts and the lunar lander Eagle to and from the moon. 
Astronauts Neil Armstrong and Buzz Aldrin became the first humans to walk on the moon. They 
spent three hours collecting soil and rocks, performing experiments and setting up equipment for 
further experiments.

1969–1972 Apollo missions 12 and 14–17 (USA) successfully reached the moon, enabling more experiments to 
be completed. Apollo 13 failed, stranding the three astronauts in space. The astronauts were able 
to return safely to Earth by using the fuel and oxygen stored in their lunar lander.

Probing the moon: some important events
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6.6.3 Ocean tides — ebb and flow
Each day, the waters of the Earth’s oceans rise and fall against the coastlines of islands and continents. 
These changes in sea level are called tides. They are caused by the gravitational attraction of the moon 
and, to a lesser extent, the sun on the Earth’s oceans.

The gravitational pull of the moon on the water on Earth’s surface causes the oceans facing it to bulge 
outwards, resulting in a high tide. A second, smaller bulge develops on the side of the Earth facing away 
from the moon because the Earth is also being pulled towards the moon and away from the water on the far 
side. Since the Earth is rotating while this is happening, two high tides occur each day.

INVESTIGATION 6.9

Modelling the phases of the moon
AIM: To model the phases of the moon

You will need:
projector or bright torch
large, light-coloured ball

• Select one student to act as the Earth and another to hold the ball representing the moon.
• Darken the room and aim the projector or torch (the sun) at the ball (the moon). The student holding the ‘moon’ 

walks around the ‘Earth’ slowly in an anticlockwise direction, holding the same side towards the ‘Earth’.
• Try to identify each of the eight phases of the moon, as they are seen 

by the person representing the Earth. Stop rotating briefly when each 
of the phases is identified so that the positions of the ‘sun’, ‘Earth’ and 
‘moon’ can be recorded in a diagram.

Discussion
1. Sketch a plan view to show the positions of the ‘sun’, ‘Earth’ and 

‘moon’ that result in:
(a) a full moon
(b) a gibbous moon
(c) a quarter moon
(d) a crescent moon
(e) a new moon.

2. Describe the positions of the sun, Earth and moon when there is:
(a) a full moon
(b) a new moon.

INVESTIGATION 6.10

The changing moon
AIM: To observe the phases of the moon and relate these to the position of the sun

• Copy the start of the table below into your notebook.
• Observe the moon every third or fourth evening over a period of at least two weeks. Observations over one 

whole month would be best. Try to make your observations as close to sunset as possible so that you know 
where the sun is.

• Record the date, the time, and the shape of the sunlit part of the moon.
• Each time you make an observation, make a comment about the position of the sun compared with the 

moon, and why the moon has the shape that you have observed.

Observing the phases of the moon

Date Time Shape of moon
Comment about position of sun  

and the shape of the moon
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6.6.4 Spring and neap tides
The sun also plays a role in the pattern of tides, although it is not as significant as that of the moon. While 
the mass of the moon is 27 million times less than the sun, its gravitational pull on the Earth is greater than 
that of the sun because it is so much closer to Earth. It is important to remember that gravity is a force of 
attraction between any two bodies in the universe that have mass. The size of this force depends not only 
on the mass of the two bodies but also on how close they are to one another.

Moon 

Earth

High tide
As the moon orbits the Earth, its gravity
most affects the side of the Earth 
facing it – the closest side. The ocean
bulges out on that side the most.

Low tide
The water that
makes up the
high tides is
drawn from
oceans in between.

High tide
The moon’s gravity also attracts the Earth itself. This causes the
Earth to pull away from the water surface on this side.
As a result, these oceans also bulge out, though not quite as
much as the side facing the moon.

Looking down on the Earth from above the North Pole. As the 
Earth rotates, different places experience high tide.

High and low tide in the Bay of Fundy on the east coast of North 
America. Its tidal range — over 16 m — is the biggest in the 
world. The bay has a very wide mouth that allows a lot of water 
to rush in as the tide rises. But the bay gets much narrower 
further inland. The huge volume of water has nowhere to go 
but up!
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Twice each month, the moon, sun and Earth line up. This occurs when there is a full moon and at the 
time of a new moon. At these times, the gravitational pull on the Earth and its waters is much stronger as 
the gravity of the sun and moon combine. Hence, the ocean bulges contain even more water. This means 
the tidal range is much greater. These tides are called spring tides.

About seven days after a spring tide, the moon and sun are at right angles to each other with respect to 
the Earth. In this position, their forces of gravity work against one another, rather than together. So, the 
tidal range is narrow. These tides are called neap tides.

New moon

First quarter

Full moon

Third quarter

Sun’s rays

Spring tideSpring tide

Neap tide

Neap tide

Each month there are two spring tides and two neap tides during a full moon and a new moon.

INVESTIGATION 6.11

Tide data
AIM: To plot data on tide height and determine the tidal pattern

You will need:
graph paper

• The following data show the tide heights in Manly, NSW at two-hourly intervals.

Date Time Tide height (m)

Wed. 28 Nov.
 

5 am 1.0

7 am 1.5

9 am 1.7

11 am 1.3

1 pm 0.7

3 pm 0.5

5 pm 0.8

7 pm 1.3

9 pm 1.7

11 pm 1.5

Thu. 29 Nov.
 

1 am 0.8

3 am 0.4

Date Time Tide height (m)

Thu. 29 Nov.
(Continued)
 
 
 
 
 
 
 
 
 

5 am 0.4

7 am 0.9

9 am 1.2

11 am 1.2

1 pm 0.7

3 pm 0.4

5 pm 0.5

7 pm 1.1

9 pm 1.3

11 pm 1.2

Fri. 30 Nov.
 

1 am 0.8

3 am 0.5
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• Plot the data on a sheet of graph paper, showing the tide heights on the vertical axis and the date and time 
on the horizontal axis.

• Draw a smooth curve of best fit based on your data.

Discussion
1. What is the time and height of the high tide on Thursday morning?
2. How often do a high tide and a low tide occur?
3. Use a labelled diagram showing the Earth and moon to explain why this location experiences a low tide late 

Wednesday afternoon.

6.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify the large, dark, flat areas on the moon that are visible from Earth.
2. Identify the phase of the moon that we see when:

(a) the Earth is between the sun and the moon
(b) the moon is between the sun and the Earth.

3. How many days are there between one new moon and the next?
4. Explain why the moon has a stronger gravitational pull on Earth than the sun.
5. With the aid of a diagram, distinguish between a spring tide and a neap tide.

Think
6. Explain why there are more craters on the moon than the Earth, even though the Earth is a bigger target.
7. Explain why we never see the far side of the moon.
8. As Neil Armstrong stepped down from the lunar landing craft onto the lunar soil, his now famous words 

were heard by millions of people watching the event live on television. Propose why this step was such a 
‘giant leap for mankind’.

9. What sort of tide occurs when there is a full moon? Explain.
10. If the height of the highest tide on a particular day was 6.5 m and the tidal range was 4.2 m, calculate the 

height of the lowest tide.
11. Deduce why one high tide on any given day is always greater than the other one.

Create
12. Design a role-play involving at least four people to clarify how the movement of the Earth around the sun, 

and the moon around the Earth, cause tides. A narrator could be used to give a commentary of the role-
play.

13. Use the Tides interactivity in the Resources tab to investigate tides. 

Complete this digital doc: Worksheet 6.5: The moon (doc-0000)

 Explore more with this weblink: Tides (int-0225)
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6.7 Lunar and solar eclipses
6.7.1 Lunar eclipses
Lunar eclipses occur when the moon moves into the Earth’s shadow. During a total lunar eclipse, the 
moon and Earth are lined up so that the whole of the moon is in shadow for a while. If they are not com-
pletely aligned, only a part of the moon will be in shadow; this is called a partial lunar eclipse.

During a total lunar eclipse, the moon looks as though it goes through all its different phases in one 
night. However, this is not the case; in fact, it is a full moon all night long. Lunar eclipses can occur only 
when the Earth is between the sun and the moon, and that can happen only during a full moon.

Why doesn’t an eclipse occur every full moon? The sun, Earth and moon line up exactly only a few 
times a year. If a straight line was drawn between the sun and the Earth, the moon’s orbit is usually offset 
from it by about 5°. So, at most times when there is a full moon, the moon misses the Earth’s shadow — it 
passes above or below it.

The moon usually looks white because it reflects white light from the sun; however, during an eclipse, 
the moon takes on a red tinge. This is because, during a total eclipse, the only light that reaches the moon 
first passes around the edges of the Earth and so has passed through the Earth’s atmosphere. The Earth’s 
atmosphere scatters the blue light from the sun leaving mainly red light to illuminate the dimly lit moon.

Sun

Earth

Moon

Penumbra

Umbra

Penumbra

Sun

Earth

Moon

Penumbra

Umbra

Penumbra

Total lunar eclipse

Sun

Earth

Moon

Penumbra

Umbra

Penumbra

Sun

Earth

Moon

Penumbra

Umbra

Penumbra

Partial lunar eclipse
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During a total eclipse, the area within the umbra on Earth becomes quite dark for a few minutes. You 
might even see some stars during the day! While the sun disappears from view, its corona, a faint halo 
around its surface, can still be seen. The corona is not normally seen because the sun is so bright.

6.7.2 Solar eclipses
Solar eclipses occur when the moon lies between the sun and the Earth. This means that the moon’s shadow 
falls on the Earth. People on Earth within the umbra of the moon’s shadow see a total eclipse of the sun. 
Those within the penumbra see a partial solar eclipse.

Total solar eclipses are not seen often as the moon casts only a narrow shadow on Earth. The umbra may 
be only about 100 km wide. It may fall in the middle of an ocean. It may even miss the Earth altogether.
CAUTION: You must NEVER look directly at an eclipse of the sun — even a partial eclipse. You 
could permanently damage your eyes. Sunglasses will not protect you.

The Earth’s shadow makes the moon appear to change phases during a total 
lunar eclipse. Note the red tinge of the moon at the height of the eclipse.

Sun

Earth

Moon

Penumbra

Umbra

Penumbra

Total and partial solar eclipses

A total solar eclipse — the sun’s light is blocked as the moon passes in front of it. The sun’s corona is 
visible in the middle photo.UNCORRECTED P
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HOW ABOUT THAT!
The ancient Chinese believed that solar eclipses occurred when a giant dragon ate the sun. They thought that 
if they made enough noise they could frighten the dragon. The frightened dragon would then spit the sun out, 
bringing daylight back.

INVESTIGATION 6.12

Modelling solar and lunar eclipses
AIM: To model a solar and a lunar eclipse

You will need:
projector
globe
tennis ball attached to string

• Darken the room and aim a beam of light 
at the globe.

• To simulate a solar eclipse, suspend the 
tennis ball (moon) between the projector 
(sun) and the globe (Earth) as shown 
above. Ensure that you keep your own 
shadow off the globe.

• Rotate the globe a little (think carefully 
about which way to turn it) and note what 
happens to the shadow.

• To simulate a lunar eclipse, move the 
tennis ball to the opposite side of the 
globe from the projector. Suspend it so 
that it is partly in the shadow of the globe.

Discussion
1. Draw a diagram to show the initial 

positions of the Earth, moon and sun in 
your model of a solar eclipse.

2. During which phase of the moon does a solar eclipse occur?
3. When you rotate the globe, does the shadow move from east to west or from west to east?
4. Draw a diagram showing the positions of the Earth, moon and sun in your lunar eclipse model.
5. During which phase of the moon does a lunar eclipse occur?

Light from 
projector

Tennis ball

Modelling a solar eclipse
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6.8 Early ideas in astronomy
Science as a human endeavour

Astronomy is the study of stars, planets and other objects that make up the universe. The history of 
astronomy goes back several thousand years. Almost all ancient cultures had stories about how the universe 
was created, what it was like, who created it, and how the Earth and humans got here.

6.8.1 Indigenous Australian astronomy
The Yolngu people of Arnhem Land explain the sunrise, sunset and movement of the sun through the sky 
in terms of Walu, the Sun-woman. Walu lights a fire each morning, which we see as the dawn. Holding her 
torch, she travels across the sky from east to west. At the end of her journey to the western horizon, she 
goes underground for her return journey east, back to her starting point at her morning camp. Walu uses red 
ochre to decorate her face and body; when some of the red dust falls onto the clouds, this creates the red 
sunrise and red sunset.

The Yolngu people explain the phases of the moon through the story of Ngalindi and his wives. At the 
time of the full moon, Ngalindi is a fat, lazy man. His wives punish him by attacking him with an axe, and 
he is seen as a waning moon as parts of him are chopped off. Unable to escape his wives, Ngalindi dies of 
his wounds, and this is the time of the new moon. He rises from the dead after three days and is seen as the 
waxing moon as he again grows round and fat. Two weeks later, his wives punish him again, and the cycle 
repeats.

6.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Outline the difference between a solar eclipse and a lunar eclipse.
2. Explain why you must never look directly at a solar eclipse.

Think
3. Explain why total solar eclipses are much less frequent than partial solar eclipses.
4. Propose why a total lunar eclipse occurs only when there is a full moon, and why a solar eclipse occurs only 

when there is a new moon.
5. Test your knowledge of solar and lunar eclipses by completing the Eclipses interactivity in the Resources tab. 

HOW ABOUT THAT!
Other dreamtime stories show that the Yolngu people knew about the relationship between tides and the 
moon’s motion. They explain that, at high tide, water fills the moon as it rises. When the water flows back out of 
the moon, the tides fall. The moon is empty for three days before the tide rises again, when the moon is again 
filled with water.

Complete this digital doc: Worksheet 6.6: Eclipses (doc-0000)

 Explore more with this weblink: Eclipses (int-0207)

 RESOURCES — ONLINE ONLY
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A dreamtime story of the Warlpiri people explains solar and lunar eclipses. When the Sun-woman and 
Moon-man embrace, the Sun-woman is covered over and this is seen as a solar eclipse. At other times they 
argue and the Moon-man is hidden from view as the Sun-woman chases and threatens him. This is seen as 
a lunar eclipse. These stories show that the Warlpiri people understood that eclipses relate to the motion of 
the sun and moon across the sky; they occur when their paths meet.

6.8.2 Incan astronomy
For about 300 years, from the 1200s 
until the Spanish conquistadors invaded 
in the 1500s, much of South America 
around Peru was ruled by the Incan 
empire. The Incas watched celestial 
events with the naked eye to develop a 
wide range of astronomical ideas.

At Cusco, the astronomical centre 
of their empire, the Inca constructed 
a series of stone towers to mark the 
points of sunrise and sunset on impor-
tant days. These included the summer 
solstice (longest day of the year) and 
the winter solstice (shortest day of the 
year). The Incas created an accurate 
annual calendar based on the positions 
at which the moon rose and set on the 
horizon, as well as observations of the 
phases of the moon.

Among thousands of beautiful rock engravings in Ku-ring-gai Chase National Park in Sydney’s north is this one 
(below), believed by some scientists to represent two figures below a crescent moon (right).

Rock engravings at Ngaut Ngaut, South Australia, which are 
said to represent lunar cycles. There are many examples like this 
throughout Australia that suggest that astronomy is an important 
part of many Australian Aboriginal cultures.
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The Incas had a deep knowledge 
of the stars and constellations, 
which they observed and named. 
For example, the Incan name for 
the bright stars of the Milky Way 
was mayu, meaning river. This 
celestial river was said to join up 
with the Urubamba River in the 
waters of a great cosmic sea that 
encircled the Earth. The Incas 
believed that the celestial river, 
the Milky Way, was the source of 
rain on Earth as it passed through 
the night sky.

The Southern Cross constella-
tion contained the most important 
stars to the Incas since it could 
be used to show the points of the 
compass, with the most distant 
star pointing south when visible in 
the sky.

6.8.3 Ancient Greek astronomy
Much of our current scientific knowledge was developed in Europe, so it has a Western influence. The 
ancient Greeks provided many of the early ideas from which modern astronomy was developed.  Actually, 
the word ‘astronomy’ comes from Greek terms 
for ‘law and order’. The Greeks were not the 
first culture to study the night sky but their 
ideas were widely accepted throughout Europe 
for hundreds of years.

The Greeks discovered that the Earth was 
spherical; the Greek philosopher Eratosthenes 
measured the circumference of the Earth to 
within about 300 kilometres of the true value. 
In the fourth century BC, Aristotle was one of 
the most influential philosophers in Greece. 
He believed that the sun and moon revolved 
around the Earth, which was the centre of the 
universe. He used this philosophy to develop 
what we call a geocentric model. This model 
was easily accepted at the time as people who 
studied the night sky saw celestial bodies 
passing over the Earth.

In the following century, Aristarchus devel-
oped his heliocentric model. He stated that the 
sun was at the centre of the universe and the 
planets, including the Earth, orbited it along 
circular paths. He noted that, once a day, the 

Most historians agree that the Incans had a calendar based on the 
observation of the sun and the moon and their relationship to the 
stars. Names of 12 lunar months are recorded.

Earth

Venus

Jupiter

Mars

Moon

MercurySun

Saturn

Aristarchus’s heliocentric model
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moon revolved around the Earth and the 
Earth rotated on its axis.

Aristarchus’s model did not gain wide 
acceptance until Copernicus redeveloped it 
2000 years later. This sun-centred theory 
would have defied common sense at the time 
because we do not feel the Earth spinning or 
moving through space.

Hipparchus (190–120 BC) was the greatest 
astronomer of his time. He made extensive 
observations of star positions and is cred-
ited by some with the production of the first 
known catalogue of stars.

Like Aristotle, Claudius Ptolemy (AD 
85–165) proposed a geocentric model of 
the universe. He maintained that the five 
satellites discovered up until then, namely 
Mercury, Venus, Mars, Jupiter and Saturn, 
together with the moon and the sun, revolved 
around the Earth.

When observing the planets over many 
nights, the positions of some of the planets 
appeared to travel backwards 
relative to the other planets 
or the background stars; this 
is called retrograde motion. 
Previous models of the solar 
system could not explain 
this observation. Ptolemy 
suggested that the planets 
travelled in small circular 
orbits (epicycles), while also 
orbiting around the Earth, and 
that the stars occupied the 
outermost circle.

Early Middle Eastern astronomy
Middle Eastern astronomy in the ninth to thirteenth centuries had a 
 significant influence on European astronomy that flourished after the 
Middle Ages. A significant number of stars in the sky, such as Aldebaran 
and Altair, are still referred to by their Arabic names.

Al-Battani (868–929 AD) born in present-day Turkey, made many 
contributions to astronomy. Rather than using geometric methods, as 
Ptolemy had done, Al-Battani used trigonometry to analyse the ecliptic 
plane, the plane swept out by the Earth as it orbits the sun. Using this 
approach he accurately calculated the length of the year as 365 days, 
5  hours, 48 minutes and 24 seconds, and the angle of the Earth’s tilt 
based on the angle to the ecliptic plane as 23.35°. His calculations are 
very close to the values accepted today, over a thousand years later. 

Earth

Venus

Sphere of
stars

Jupiter

Mars

Moon

Mercury

Sun

Saturn

Ptolemy’s model of planetary motion included the idea of 
epicycles.

Capricornus Aquarius

Mars

17 May 2003
16 June 2003

14 September 2003
15 August 2003

16 July 2003

13 November 2003

Retrograde motion of Mars in 2003

13 December 2003

From July to September 2003, the planet Mars appeared to travel 
backwards relative to the stars in the background. This is an example  
of retrograde motion.

Claudius Ptolemy (AD 
85–165), the last of the great 
classical astronomers

UNCORRECTED P
AGE P

ROOFS



234 Jacaranda Core Science Stage 4

c06TheSolarSystem Page 234 09/07/17  7:30 PM

From  his understanding of the Earth’s move-
ment around the sun, Al-Battani even predicted 
the possibility of solar eclipses.

Al-Biruni (973–1050 AD) lived in a region 
that is within Afghanistan today. He accepted 
the idea that the Earth rotated on its axis and 
he made accurate calculations of latitudes and 
longitudes. He calculated the Earth’s circum-
ference, and accurately determined the direc-
tion of Mecca from any point on the globe.

Al-Biruni rejected Aristotle’s view of heav-
enly bodies moving only in circular orbits, and 
considered the possibility of them moving in 
elliptical orbits. At the time of Al-Biruni, it was 
well accepted that the Earth was in the centre of 
the known universe, and that the planets, stars 
and sun revolved around it. 
Al-Biruni proposed, 600 years 
before Galileo, that the Earth 
rotates on its axis daily and 
moves around the sun over the 
course of a year. He was prob-
ably the first to understand 
why the sun never sets in the 
North or South Pole.

Omar Khayyam (1048–
1131) was born in Persia, a 
region that today includes 
Iran. During his lifetime, 
Khayyam was well regarded 
as a mathematician and an 
astronomer. He was invited 
by the Sultan to reform the 
Persian calendar; there was 
dissatisfaction because it did not keep step with 
the seasons, as it was synchronised to the lunar 
cycle. A lunar year of 354 days, while acceptable 
to a desert nomad people, proved to be unwork-
able for the settled, agricultural societies that had 
developed.

Khayyam helped to develop the Jalali cal-
endar, which remained in use across the  Persian 
region from the eleventh to the twentieth 
 centuries. This calendar begins each year on 
21 March, the beginning of spring in the Northern 
Hemisphere (also called the vernal equinox), as 
determined precisely by astronomical observa-
tions from Tehran. This synchronised the calendar 
with the solar year, making it more accurate than 

Statue commemorating the Middle Eastern astronomer 
Al-Biruni in Tehran, Iran

Plane of ecliptic

23.5°

In the tenth century, Al-Battani accurately calculated the angle of the Earth’s 
tilt using the plane of the ecliptic.

A Persian manuscript with a design by Al-Biruni that 
explains the moon’s eclipses. He observed the lunar 
eclipse of 17 September 1019 and recorded the exact 
latitudes of the stars.
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the Gregorian calendar used in the West. In fact, the Jalali 
calendar had an error of one day in 3770 years whereas the 
Gregorian calendar had an error of one day every 3330 years. 
Because months were based on precise positions of the sun, 
seasonal drift never exceeded one day, and there was no need 
for a leap year in the Jalali calendar. However, this calendar 
required accurate calculations of the movement of the sun so 
it had to be redeveloped each year; therefore, it was less prac-
tical than the Gregorian calendar.

6.8.4 Renaissance astronomy
The Renaissance was the period of European history after 
the Middle Ages from the 1400s to the middle 1600s. It was 
a period of great scientific advancement in Europe in many 
areas including astronomy. Nicolaus Copernicus (1473–1543) 
was a Polish astronomer who, like the ancient Greek Aris-
tarchus, proposed that the sun is stationary and is at the centre 
of the universe.

On what evidence did Copernicus reject Ptolemy’s geocen-
tric model of the solar system? The crossing of Jupiter and 
Saturn in 1504 observed by Copernicus differed by 10 days 
from the prediction based on Ptolemy’s work. Copernicus 
reasoned that a valid model should be able to make correct 
astronomical predictions. He also rejected Ptolemy’s idea 
of epicycles to explain what appeared to be reverse motion 
of some of the planets. Copernicus’s theory, a heliocentric 
model of the solar system, proposed that the Earth rotated 

A depiction of Omar Khayyam

Nicolaus Copernicus

Earth
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StarsJupiter
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Moon
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Copernicus’s heliocentric model
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on its axis once daily and orbited around the sun once a 
year. He argued that the planets orbit the sun. To explain 
the retrograde motion of planets, he suggested that the 
greater the radius of a planet’s orbit, the longer it took for 
the planet to orbit around the sun. While the Copernican 
model provided a plausible model to explain the apparent 
motion of stars and planets in the night sky, it proved to 
be no more accurate in predicting the position of planets 
than Ptolemy’s model. In fact, most sixteenth-century 
astronomers could not accept the concept of a moving 
Earth, and so the core ideas of his model were largely 
rejected.

Dutch astronomer Johannes Kepler (1571–1630) 
supported Copernicus’s heliocentric model of the solar 
system and applied mathematics to the observations of 
astronomers who preceded him. Kepler abandoned the 
idea that planets travelled in circular orbits at a constant 
speed as it proved inaccurate in predicting the positions 
of the planets. Instead he proposed three laws to explain 
the motion of the planets in orbit around the sun. The 
first two were published in 1609 in his work Astronomica 
nova (New Astronomy).

In Kepler’s first law, he described the motion of planets as ellipses. (Note: In the diagram below, the flat-
ness of the ellipse has been exaggerated.) Kepler’s second law explains how the speed of an orbiting planet 
depends on its position in the elliptical orbit. Kepler’s third law describes how planets more distant from 
the sun take longer to orbit the sun.

Johannes Kepler

Sun

Elliptical path

Planet travels faster when
it is closer to the sun.

Planet travels slower when it
is further from the sun.

Kepler’s laws of planetary motion are based on elliptical planetary orbits.

Galileo Galilei (1564–1642) of Italy was originally a professor of mathematics but, by the time of his 
death, he had became one of the most influential astronomers of the Renaissance.

When Galileo heard about a new optical device, the telescope, in 1609 he quickly built his own version. 
He then used it and, later, more sophisticated telescopes to systematically study the night sky. He observed 
the moon and described the lunar surface as uneven, with craters and mountains, for the first time ever.
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Galileo’s observations of the planet Jupiter over successive nights revealed four star-like objects in a line 
with it. The objects moved from night to night, sometimes disappearing behind or in front of the planet. 
Galileo correctly inferred that these objects were moons of Jupiter and orbited it just as our moon orbits 
Earth. Today, these four moons are known as the satellites Io, Europa, Ganymede and Callisto. For the first 
time, objects had been observed orbiting another planet, thus weakening the hold of Ptolemy’s model. The 
Earth was clearly seen not to be at the centre of all planetary motion.

Galileo’s published works contradicted the geocentric view of the universe put forward by Aristotle and 
Ptolemy and conflicted with powerful authorities in the church. Eventually he was forced to publicly recant 
his belief in the Copernican system and he lived out his life under house arrest working on a better under-
standing of the physics of moving objects. While Galileo did not propose his own model of the universe, 
his observational, experimental and theoretical work provided the evidence that eventually led to rejection 
of the Aristotelian–Ptolemaic geocentric model of the universe.

Galileo Galilei The moons of Jupiter as drawn by Galileo on successive 
nights

6.8 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. How do the Yolngu people of Arnhem Land explain the existence of sunrise and sunset?
2. Besides dreamtime stories that still survive today, what other evidence is there that Aboriginal peoples 

studied the night sky?
3. The Incan calendar, like our own, is based on astronomy. Outline the information used to help create such 

a calendar.
4. Explain why a geocentric model of the solar system would have made much more sense to early 

astronomers than a heliocentric one.
5. Describe Al-Battani’s contribution to astronomy.
6. Why was Ptolemy’s model of the solar system an improvement on previous models?
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Think
7. Describe the limitations that ancient cultures had on their study of the night sky and outline the 

conclusions that they drew.
8. What observations suggested to Renaissance astronomers that a heliocentric model of the solar system 

must be correct?
9. Explain why Galileo’s ideas were so controversial at the time.

Discussion
10. During the Renaissance, new theories about our solar system developed rapidly and previous ones were 

rejected. In science, why are existing theories replaced by new ones?

Create
11. Create your own dreamtime story to explain one of the following phenomena.

• Tides
• Sunrise and sunset
• Eclipses
• The movement of stars and planets in the night sky

Investigate
12. Research the contribution of Chinese or Indian astronomers to the understanding of the universe. Use your 

research to produce a poster or ICT presentation.

Complete this digital doc: Worksheet 6.7: Astronomical history (doc-0000)

 RESOURCES — ONLINE ONLY

6.9 Review
6.9.1 Using technology to investigate the solar system
 • compare the planets in the solar system 6.1
 • explain why Pluto is no longer considered to be a planet 6.1
 • describe examples of how technological advances have led to discoveries  

and increased our understanding of the solar system 6.1
 • identify the forces keeping the planets in orbit 6.2
 • outline features of the sun 6.2

6.9.2 Movements of the planets, moons and sun
 • explain the importance of the sun in our solar system 6.2
 • distinguish between comets, meteors and meteorites 6.3
 • outline the ways in which the Earth moves 6.4
 • explain night and day in terms of Earth’s rotation 6.4
 • explain, in terms of the tilt of Earth’s axis and its revolution around the sun,  

what causes the seasons 6.5
 • describe the surface of the moon 6.5
 • identify the phases of the moon and explain how they occur 6.5
 • account for the ocean tides in terms of the effects of the sun and the moon 6.5
 • describe the appearance of the sun during a solar eclipse and the appearance  

of the moon during a lunar eclipse 6.6
 • explain how solar and lunar eclipses occur 6.6
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6.9.3 The development of our understanding  
of the solar system over time
 • describe ideas developed by different cultures to explain astronomical observations 6.7
 • describe some of the models and theories of the universe that have been considered since  

the time of the ancient Greeks and then modified or rejected as a result of available evidence 6.7

Individual pathways

 ACTIVITY 6.1
Reviewing the solar system
doc-10549

 ACTIVITY 6.2
Investigating the solar system
doc-10550

 ACTIVITY 6.3
Investigating the solar system further
doc-10551

6.10 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Explain why a day on Jupiter can be about 10 hours long.
2. Explain why our knowledge of the planets has increased so rapidly over the past 30 years.
3. The atmosphere of Mercury is very thin. Describe the effect this would have on the temperature on the 

planet.
4. The diagram below shows half of the Earth in sunlight while the other half is in darkness. Which Australian 

season is represented in the diagram. Explain how you know.

South Pole

North Pole

Axis

Light from
the sun

Light from
the sun

23.5°

23.5°

Equator 

5. How many times does the moon rotate around its own axis while completing a single orbit of the Earth?
6. Calculate how many rotations the Earth has completed since you were born.

FOCUS ACTIVITY
Create a multimedia presentation to explain how advances in technology have enhanced our understanding of the 
solar system. Do these discoveries justify the billions of dollars spent on the space program?
Access more details about focus activities for this topic in the Resources tab. (doc-10548)

 ONLINE ONLY
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7. The diagram below shows the moon in eight different positions during an orbit around the Earth.
(a) Copy the diagram and shade the parts of the Earth and moon that are in darkness.
(b) How long does it take the moon to complete a single orbit?
(c) Why is it not possible to see a new moon during the day?
(d) Which position(s) of the moon would result in a quarter moon?
(e) Which position(s) of the moon would result in a full moon?

8. The photograph below shows the Earth as it is seen from the moon.

(a) Why is the Earth visible even though it does not emit its own light?
(b) Would you expect the Earth to always be visible from the part of the moon that faces it? Explain your 

answer.
9. The stars appear to change their positions during each night and during each year. Explain why the stars 

appear to move in circular arcs during the night.
10. Distinguish between a neap tide and a spring tide.
11. The table at right shows the high and low tide heights at Bondi beach 

over a 24-hour period of time.
(a) Calculate how many hours pass between two consecutive high 

tides.
(b) Calculate how many hours pass between two consecutive low 

tides.

F
G

H

A

B
C

D

E

Sun’s rays

Photographs like this one of the Earth 
were taken from the Apollo 8 spacecraft 
in 1968 as it orbited the moon.

Time Height (m)

2.30 am 0.37

9.05 am 2.05

3.52 pm 0.1

9.53 pm 1.37

The moon’s orbit around the Earth as seen from above Antarctica
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(c) Explain how high tides occur.
(d) Deduce why one high tide is lower than the other.

12. (a)  Identify which of these photographs shows an eclipse of the sun and which shows an eclipse of the 
moon.

(b) Use labelled diagrams to explain how each eclipse occurs.
13. In searching for signs of life, either past or present, on other planets, what evidence would scientists be 

looking for?

Test yourself
1. The length of a day on the planet Venus is 243 Earth days. The length of a year on Venus is only 225 Earth 

days. This means that
(A) it takes 243 days for Venus to orbit the sun.
(B) Venus completes a rotation in 243 Earth days.
(C) Venus completes a rotation in 225 Earth days.
(D) it takes 225 days for the sun to orbit Venus. (1 mark)

2. During a solar eclipse:
(A) the moon is blocked out by the sun.
(B) the sun is blocked out by the Earth.
(C) the moon is blocked out by the Earth.
(D) the sun is blocked out by the moon. (1 mark)

3. The diagram below shows the Earth orbiting the sun. 
At what positions does Australia experience summer and winter respectively?

Sun

AC

D

B
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(A) A and C
(B) C and A
(C) B and D
(D) D and B (1 mark)

4. Shooting stars are
(A) meteors.
(B) comets.
(C) supernova stars.
(D) stars. (1 mark)

5. (a) Which astronomer developed the model of the universe shown in the diagram below? (1 mark)

(b) Identify where the stars are in this model. (1 mark)
(c) Explain why this model of the universe was so well accepted for almost 1500 years. (4 marks)

Complete this digital doc: Worksheet 6.7: Solar system puzzle (doc-0000)

Complete this digital doc: Worksheet 6.8: Solar system summary (doc-0000)

 RESOURCES — ONLINE ONLY

Jupiter

Mars

Sun

Venus
Mercury

Moon

Earth

C
el

es
tia

l s
phere 

Saturn
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