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40 Space physics

Specification points
This chapter covers 2.5.1 to 2.5.15 of the GCSE Double Award
specification. It introduces the variety of objects that make up
our Solar System. You will develop an understanding of the
forces that keep objects like planets, moons and comets in
orbit. It also introduces the life cycle of stars and how the mass
of a star determines its final outcome. You will study the Big
Bang and its supporting evidence, and discuss the difficulties
associated with space travel to other worlds.

The Solar System
We now know that the Earth is one of eight planets that travel around
the Sun (Figure 40.1). Each planet travels in an elliptical path and, with
the exception of Mercury and Venus, they all have at least one moon.
Other objects also orbit the Sun. These are the comets and the
asteroids. Table 40.1 gives some data about the planets.
Table 40.1 Some data on the eight planets orbiting the Sun
Planet

Planet
diameter
compared
with Earth

Average
distance
of planet
from Sun
compared
with Earth

Time to orbit Number of
the Sun
moons
compared
with the
Earth

Mercury

0.4

0.4

0.2

0

Venus

0.9

0.7

0.6

0

Earth

1.0

1.0

1.0

1

Mars

0.5

1.5

1.9

2

Jupiter

11.2

5.2

12.0

14

Saturn

9.4

9.5

29.0

24

Uranus

4.1

19.1

84.0

15

Neptune

3.9

30.1

165.0
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Note that the status of Pluto was changed from a ‘planet’ to a ‘dwarf
planet’ in 2005.
The orbits of the inner planets are almost circular, with the Sun at the
centre. The orbits of Jupiter, Saturn, Uranus and Neptune are much
more elliptical (like a rugby ball).
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The Solar System
All the planets orbit the Sun in the same plane and travel in the same
direction, as a result of the gravitational force between the Sun and
the planets. This is evidence that they were formed at around the
same time.
The four inner planets have a rocky surface on which it is possible
to land a spacecraft. The four outer planets are known as gas
giants. They are made up of very dense accumulations of gases, like
hydrogen, methane and ammonia.
All of the planets except Mercury and Venus have at least one moon.
Moons are heavenly bodies which are natural satellites of a planet.
Artificial satellites are objects put into space by humans. Almost all
orbit the Earth, but a few, like Kepler, orbit the Sun, and others, like
the Mars Reconnaissance Orbiter, orbit other planets.
Artificial satellites of the Earth have four main purposes:
 communications
 Earth observation (spying and monitoring rainforests, deserts,
crops etc.)
 astronomy
 weather monitoring.

Neptune

Clear and colourful diagrams
help develop knowledge.
Sun

Mercury
Venus
Earth

Uranus
Mars

Jupiter

Saturn

 Figure 40.1 The Solar System

Comets
Comets range from a few hundred metres to tens of kilometres in
diameter, and are sometimes called ‘dirty snowballs’. At their centres
are rock, ice, silicates and some organic compounds. Surrounding this
is a ‘coma’ consisting of gases and dust.
Most comets orbit the Sun in very elliptical paths. As a comet
approaches the Sun, solar radiation vaporises some of the frozen
gas at the centre, causing the coma greatly to increase in size. Dust
and gas stream away from the comet as a long tail, often millions of
kilometres long. The radiation from the Sun causes this tail to point
away from the Sun. Most astronomers believe that comets in our
Solar System originate in the Oort cloud, a region of space between
2000 and 3000 times further from the Sun than Pluto.
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40 Space physics

Asteroids
Show you can
Describe what asteroids are.

Show You Can questions are
designed for class discussion or
to enhance individual learning.

Consolidate learning
with regular Test Yourself
questions.

Asteroids are large rocks in outer space. Some are very large, while
others are as small as a few metres in diameter. Due to their small
size, asteroids do not have enough gravity to pull themselves into
the shape of a ball. Many are found in the Asteroid Belt, a giant ring
between Mars and Jupiter.
Asteroids are left over materials from the formation of the Solar
System. These materials were never incorporated into a planet
because of the strong gravitational pull of Jupiter.

Test yourself
1 Name all the planets in order of their distance from the Sun, from closest
to furthest.
2 Describe the major differences between the inner four planets and the
outer four planets.
3 Describe the differences between artificial and natural satellites, and
give an example of each.
4 State three uses of artificial satellites of the Earth.
5 State the main features of a comet.

The life cycle of stars
pressure out

gravity in

radiation pressure
tends to make the star
increase in volume

gravitational forces tend to make
the star decrease in volume

 Figure 40.2 Inward gravitational
forces balance the force from
radiation pressure in a star
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Stars are formed in the cold clouds of hydrogen gas and dust
known as stellar nebulae. Gravity causes these gas particles to
come together. The gravitational force is greater than the outward
pressure due to the particles’ kinetic energy, and it brings about the
gravitational collapse of the cloud. During this collapse, the material
at the centre of the cloud heats up as the gravitational potential
energy changes into thermal energy. The hot core at the centre of the
cloud is called a protostar.
As the protostar accumulates more and more gas and dust, its
density and temperature continue to rise, increasing the outward
pressure within the protostar. A point is reached where this outward
force is balanced by the gravitational force and the protostar becomes
luminous because of its extremely high temperature (Figure 40.2).
If the mass of the protostar is greater than about 8% of our Sun’s
mass, the temperature will exceed the minimum required for nuclear
fusion to begin. There is equilibrium between the inward gravitational
force and the outward force from the radiation pressure due to
fusion. The star is now in the main phase of its life, so it is called a
main sequence star.
The smaller a star is, the longer its life as a main sequence star. Our
Sun will have a life of around 10 billion years in the main sequence
stage, while more massive stars only live for a few million years as
main sequence stars. The life cycle of a star can be seen in Figure 40.3.

The life cycle of stars
the core
collapses and
becomes very dense
the supergiant
explodes, blasting
away its outer layers

stars with greater
mass expand, cool
down and turn red

neutron
star

supergiant

nebula
the dense region in
the nebula shrinks,
warms up and
becomes a protostar

main
sequence
star

planetary
nebula

stars with a lower
mass expand and
glow red as
they cool

Show you can
a) State the main constituents of a
stellar nebula.
b) Describe how a star forms from the
material within a nebula.
c) Understand what is meant by nuclear
fusion.
d) Explain why the size of our Sun has
not changed in over 4 billion years.
e) Describe what will happen to our Sun
when its hydrogen fuel is used up.

black hole

nuclear reactions inside the
star produce light and heat,
causing the star to shine

red
giant

 Figure 40.3 The life cycle of a star

the core
collapses entirely

supernova

white
dwarf

the outer layers
of gas dissipate
away from the star

white
dwarf
cooling
the star cools
and reddens

black
dwarf
the star
stops glowing

Death of a star like our Sun
A stage is reached when almost all the hydrogen in the core of the star
has been converted into helium by nuclear fusion. Without hydrogen,
the energy output from fusion reactions in the core reduces so much
that gravity compresses it significantly, but the star doesn’t shrink.
Surrounding the core is a layer of hydrogen. Gravitational contraction
provides enough energy for nuclear fusion of the hydrogen in this
layer. The outward pressure from the nuclear fusion reactions prevents
the star from collapsing, instead making it expand to several hundred
times its former size. The surface temperature falls, and the starlight is
now predominantly orange. We refer to the star as a ‘red giant’.
Within a red giant, other nuclear reactions can take place. Helium,
for example, can fuse to become carbon and oxygen. Indeed, all the
naturally occurring elements in the periodic table up to iron are
formed by nuclear fusion in stars.
Close to the end of the life of a red giant, the gravitational force
can no longer hold the outer layers of gas. These outer layers flow
out, cool and surround the core to form a nebula. This nebula may
eventually contribute to the creation of another star. Over time, the
core that remains cools to become a white dwarf. Eventually, all
fusion stops, and the star cools to become a black dwarf.
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Show you can

Death of a high mass star

a) Explain what a red supergiant is.
b) Describe what a neutron star is.
c) Describe how black holes get their
name, and explain why nothing can
escape from them.

If a star is more massive than the Sun, it goes through a slightly
different process when the hydrogen fusion process ends. The rate
at which helium fusion occurs is much more rapid than for a star
of smaller mass. The huge amount of energy from helium fusion
pushes the outer layers of the star outwards, and it turns into a
red supergiant. Red supergiants are among the largest stars in the
universe by volume, but not by mass.
Most red supergiants are several hundred times the radius of our Sun.
They require huge amounts of energy to sustain them and to prevent
gravitational collapse. As a result, they burn through their nuclear fuel
very quickly, and most only live for a few tens of millions of years.
A red supergiant successively fuses different elements in the periodic
table, up to the creation of iron. At that point, the core can no longer
sustain outward radiation pressure, and the force of gravity causes
the supergiant to begin to collapse.
This collapse releases gravitational potential energy that heats up the
outer layers of the star. These are thrown off the star in an enormous
explosion called a supernova. It is a really dramatic moment in the
life of a massive star. For about a month, the supernova emits more
radiation than all the other stars in its galaxy put together! For a
relatively short time, the supernova shines with the brightness of
ten billion Suns. The interaction of the elements exploding outwards
from the supernova with atoms of elements and other particles
surrounding the supernova is thought to produce the naturally
occurring elements with atomic masses larger than iron. But the
star’s life is not quite over.
The core of the star is left behind, having been compressed into a
neutron star by the immense gravitational pressure. For very massive
stars, a black hole is created.
Neutron stars are composed almost entirely of neutrons, and are the
smallest and densest stars known to exist. They typically have a radius
of about 10 km, but they can have a mass of about twice that of the Sun.
Black holes are incredibly dense, and so have such enormous
gravitational fields that nothing can escape from them, not even
light. That is why we call them black holes. We can only infer their
presence by the way in which they bend light passing close by.

Higher material is clearly
flagged within the text

Experimental evidence
What is the evidence that there is hydrogen, helium and so on in the
Sun? The evidence comes from the absorption spectrum of sunlight
(Figure 40.4). We are all familiar with the continuous spectrum of
sunlight. A German physicist called Joseph von Fraunhofer (Figure
40.5) looked carefully at the spectrum and found that it contained
many dark lines, which we now call ‘Fraunhofer lines’.

8

st

The Doppler effect

What are the Fraunhofer lines and how are they
formed?
When the visible light from below the Sun’s surface passes through
the layers above, the atoms in the solar ‘atmosphere’ absorb
particular wavelengths, and so these wavelengths are missing in the
spectrum we see. When there is no light at a particular wavelength, it
appears as a black line in the spectrum (Figure 40.4).
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 Figure 40.4 Solar absorption spectrum

 Figure 40.5 Joseph von
Fraunhofer

a) source of sound at rest

450

Each of the black lines corresponds to an element in the Sun’s
atmosphere. The absorption spectrum tells us that at the moment,
the major gases (by mass) in the Sun are hydrogen (71%), helium
(27%), and oxygen (1%).
b) source of sound moving to the right

Nuclear fusion in our Sun

Stars are the powerhouses of the Universe. Stars like our Sun get their
energy mainly from the fusion of light hydrogen nuclei into heavier
helium nuclei. The electrical repulsion between the positive charges
on the nuclei means that the nuclei must be moving very fast if
fusion is to occur. In fact, fusion
requires a temperature of at least
B
A
13 million °C and a density of 100 g/cm3. Fortunately, these conditions
are met at the core of our Sun.

A

The Doppler effect
a) source of sound at rest
b) source of sound moving to the right

B

source40.6
of sound
to effect
the right
 b)Figure
The moving
Doppler

A

Think about what we hear when a police car passes with its siren
sounding. As the car approaches, the sound appears to have a
b) sourcepitch
of sound
to the
right
higher
(ormoving
shorter
wavelength)
than we would expect. As soon
as the car passes, its pitch falls. This is called the Doppler effect.
Look at Figure 40.6a, which shows a source of sound at rest. In
Figure 40.6b, this source of sound is moving to the right. Observer A
hears sound of high pitch (shorter wavelength) because the waves
are being bunched up together. Observer B, to the left of the source,
hears a sound of low pitch (longer wavelength) because the waves
are being spread out.
A similar effect occurs with light. If the light that we observe from a
moving source has a shorter wavelength than expected, it is
because the source is moving towards us – we say the light is ‘blue
shifted’. But if the light we observe has a longer wavelength than
expected, it is because the source is moving away from us – we say
the light is ‘red shifted’. Today, astrophysicists interpret the red shift
from distant galaxies as evidence that space itself is expanding.

9

40 Space physics

The origin of our Universe
Most physicists today believe that our universe began about 14
billion years ago with a ‘Big Bang’. Evidence for the Big Bang theory
comes from red shift.
Galaxies are huge collections of star systems. Our own galaxy, the
Milky Way, contains over 100 billion stars! When we look at the light
from distant galaxies, we find that it is shifted to the red (longer
wavelength) end of the visible spectrum. This red shift is due to the
Doppler effect.
How do we interpret these strange absorption spectrum data? If
there is a red shift in the light from another galaxy, this tells us
that the source is moving away from us. The fact that we almost
always get red shift from the distant galaxies tells us that nearly all
galaxies are moving away from us.
red
end of
spectrum

violet
end of
spectrum

Sun’s absorption for calcium

absorption spectrum for calcium in the galaxy of Nubecula

absorption spectrum for calcium in the galaxy of Leo

 Figure 40.7 Red shift in calcium from different galaxies
Tips are given throughout to
aid understanding.

Tip
The words cosmic, background,
microwave and radiation are all
important when talking about
CMBR. Be sure to give all four words
in your answers!
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The red shift in the absorption spectrum for calcium in Figure 40.7,
for example, tells us that the galaxies Nubecula and Leo are both
moving away from us, and that Leo is moving away faster than
Nubecula. If nearly all the galaxies are moving away from each other,
we can infer that the universe (space itself) is expanding.
There is a further piece of evidence supporting this. In 1964, two
American astrophysicists, Penzias and Wilson, detected microwaves
of wavelength 7.35 cm that did not come from the Earth, the Sun
or our closest stars. The microwaves were evenly spread over the
sky, and were present day and night. They concluded that these
microwaves were coming from outside our own galaxy. These waves
come from the cosmos.
Today, we call that radiation cosmic microwave background radiation
(CMBR). It represents the signature or ‘afterglow’ of the Big Bang that
occurred 14 billion years ago. Currently, the only model that can give
an explanation for CMBR is the Big Bang theory.

The origin of our Universe

The Big Bang theory
The argument begins by suggesting that the reason all the galaxies
are currently moving away from each other is that they all originated
from a common point, called a singularity. About 14 billion years
ago, the Universe suddenly came into existence with an enormous
explosion, which we call the Big Bang. It immediately went into a
short period of very rapid growth, known as inflation.
As the Universe expanded, it cooled down and became less dense.
Cooling allowed subatomic particles such as neutrons and protons
and electrons to form. As the cooling continued, protons and
neutrons combined to form simple nuclei. Eventually, around
380 000 years after the Big Bang, and after further expansion and
cooling, the first stars came into existence.

Show you can
a)
b)
c)
d)
e)
f)
g)

Write a sentence to explain what is meant by ‘red shift’.
Explain what red shift tells us about neighbouring galaxies.
Describe the experimental evidence that there is hydrogen in the Sun.
Explain the significance of CMBR.
Describe how the first atoms came into existence after the Big Bang.
Explain what is meant by nuclear fusion, and where it occurs naturally in the Universe.
Write down, according to current estimates, the maximum age of the visible Universe.
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Practice questions

Prepare students for assessment with
topic-specific practice questions.

1 Figure 40.8 shows a cloud of gas and dust, known
as a nebula. The bright spots are stars.

c) The gradient of this graph is known as the
Hubble constant, H0. Show that the Hubble
constant is approximately 2.3 × 10–18/s. (3 marks)
d) The Canis Major dwarf galaxy is approximately
2.4 × 1020 m away from Earth. Use the Hubble
constant (or your graph) to show that this galaxy
is moving away from us at approximately 2000
kilometers per hour.
(3 marks)
4 Discuss briefly one observation that indicates
that there are planets beyond our Solar System.
(3 marks)

Figure 40.8
a) What force causes the gas to form stars? (1 mark)
b) What two gases are the main constituents of
stars?
(1 mark)
c) How do astronomers know this?
(1 mark)
d) Name the process that supplies the energy in
stars.
(1 mark)
e) Apart from producing energy in stars, what
else is produced by this process?
(1 mark)

5 State the main difficulties that physicists
and engineers would have in using manned
spacecraft to explore any planet outside our
Solar System.
(4 marks)
6 Describe what happens to a very massive star
once it passes out of the main sequence period
of its lifecycle.
(5 marks)

2 There are five stages in the lifecycle of a star
with the same mass as our Sun.
a) Copy and complete the list below. One stage
has been inserted for you.
___________, main sequence star, ___________,
_____________, _______________
(2 marks)
b) Why do main sequence stars, such as our Sun,
remain stable for many billions of years? (2 marks)
c) What type of star results in a supernova? (2 marks)
d) Some stars end their life as a black hole. Why
is this stage of a star’s life given this name?
(1 mark)

7 a) What is a light year?
(2 marks)
b) Why is this unit used by astrophysicists? (1 mark)

3 The speed with which a galaxy is moving away
from us is called its recession speed. The table
shows how the recession speeds of different
galaxies change with distance from the Earth.

10The most widely accepted model for the
formation of the Universe is that of the Big Bang.
Below is a list of statements or events relating to
the formation of the Universe, but they are not
in the correct sequence. Copy and complete the
table and order the events from first to last by
writing a number 1–4 in the box beside them.

Recession
speed/m/s

450

700

920

1150

1380

1610

Distance/m

2×
1020

3×
1020

4×
1020

5×
1020

6×
1020

7×
1020

a) On graph paper and starting from a (0,0)
origin, plot a graph of recession speed (vertical
axis) against distance (horizontal axis), and
draw a straight line of best fit through the
data points.
(5 marks)
b) Does your graph show that the recession
speed is directly proportional to distance?
Give a reason for your answer.
(2 marks)
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8 The Andromeda galaxy is approximately
2.5 million light years away from Earth. The
speed of light is 3 × 108 m/s. How far away is
Andromeda in kilometres?
(4 marks)
9 Evidence for the expansion of the Universe
comes from red shift measurements. Explain
what red shift means and how it supports the
idea that the Universe is expanding.
(4 marks)

Event sequence

Order

Neutrons and protons are formed
Rapid expansion and cooling occurs
Further expansion and cooling occurs,
allowing hydrogen atoms to form
More expansion and cooling occurs,
allowing hydrogen nuclei to form

(3 marks)

Photo credits
p.4 © Reinhold Wittich/123RF; p.9 © The Print Collector/Alamy; p.12 © Reinhold Wittich/123RF.
Although every effort has been made to ensure that website addresses are correct at time of going
to press, Hodder Education cannot be held responsible for the content of any website mentioned
in this book. It is sometimes possible to find a relocated web page by typing in the address of the
home page for a website in the URL window of your browser.
Hachette UK’s policy is to use papers that are natural, renewable and recyclable products and made
from wood grown in sustainable forests. The logging and manufacturing processes are expected to
conform to the environmental regulations of the country of origin.
Orders: please contact Bookpoint Ltd, 130 Milton Park, Abingdon, Oxon OX14 4SB. Telephone:
+44 (0)1235 827720. Fax: +44 (0)1235 400454. Lines are open 9.00a.m.–5.00p.m., Monday to Saturday,
with a 24-hour message answering service. Visit our website at www. hoddereducation.co.uk
© Nora Henry, Frank McCauley, James Napier, Roy White, Denmour Boyd and Alyn G McFarland 2017
Published in 2017 by
Hodder Education,
An Hachette UK Company
Carmelite House
50 Victoria Embankment
London EC4Y 0DZ
Impression number 10 9 8 7 6 5 4 3 2 1
Year 2020 2019 2018 2017
All rights reserved. Apart from any use permitted under UK copyright law, no part of this
publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or held within any information storage and
retrieval system, without permission in writing from the publisher or under licence from the
Copyright Licensing Agency Limited. Further details of such licences (for reprographic reproduction)
may be obtained from the Copyright Licensing Agency Limited, Saffron House, 6–10 Kirby Street,
London EC1N 8TS.
Cover photo © TBC
Illustrations by Elektra Media Ltd
Typeset by Elektra Media Ltd
Printed in TBC
A catalogue record for this title is available from the British Library.
ISBN 9781471892189

First teaching
from September
2017

CCEA
GCSE SCIENCE DOUBLE AWARD
Build your scientific thinking and practical skills with this textbook
developed specifically for the 2017 GCSE specifications and from the
No. 1 publisher for CCEA GCSE Science.
u

This book covers everything you need for GCSE Science Double Award.

u

Learn and progress with clear Examples, Tips and Practical activities.

u

Test your understanding with Test yourself questions and Practice
questions throughout.

u

Supports Foundation and Higher-tier students in one book.

Written by expert teachers with substantial examining experience with
CCEA, this book provides ideal support for your GCSE course. Our authors
have written many successful textbooks, revision guides and other support
resources, at GCSE level and beyond.

Dynamic Learning
This book is supported by Dynamic Learning – the online subscription
service that helps make teaching and learning easier.
Dynamic Learning provides unique tools and content for:
● front-of-class teaching
● streamlining planning and sharing lessons
● focused and flexible assessment preparation
● independent, flexible student study
Sign up for a free trial – visit: www.hoddereducation.co.uk/dynamiclearning

To request Inspection Copies and
sign up for free, no obligation
30-day Dynamic Learning trials,
visit www.hoddereducation.co.uk/
gcsescience/ccea

