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Get the most from this book
Welcome to the WJEC GCSE Physics Student Book. 

This book covers all of the Foundation and Higher-tier content 
for the 2016 WJEC GCSE Physics specifi cation.

The following features have been included to help you get the 
most from this book.

These activities may involve the 
use of second-hand data that 
could not be obtained in the 
school laboratory, along with 
questions that will test your 
scientifi c enquiry skills.

These activities may involve the 

Activity

Important words and concepts 
are highlighted in the text and 
clearly explained for you in the 
margin.

Key terms

163

M
oving in space

Getting big objects into space
The parts of the ISS have been put up into space by Russian Soyuz 
and Progress space rockets and the Space Shuttle (now retired).

In order to get the rockets up into the air, the huge rocket engines 
have to generate a thrust force larger than the weight of the rocket, 
all its fuel and its payload (in this case the payload is parts for the 
ISS). Weight is a force – the force of gravity acting on the mass of 
an object. On the surface of the Earth, 1 kg of mass has a weight of 
10 N. This is called the gravitational fi eld strength, g. 

Figure 11.2 The Space Shuttle (left) and a 
Russian Soyuz space rocket.

Analysing the gravitational fi eld strength of the Earth
This activity helps you with:
> working with a partner
> measuring and recording the weight 

and mass of objects
> calculating values of g

> plotting a graph and looking for 
patterns

> thinking about the accuracy of 
measurements.

Apparatus
> electronic balance
> selection of newtonmeters (e.g. 0–2 N, 0–5 N, 0–10 N, 0–20 N)
> slotted mass stack 

Analysing the gravitational

Practical

Gravitational fi eld strength is the force of 
gravity acting on 1 kg of mass.

Key term

There is a direct relationship between the mass and the weight of an object – more 
mass, more weight. In this experiment you will systematically measure the mass and 
weight of objects (Figure 11.3), and then analyse the link between the two, and use your 
measurements to calculate the gravitational fi eld strength. 

Procedure
1 Make a copy of Table 11.1.
2 Tare the electronic balance 

(set to zero).
3 Zero each newtonmeter.
4 Place the base and hanger of the mass 

stack on the electronic balance.

5 Measure and record the mass in grams. 
Convert the mass to kg and record in 
the correct column of the table.

6 Find the lowest range newtonmeter 
that will measure the weight of the 
base and hanger.
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 ▶ Surfi ng the wave – life in the ‘Green Room’
In big surf, as the waves start to break, they can curve over the top of 
a surfer, forming what surfers call a ‘tube’. As a surfer moves along 
the tube, it’s often referred to as being in the ‘Green Room’ due to the 
colour of the sea. This is the ultimate rush for a surfer. It only happens 
in big surf, and only the best surfers can get into this special place. 

This chapter covers the GCSE Physics specifi cation section 1.5 
Features of waves and GCSE Science (Double Award) section 3.5 
Features of waves, which looks at the basic properties of transverse 
and longitudinal waves, and the differences between them. It 
introduces the wave equation and gives you the fundamental 
ideas and skills that you need to study both electromagnetic 
and sound waves.

This chapter covers the GCSE Physics specifi cation section 

Specifi cation coverage

High frequency usually means short wavelength, and vice versa. In 
the best surf, the distance between the waves can be up to 50 m. The 
frequency and the wavelength of the waves are always related to the 
speed of the waves.

 ▶ How do we describe a wave?
There are two types of waves: transverse waves, like water waves, 
where the direction of motion of the wave is at right angles to 
the direction of vibration of the wave, and longitudinal waves, like 
sound, where the direction of motion is in the same direction as the 
direction of vibration of the wave. Transverse waves travel as a series 
of peaks and troughs, longitudinal waves travel as compressions 
and rarefactions. Both of these sorts of waves can be demonstrated 
with a slinky spring as shown in Figure 5.3.

The amplitude of a wave
is measured from the wave axis to
the top of a crest or the bottom of a
trough.
The frequency of a wave
is the number of complete waves.
The wavelength of a wave
is the distance that a wave takes to
repeat itself over one cycle.

Key terms

 5 Features of waves

Figure 5.1 A surfer in a wave tube.

Waves at sea are formed by a number of different factors, like the 
topography (shape) of the shoreline and the underlying seabed, but 
the most dominant factor is the direction and strength of the wind. 
The wind far out to sea causes the water to ‘peak’ and ‘trough’, 
forming a swell. As the swell moves onshore and breaks, it forms 
surf. The best surfi ng beaches, like Fistral Beach in Newquay, face 
into the prevailing wind and swell. When surfers are assessing the 
surf at a beach, they are actually doing some basic physics. The 
height of the surf is a measure of the amplitude of the waves. More 
amplitude means more energy, bigger surf and more fun. The time 
between each wave is related to the frequency of the waves. If the 
frequency is too high the surf becomes messy, and the wave fronts 
interfere with each other. The best surf happens when the 
frequency is very low and the time between the waves is very long 
– typically 12 to 18 seconds in the UK. The distance between the 
waves is called the wavelength, which is related to the frequency. 
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1 What are the three main reasons why electricity is so useful to us?
2 What fuels, apart from oil, can be used to make electricity in a power 

station?
3 Describe how energy is transformed from one form to another inside a 

power station.
4 When electric current travels through a wire it causes the wire to heat up. 

Explain why this is a problem for electricity-supply companies.
5 Electricity is normally transmitted at very low current but very high 

voltage. Why might this make electricity cheaper for us as consumers?
6 Inside a battery, an electrochemical reaction occurs between a chemical, 

like sulphuric acid, and metal or carbon electrodes. Why do you think 
that this makes it diffi cult to design and make batteries that can supply 
large amounts of electricity for long periods of time?

1 What are the three main reasons why electricity is so useful to us?

Test yourself

Mobile smartphones push 
battery technology to the limit. 
What do you think are the main 
considerations when designing 
a battery for a new mobile 
smartphone?

Mobile smartphones push 

Discussion point

Investigating batteries
This activity helps you with:
> planning an experiment.

Why do batteries come in different sizes? Common batteries include AAA, 
AA, C and D.

Procedure
 Design an experiment to compare the effectiveness of two different 
batteries at powering an electric device. If you are then going on to do the 
experiment that you have planned, you will need to:
• construct a list of suitable apparatus
• order the apparatus in conjunction with your teacher and science 

technician
• carry out a suitable risk assessment for the activity. Check your risk 

assessment with your teacher before carrying out your investigation.

Investigating batteries

Activity

 ▶ How do we make electricity?
Every year the International Energy Agency (IEA) and the UK 
Government Department of Energy and Climate Change (DECC) 
collect data about the amount of electricity generated from 
different sources. These sources are broken down into two main 
groups: renewables and non-renewables. A non-renewable 
source of energy is defi ned as a source that, once it is used, cannot 
be created again. Fossil fuels and nuclear fuel are non-renewables 
– the physical conditions on Earth will not allow these fuels 
to be created again. Renewables are sources of energy that are 
continuously being produced, mostly as a result of the action of 
the Sun.

Figure 2.2 A wind turbine and the cooling 
towers of a conventional power station.
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These short questions, found 
throughout each chapter, allow 
you to check your 
understanding as you progress 
through a topic.

These short questions, found 

Test yourself 

These are questions that could 
be answered by individuals, but 
that benefi t from discussion 
with your teacher or others in 
your class. Sometimes, there are 
a variety of opinions or possible 
answers to explore.

These are questions that could 

Discussion point

These practical-based 
activities will help consolidate 
your learning and test your 
practical skills.

These practical-based 

Practical
Check that you are covering all 
the required content for your 
course, with specifi cation 
references and a brief overview 
of each chapter.

Check that you are covering all 

Specifi cation coverage



 ▶ Practice questions
You will fi nd practice questions at the end of every chapter. These 
follow the style of the different types of questions you might see in 
your examination and have marks allocated to each question part.

v

 

vv

 

This provides an overview of everything you have covered in 
a chapter and is a useful tool for checking your progress and 
for revision. 

Some material in this book is only required for students 
taking the Higher-tier examination. This content is clearly 
marked by the Higher        icon.

This provides an overview of everything you have covered in 

Chapter summary

taking the Higher-tier examination. This content is clearly 
marked by the Higher        icon.
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 ▶ Practice questions
1 a) Copy and complete Figure 5.38 below. Draw a line 

from each type of wave on the left to show its correct 
position in the electromagnetic (em) spectrum.

 Draw four lines only. One has been done for you. [3]

 

Radio waves

Microwaves

Increasing w
avelength

Ultraviolet

Type of wave Electromagnetic spectrum

Infra-red

Visible light

Gamma rays

X-rays

Figure 5.38

b) i) Microwave radiation is an em wave in the 
wavelength range 0.1 cm to 30 cm. State one 
possible wavelength for a radio wave.  [1]

ii) State one property that is the same for radio 
waves and microwaves.  [1]

(WJEC GCSE Physics P1 F Jan 2014 Q1)

2 A geosynchronous (geostationary) satellite orbits high 
above the Earth. Geosynchronous satellites are used for 
relaying television programmes to our homes. It takes 
0.24 s for a signal to get to the satellite from Earth.

 
Figure 5.39

a) Which three statements below are correct about 
this satellite. [3]

A It stays above the same point on the Earth at all 
times.

B It relays radio waves.

C It orbits the Earth once in 365 days.

D It orbits the Sun once in 1 day.

E It relays microwave signals.

F It orbits above the equator.

b) State why a signal sent from a television studio by 
satellite takes 0.48 s to reach your house. [1]

(WJEC GCSE Physics P1 F Jan 2015 Q2)

3 Infra-red, radio waves and microwaves are types of 
electromagnetic radiation used in long-distance 
communication.

a) Copy and complete the table below by selecting 
from infra-red, radio waves or microwaves. [3]

Table 5.1

Method of communication Type of radiation used

Optical fi bre signals

Satellite communication

Signals from mobile-phone masts

b) Which of the three types of radiation given above 
has the longest wavelength? [1]

(WJEC GCSE Physics P1 F Sum 2014 Q2)

4 Waves are shown on the grid in Figure 5.40 below.
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Figure 5.40

a) Write down the amplitude of the waves.  [1] 

b) Write down the wavelength of the waves.  [1] 

c) If 10 waves are produced in 5 seconds, calculate 
their frequency.  [2]

d) Use the equation:

wave speed = wavelength × frequency 

 to calculate the speed of the waves and state the 
unit.  [3]

e) Copy and complete the sentence below. Select the 
correct statement in the brackets. 

 If the wave amplitude was doubled, the speed of 
the waves would (double/stay the same/halve).  [1]

(WJEC GCSE Physics P1 F Jan 2013 Q6)
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This provides an overview of everything you have covered in 
a chapter and is a useful tool for checking your progress and 
for revision. 

taking the Higher-tier examination. This content is clearly 
marked by the Higher 

This provides an overview of everything you have covered in 
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If you were building your own 
house from scratch, what 
systems would you install to 
save energy, reduce carbon-
dioxide emissions and minimise 
your energy bills? 

If you were building your own 

Discussion

Can we save it? Yes, we can!
What contribution to energy saving can you make? What simple, 
everyday steps could you take to reduce the world’s addiction to 
energy? If we all took some simple little steps, the cumulative effect 
would be massive. We could reduce the number of fossil-fuelled power 
stations and the subsequent emissions of CO2. But, this would require 
a combination of effort, cooperation and good science. Without it 
… well … just take a look at the planet Venus – a thick atmosphere of 
carbon dioxide, nitrogen and clouds of sulphuric acid. The daytime 
temperature is over 450 °C and the pressure is 95 times greater 
than on Earth. This is all the result of a huge, runaway greenhouse 
effect caused by volcanic activity sometime in Venus’s past, whereby 
enormous amounts of carbon dioxide were released from the planet’s 
interior. How do you fancy living on a planet like that? 

Figure 3.25 An artist’s impression of the surface of Venus.

• The density of materials, including air and water, can 
be experimentally determined by measuring volumes 
and masses.

 density = mass 
volume

 

• Knowledge of density can be used to inform 
discussion of the energy available from moving water 
and air.

• Temperature differences lead to the thermal transfer of 
energy by conduction, convection and radiation. 

• Density changes in fl uids result in natural convection. 
As fl uid particles heat up, they move faster, get further 
apart, and the volume of the fl uid increases. This reduces 
the density and the hot fl uid particles rise upwards.

• Conduction involves the transfer of energy by the vibration 
of particles. Metals are very good conductors because 
they have mobile electrons within their structure.

• Energy loss from houses can be restricted by various 
means, such as draught exclusion, loft insulation and 
double glazing.

• The density of materials, including air and water, can 

Chapter summary
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 13 Further motion concepts

 ▶ Momentum
In Chapter 11 you met the concept of inertia – a measure of how 

diffi cult it is to change the motion of an object. Another way to 

think of inertia is to think about the link between the mass and 

velocity of a moving object. When Heidemarie Stefanyshyn-Piper’s 

tool-bag drifted off while she was on a spacewalk servicing the ISS, 

it went into space near to the ISS. Remember, the ISS is in orbit 

moving at 7700 m/s, so the tool-bag is moving at that speed as well. 

Imagine the damage that a 5 kg tool-bag travelling at 7700 m/s 

would cause if you hit it travelling in the opposite direction!

Momentum is the name given to the product of the mass and 

velocity of an object. Objects have large momentum if they are 

either very massive and/or moving at high velocity.

momentum, p (kg m/s) = mass, m (kg) × velocity, v (m/s)

            p = mv

This chapter covers GCSE Physics specifi cation section 2.4 Further 

motion concepts, which covers straight-line (rectilinear) motion. 

The equations of uniformly accelerated motion in a straight line 

are studied, and the effects of forces on objects, and the concept 

of momentum and its conservation are explored. This chapter is 

not applicable for GCSE Science (Double Award) students.

This chapter covers GCSE Physics specifi cation sectionSpecifi cation coverage

Questions

1 Calculate the momentum of the Hubble Space Telescope (HST) in orbit. 

The mass of the HST is 12 247 kg and its orbital velocity is 7583 m/s.

2 The momentum of the Kepler Telescope is 6 127 680 kg m/s. The mass of 

the Kepler Telescope is 1052 kg. Calculate the velocity of the Kepler Telescope.

3 The asteroid belt lies between the orbits of Mars and Jupiter.  Inside the belt,

 collisions between asteroids are quite common.  In one such collision, an 

asteroid, A, is moving towards another asteroid, B,  at a relative velocity of 

5 000 m/s, as shown in Figure 13.2.

Questions
Worked examples

Figure 13.1 Astronaut Heidemarie 

Stefanyshyn-Piper on spacewalk outside 

the International Space Station.
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Controlling current w
ith resistance 

A

A

V

Figure 1.14 A variable resistor controlling current through and voltage across a fi xed resistor. 

Both diagrams show exactly the same circuit – one is a ‘picture’ and one is a ‘circuit diagram’. 

When you draw circuits on paper, use the correct circuit symbols for a circuit diagram.

Investigation of the current–voltage 

(I–V) characteristics for a component

Measuring current and voltage in circuits controlled 

by a variable resistor

Changing the resistance of the variable resistor in the 

circuit in Figure 1.14 will alter the current fl owing through 

and the voltage across the fi xed resistor. In this practical 

you will perform this experiment and examine the 

patterns of current and voltage that you get when you 

change the resistance of the variable resistor.

This activity helps you with:

> working in a team

> setting up more complex electrical circuits

> measuring and recording currents and voltages using 

ammeters

> identifying patterns in measurements and 

observations

> plotting electrical-characteristic graphs (current 

against voltage).

Apparatus

> d.c. power supply set on 6 V (or battery pack) 

> connecting leads 

> large variable resistor (sometimes called a rheostat) 

> ammeter 

> voltmeter 

> fi xed resistor (about the same resistance as the 

maximum resistance of the variable resistor)

> low-resistance 6 V bulb

Safety notes

You will be given a mains-electrical power supply unit 

(psu) or a battery pack. Low-voltage psus are very safe, 

but you must be careful when using mains electricity, 

particularly near any water taps and sinks.

Procedure

1 Using the apparatus supplied, connect up the circuit 

shown in Figure 1.15.

A

V

Figure 1.15

2 Move the slider across the variable resistor until the 

voltmeter measures its largest value. Record this value.

3 Move the slider across to the other end of the variable 

resistor until the voltmeter measures its smallest 

value. Record this value. 

4 Take and record fi ve measurements of voltage and 

current spread out across the voltage range for the 

fi xed resistor. 

5 Repeat the experiment for a low-resistance light bulb, 

instead of the fi xed resistor.

Analysing your results

1 Graphs of current against voltage for components 

are called ‘electrical characteristics’. Plot electrical-

characteristic graphs for the fi xed resistor and the 

bulb. If you can, plot them both on the same graph 

using the same axes. 

2 Describe in words the pattern of each graph. This 

means that you have to describe how the current (on 

the y-axis) varies with the voltage (on the x-axis).

3 Explain how a variable resistor can be used in a circuit 

to control the current through and the voltage across 

other components.

Investigation of the current–voltageSpecifi ed practical

868771_01_WJEC_GCSE_Phy_001-020.indd   9
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WJEC’s specifi ed practicals are 
clearly highlighted.
WJEC’s specifi ed practicals are 

Specifi ed practical 

Examples of questions and 
calculations that feature full 
workings and sample answers.

Examples of questions and Examples of questions and 

Worked example

Answers 
Answers for all questions 
and activities in this book 
can be found online at:
www.hoddereducation.
co.uk/wjecgcsephysics

Most of the content in this book is 
suitable for all students. However, 
some chapters should only be 
studied by those taking GCSE 
Physics. This content is clearly 
marked with a red line next to the 
specifi cation coverage box at the 
start of relevent chapters.
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 ▶ Space
How big is space?
‘Space is big. You just won’t believe how vastly, hugely, mind-bogglingly big 
it is. I mean, you may think it’s a long way down the road to the chemist’s, 
but that’s just peanuts to space.’

Douglas Adams (1952–2001) The Hitchhiker’s Guide to the Galaxy

The Hitchhiker’s Guide to the Galaxy was originally a BBC Radio 4 
programme, fi rst broadcast in 1978. Douglas Adams, the author, 
wanted to get over to listeners (and, subsequently, to readers and 
viewers) the concept that space is so big it’s diffi cult for human 
beings to get their heads around it. In order for us to start to think 
about space, we even have to start inventing new units, like light-
years and parsecs, in order to cope with the truly massive scale of the 
numbers. The best way to appreciate the huge awesomeness of space 
is to start on a ‘small’ scale and gradually get bigger – each change of 
scale relating to the previous one. By building up a ‘local’ picture of 
space, we can slowly get a feel for the overall, bigger picture.

What does our ‘local’ patch of space look like?

This chapter covers GCSE Physics specifi cation section 2.5 Stars and planets 
and GCSE Science (Double Award) specifi cation section 6.4 Stars and planets 
which looks at the main features of our Solar System, and the elliptical 
orbits of planets, their moons and artifi cial satellites. It also looks at the 
main observable stages in the lifecycle of stars of different masses and 
discusses the stability of stars and explains the origin of the Solar System. 

This chapter covers GCSE Physics specifi cation section

Specifi cation coverage

Figure 14.1 The Hitchhiker’s Guide to the 
Galaxy.

 14 Stars and planets

Figure 14.2 The Earth rising above the surface of the Moon.
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Why do you think that the 
‘habitable zone’ is usually referred 
to as the ‘Goldilocks Zone’? 

What other factors do you think 
would be important for a planet 
or moon that was inside a star’s 
Goldilocks Zone if it were to be 
a suitable place for a human 
‘colony’?

Why do you think that the 

Discussion points
Our home planet, Earth, is a relatively small rocky planet, situated in 
the ‘Goldilocks Zone’ of our local star, the Sun. The Goldilocks Zone of 
a star is the orbital range of distance around a star where water would 
be liquid on an Earth-like planet, and Earth-like life would be possible. 
The Earth – like the other Solar System planets, planets around other 
stars (called exo-planets) and moons – moves in an orbit around a 
common centre (usually a star in the case of planets, or a planet in the 
case of moons).  The Earth’s orbit around the Sun is roughly circular, 
but other objects can orbit in elliptical shapes.

“This porridge is too hot,” Goldilocks exclaimed.
So she tasted the porridge from the second bowl.
“This porridge is too cold.”
So she tasted the last bowl of porridge.
“Ahhh, this porridge is just right!” she said happily.
And she ate it all up.
From the fairy tale Goldilocks and the Three Bears

Figure 14.3 The Goldilocks Zone.

Goldilocks Zone
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The Drake equation
In 1961, Frank Drake came up with an equation to estimate the number of 
civilisations that might exist in our galaxy, and with which we might be able to 
communicate. You can fi nd out more about Frank Drake and his work by using 
a search engine and the key words ‘drake equation nova’.

There are several ‘interactive’ versions of the Drake equation. Use a search 
engine, such as Google, to fi nd an online calculator.

How many civilisations did you come up with?

The Drake equation

Discussion point
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 ▶ Relative units – comparing distances in the 
Solar System
You can see that the size and position of the Goldilocks Zone 
depends on the mass of the star. The units used in Table 14.1 are 
given as ‘relative’ to the Earth and the Sun. This means the mass of 
the Sun is 1 and the radius of the Earth’s orbit is 1. For a larger (and 
hotter) star, the Goldilocks Zone would be further away from the 
star. In the Solar System, astronomers usually use a relative scale.

Table 14.1 Some ‘relative’ values with their actual values in SI units.

Relative unit Actual value and SI unit

The mass of the Earth, M⊕

The mean radius of the Earth, R⊕

M⊕ = 6 × 1024 kg

R⊕ = 6 371 000 m = 6.371 × 106 m

The mean distance from the Earth 
to the Sun, called 1 astronomical 
unit (1 AU)

1 AU = 149 598 000 000 m

(1.5 × 1011 m)

The mass of the Sun, M⊙ = 1 solar 
mass

The radius of the Sun, R⊙ = 1 solar 
radius

M⊙ = 2 × 1030 kg = 333 333 M⊕

R⊙ = 7 × 108 m = 0.0046 AU

Inside the Solar System, the best units to use are relative ones. 
Distances are usually given in AU and masses in M⊕.

Table 14.2 Data on the planets of the Solar System.

Planet Symbol Mean orbit 
radius (in AU)

Orbital period 
(in Earth years)

Mean radius 
(in R⊕)

Mass (in M⊕)

Mercury 0.39 0.24 0.38 0.06

Venus 0.72 0.62 0.95 0.82

Earth 1.0 1.0 1.0 1.0

Mars 1.5 1.9 0.53 0.11

Jupiter 5.2 12 11 320

Saturn 9.6 29 9.5 95

Uranus 19 84 4.0 15

Neptune 30 170 3.9 17

Pluto has now been ‘downgraded’ 
to a dwarf planet by the 
International Astronomical Union. 
Find out why. A lot of people have 
been very unhappy about this 
decision. What do you think?

Pluto has now been ‘downgraded’ 

Discussion point

1 What are the actual values (in SI units) of the 
following?
a) the mean orbit radius of Mercury
b) the mean radius of Jupiter
c) the mass of Neptune

2 Draw a graph of orbital period (y-axis) against average 
orbit radius (x-axis). Make sure you put a title on your 

graph and label each axis. Draw a best-fi t line through 
your data points.

3 The best-fi t line is not straight. What is the pattern in 
your data?

4 The dwarf planet Pluto has an orbital period of 248 Earth 
years. Using your graph, predict the mean orbit radius 
of Pluto.

1 What are the actual values (in SI units) of the 

Test yourself
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Making a model of the Solar System
This activity helps you with:
> working in a team
> making a scale model.

Pluto

Neptune

Uranus

Saturn Jupiter

Mars

Earth

Venus

Mercury

Sun

Figure 14.5 The relative sizes of the Sun and its planets.

Apparatus
> school playing fi eld (650 m long)
> 20 cm diameter ball (the Sun)
> cress seeds ×2 (Mars and Mercury)
> peppercorns ×2 (Earth and Venus)
> 23 mm diameter ball of modelling clay (Jupiter)
> 18 mm diameter ball of modelling clay (Saturn)
> 7 mm balls ×2 of modelling clay (Neptune and Uranus)
> a trundle wheel
> sticky tape (optional)
> tent-pegs (optional)

Procedure
Work in a team of three or four. You may fi nd it easier 
to attach all the ‘planets’ to the top of tent-pegs so 
that they are easier to stick in the ground. You could 
make your own ‘fl ags’ (like sand-castle fl ags) using the 

same scale. If your school playing fi eld is not 650 m 
long, you will need to adapt the scale using an online 
Solar System calculator. You can fi nd one by using a 
search engine and the key words ‘solar system scale 
model’.

To lay out your scale model of the Solar System, 
you need to start at one end of your playing fi eld 
with the 20 cm diameter ball representing the Sun. 
To scale, the planets are then placed at the certain 
distances from the Sun (Table 14.3).

Table 14.3

Planet Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune 

Distance (m) 8 16 21 33 112 205 412 647

The truly awesome scale of our Solar System then 
becomes apparent.

Extension
Work in pairs for this activity. Drawing a scale map 
of the Solar System on paper is rather difficult. You 
could use toilet roll (about 30 m long) but, even so, 
using the same scale for the diameter of the planets 
as their orbital radius would mean that Mercury would 
be 0.02 mm in diameter and the Earth, 0.06 mm (just 
tiny dots). So, you could use two scales, one for the 
orbit radius and one for the diameter. Use an online 

Solar System calculator to make a scaled map of the 
Solar System that will fit on two sheets of A3 paper 
stuck side by side in landscape orientation. You will 
have to experiment with the orbital radius scale and 
the diameter scale so that Neptune fits on the two 
sheets, and Mercury, Venus, Earth and Mars are not 
overlapping. You could use scaled colour images of the 
planets to stick on your map.

Making model of the Solar System

Practical
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How big is our Solar System?
The answer to this question depends on what we consider to be 
in our Solar System. There are two ways of looking at this. The 
first way is by thinking about the particles of matter that stream 
away from the Sun, called the Solar Wind, and the particles of 
matter that are coming towards us from nearby stars, called 
the Stellar Wind. The second way to think about this is by 
considering gravity. The Sun’s gravitational field extends a very 
long way into space, but there comes a point between the Sun 
and its nearby stars where the Sun’s pull of gravity is less than 
that of the nearby stars. This happens at about 125 000 AU – 
over 4000 times further away than Neptune (about the same 
distance as London to Moscow on our school field model!). If 
we take the larger of the two definitions, then the Solar System 
consists of:

▶ one star (the Sun)
▶ eight planets (MVEMJSUN)
▶ 181 moons (as of October 2015, according to the International 

Astronomical Union). A moon is a natural satellite of a planet 
or a dwarf planet, like our Moon. The largest moon in the Solar 
System is Ganymede, a moon of Jupiter

▶ one asteroid belt (between Mars and Jupiter – of which the largest 
known asteroid, Ceres, is actually classifi ed as a dwarf planet, like 
Pluto)

▶ many short-period and long-period comets (such as Halley’s 
comet)

Figure 14.6 shows what our Solar System looks like as seen from 
outer space.

The next scale up is our group of stars – our galaxy, the Milky Way. 
Figure 14.7 shows a map of the Milky Way as seen from above.
Figure 14.8 is a diagram of the Milky Way drawn from the side.

Sun Planetary
region

The Oort
Cloud

1051041031021010

AU

Figure 14.6 The Solar System from 
outer space.
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ObscuredGalactic
core

Perseus

Local 
spur

Sagittarius

Scutum-Crux

Norma

Figure 14.7 The Milky Way from above.

You are here

Galactic 
halo

Disk

Galactic
centre

Galactic 
bulge

Globular clusters

Figure 14.8 The Milky Way from the side.
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The Milky Way is a very big place. The Astronomical Unit 
(AU), which we use to compare distances within the Solar System, 
is too small. The unit we now need to use is the light-year (l-y). 
1 light-year (1 l-y) is defi ned as the distance that light travels 
in 1 year. The speed of light has been defi ned as 300 000 000 m/s. 
1 year contains 365.25 days; each day has 24 hours; each hour has 
60 minutes; each minute has 60 seconds. 

So, 1 year = 365.25 days × 24 h × 60 min × 60 s = 31 557 600 s
So, 1 light-year (l-y) = 300 000 000 m/s × 31 557 600 s = 

9 467 280 000 000 000 m
If the Solar System is 250 000 AU in diameter, this is equal to 37 

500 000 000 000 000 m or 4 l-y – or, put another way, light would 
take 4 years to travel across the Solar System from one edge to the 
opposite edge.

The Milky Way galaxy is 100 000 l-y across and the Sun is about 
27 000 ly from the galactic centre (just over half-way out). Our nearest 
star, Proxima Centauri, is a mere 4.2 l-y away. Travelling at the speed 
of light, it would take 4.2 years to reach it. (Proxima Centauri is part 
of a small group of stars called Alpha Centauri.) The map in Figure 
14.9 plots the nearest stars to the Sun (closer than 14 l-y).

Figure 14.9 A map of stars closest to the Sun.

Sun

Alpha
Centauri

SiriusEpsilon
Eridani

Tau Ceti
UV Ceti

L 9352

Epsilon Indi

L 8760

Ross 154

Luyton
789-6

Barnard

Procyon

G51-15

BD+5
1668

Wolf 350 Ross 248

Gem 34
61 Cygil

X 2308

Ross 120

Lolande 21185

When describing the dimensions of the largest structures in the 
Universe, such as galaxies, even a unit such as the light-year is too 
small, and another distance unit is used by astronomers. It is defi ned 
using the tiny differences in angle when an object is imaged at either 
end of the Earth’s orbit around the Sun. This unit is called the 
parsec, pc, 1 pc being equivalent to 3.26 l-y.
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Figure 14.10 Charles Messier.
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Figure 14.11 Our ‘Local Group’ of galaxies is 10 million l-y in diameter – about 100 times 
wider than our own galaxy.

It then turns out that our Local Group is part of a supercluster of 
galaxy groups called the Virgo Supercluster (Figure 14.12), which 
is 120 million light-years in diameter – that’s 11 times bigger than 
our Local Group and over 1000 times bigger than the Milky Way.

Virgo Cluster

65 000 000 l-y

Local Group
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00

 l-y

Draco Group
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M101 Group
24 000 000 l-y

M51 Group

31 000 000 l-y

Figure 14.12 The Virgo Supercluster.
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Our galaxy is part of a ‘Local Group’ of galaxies, consisting of the 
Milky Way, another large spiral galaxy called M31 or the Andromeda 
Galaxy (the ‘M’ stands for Messier object – a series of deep-space 
objects fi rst catalogued by the French astronomer Charles Messier 
and published in 1774), another spiral galaxy called Triangulum, 
M33, and a whole series of small ‘dwarf’ galaxies (Figure 14.11).
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How much bigger?
This activity helps you with:

> communicating ideas as a diagram
> designing a diagram

> calculating scale
> powers of ten.

How much bigger is each object than the last? Starting with the Solar System, 
followed by the Milky Way, the Local Group and the Virgo Supercluster, draw 
a diagram showing how much bigger each object is than the last as a scale 
factor (e.g. ×10). You could use Figure 14.13 as a template, or you could print 
out your own pictures and make another design.

The solar system The milky way The local group

×××

The virgo supercluster

Figure 14.13

bigger?

Activity

5 What are the main objects in our Solar System?
6 a) What is a ‘moon’?

b) The planets Jupiter and Saturn have the most moons. Why do you 
think that they have more moons than other planets?

7 Explain what is meant by the term ‘galaxy’.
8 a) What is a ‘light-year’ (l-y)?

b) How many astronomical units (AU) are there in 1 l-y?
9 Why is the Andromeda Galaxy called M31?

5 What are the main objects in our Solar System?

Test yourself

Protostar Part of a nebula, collapsing 
due to gravity; the stage in a star’s 
formation before nuclear fusion starts.

Key term

 ▶ How did the Solar System form?
The Sun and the Solar System formed out of the nebula 
(a gas and dust cloud – rather like the Orion Nebula, shown 
in Figure 14.14) that resulted from the supernova death of a 
huge star.

As our original nebula started to collapse in on itself due to 
gravity, denser, darker regions started to form, called Bok Globules 
(named after the Dutch astronomer, Bart Bok, who fi rst observed 
features like this in 1947).

Inside Bok Globules, protostars form, as the gas and dust 
is compressed together further by gravity. Figure 14.16 shows 
an artist’s impression of a protostar forming inside a Bok 
Globule.

Figure 14.14 The Orion Nebula.
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10 What is a ‘nebula’?
11 Describe the process of formation of a star.
12 How can an ‘accretion disk’ form planets?
13 What do you think is the difference between a protostar and an actual star?

10 What is a ‘nebula’?

Test yourself

As the protostar collapses even further under the action of gravity, 
more gas and dust are drawn into it from the surrounding ‘accretion’ 
disk, and, eventually, the pressure inside its core rises enough for the 
temperature to exceed 15 million °C. At this temperature, nuclear 
fusion reactions of hydrogen gas start and a star is born.

The ‘Pillars of Creation’ photo of the Eagle Nebula is one of the most famous 
pictures ever taken by the Hubble Space Telescope. Why do you think the 
photo was given this name? Why do you think it is so famous?

The ‘Pillars of Creation’ photo of the Eagle Nebula is one of the most famous 

Discussion points

The ‘accretion disk’ of gas and dust around the protostar that 
became our Sun is the birth place of the planets. Over time, parts 
of the accretion disk became denser and myriads of collisions 
between the pieces of dust gradually formed lumps of rock called 
planetesimals, and collisions between these eventually formed our 
planets. Figure 14.18 shows four such accretion disks and possible 
sites of planet formation around young stars, as imaged by the 
Hubble Space Telescope.

 ▶ Stellar lifecycles and the Hertzsprung–Russell 
diagram 
The vast majority of stars spend most of their lives as ‘main-
sequence’ stars. The term ‘main-sequence’ was fi rst coined by 
the Danish astronomer Ejnar Hertzsprung in 1907. Hertzsprung 
realised that the colour (or spectral class) of a star correlated 
to its apparent brightness (the brightness of a star as seen 
from Earth) and that many stars appeared to follow a simple 

Figure 14.15 The Caterpillar, a Bok Globule 
in the Carina Nebula.

Figure 14.16 Artist’s impression of a 
protostar forming inside a Bok Globule.

Figure 14.17 Bright, young, hot stars 
formed inside the Eagle Nebula – 
dubbed ‘The Pillars of Creation’ by NASA.

Figure 14.18 ‘Accretion disks’ formed 
around young hot stars, imaged by the 
Hubble Space Telescope.
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relationship between these two variables – he called these stars 
‘main-sequence’ stars. At the same time, an American astronomer 
called Henry Norris Russell was doing similar work, but he was 
studying how the spectral class varied with actual (or absolute) 
brightness by correcting the brightness of stars for their 
distance away from Earth. The diagram showing absolute stellar 
brightness (or luminosity) against stellar temperature (which 
dictates the spectral class or colour of a star) is now known as the 
Hertzsprung–Russell (HR) diagram, as shown in Figure 14.19.

Hot, bright

Hot, dim
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Figure 14.20 The four quadrants of the Hertzsprung–Russell diagram.

[14_23]

The HR diagram is a bit like a stellar version of the Periodic Table 
of the elements, as it arranges stars into groups according to 
their properties. The axes of the HR diagram in Figure 14.19 are 
luminosity (or the total amount of light energy emitted by the star, 
in solar units, where the luminosity of the Sun = 1) on the y-axis, 
and temperature (in kelvin) displayed as a non-linear, power (of ten) 
series along the x-axis. The x-axis (which, unusually for a graph, runs 
backwards in temperature from left to right) can also be displayed as 
colour – red stars being coolest and blue stars being hottest. 

The HR diagram can be divided into four distinct quadrants, 
as shown in Figure 14.20. The hottest, brightest stars on the HR 
diagram are the largest main-sequence stars, such as Spica in the 
constellation of Virgo. The cool, brightest stars are red supergiants 
such as Betelgeuse (in Orion). The hot, dim stars are all white-dwarf 
stars such as Sirius B, and the coolest, dim stars are red-dwarf stars 
such as Proxima Centauri, the closest star to our own Sun.

Stellar lifecycles
The most obvious group of stars on the HR diagram is the main-
sequence stars running top left to bottom right (although the very 
bottom right are all classed as red-dwarf stars). Above the main-
sequence stars are the giant stars, such as Aldebaran, which have a 
radius of between 10 and 100 times that of the Sun. Red giants are 
an important stage in the lifecycle of most main-sequence stars. Most 

Red giant A dying star in one of the 
last stages of its evolution. A main-
sequence star swells up to form a 
red giant when it starts to run out 
of hydrogen fuel and starts to fuse 
helium gas.

Key term

Figure 14.19 The Hertzsprung–Russell (HR) diagram.
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stars spend most of their lifetime on the main sequence where their 
stability depends on the balance between the gravitational force of 
attraction trying to implode the star, and the combination of gas 
and radiation pressure trying to push the star outwards. Radiation 
pressure is the effect of the electromagnetic radiation moving out from 
the core of the star.

When the hydrogen nuclear fuel of the main-sequence star 
starts to run out, nuclear fusion of helium takes over in the core. 
The radiation pressure increases and the balance of stability of the 
star is tipped in favour of the star expanding. As it gets bigger, the 
energy produced by the star is spread over a much larger surface 
area, its surface temperature drops, its colour becomes redder, and 
it becomes a red giant. 

Red-giant stars are relatively unstable, and the star increasingly 
relies on the nuclear fusion of heavier and heavier elements (a process 
called nucleosynthesis). Once the fusion reactions have produced 
the element iron, the star cannot gain energy from forming heavier 
elements and fusion ceases. The star collapses, its outer atmosphere 
is puffed outwards as a planetary nebula and the remaining hot core 
is termed a white dwarf. White-dwarf stars are found in the bottom 
left quadrant of the HR diagram. The rest of the star’s lifetime is 
a gradual cooling process, as it is no longer generating energy via 
nuclear fusion. The white dwarf cools, moving to the right on the HR 
diagram, forming a red dwarf, and ultimately a black dwarf.

The lifecycle plot of the Sun on the HR diagram, showing how its 
luminosity and surface temperature will change over its lifecycle, is 

shown in Figure 14.22.

Supernovae, neutron stars and black holes
Massive main-sequence stars (such as Spica), with 
masses up to 60 times that of the Sun, do not follow 
the main-sequence lifecycle path – they start their 
death process by swelling up to form a supergiant 
star. When nucleosynthesis stops, the supergiant 
undergoes rapid, cataclysmic collapse and the 
resulting explosion is called a supernova. During 
the supernova collapse, the energy released is so 
great that elements heavier than iron are formed. 
All elements present in the Universe that are heavier 
than iron were once part of a gigantic supernova 
explosion. What is left after the supernova explosion 
depends on the fi nal mass of the supergiant. 
‘Low’-mass supergiant remnants form huge 
nebulae, containing all the gas and dust required 
to start stellar formation once again. ‘High’-mass 
supergiant remnants form neutron stars, where the 
material that made up the core of the supergiant 
is compressed into a space with a radius of about 

12 km. Imagine an object with twice the mass of the whole Sun, 
compressed into a space with a radius about the same size as greater 
Cardiff! Many neutron stars rotate at high speed emitting huge ‘beams‘ 
of electromagnetic radiation, such as X-rays and gamma rays, as they 
do so. Rotating neutron stars are called pulsars. 

Nucleosynthesis The fusion of 
increasingly heavier elements inside 
the core of a star.

White dwarf The remaining core of a 
collapsed red-giant star. A white 
dwarf no longer undergoes nuclear 
fusion, but gives out light because it 
is still very hot.

Key terms
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Figure 14.22 The HR diagram lifecycle plot of the Sun.

Figure 14.21 Red-giant stars discovered 
by the Kepler Space Telescope.
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The lifecycle of stars 
This task helps you with:
> drawing and interpreting graphical data.

A modern Hertzsprung–Russell diagram is shown in Figure 14.19. 
The diagram has surface temperature along the x-axis, but the axis runs 
backwards – the hotter stars are found towards the left of the diagram. 
The y-axis of the diagram is luminosity (how bright the star is) – the 
brighter stars are found at the top of the diagram. The diagram also shows 
stellar colour (which is related to temperature) and stellar radius – which is 
shown as a series of diagonal lines across the diagram.

Questions
1 On which part of the HR diagram would you expect to fi nd brown-dwarf 

stars?
2 Figure 14.25 shows the lifecycle path of a Sun-like star. Make a sketch 

of this diagram and use the main HR diagram to label the diagram with 
the main stages in the Sun’s lifecycle. You need to describe how the 
luminosity, temperature, colour and radius change along this path.

lifecycle of
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Figure 14.25

Figure 14.24 The death of stars.
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The ‘super-high’ mass supergiant remnants form black holes. 
These are formed from the cores of huge stars that have a core mass 
about 10 times the mass of the Sun. These objects are compressed 
into a space with a radius of about 30 km. The gravitational 
attraction of a black hole is so large that not even light can escape 
– hence the name ‘black hole’. In the centre of large galaxies it is 
thought that many black holes combine, forming a super-massive 
black hole, some with a mass of up to 1010 times that of the Sun, 
compressed into a space with a radius of about 400 AU.

Figure 14.24 summarises the death paths of stars.

Figure 14.23 Electromagnetic radiation 
from the pulsar PSR B1509-58, a rapidly 
spinning neutron star, or pulsar, makes 
the nearby gas inside its nebula glow in 
the X-ray region of the spectrum (false 
coloured gold in this image from the 
Chandra X-ray Telescope) and illuminates 
the whole of the rest of the nebula, seen 
here in infra-red (false coloured blue and 
red, from the Wide-fi eld Infra-red Survey 
Explorer Telescope).
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3 Explain why stellar objects such as neutron stars and black holes are not 
shown on HR diagrams.

4 On your sketch of the HR diagram, draw the lifecycle path of a large, hot 
blue main-sequence star, such as β Centauri – a star likely to explode as a 
supernova at some stage in its future.

5 Use the HR diagram to copy and complete Table 14.4 – use the following terms 
to describe:
Temperature: very cool cool medium hot very hot
Brightness:  very dim dim medium bright very bright

Table 14.4 Describing stars.

Star name Star type (group on HR diagram) Temperature Brightness Colour Radius

Spica

Betelgeuse

Proxima Centauri

Sirius B

Procyon B

Neutron stars and pulsars
This task helps you with:
> recalling and applying knowledge and understanding.

Neutron stars are extremely compact stellar objects that are created 
in the cores of massive stars during supernova explosions. As the star 
collapses, the huge forces in the core crush together every proton with a 
corresponding electron and turn each electron–proton pair into a neutron. 
The neutrons are stable and, eventually, stop the collapse and remain as a 
neutron star – a huge ‘nucleus’ of neutrons. Neutron stars are the densest 
objects in the observed Universe. They are only about 12 km in diameter, 
yet they are up to twice the mass of our Sun. One sugar cube of neutron-
star material weighs about 100 million tonnes! Neutron stars are quite 
diffi cult to observe, as they only emit a very small amount of visible light. 
However, as they spin, they emit huge ‘beams’ of radiowaves, X-rays or 
gamma rays, like a celestial lighthouse – if the beams of radio waves sweep 
across the Earth, they are called pulsars.

Questions
1 What type of stars produce neutron stars?
2 Describe the stages in the formation of a neutron star.
3 During the fusion reaction of the proton (1

1p) –electron (  0
–1e) pair, a 

neutron (1
0n) and a neutrino (0

0ν) are produced. Write a balanced nuclear 
equation for this reaction.

4 The largest neutron stars have a mass of two solar masses and a radius 
of 12 km. The radius of the Sun is about 7 × 108 m and its mass is about 
2 × 1030 kg. Calculate the density of the Sun and a large neutron star.

Activity
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Nucleosynthesis
This task helps you with:
> balancing nuclear reactions using the 

Periodic Table.

The process of nucleosynthesis is 
quite complex, but as the heavier 
elements are produced they form 
shells around the core of the star.

Questions
1 Use the following data set to produce 

balanced nuclear fusion 
reactions for the reactions below.
• helium-4, 42He; beryllium-8, 84Be; 

carbon-12, 12
  6 C; oxygen-16, 16

  8 O

• electron,    0–1e–; positron; 01 e+; 
gamma photon, γ.

a) helium-4 + helium-4 → 
beryllium-8

b) beryllium-8 + helium-4 → carbon-12 + positron + electron
c) carbon-12 + helium-4 → oxygen-16 + gamma photon

2 Use the Periodic Table to identify the nuclei, AZ X, in each of the 
following reactions that occur inside a red-giant star:
a) 12

  6 C + 12
  6 C → AZ  X + 42He

b) 20
10Ne + 42He → AZ  X + γ

c) A
Z  X + 42He → 32

16 S

Nucleosynthesis

Activity

• The Solar System consists of one star – the Sun, eight 
planets, several dwarf planets and many moons.

• ‘Life’ is possible inside a band of space near to a star 
called the habitable or Goldilocks Zone.

• Our local patch of space is called the Solar System, 
which is inside a galaxy called the Milky Way, which 
is part of a group of galaxies called the Local Group, 
which, in turn, is part of a cluster of ‘groups’ called the 
Virgo Supercluster.

• We need a range of distance scales when discussing 
the Universe: from the scale of planets and the Solar 
System, where comparisons to the Earth and the Sun 
are best; to the Milky Way galaxy and the observable 
Universe, where the distance that light travels in 
1 year, called a light-year, is the best unit to use.

• Stars form from the gravitational collapse of nebulae. 
Protostars form out of high-density regions called 
Bok Globules, before forming main-sequence stars. 

Sun-like mass main-sequence stars form red-giant 
stars before collapsing in on themselves, forming a 
planetary nebula and a white dwarf. Larger mass stars 
form supergiants before collapsing and exploding as a 
supernova, leaving a nebula, neutron star or black hole. 

• The stability of stars depends on a balance between 
gravitational force and a combination of gas and 
radiation pressure; stars generate their energy by the 
fusion of increasingly heavier elements. 

• Stellar material (including the heavy elements) is 
returned into space during the fi nal stages in the 
lifecycle of giant stars.

• The Solar System was formed from the collapse of a 
cloud of gas and dust, including the elements ejected 
by a supernova.

• The Hertzsprung–Russell (HR) diagram displays the 
properties of stars, and shows the evolutionary path 
of a star over the course of its lifetime.

• The Solar System consists of one star – the Sun, eight 

Chapter summary

Figure 14.26 Nucleosynthesis inside a red-giant star.

Red giant star

14N 18F

� �e+ v

18O 22Ne

He He

Fe, Ni core

Si, S

Massive star near the end
of its lifetime has an ‘onion-like’
structure just prior to exploding
as a supernova

Nuclear burning occurs at the
boundaries between zones

O, Ne, Mg
O, C
He, C, 22Ne

He, N
H, He

Example of nuclear reactions
that build neutron-rich isotopes
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Stellar lifecycles and the H
ertzsprung–Russell diagram

 

 ▶ Practice questions
1 Some common distance units used in astronomy are: 

 1 light-year = the distance that light travels in one year; 

 1 parsec (pc) = 3.3 light-years; 

 1 kiloparsec (kpc) = 1000 parsecs = 3300 light-years; 

 1 astronomical unit (AU) = the distance between the 
Earth and the Sun = 150 million km. 

 Use the information above to answer the following 
questions. 

a) How many years does it take light to travel 
1 parsec?  [1] 

b) Our galaxy is about 30 kpc in diameter. What 
is its diameter in light-years?  [1]

c) The distance between the Sun and Neptune is 
30 AU. What is this distance in million km?  [1]

(WJEC GCSE Physics P1 F Sum 2015 Q4)

2 a) Name the two main gases that were present after 
the Big Bang. All stars are made from these gases.

[2]

b) When main-sequence stars reach the end of their 
‘lives’, the stages that they go through depend on 
their mass. Choose words or phrases from the box 
to copy and complete Figure 14.27.  [4]

Our Sun

................................ ................................

................................ ................................

Stars more massive
than our Sun

Supernova White dwarf Black hole Red giant Brown dwarf

(WJEC GCSE Physics P3 F Sum 2015 Q1)

3 The boxes on the left of Figure 14.28 show the names 
of objects in the Universe. The boxes on the right show 
the time taken for light to travel from these objects to 
Earth. They are not in order. Copy the diagram and 
draw a line from each box on the left to the correct 
box on the right.  [3]

Objects in the Universe Time taken for light
to travel to Earth

The Sun

Alpha Centauri
(a star in the Milky Way)

The Andromeda Galaxy

The Moon

1.3 seconds

Over 2 million years

4.5 years

500 seconds

(WJEC GCSE Physics P1 F Jan 2014 Q1)

4 In the Hertzsprung–Russell (HR) diagram shown in 
Figure 14.29, each star is represented by a dot. The 
position of each dot on the diagram tells us two things 
about each star: its brightness and its temperature. 
Stars on the main sequence are stable because their 
gravitational force and radiation pressure are balanced.

25 000

−5

+5

+10

+15

0

10 000 7000 5000 3000
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Dimmer

Larger

Smaller

Red supergiants
Betelgeuse

Red
giants

Main
sequence

Sirius II

Our Sun
Vega

Alpha
Centauri B

Surface temperature (K)

White
dwarfs

a) Use the information in the diagram to answer the 
following questions.

i) Estimate the surface temperature of our Sun. [1]

ii) State two differences in the properties of 
Alpha Centauri B compared with our Sun.  [2]

iii) State one way our Sun and Alpha Centauri B 
are similar.  [1]

b) i) What changes will happen in the Sun to 
cause it to expand to a red giant?  [1]

ii) Use information from the diagram to describe 
the effect these changes will have on the 
properties of the Sun.  [3]

c) On a sketch of the diagram, mark with an X to 
show where our Sun will end its life.  [1]

(WJEC GCSE Physics P3 F Jun 2013 Q5)

Figure 14.28

Figure 14.29

Figure 14.27
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Practice questions

5 a) A star has two forces acting on it. One of these is 
caused by gravity. The other force is mainly caused 
by gas pressure. What can you say about these 
forces when the star is in its stable state?  [1]

Gravity Gas pressure
force 

b) Stars go through a series of changes after the stable 
state. These changes depend on the size of the star. 
Possible changes are shown in Figure 14.31. Copy 
and complete the diagram.  [2]

Red
giant

Red
super
giant

Supernova

............................

Star

.......................

(WJEC GCSE Physics P1 F Sum 2007 Q6)

6 Figure 14.32 shows how the size, brightness and colour 
of a star are related to its temperature.

Blue White

Red
supergiants

Red giants

Main
sequence

White
dwarfs

Brighter

Dimmer

Larger

Smaller

Sun

B
X

A

C

Yellow Red

Hotter Cooler
Temperature (°C)

 Our Sun is currently a main-sequence star. Main 
sequence stars produce energy by the fusion of hydrogen 
into helium. In a stable star, the fusion process produces 
an outward pressure (a combination of gas pressure 
and radiation pressure) which exactly balances the 
gravitational force. The bold line ABC shows the changes 
the Sun will undergo when it comes to the end of its life.

a) State one way in which the star labelled X:

i) is different from our Sun;

ii) is similar to our Sun.  [2]

b) i) Explain what changes will occur to cause the 
Sun to expand into the red giant stage.

ii) Use information from the diagram to describe 
the effect these changes will have on the Sun. [3]

c) i) Explain what changes will occur to cause the 
Sun to collapse into the white-dwarf stage.

ii) Use information from the diagram to describe 
the effect these changes will have on the Sun. [3]

(WJEC GCSE Physics P1 H Sum 2009 Q7)

7 The Solar System consists of the Sun and its planets.

a) i) Apart from the Earth, name one planet that has 
a rocky structure.  [1]

ii) Name the innermost planet that has a gas 
structure.  [1]

b) Table 14.5 shows data about some of the planets.

Planet Distance from Sun 
(million km)

Time to orbit 
the Sun (days)

Length of a 
day (hours)

Mercury 60 90 1420

Venus 110 220 5930

Earth 150 365 24

Mars 230 690          24.5

Jupiter 780 4380

i) Plot a graph to show how the time a planet 
takes to orbit the Sun (y-axis) depends on the 
distance from the Sun (x-axis) for the first 
four planets only.  [3]

ii) Explain how the graph shows that the time 
for the orbit is not proportional to its distance 
from the Sun.  [1]

iii) Is there enough information in the table to 
estimate the length of a day on Jupiter? Give a 
reason for your answer.  [1]

(WJEC GCSE Physics P1 H Sum 2010 Q2)

8 In the 19th century, the accepted theory was that 
the planets and Sun were formed at the same time. 
The source of the Sun’s energy was thought to be the 
chemical energy in its gases.

a) Geologists then discovered that the Earth was 
millions of years old. Explain how this discovery led 
to the rejection of the theory about the source of 
the Sun’s energy.  [2]

b) What is the current explanation of the source of the 
Sun’s energy?  [2]

c) Explain how substances heavier than helium are 
formed in the Universe.  [2]

(WJEC GCSE Physics P1 Sum 2008 Q7)

Figure 14.30

Figure 14.31

Figure 14.32

Table 14.5
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