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Introduction

Leaming objectives Welcome to your Activate Physics Student Book.

Each spread has a set of learning This introduction shows you all the different features
objectives. These tell you what Activate has to support you on your journey through
you will be able to do by the end Key Stage 3 Physics.

of the lesson. Being a physicist is great fun. As you work through this

Student Book, you'll learn how to work like a physicist,
and get answers to questions that physics can answer.

This book is packed full of fantastic (and foul!) facts,
m as well as plenty of activities to help build your

The key words in each spread are confidence and skills in physics.

highlighted in bold and summarised

in the key-word box. They can also be Q These boxes contain short questions. They will help you
found in the Glossary. check that you have understood the text.

m Maths skills
Physicists use maths to help them solve problems and carry
Links show you where you can leam out their investigations. These boxes contain activities to help
more about something mentioned in you practise the maths you need for physics. They also contain

the topic. useful hints and tips.

Literacy skills
Physicists need to be able to communicate their ideas clearly.
These boxes contain activities and hints to help you build your

1 & Questions with one conical- reading, writing, listening, and speaking skills.
flask symbol are the easiest.

2 /B The questions get harder as Working scientifically
you move down the list. Physicists work in a particular way to carry out fair and
scientific investigations. These boxes contain activities and
3 B A A The question with three hints to help you build these skills and understand the process

conical-flask symbols is the
hardest. In these questions you
need to think about how to

so that you can work scientifically.

present your answer. Fantastic Fact!
In QWC questions you need to
pay attention to the Quality of These interesting facts relate to something

@ Written Communication. in the topic.



Opener

Each unit begins with an opener spread.

This introduces you to some of the key
topics that you will cover in the unit.

You already know

This lists things you've already learnt
that will come up again in the unit.
Check through them to see if there is
anything you need to recap on.

Big questions

These are some of the important
guestions in science that the unit will
help you to answer.

@ Magnets and magnetic fields
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Summary -
This is a summary of the
chapter. You can use it
to check that you have

understood the main ideas

in the chapter and as a
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You already know

« Wheneda frees came fam?
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Picture Puzzlers

These puzzles relate to
something in the unit —can
you work out the answers?
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Making connections

This shows how what you will learn in the unit links
up with the science that you will learn in other parts
of the course..
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starting point for revision.

Big write/Maths
challenge/Case study
This is an activity that you
can do at the end of the
chapter. It will help you to
practise using your scientific
skills and knowledge. >
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Topic spreads

Each topic in the chapter has a
double-page spread containing
learning objectives, practice
questions, key words, and task boxes
to help you work through the chapter.

_7% End-of-chapter questions

End-of-chapter
questions

You can use these
exam-style questions
to test how well you
know the topics in
the chapter.
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@ Asking scientific questions

Learning objectives
After this topic you will be able to:

e describe how scientists develop
an idea into a question that
can be investigated

e identify independent,
dependent, and control
variables.

A What affects the battery life of your
mobile phone?

A The balls are changed every seven or
nine games during a tennis match.

Why does the battery last longer in some mobile

phones than others? What might mobile phones be like
in the future? We can ask lots of different questions about
the world. Some are questions that science can answer.

What’s the question?

Scientists make observations of the world, and ask questions such
as,'How do fossil fuels form?" or ‘Why are there are so many different
animals on Earth?' These are scientific questions.

Scientists do investigations. They collect data to try to answer
their questions.

Suggesting ideas
Tom and Katie are talking
about balls used in sport.

The football doesn’t
bounce as high as the
tennis ball. Maybe size
affects the bounce.

Katie makes an observation about footballs and tennis balls.
An observation can give you an idea that you can test in an
investigation.

Developing ideas into questions
Tom watches a tennis match. New tennis balls are brought out
from a refrigerator during the match.

Here are some questions that Katie and Tom might investigate:

e How does the size of a ball affect how high it bounces?
e How does the temperature of a ball affect how high it bounces?

What’s a variable?
The size and temperature
of the ball are not the
only things that might
affect the height of

the bounce.

Let’s investigate how
the temperature of
the ball affects how
high it bounces.



In science, anything that might affect the outcome of an
investigation is called a variable. The thing that is affected as a
result of the change is also a variable.

The temperature is the independent variable. It is independent
because you change it. How high the ball bounces is the
dependent variable. It is dependent because it changes when
you change the temperature.

A State the two types of variable that you can change in
an investigation.

Other variables
Katie and Tom think about all the other variables that might affect
the bounce height. Here is their list:

the height you drop the ball from
the type of ball

the surface that you drop it onto
the size of the ball

Katie and Tom need to keep these variables the same during their
investigation so that they do not affect the bounce. These are
called control variables.

B Name the type of variables that you keep the same in
an investigation.

I think that
if the temperature of
the ball is higher it will
bounce higher.

Making a prediction
Katie makes a prediction
about what might happen.
This is only part of the
prediction. Katie should use
her scientific knowledge to
explain why she thinks that
the ball will bounce higher.

Imagine that you are going to investigate whether the
size of a ball af ‘

| Key Words

observation, investigation, data, variable,
independent variable, dependent
variable, control variable, prediction

Fantastic Fact!

Over 50 000 tennis balls are used during
the Wimbledon tennis championship
each year.

Summary Questions

1 & copy the sentences below,
choosing the correct bold word.

You can turmn an idea/question
into an idea/question that you
can investigate. You can answer
some scientific ideas/questions
by doing an investigation. You
collect data/observations or
make data/observations. Things
that can change in an
investigation are called
predictions/variables. Science
can answer all/some questions.

(7 marks)

2 A R A student is looking at an
ice cube melting in a glass of water.
a Suggest a question that she
could answer by doing an
investigation. (1 mark)
b Explain why this is a question
that science can answer.

(2 marks)
Name those variables! e P

a State your dependent and indepedent variables

b List all the variables that you would need to control.




@ Planning investigations

Leaming objectives Have you ever cooked from a recipe? Did it turn out
After this topic you will be able to: the way you wanted? The plan for an investigation or
experiment is a bit like a recipe. It says what equipment
and materials you are going to use, and what you are
going to do with them.

e describe how to write a plan for
an investigation

e recognise what makes data
accurate and precise

: 8 Make a plan
® describe a risk assessment. P

Katie and Tom need to write a plan for their investigation.
They need to think about how they will collect data to test their
ideas. Their plan should include:

e what equipment they are going to use, and why
e what method they are going to use, and why.

We will need to use
balls at different
temperatures.

We will need a
metre ruler to measure

how high the ball

bDUf‘ICES.

not accurate accurate
not precise not precise

not accurate accurate
precise precise
A Readings can be precise but A State two things that you need to include in an

not accurate. g 3 :
investigation plan.

Accurate and precise data
The measurements you make in an investigation are called data.

/eye It is important to collect data that is accurate and precise.
X
,é,é Accurate data is close to the true value of what you are trying to
1 measure. For example, Tom needs to look directly at the ruler to get
! an accurate reading.

Precise data gives similar results if you repeat the measurement.
Scientists talk about the spread of their sets of repeat data. Precise
data has a very small spread when measurements are repeated. The

|\ repeat measurements in each set are grouped closely together.

N
—
—
—

o
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L
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e
/

A Youshould look straight at ascale B State how to use a ruler accurately to measure length.
to make an accurate measurement.




Uncertainty

If you look at a thermometer it might be hard to tell whether the
temperature is 21.5 °C, 22.0 °C, or 22.5 °C. There is an uncertainty
in your measurement because of the measuring instrument that
you are using.

Repeatability and reproducibility

If Katie and Tom do the same investigation several times, or repeat
a measurement in an investigation, the data should be similar.

It is repeatable.

If other students do the same investigation they should get data
similar to Katie and Tom. The data is reproducible.

Types of data

The data you collect might be words or numbers. Data can be:

e continuous — it can have any value, such as length or
temperature

e discrete - it can have only whole-number values, such as
number of paperclips or woodlice

e categoric - the value is a word, such as ‘blue’or ‘hot’

How many measurements?
Katie and Tom need to plan what temperatures to test. They need
to decide:

e the biggest and smallest temperatures — this is the range
e how many different temperatures they will test.

Is it safe?

A plan should also include a risk assessment . This explains
how you will reduce the chance of damage to equipment, or
injury to people.

What should a plan include?
Katie and Tom write a plan for their investigation. They include:

the scientific question that they are trying to answer

the independent and dependent variables

a list of variables to control and how they will do it

a prediction: what they think will happen and why

a list of the equipment they will need

a risk assessment

how they will use the equipment to collect accurate and
precise data.

| Key Words

plan, accurate, precise, spread,
uncertainty, repeatable, reproducible,
continuous, discrete, categoric, range,
risk assessment

Investigating dissolving
Does the temperature of water
affect the mass of salt that
dissolves in the T

Write a plan to investigate this.

Summary Questions

1 A Copy and complete the
sentences below.

The plan for an investigation
includes a list of the that
you will use and how you will use
it. It shows how you will collect
data that is
and To make your
investigation as safe as possible
youneedtodoa____

(6 marks)

2 A& A student investigates
whether the type of surface

affects the bounce of a ball.

a Explain why she should read the
scale on the ruler by looking
straight at it. (2 marks)

b Explain why the readings are
not exactly the same when she
repeats them. (2 marks)

¢ State and explain whether she

needs to do a risk assessment.
(2 marks)




@ Recording data

Learning objectives
After this topic you will be able to:

e describe how to make and
record observations and
measurements

e calculate a mean from repeat
measurements

e present data appropriately in
tables and graphs.

You usually collect data in a table. It is easier to see
patterns in the data if you then draw a graph or chart.

Collecting data

Each time Katie and Tom change their independent variable they
should take repeat measurements of their dependent variable.
Recording data

Katie and Tom make a table for their results. They need to record their
measurements as they go, including all the repeat measurements.

A results table helps you to organise your data. This is Katie and
Tom's results table:

Temperature Height of bounce (cm)
. 1st Measurement | 2nd Measurement = 3rd Measurement =~ Mean
cold ’ 45 40 ’ 35 40
warm 50 60 20 5
hot 65 | 75 70 70

Fantastic Fact!

The first ever tennis balls were hand
stitched, so no two ever bounced in the
same way.

| Key Words

outlier, mean, line graph, bar chart,

o pie chart

A State the best way of recording data collected during
an investigation.

Repeat readings

You should check your data for outliers. An outlier, or anomalous
result, is a result that is very different to the others. You should
repeat the measurement to replace an outlier.

In the table above, the third measurement for the warm
temperature, 0.20 m, is an outlier. Katie and Tom do not include
it when they work out the mean.

The mean is a type of average. You add up all the results and
divide by the number of results. For example, the mean of the
heights measured at the cold temperature in the table above is:

045mM+040m+035m=12m
then divide by 3 as there were 3 results:
1.2

—=040m
3

B State how to calculate the mean of a set of numbers.




Which graph?

Tom and Katie have collected lots of data. They want to present
their results in a graph or chart. To work out which graph or chart
to plot you need to look at the variables in your investigation.

e |If both your independent and your dependent variables are
continuous, then you should plot a line graph.

e If your independent variable is categoric, you should plot a
bar chart. In some cases you might want to display discrete or
categoric datain a pie chart.

e For both line graphs and bar charts, you plot the independent
variable on the x axis and the dependent variable on the y axis.

|Surface | Height of bounce (cm)

Carpet | 25

‘Floor | 45

N N VP

Temperature (*C) [ Time to dissolve {s]l.|
30 |75
40 | 80

AV WS e T N W

You plot a line graph: You plot a bar chart:

=0

... Or a pie chart

= g &0 carpet
¥u ED P = bubble wrap 4
2 50 . g»ig e
2 a0 o 3
2 20 o 220
p 310
E 04 T v T T y @8
= 0] 20 40 &0 BO 100 capel Moo tile  palystyrens bubible
Temperature (*C) Surface e
C State what type of graph or chart you should plot if one

of your variables is discrete.

When you draw a chart or plot a graph you should do
the following:

e Choose scales for your axes so that your graph is as big
as possible.
Use a pencil and a ruler.
Label the axes with the quantity and the unit, such as ‘time (s).

Write a title for your graph.

Dealing with results

A student investigated how fertiliser affects how high plants
grow. Copy it and complete the final column of the table.

Mass of
fertiliser (g)

Height of plant after 10 days (cm)

1st ‘ 2nd ‘ 3rd ' Mean

Measurement Measurement Measurement

3.2 ' a7 _ 36
47 | 73 | 5.0
51 55 53

The valves of the
independent variable are
words. That means we

need to plota
bar chart.

Summary Questions

1 A copyand complete the
sentences below.

When you are collecting data you
need to make sure that you are
using correctly.
You need to make
measurements to check that your
data is repeatable. You need to
look for which are
readings that are very different to
the others. Then you calculate the

(5 marks)

2 B A »student is investigating

how the temperature of water

affects how long it takes sugar

to dissolve.

a Describe two things that he
should do when collecting data.

(2 marks)
b Draw a table that he could use
for his results. (2 marks)

c State and explain the type of
graph that he should draw.
(2 marks)




@ Analysing data

Learning objectives
After this topic you will be able to:

e find a pattern in data using a
graph or chart

e interpret data to draw
conclusions.

B
L

A
In these graphs, if A
increases then B increases.

A

A

In these graphs, if A
increases then B decreases.

3

B
L

A

In this graph, if A increases
B does not change.

| Key Words

o analyse, line of best fit, conclusion

Katie and Tom have collected data and plotted a bar
chart. Now they need to:

e work out what their graph tells them
e write a conclusion
e compare what they found out with their prediction.

0.87

0.6
0.4
0.2

Height of bounce (em)

04

refrigerator  classroom  warm oven
Place the ball is kept

A Katie and Tom’s bar chart.

Using graphs or charts

When you analyse your data, plotting a line graph or chart helps
you to spot a pattern. It shows how the dependent variable
depends on the independent variable.

Your scientific knowledge will help you suggest why the
independent variable affects the dependent variable in this way.

Find a pattern on a line graph

Once you have plotted a line graph you need to draw a line of
best fit. This is a line that goes through as many points as possible,
with equal numbers of points above and below the line. If there
are any outliers, you should ignore these when you draw your line
of best fit.

A State what is meant by a line of best fit.

Writing a conclusion
Once you have analysed your graph you can write a conclusion.

State what you have found out

Start by saying what the investigation shows. Then describe any
relationship you can see between the two variables. Use your graph
to support your conclusion.

B State two things to include in your conclusion.




When the ball is
warmer it bounces

higher.

Tom and Katie look at their
bar chart and start to write
a conclusion:

Explain what you found out
Saying what your results show is
only part of analysing results.

You also need to use
scientific knowledge
to explain the pattern.

The ball bounces
higher when it is
warmer because the

ballis softer.

Tom begins to explain the relationship between temperature
and the height of the bounce. However, to come up with a good
explanation he needs to understand why balls bounce.

Comparing results with predictions
Finally, you can compare your results with your prediction.

What’s the relationship?
A student plots a graph of water temperature and the time
that it takes sugar to dissolve in the water.

)

—

]

o
1

%)
L
@
L2
(o]
7]
0
-
o]
=
7]
=
’_

Temperature (°C)

Use information from the graph to describe what happens
when you double the temperature of the water.

| Link|

You can learn more about why balls
bounce in P1 1.1 Introduction to forces

Summary Questions

1 & Copy and complete the

sentences below.
To analyse your data you plot a
graph or chart and work out the
between the variables.
Then you write a that
includes what you have found out,
and explains why, using
Finally you compare your
results with your

(5 marks)
244
rFy

] *
59 2
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Number of shark attacks

A student has drawn a graph for
an investigation into the
relationship between the number
of icecreams sold and the number
of shark attacks in a certain
period. Draw a flow chart to show
how he should complete the
analysis of his data and draw
conclusions.

(4 marks)




@ Evaluating data

Learning objectives

After this topic you will be able to:

e describe the stages in
evaluating data

® suggest ways toimprove a
practical investigation.

oS

A Evaluating means working
out what is good and what
is not so good.

There was only
one outlier in our
experiment, and the
spreads do not
o\?er}ap.

The number of
outliers and the spread of
the measurements do not
affect how confident we
are in our conclusion.

evaluate, confidence, random error,
@ systematic error

Katie and Tom have collected data and analysed it by
plotting a bar chart. Now they need to evaluate their data
and their methods.

How do you think
our investigation

1 think there are
things we co uld
improve if we did
it again.

There are two ways to evaluate your investigation. You should:

e discuss the quality of the data that you have collected
e suggest and explain improvements to your method so you can
collect data of better quality if you did it again.

Your suggested improvements should increase the confidence
that you have in your conclusion.

Evaluating the data

Katie and Tom look at their data. They had only one outlier in their
experiment — the third measurement for 'warm' If there were lots of
outliers then they would have less confidence in their conclusion.

What’s the spread?

The spread of data tells you how precise the data is. The spread is
the difference between the highest and the lowest readings in a set
of repeat measurements.

A State what is meant by the spread of a set of
measurements.

In their experiment the measurements for one temperature do not
overlap with the measurements for another. That makes the data
very precise.

A small spread in the data will give you more confidence in your
conclusion. You should discuss this in your evaluation.



Errors and uncertainty

There is uncertainty in any measurement that you make. This is one
of the reasons why there is usually a spread in experimental data.

There are two types of error that can affect scientific

measurements. These are:

e random error - this can affect the spread, or cause outliers.

An example is the temperature of the room suddenly changing

Improving data
Use your data to decide if your
method was good, or could be

improved. You should say how

any improvements would make

the data better.

because someone opens a door.

e systematic error — this can make your measurements less
accurate. An example is a newtonmeter reading 1 N even when
there is nothing attached to it.

You should think about possible errors as well as the outliers and
spread to help you to decide how confident you are in
your conclusion.

Range and number of results
Tom and Katie only measured at three different temperatures.
It would be better to have a wide range.

B State whether it is better to measure a wide range or a
narrow range of values.

Suggesting improvements

You might get better data by:

e including a bigger range, or taking more readings

e using different apparatus — giving a smaller spread and
fewer outliers.

Evaluating data
Ali and Emma do the same tennis-ball investigation as Katie
and Tom. They produce this data:

Temperature Height of bounce (cm)

i &
C) 1st 2nd 3rd Mean
Measurement Measurement Measurement

25 27 45
30 26 25
42 52 49
54 59 61
65 42 71

a Identify the outliers

b Calculate the mean bounce height for each value of temperature.

¢ Comment on the spread of data for each value of temperature.

Summary Questions

1 A copyand complete the

sentences below.

When you evaluate your data you
need to look at how many
you had. Then you need to look at
the spread, which is the difference
between the and

reading within each set of repeat
measurements. You need to look
at the and of
values. Finally, you can propose
how to improve the if you
did it again.

(6 marks)

aa

a State two ways that Katie and
Tom could improve their data.
(2 marks)
b Suggest one other way that
they could improve the quality
of their data. (3 marks)




The first astronaut to walk on the Moon, Neil Armstrong,
looked back and saw the Earth as no-one had ever seen it
before. In P1 you will learn about how you see, and how
light and sound waves behave. You will learn about the
place of the Earth in the Universe. You will also learn about
the forces that keep you from falling through the floor and
allow astronauts to stand on the Moon.

You already know

® The force of gravity pulls objects to the Earth.

e Friction, air resistance, and water resistance slow down
moving objects.

® You see things because light reflects off them.

e light travels in straight lines, which explains the size and
shape of shadows.

® Vibrating objects make sound, which varies in pitch and
loudness, and gets fainter as you move away.

® The Earth orbits the Sun and the Moon orbits the Earth.

® The length of a day and the temperature change during
the year.

e Day and night and the Sun’s movement across the sky
happen because the Earth spins on its axis.

BIG Questions

« Where do forces come from?

« How do we hear and see things?
« What is outside the Solar System?




Picture Puzzler

Key Words

VO

The first letter of each of these images spells

Can you solve this Picture Puzzler?

out a science word that you will come across
in this book.

picture Puzzler

Close Up

Can you tell what this
zoomed-in picture is?
Clue: The person
floating in the sea is
reading one.

Making connections

In P1 you will learn about different types of forces.
In P2 you will learn about how forces affect the
motion of objects.

In P3 you will apply your knowledge of forces to
planetary motion.




@ Introduction to forces

Leaming objectives What does a rocket have in common with you? There are
After this topic you will be able to: forces acting on you and on the rocket.
e explain what forces do

® describe what is meant by an
interaction pair.

What do forces do?

A rocket going to Mars moves away from the surface of the Earth
very quickly. There is a force pushing the rocket up and forces
pulling it down. A force can be a push or a pull.

Forces explain why objects move in the way that they do, or
why they don't move at all. That's not all. Forces can change the
direction that objects are moving in, and change their shape.

A List three things that forces do.

Describing forces

You can't see forces but you can see the effect of them. When you
draw a diagram you add arrows to show the forces that are acting.
'Force arrows’ show the direction and the size of the force. Forces
act on objects so the arrow must touch the object in the diagram.

a falling b sitting on a table force exerted
by the table
on the ball

A This rocket took a rover to Mars.

force exerted by
the Earth on the
ball {due to gravity)

A These force arrows show the forces acting on a tennis ball.

Different types of force

Some forces act when you are touching something. This is a
contact force. Friction and air resistance are contact forces.
Support forces, like upthrust, are also contact forces.

The force of gravity acts on a tennis ball travelling through the
air. The Earth pulls the ball down even though it is not touching
it. Gravity is a non-contact force. The force between magnets is
another non-contact force.

Astronauts on the International Space
Station cannot burp. The gas and liquid

does not separate in their stomachs while g pescribe the difference between a contact force and a

@ they are in orbit. ' non-contact force.




Pairing up
A girl and her sister are hanging from a bar in a playground.
Think about the forces acting on the girls.

e St y SR

A Forces act on the girls hanging from a bar.

e Gravity pulls the girls down. This is the force of the Earth on the girls.
e The girls pull the Earth up. This is the force of the girls on the Earth.

Forces always come in pairs. The pairs are called interaction pairs.

There is another interaction pair of forces acting on the girls.

e The bar supports the girls. This is the force of the bar on the girls.
e The girls pull on the bar. This is the force of the girls on the bar.

How do you measure forces?
You can measure force with a newtonmeter (sometimes called a
spring balance). All forces are measured in newtons (N).

B

A A student is pulling the block with a force of 5 N.

C State the unit of force.

Newton predicts...
In the 1600s, Isaac Ne

predictions and test them.

i N

A Upthrust supports you when
you float.

You can learn more about non-contact
forcesin P1 1.4 Forces at a distance

| Key Words_

push, pull, contact force, friction, air
resistance, gravity, non-contact force,
interaction pair, newtonmeter,
newton (N)

Summary Questions

1 A copy and complete the
sentences below.

Aforceisa ora

We can show the forces acting on
an object using force
Forces come in pairs, called
pairs. To measure forces
you use a

(5 marks)

2 B B pescribe one of the
interaction pairs for an apple
hanging from the branch of a tree.

(2 marks)




@ Squashing and stretching

Leaming objectives Why don’t you fall through the chair you're sitting on?
o describe how forces deform This produces the force that pushes you up.
objects ; Changing shape
e explain how solid surfaces .
: When a ball hits the floor the ball deforms. Forces can compress
provide a support force

(squash) or stretch objects. When you exert a force you can deform

@ use Hooke’s Law. _ . .
an object. You can compress it or you can stretch it.

A Describe what happens to a tennis ball when it hits
the ground.

How can the floor push you up?

The floor pushes up on you when you stand on it. It seems strange
to talk about the floor exerting a force on you. You can't see
anything happening.

A Even a solid golf ball changes shape
when you hit it.

<« These diagrams show what
happens when you exert a
force on a solid object.

You compress the bonds
when you exert a force.

When a footballer heads a ball the
forces deform both the ball and the
footballer’s head.

' The floor is a solid; solids are made up of particles arranged in a

. regular pattern. The particles are joined strongly together by bonds.
m . This is what happens when you stand on the floor:
e Your weight pushes the particles together.
You can learn more about particles in e The bonds are compressed.
solids, liquids, and gases in e They push back and support you.

CLLL theparticlemodel Solid materials are only compressed a very small amount when you

apply a force to them. A support force from a chair or the floor is

m called the reaction force.

deform, compress, stretch, reaction, Stretching

extension, tension, elastic limit, Bungee cords, springs, and even lift cables all stretch when you

Hooke's Law, linear exert a force on them.The amount that they stretch is called
@ the extension.




A bungee cord stretches as the jumper falls. When the bungee cord
has stretched as far as it will go, it pulls her back up. This force is
called tension. A straight-line graph
Using the graph below, find the
What happens when you stretch a spring? :
Springs are special. If you double the force on the spring the
extension will double. You can use the length of the spring to
measure the size of a force. When you remove the force the spring
goes back to its original length.

What’s the limit?
At some point the spring will not go back to its original length How long?
when you remove the force. This is the elastic limit. Trampoline You have a spring that is 4 cm
springs are designed to never go past their elastic limit. long. When you exert a force of
< The shape of 3 N it stretches to a length of 6 cm.
a bungee cord What is the extension? What would

changes when you the extension be if you doubled

stretch it.
the force?

Summary Questions

1 & Copy and complete the
sentences below.

Hooke’s Law
If the extension doubles when you double the force then the

Forces can change the shape of

object obeys Hooke's Law. The graph of force against extension objects or them. Solid
is a straight line, or linear. Hooke's Law is a special case. Not surfaces are made of The
everything behaves like a spring when you stretch it. If you double bonds between particles are
the force on an elastic band the extension may not double. compressed when you apply a
force. They back on you.
B State Hooke’s Law. This provides a force called
the force.
(5 marks)
14
12 2 A B pescribe how your chair
E 10+ pushes you up.
5 8] (2 marks)
2 &
@
5 4
2 4

o 1 2 3 4 5 6 7
Force (N)
A This graph shows how the extension of a spring
changes as you pull it.




@ Drag forces and friction

Learning objectives
After this topic you will be able to:

e describe the effect of drag
forces and friction

e explain why drag forces and
friction arise.

Fantastic Fact!

Which material has the lowest friction?
BAM is a material that contains
aluminium, magnesium, and boron.
Itis twice as slippery as ice.

A You need friction to move
across surfaces.

Fantastic Fact!

In 1995 Fred Rompelberg travelled at
167 mph... on a bicycle! He did it by
cycling behind a lorry where there was
@ very little air resistance.

Slide your finger along the desk. Does the surface feel
smooth or rough? Even really smooth surfaces exert a force.

What is friction?

A surface such as a metal slide in a playground looks and feels
really smooth. Now imagine zooming in on it; you will see that it is
actually rough.

When a book is resting on the table you can push on it but it may
not move. Friction grips objects. As you increase the force by
pushing harder the book will start to move. If you remove the force
the book slows down and stops. This is because the rough surfaces
can no longer move past each other.

A State two things that friction does.

Is friction useful?

Friction can be a good thing. You need friction to walk, as the

friction between your foot and the road produces the force to
move you forward. The brakes on your bike and in a car work

because of friction.

B Describe how friction helps you to walk.

How can you reduce friction?

One way to reduce friction is by using oil or grease. This is called
lubrication. \When you oil the chain of your bike the surfaces move
past each other more easily. Snowboarders wax their boards to
reduce the friction between the board and the snow.

C Suggest why the hinges of a door need to be lubricated.

What are drag forces?

A dolphin swimming through the water and a surfer paddling
through water will both experience water resistance. As a
snowboarder jumps through the air he will experience air
resistance. \Water resistance and air resistance are drag forces.



A When you move through water you experience water resistance.

To understand drag forces you need to think about the particles in

the air and the water.

&
0222’0
" = 0828s 500
0aee’el®
® o

A solid moves through a gas. A solid moves through a liquid.

A A moving object is in contact with air or water particles.

As a dolphin moves through the water it pushes the water particles
out of the way. This produces a drag force, which slows it down.

| Key Words_

friction, lubrication, water resistance, air
resistance, drag force, streamlined

Summary Questions

D Name the drag force acting on an aeroplane in flight.

2 & & Describe the effect of water

How can you use drag forces?
Parachutes are used to slow down drag-racing cars and skydivers.
The contact with the air produces a drag force.

How can you reduce drag forces?
An Olympic cyclist will tuck her arms in close to her body as she

cycles. She will even make sure that her thumbs are as close to the

handlebars as possible. This makes her more streamlined, which
reduces the force of air resistance.

Testing a parachute

A company wants to compare different materials for making
parachutes. Name three ways that they could make it a fair test.

3 & & Suggest and explain a

4 BAA adragsterisa car that

1 & Copy and complete the
sentences below.

The force of acts between
two solid surfaces in contact that
are sliding across each other. The
surfaces are and will grip
each other. This is why you need
toexerta to make
something move. There are two

drag forces: and
When a moving object is in
contact with or

particles it has to push them out
of the way.

(7 marks)

resistance acting on a bird diving
into a lake to catch a fish.

(1 mark)

reason why the brake blocks on a
bicycle need to be replaced from
time to time.

(2 marks)

uses a parachute as a brake. Use
the ideas on this page to compare
the drag force due to the

parachute acting on cars travelling
at different speeds, or using
parachutes of different sizes.

marksowe) €




@ Forces at a distance

Learning objectives
After this topic you will be able to:

e describe the effects of a field

® describe the effect of
gravitational forces on Earth
and in space.

You can learn more about electrostatic
forcesin P2 1.1 Charging up

The strongest gravitational field in the
Universe is made by a black hole. It is
called a 'black’ hole because even light
cannot escape from its gravitational
field. If you stood close to a black hole,
the force of gravity on your feet would
be much bigger than the force of gravity
on your head. You'd be stretched. This is

called 'spaghettification". .

o

i

magnetic force, electrostatic force,
field, weight, mass, kilogram (kg),
@ gravitational field strength

If you let go of your pen and it moved upwards you'd be
very surprised. We are so familiar with the force of gravity
that sometimes we don’t even think of it as a force.

Gravitational forces
A gravitational force acts on a diver jumping off a diving board. It is
a non-contact force. There are other types of non-contact force.

Magnets exert a magnetic force on magnetic materials or other
magnets without touching them. If you rub a balloon you can pick
up bits of paper with it. This is an electric or electrostatic force.
Magnetic and electrostatic forces are non-contact forces.

pfs. -
\  ade '

A o il

A A magnet picks up filings. A A balloon rubbed on your
jumper attracts a baby's hair.

A Identify three forces that act at a distance.

Force fields

In physics a field is a special region where something experiences
a force. There is a magnetic field around a magnet where magnetic
materials experience a force. There are gravitational fields where
things with mass experience a force.

Gravitational, magnetic, and electrostatic fields have something
in common. As you get further away from the mass, magnet, or
charge, the field gets weaker. Contact forces only act when the
objects are touching each other. Non-contact forces act at

any distance, even if the objects are not touching.

B Describe what is meant by a field.




What do I weigh?

You can use a newtonmeter to find the weight of an apple.
The Earth pulls the apple downwards. Measuring the weight of
the apple means measuring the force of the Earth on it.

What is the difference between weight and mass?
Weight is a force so itis measured in newtons (N). Mass is the
amount of 'stuff' something is made up of. It is a measure of how
hard it is to get something to move. Mass is measured

in kilograms (kg).

4 An apple has a
weight of about 1 N.

Summary Questions

1 & Copy and complete the

Units of mass @

Smaller masses are measured in grams (g).

There are 1000 g in 1 kilogram (kg).
Convert these masses into grams: a2 kg b3.5kg ¢0.4 kg

Convert these m: s into kilograms: 4700 250 ¢
Convert these masses into kilograms: d 4700g e 250 g sententas beloi

Some forces act a distance. The

You can calculate weight using an equation. ipice of grovity atts on things tha

have A balloon has an
weight (N) = mass (kg) x gravitational field strength, g (N/kg) force when you rub it. You
can feel a force between

On Earth gravitational field strength is about 10 N/kg.
This means that, if your mass is 50 kg, for example, then your
weight on Earth is:
weight =50 kg x 10 N/kg
=500 N

Gravitational field strength is different on other planets and stars.

Your weight would be different on different planets because g
would be different.

The Apollo astronauts could jump much higher on the Moon
because g on the Moon is about one sixth of g on Earth.

C State the unit of mass and the unit of weight.

What would happen to my weight in space?
Imagine blasting off from the Earth in a spacecraft. As you move

two magnets. Your weight is a
and is measured in

Your is the
amount of stuff you are made up
of and is measured in

(7 marks)

& & Explain one reason why
your weight on Jupiter is 2.7 times
your weight on Earth.

(3 marks)
& & Describe what happens to
the force of gravity as you move
away from the Earth.

(1 mark)

away from the Earth the gravitational field gets weaker. If you stood
on scales in the spacecraft the reading would be less than it would
be on Earth.

The amount of 'you"would not change. Your mass stays the same.
It is the force of the Earth on you, your weight, that is less.




@ Balanced and unbalanced

Learning objectives
After this topic you will be able to:

e describe the difference
between balanced and
unbalanced forces

® describe situations that are in
equilibrium

e explain why the speed or
direction of motion of objects
can change.

A When the teams pull with the same
force the forces are balanced.

Equal and opposite...?

Isaac Newton said, ‘For every

action there is an equal and

opposite reaction’. The forces

in an interaction pair are equal
opposite. Is lying in bed an

example of this law? No, it is not.

Each of the forces acting on

you comes from a different

interaction pair.

balanced, equilibrium, unbalanced,
@ driving force, resistive force

To get out of bed in the morning you need a force to get
you moving.

What are balanced forces?

When the forces acting on an object are the same size but in
opposite directions we say that they are balanced. You can think
of balanced forces like two teams in a tug of war. If each team pulls
with the same force the rope doesn't move. The forces cancel out.
The object is in equilibrium.

A State what equilibrium means.

All stationary objects are in equilibrium. There has to be a support
force acting on them to balance out their weight.

Reaction 4 Youare in
equilibrium when
lying in bed.

B Draw a diagram showing the forces acting on a
stationary mass hanging on a spring.

What are unbalanced forces?
The forces acting on this rocket-powered car are unbalanced.
They are not the same size so they do not cancel out.

The driving force from the engine is much, much bigger than the
resistive forces from air resistance and friction.

A The Thrust SSC was the first car to travel faster than sound.



C State the difference between balanced forces and
unbalanced forces.

How do unbalanced forces change speed?

When the car's rocket-powered engine starts up the driving force
will become very big very quickly. When the driver wants to stop he
will fire a parachute to slow the car down. In both cases the forces
on the car are unbalanced.

The driver uses a parachute because this gives a much bigger
resistive force on the car than just using the brakes. The speed of
the car will change much more quickly. The car will stop in a much
shorter time.

You can learn more about speed in
P2 3.1 Speed

The only forces acting on the car are
resistive forces.

The driving force is bigger than the
resistive forces acting on the car.

The speed of the car increases. The speed of the car decreases.

How do unbalanced forces change direction?

Isaac Newton worked out that the Earth exerts a force on the
Moon. The force of gravity acting on the Moon keeps the Moon in
orbit around the Earth. It is this same force that acts on an apple
and pulls it to the ground. It changes the direction of motion, not
the speed.

< The force of gravity
keeps the Moon in orbit.

Every time you go around a corner in a car the friction between the
tyres and the road changes the direction of the car.

A Friction changes the direction of
a motorbike.

Summary Questions

1 & Copy and complete the

sentences below.
If the forces on an object are the

same but act in
directions they are balanced. This
is called . The forces acting

on any stationary object are
. 1f the forces on an object

are unbalanced the will
change. If the force is
bigger than the force it
speeds up. If the force is
bigger than the force it
slows down.

(9 marks)

2 A A acyctist is slowing down as

she is eycling along a road.




P1 Chapter 1 Summary

| Key Points

Forces are pushes or pulls, measured in newtons (N) using a newtonmeter.
Forces exist when objects interact - this produces an interaction pair.
Forces can deform objects, change their speed, or the dicection of motion.
Contact forces occur when objects are touching,
Friction, air resistance, and water resistance are contact forces.
Friction can be reduced by {ubrication. Air resistance and water resistance
can be reduced by streamlining,
Non-confact forces occur when objects are not fouching.
Garavitational, elecirostatic, and magnetic forces are non-contact forces.
Dolid surfaces provide a support force when they are compressed.
Springs or ropes extend when you apply a force.
For some objects if you double the force the extension doubles. This is Hooke's Law.
A field is a region where something feels a force, for example, 2 mass in a
gravitational field.
® Mass is the amount of stuff an object is made up of, measured in kilograms.
® Weight is the force of the Earth on an object, measured in newtons.
Weight (N) = mass (kg) x g (N/kg)
e When the forces acting on an object are equal in size and acting in opposite directions
they are balanced. The object is in equilibrium.
® If the forces are not balanced the object will speed up, slow down, or change direction.

BIG Write

Mission to Mars .
NASA's Curiosity rover landed on Mars in August 2012.Imagine that
just returned from Mars in the year 2034.

push, pull, contact, non-contact,
interaction pair, newtonmeter, weight,
newton (N), deform, compress, stretch,
reaction, extension, tension, elastic limit,
Hooke's Law, linear, friction, lubrication, 8
water resistance, air resistance,
i drag forces, streamlined, gravity,
| magnetic, electrostatic, field, mass,

| weight, kilograms (kg), gravitational A |
field strength, balanced, equilibrium,
unbalanced, driving force, resistive force

the first astronauts have

Task

You were
covers the whole mission. Start from when you

Earth and finish with splash down when you return home.

one of the astronauts on the mission. Write a blog that
take off from the

Tips
e Explain the
journey to and from Mars.
@ e Use what you have learnt abo
how they affect motion.

motion of the rocket during each stage of the

ut where forces come from and




End-of-chapter questions

1 & State which of the forces below are contact

forces and which are non-contact forces.

magnetic force, friction, air resistance,
gravitational force, electrostatic force, upthrust
(6 marks)

& For each object below state whether the
forces on it are balanced or unbalanced.

a aboat that is speeding up (1 mark)
b aboywhoisfloating inaswimming pool

(I mark)

¢ acyclist who is slowing down (1 mark)

(3 marks)

&& A student is investigating friction.
She puts a block of wood on a ramp and lifts
the ramp until the block starts to move. She
repeats the experiment with different types of
surface on the ramp.
a State the variable that she is changing
(the independent variable). (I mark)
b State the variable that she is measuring
(the dependent variable). (1 mark)
¢ State the variable or variables that she
should control. (1 mark)
d Explain why she will need to plot a bar chart
in this investigation. (2 marks)
(5 marks)

& & A cyclist is sitting on her bicycle at the

start of a race.

a Draw a diagram of the cyclist and label the
forces acting on her. (2 marks)

b Explain how the bicycle seat exerts a force
on the cyclist. (2 marks)

¢ The race begins. State whether the forces on
her when she goes around a corner are
balanced or unbalanced. (1 mark)

(5 marks)

5 AB A Astudent wants to make a

newtonmeter. He coils a piece of wire around
his pencil to make a spring. He puts a 100 g
mass on the spring. A 100 g mass has a
weight of 1 N. He measures the extension.
a Describe how to measure the extension of
a spring. (3 marks)
b Explain the difference between a mass of
100 g and a weight of 1 N. (2 marks)
The student measures the extension for
different forces and plots his results on a
graph. The line on the graph is a straight line.
¢ Use the shape of the graph to explain why
the spring obeys Hooke's Law. (2 marks)
(7 marks)

& & & Another student decides to use an
elastic band as a newtonmeter and plots
these results.

Force (N)

Extension (cm)

Explain in detail why the elastic band cannot
be used as a newtonmeter but a spring can.
(6 marks QWC)




Learning objectives
After this topic you will be able to:

e describe the different types of
wave and their features

e describe what happens when
water waves hit a barrier

e describe what happens when
waves superpose.

| Key Words

oscillation, vibration, energy, undulation,
sound, amplitude, frequency, wavelength,
peak, crest, trough, transverse,
longitudinal, compression, rarefaction,
reflection, incident wave, reflected wave,
superpose

amplitude (m) waveiength (m)

or crest
trough

A This diagram shows the amplitude
and wavelength of a wave.

A You can make a transverse wave on
@ a slinky.

Mexican waves are very popular at concerts and sporting
events. But what is a wave?

What is a wave?

In science a wave is an oscillation or vibration that transfers
energy or information. A wave can also be an undulation on the
surface of water. Matter does not get transferred. Waves have many
uses, for example, microwaves cook food, and sound waves help
you communicate.

Features of a wave
All waves have three important features:

e an amplitude, which is the distance from the middle to the top
or bottom of a wave

e afrequency, which is the number of waves that go past a
particular point per second

e awavelength, which is the distance from one point on a wave
to the same point on the next wave.

The top of a wave is called a peak or crest, and the bottom of a
wave is called a trough.

A Name three properties of a wave.

Transverse or longitudinal?
You can send pulses down a slinky spring. You can make the pulses
in two ways.

You can move your hand at right angles to the spring. This
produces a transverse wave on the slinky. In a transverse wave
the oscillation is at 90° to the direction of the wave.

osci[ltions m m energy
l transfer

oscillations at right angles to energy transfer

A In a transverse wave the oscillation is at 90° to the direction
of the wave.



You can also push and pull the spring. This produces a
longitudinal wave on the slinky. The oscillation is parallel to the
direction of the wave — it is in the same direction as the spring itself.

In a compression the coils of the spring are close together. In a
rarefaction the coils are further apart. Sound is a longitudinal
wave and light is a transverse wave.

oscillations parallel

i transf rarefactsons\

0 energy ransfer

— energy

oscillations “ ‘ S i i
compressmns

A 1In alongitudinal wave the oscillation is parallel to the
direction of the wave.

A You can make a longitudinal wave

B State the direction of the oscillation of a longitudinal wave.

Reflecting waves
Waves bounce off surfaces and barriers, just like a football bounces
off a wall. This is called reflection.

The wave coming into the barrier is called the incident wave.
The wave bouncing off is called the reflected wave.

reflected
wave

incident
wave

4 A wave reflects
off a barrier.

Summary Questions

C State the name of the wave that hits the barrier.

Adding waves
When waves are put together they superpose. This means that
they add up or they cancel out.

If the waves are in step they will add up. You get more than you
had before. If they are not in step then they cancel out and you get
less than you had before.

Spot the word

Write the word from each of

these definitions:

a the dista
bottom of a wave

ce from the top to the

b where the lin a spring are

on a slinky.

1 & Copy the sentences below,
choosing the correct bold words.

A wave is an oscillation or
vibration that transfers energy/
matter. The distance from the
centre to the top of the wave is the
amplitude/wavelength. The
distance from one crest to the
next crest is the amplitude/
wavelength. Waves can reflect/
superpose when they hit a
barrier, and cancel out or add up
when they reflect/superpose.

(5 marks)
) & A Des uhe the differenx;e

(2 marks)




@ Sound and energy transfer

Leaming objectives If you very gently press the front of your throat while
chords vibrating. The vibration produces the sound waves

ribe how sound i :
e describe how sound is that travel through the air from your mouth.

produced and travels
e explain why the speed of

What is a sound wave?
sound is different in different

A vibration produces a sound wave. All speakers, like the cnes in your

ek headphones, have something that moves backwards and forwards, or
e contrast the speed of sound _ . :
; vibrates. This makes the air molecules move backwards and forwards,
and the speed of light.

which produces a sound wave.

Some people think that sound just dies away’ It doesn't. It spreads out
as it moves away from the source.

A State what produces a sound wave.

What does sound travel through?

Dolphins and whales use sound waves to communicate underwater.

Elephants stamp their feet when a predator comes near — the warning

travels through the ground to other elephants. Sound needs a

A The ends of a tuning fork medium like a solid, liquid, or gas to travel through. It cannot travel
are vibrating. through empty space, a vacuum, because there are no air molecules

to vibrate.

How fast does sound travel?
Sound travels at 340 m/s in air. Sound travels much faster in liquids,
: about 1500 m/s. Sound travels fastest in solids. In metals like steel
A Air molecules move backwards ; .
vl fariids it can travel at 5000 m/s. You can explain why a sound wave travels
faster in a solid than in a gas if you think about particles. The particles
s i = - inasolid are very close together, so the vibration is passed along
' - ~ morequickly thanin a gas.

motion of air molecules  motion of sound wave

solid liquid gas

A The arrangement of particles explains the speed of sound in
different materials.

i ) . B - W
@ A Dolphins communicate underwater.



Some people talk about the'sound barrier’ There is no difference

between travelling at or beyond the speed of sound.

Felix Baumgartner found this out when he became the first human vibration, medium, vacuum, speed of
to travel faster than the speed of sound when he jumped from a sound, speed of light

balloon 24 miles above the surface of the Earth.
Stormy night @

A girl sees a flash of lightning
and then hears the thunder four
seconds later.

a How far away is the storm?

State your answer in kilometres.
b What would she notice about
the thunder and lightning when

the storm is directly overhead?
< Felix Baumgartner
travelled faster
than sound.

Summary Questions

1 & Copy and complete the
sentences below.

Sound is produced by objects that

How fast?

A student uses some secondary sources of information to make

a list of the speed of sound in different materials. ?Leis Iiakes the air melecdl e‘s
a Draw a suitable table that she could use to record the data. and produces
b State and explain which type of graph she could plot to show a sound wave. Sound travels
the data. fastestin_______ and slowest
in— and it cannot travel
through a
C Name the three types of medium that sound can Emaks)
travel through. 2 A A explain why sound travels
slower in a gas compared to
i g . a liquid.
Which is faster: sound or light? e

Light travels much faster than sound. The speed of light is

300 000 000 m/s, so it is almost a million times faster than sound. 3 Rﬂ&cgmnarethe ttme it
You notice this difference during a thunderstorm. The thunder and '
lightning are produced at the same time. You see the lightning _
immediately but it takes time for the sound of thunder to reach you. it takﬁswdw travel th@&ame*.

Light can travel through a vacuum. It doesn't need a medium to distance.
travel through. (6 marks QWC)
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@ Loudness and pitch

Learning objectives
After this topic you will be able to:

e describe the link between
loudness and amplitude

e describe the link between
frequency and pitch

e state the range of human
hearing and describe how
it differs from the range of
hearing in animals.

A An oscilloscope shows a
representation of a sound wave
made, for example, by a tuning fork.

| Key Words

pitch, loudness, microphone,
oscilloscope, hertz, kilohertz, audible
range, infrasound, ultrasound

Fantastic Fact!

Grasshoppers make sounds that they
cannot even hear.

If you play a loud note of exactly the right pitch then
you can shatter a glass. What's the difference between
loudness and pitch?

Seeing sound

You can plug a microphone into an oscilloscope to see what the
sound of your voice looks like. The wave on the screen is transverse
but the wave that you are making when you talk is longitudinal.
The microphone produces a signal that represents the sound wave.

What affects the loudness of a sound?
If a drummer hits the drum harder the sound is louder.

soft

A Aloud sound has a bigger
amplitude than a soft sound.

A A drum produces a sound with
a large amplitude.

You bang a drum harder or pull a guitar string more to produce

a louder sound. A loud sound has a bigger amplitude than a soft
sound. It transfers more energy than a soft sound. To make a louder
sound you need to make the vibration bigger.

A State the property of a sound wave that affects the
loudness of the sound.

What affects the pitch of a sound?

Some singers can sing higher-pitched notes than others. The pitch
of a note depends on the frequency. High-pitched sounds have

a high frequency and low-pitched sounds have a low frequency.
Frequency is measured in hertz (Hz) or kilohertz (kHz).

1 kHz = 1000 Hz To make a higher-pitched sound you need to make
something vibrate faster, so that there are more waves per second.



high
low
A A whistle produces a sound A A high sound has a higher
with a high frequency. frequency than a low sound.

You can have a loud, high-pitched sound or a loud, low-pitched
sound. Changing the frequency does not affect the amplitude.

B State the property of a sound wave that affects the pitch
of the sound.

What frequencies can you hear?

You can only hear a particular range of frequencies, called the
audible range. You have the biggest audible range when you are
young: 20-20 000 Hz. Your audible range changes as you get older.
You will find it more difficult to hear high-frequency sounds.

What frequencies can other animals hear?

Bats, dolphins, and grasshoppers have a completely different
audible range to humans. Lots of animals can hear frequencies that
are much higher than the frequencies we can hear. Frequencies
below 20 Hz are called infrasound. Frequencies above 20 000 Hz
are called ultrasound.

Species Audible range (Hz)

bat 2000-110 000
cat 45-64 000
dog 67-45 000
dolphin 1000-100 000
goldfish 20-3000
hedgehog 250-45 000
whale 1000-123 000

Conversions
a Convert the audible range for

You can learn more about ultrasound in
P1 2.5 Echoes and ultrasound

humans into ertz.

ible range of the

whale into kilohertz.

Summary Questions

1

& Copy the sentences below,
choosing the correct bold words.

The loudness of a sound depends
on the amplitude/frequency and
the pitch of the sound depends on
the amplitude/frequency.
Frequency is measured in hertz/
metres. The range of frequencies
you can hear is called the
audible/visible range.

(4 marks)

(2 marks)




@ Detecting sound

Leaming objectives Your ear is your body’s microphone. If you listen to
After this topic you will be able to: really loud music it doesn’t hurt but can it damage
your hearing?

® describe how the ear works

e describe how your hearing can
be damaged

e describe how a microphone
detects sound.

How do you hear?

Your ear detects sound waves. The part of your ear that you can
see, called the pinna, directs the sound wave into your auditory
canal towards your ear drum. The pinna, auditory canal, and
eardrum make up your outer ear.

Your eardrum vibrates and passes the vibration on to the ossicles.
m The ossicles make up your middle ear. They are tiny bones that
amplify the sound. They make the oval window vibrate.

You can learn more about specialised
cells Bl 1.3 Specialised cells This passes the vibration on to liquid in the cochlea. This contains
thousands of tiny hairs. As the liquid moves the hairs move.

Specialised cells at the base of the hairs convert the movement to

an electrical signal. The signal travels down the auditory nerve to
your brain. You hear the music.
ear, pinna, auditory canal, eardrum, outer The cochlea and the semi-circular canals make up your inner ear.
The semi-circular canals help you to balance.

ear, ossicle, middle ear, amplify, oval
window, cochlea, auditory nerve, inner
ear, decibel, diaphragm, amplifier

pinna semi-circular
canals

eardrum

auditory canal

A Structure of the ear. A Without these tiny hairs
inside your cochlea you
would not be able to hear.

Your ossicles don't grow. They are

the correct size when you are born. A Name the first part of the ear that vibrates when a sound
They are the smallest bones in wave enters it.
your body.

o &

i’




How do you measure loudness?

In the 2010 World Cup in South Africa the crowd used vuvuzelas to
make very loud sounds. Vuvuzelas can be so loud that they

are painful.

You measure sound intensity in decibels (dB). The decibel scale is
not like a ruler. Each increase of 10 dB increases the sound intensity
by 10 times. A 40 dB sound is 100 times more intense than

a 20 dB sound.

0dB 20dB 40dB | 60dB | 80dB | 100dB | 120dB | 140dB

cannot leaves | talking | normal | heavy | jet taking pain gun
be heard | rustling | quietly | speech | traffic | off threshold shot

How can you damage your hearing?

Your hearing can be damaged if a sharp object makes a hole in
your eardrum but your eardrum will grow back. A build-up of ear
wax can also be damaging. Very loud sounds or head injuries can
permanently damage your hearing.

You can reduce the risk of damage by turning down the volume or
using ear defenders.

B Describe one way that your hearing can be damaged.

How does a microphone work?

When a singer sings into a microphone the sound wave hits a
flexible plate called a diaphragm. The diaphragm vibrates, like
your eardrum. It produces an electrical signal, just like the cells in
your cochlea. The signal carries the information that the sound
wave carried.

You can use an amplifier to make the sound louder.
Loudspeakers convert the electrical signal back into sound when
they vibrate.

wires carrying
electrical

/audio signal

sound waves

A A microphone detects sound in a similar way to your ear.

What protection?

wo companies make ear
defenders. Plan an experiment to
find out which pair is bes

reducing sound intensity

Summary Questions

1 & Copy and complete the
sentences below.

When a sound wave enters your

ear it makes the

vibrate. This makes the

vibrate. The

vibrates and

this makes the liquid inside your
vibrate. Cells at the

baseof _____ inside your
produce an
electrical signal that travels up
your to your
brain. Sound intensity is measured
in Your hearing
can be by loud

sounds. In a microphone a
vibrates, which
produces an electrical signal.

(10 marks)

2 & & Describe one way that your
hearing can be damaged that is
not permanent, and one way that
it can be permanently damaged.

(2 marks)




@ Echoes and ultrasound

Learning objectives
After this topic you will be able to:

e® describe what ultrasound is
® describe some uses of
ultrasound.

A This room is designed to produce no
echoes.

| ey Words

echo, reverberation, transmitter,
receiver

Fantastic Fact!

People used to think that a duck’s
quack and a wolf's howl don't echo.
They do. Sometimes the echo gets
mixed in with noise so you don't
hearit.

Where is the quietest place in the world? Scientists have
designed a room where it is so quiet you can hear your
own heartbeat. The surfaces are designed to absorb
sounds. There are no echoes.

What is an echo?

When sound reflects off a surface it produces an echo. Sound takes
time to travel. There is a time delay between making a sound and
hearing an echo.

Measuring distances

Imagine that you are standing a long way from the school sports
hall. You clap and you hear an echo one second later. How far away
is the wall?

The speed of sound in air is 340 m/s. The sound travels a total
distance of 340 m in one second. The distance to the wallis 165 m
because the sound has travelled there and back. You can use the
time taken to hear the echo to work out distance.

<« You can work out
how far away
a wall is using
echoes.

165m

=N

A State what an echo is.

How do you reduce echoes?

If lots of echoes join together to produce a longer sound this
is called a reverberation. Reverberations can be a nuisance in
concert halls or cinemas. You can reduce the effect of echoes
by covering the walls with soft materials and putting carpet
on the floor.



What is ultrasound?
Bats use ultrasound to find their food. Doctors use ultrasound
to make images of unborn babies. Ultrasound is sound with a
frequency above 20 000 Hz.

B State the frequency of ultrasound.

When doctors make images of unborn babies, the ultrasound wave
travels through the woman and reflects off the fetus. The machine
detects the echo. It uses the time taken for the echo to build up an
image of the fetus.

4 This shows an
ultrasound image
of ababy and a
photograph of the
same baby after he
was born.

Doctors also use ultrasound in physiotherapy. For example,
ultrasound reduces the pain and swelling of a damaged tendon.
They can also look for cancer..

Another use of ultrasound is sonar, used on ships. A transmitter
under the ship sends out a beam of ultrasound. It travels through the
water and reflects off the seabed. A receiver detects the reflection
and uses the time taken to work out the depth of the water.

Literacy @

The word “sonar” is an

acronym. It comes from the
term “Sound Navigation And

Ranging’.

< Ships use ultrasound to work out
the depth of the ocean.

C State a use of ultrasound.

How deep?
A ship’s sonar detects an echo
1.6 s after it sends the pulse.

The speed of sound in water is
1500 m/s. Work out how deep the

water is.

Summary Questions

1 A copyand complete the
sentences below.
Anechois a
of sound. You can use the

between making a
sound and hearing an echo from a
surface to calculate the

to it. Soft
materials sound
and reduce echoes. Animals use
ultrasound to
and

Ultrasound is used to make an
of a fetus, or break

down ;
Fishermen can use ultrasound
tofindthe_____ of
the ocean.

(9 marks)

2 & E Describe one way that a
doctor might use ultrasound.
(2 marks)




P1 Chapter 2 Summary

| Key Points

® Waves are oscillations or vibrations that have an amplitude, wavelength,
and frequency. The fop of a wave is a crest and the bottom is a frough.

® [0 2 transverse wave the oacillation ia at 90° 1o the wave direction,
and in a longitudinal wave it is parallel to the wave direction.

® Waves can reflect from barriers and add up or cancel out.
A sound wave is produced by vibrating objects and is longitudinal.

® Sound fravels at 240 m/s. Sound travels fastest in solids and slowest in
gases and cannot travel through a vacuum.

® The loudness of a sound depends on its amplitude, and the pitch depends on its
frequency. Frequency is measured in hertz (Hz).

® Ahuman’s audible range is from 20-20 000 Hz.

® Your oufer ear consists of the pinna, auditory canal, and eardrum. Your middle ear
confaing your ossicles. Your inner ear contains your cochlea and semi-circular canals.

® Vibrations fravel from your eardrum to the hairs in your cochlea. This produces a
signal that is sent fo your brain.

® |oudness is measured in decibels (d%).

® An echo is a reflection of sound that you can use to work out distance. Soft materials
absorb sound and don't produce echoes.

® Ultrasound is sound with a frequency of more than 20 000 Hz. Humans use
ultrasound to produce images of inside the body, and o find the depths of water.

| Key Words

’ ’
BL@ Wrbte oscillation, vibration, energy, undulation,

sound, amplitude, frequency, wavelength,

Sound campaign . s peak, crest, trough, transverse,
You are a scientific advisor to a council. There are several 153U longitudinal, compression, rarefaction,
do with sound in the area: reflection, incident wave, reflected wave,
e Shopkeepers want to install high—frequency speakers to put off superpose, vibration, medium, vacuum,
young people hanging around outside their shops. speed of sound, speed of light, pitch, A

e People who live near a busy road are concerned about the traffic  Joudness, microphone, oscilloscope, hertz,

noise.
Task

Produce an information pack that includes:
d wave s, its properties, and how it behaves

kilohertz, audible range, infrasound,
ultrasound, ear, pinna, auditory canal,
eardrum, outer ear, ossicles, middle ear,

amplify, oval window, cochlea, auditory u?
e what asoun s

e how you hear, and how hearing can be damaged. HEGVe Inner ear, fecihe,s, diaphiagn, -

amplifier, echo, reverberation, transmitter,

©

receiver
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End-of-chapter questions

1 A Draw a wave and label the amplitude and
the wavelength.
(2 marks)

2 A tuning fork produces this wave on an
oscilloscope:

"\/\

a Draw the wave you would see if the sound

was louder. (1 mark)

b Draw the wave you would see if the sound
had a higher pitch. (1 mark)
(2 marks)

3 & Anotehasa frequency of 400 Hz. State how

many sound waves pass a point per second.
(1 mark)

4 5B

a Describe what happens when a wave

hits a barrier. (1 mark)

b Describe what happens when waves
superpose. (2 marks)
(3 marks)

544
a Explain why a Mexican wave is transverse.
(1 mark)
b Explain why sound is a longitudinal wave.
(1 mark)
(2 marks)

6 A g& Suggest a situation where you might
need to use ear defenders.
(1 mark)

7 A & Here is a table showing the speed of
sound in three different materials: A, B, and C.

Material | Speed (m/s)
A 1250
B ' 300
c | 5000

a State which material, A, B or C, is probably

a solid. (1 mark)

b State which material, A, B or C, is probably
a gas. (1 mark)

¢ Suggest a reason why the three speeds are
different. (3 marks)
(5 marks)

8 ,&. A &, A student is measuring sound
intensity with a meter. He wonders if there is a
link between the loudness of a sound and how
far away you are from the source.

a Suggest a question that the student could
investigate based on thisidea. (I mark)
b Name the independent, dependent, and
control variables in the investigation.
(1 mark)
¢ State the type of graph that he could plot
with the results of this investigation.
(1 mark)
(3 marks)

9 AAA A loudspeaker produces a sound
wave that you can hear. Describe in detail how
the sound is produced, travels, and is detected
by your ear.

(6 marks QWC)

W




Learning objectives
After this topic you will be able to:

e describe what happens when
light interacts with materials
e state the speed of light.

Vs

A You can see a starfish through water.

A Frosted glass is translucent.

How long? How far?

It takes light eight minutes to
travel here from the Sun.
Sound is about a million times

slower. Calculate how long it would

take sound to travel the same
distance. Convert your answer
to years.

As you go deeper and deeper into an ocean it gets darker
and darker until you can hardly see a thing. Some fish
that live there make their own light. Why is it so dark?

What happens to light as it travels?

You look at a book. A source of light, like a light bulb, emits light.
This light reflects off the book and into your eye. You see the book
when the light is absorbed in your eye.

A You see objects because light reflects off them.

Something that gives out light is luminous. Most objects that you
look at are non-luminous. You see them because they reflect light
into your eyes. Light spreads out, just like sound.

When you look through a window, light travels through the glass
and into your eye. The glass transmits the light. When light travels
through glass, Perspex, or shallow water most of the light goes
through but a small amount is absorbed. They are transparent
and you can see through them. In very deep water most of the
light is absorbed.

A State the difference between ‘emit’ and ‘transmit’.

Materials like frosted glass or tissue paper are translucent. Light
can travel through them but it is scattered so you cannot see
clearly. Materials that do not transmit light are opaque.

Opaque materials produce shadows. You can predict the size and
shape of shadows. This is because light travels in straight lines.



B State the difference between a translucent and a
transparent material.

What can light travel through?

Light can travel through gases like the air, some liquids like water,
and some solids like glass. It can even travel through completely
empty space, which is called a vacuum. It does not need a
medium to travel in. Light travels as a wave.

How fast does light travel?
It takes light about eight minutes to reach the Earth from the Sun, a
distance of 150 million km. The speed of light is about

300 000 km/s. Sound travels about a million times slower than light.

Astronomers use ‘light-time’ to measure distances in space.

A light-minute is the distance that light travels in one minute.

A light-year is how far it travels in a year. Light-time is a measure of
distance, not time.

< >
150 000 000 km

Sun Earth

8.3 light-minutes
< >

Not to scale

A There are two ways of showing the distance to the Sun.

C State what is meant by a light-year.

Sort those words

Use the words below to make up three senten

light bulb and a flower in a vz :

more than once but try to use them only once if you can.

emit transmit reflect absorb luminous

non-luminous transparent opaque

| Key Words |

source, emit, reflect, eye, absorb,
luminous, non-luminous, transmit,
transparent, translucent, opaque,
vacuum, wave, light-time

| Link |

You can learn more about the properties
of waves in P1 2.1 Waves

Fantastic Fact!

If light from the Sun travelled at 100 mph
it would take 100 000 years to
reach Earth.

Summary Questions

1 & Copy these sentences,
choosing the correct bold words.

The Sun is luminous/non-
luminous because it emits/
transmits light. The light
reflects/transmits off an object
that is luminous/non-luminous
into your eye so that you see it.
Most objects do not transmit light;
they are translucent/opaque.

(5 marks)

B A Bplainwhy it is so dark at
the bottom of the ocean even
though water is transparent.

(2 marks)




Learning objectives
After this topic you will be able to:

e explain how images are formed
in a plane mirror

e explain the difference between
specular reflection
and diffuse scattering.

A You see a reflection in a window.

virtual
" image

mirror

/\I in

a

A You see an image in a mirror.

Fantastic Fact!

The Salar de Uyuni in Bolivia, South
America is a huge dry salt lake that acts
like a mirror. It is so big that you can see

@ it from space.

There are lots of places that you see your reflection every
day. Shop windows, saucepans, car doors ... but why do
you see your image in some surfaces but not others?

Why do I see an image in the mirror?

When you look in the mirror it appears that there is someone who
looks just like you behind the mirror. The image is a virtual image.
Your brain uses the fact that light travels in straight lines to work
out where the light appears to come from. This is where you see
the image.

When you look at your mirror image in a flat, or plane, mirror, it is
the same shape and size as you are. It appears to be as far behind
the mirror as you are in front of the mirror. Left and right

appear swapped.

The law of reflection

You know that you need light to reflect from an object for you to
see it. Light reflects off a mirror in the same way that a wave reflects
off a barrier.

’7///////////4///////7/{/,

mirror

incident ray reflected ray

— normal

i = angle of incidence )
r= angle of reflection r=r

A Light isreflected at equal angles.

The ray that hits the mirror from your ray box is called the incident
ray. The ray that reflects off the mirror is called the reflected ray.

There is an imaginary line at 90° to the mirror called the normal.
You measure angles from the normal to the rays of light. The
angle between the incident ray and the normal is the angle of
incidence. The angle between the normal and the reflected ray is
the angle of reflection.



When light is reflected from a mirror, the angle of incidence is equal

to the angle of reflection. This is the law of reflection.

A State the law of reflection.

Rough surfaces
Every surface reflects at least some light. You can only see your
image in surfaces that reflect light in a regular way.

Reflection from a smooth surface is called specular reflection.
Reflection from a rough surface is called diffuse scattering.

To form an image, the rays from each part of the object have to
reflect off a surface in the same way. If two rays that are parallel are
reflected at different angles you won't see an image.

smooth rough
surface surface

A Reflection from a smooth
surface (specular reflection).

A Reflection from a rough
surface (diffuse scattering).

B State the type of reflection when light hits a mirror.

Bouncing light
A student wants to investigate the light that is reflected from
different types of material using a light meter.

W

al times

State and explain which type of graph she should plot from
the data that s

image, virtual, plane, incident ray, reflected ray, normal, angle of
incidence, angle of reflection, law of reflection, specular reflection,
diffuse scattering

Angular problem

A student makes a mistake and

measures the angle between the

mirror and the incident ray.

It is 40°.

a What is the angle of incidence?

b What is the angle of reflection?

¢ He says the angle of incidence
and the angle of reflection
always add up to 90°. Is he
correct? Explain your answer.

Summary Questions

1 é Copy and complete the
sentences below.

When you look in a mirror you see

a_ image of yourself.
The image is the same :
,and

from the mirror.

When you close your left eye the

image appears to close their
eye. The image is

formed because light reflects off

the mirror so that the angle of

is equal to the

angle of ;
(7 marks)

2 A A explain why you cannot see
an image of your face when you
look at a white wall, even though
most of the light hitting it is

reflected.
(2 marks)

be




Learning objectives
After this topic you will be able to:

e describe and explain what
happens when light is refracted

e describe what happens when
light travels through a lens.

'

A A pencil looks bent when you put it
in a glass of water.

Fantastic Fact!

Stars twinkle because light is refracted as
it travels through the atmosphere.

| Key Words_

refraction, medium, lens, convex,

@ converging, focus, focal point

You can bend a pencil without touching it. Put it in a glass
and fill it with water. It looks bent but it isn't. Why?

Optical illusions

The pencil reflects light and the light travels from the pencil
through the water. It then travels through the air into your eye.

As the light leaves the water, the direction it is travelling in changes.
This is called refraction.

Refraction happens whenever light travels from one medium
(material) to another.

The change in direction explains why the pencil appears to be
bent. Your brain thinks that the light has travelled in a straight
line. You see the end of the pencil in a different place to where it
actually is. The pencil looks bent. Refraction also explains why a
swimming pool looks shallower than it actually is.

air
water

apparent depth

;
/’,‘
e
il
image l (/*S
______ B2 ¥ (o

real depth

A Arvock at the bottom of a pool looks closer to the surface than
it actually is.

A State the difference between reflection and refraction.

Why does light change direction?

Imagine a truck driving from a road onto mud. When the first wheel
of the truck hits the mud it slows down. The other wheels keep
going — this pushes the truck in another direction. This is similar

to what happens when light travels from air into water or glass, or
when water waves go from deep to shallow.



normal
ray

entering
air \<

glass

refracted
ray

ray emerging

A A truck changes direction as
it slows down.

A Light is refracted when it
slows down.

When light travels through a glass block it slows down when

it goes in, and speeds up again when it comes back out. The
direction changes twice. Light bends towards the normal when it
goes into glass. It bends away from the normal when it comes out.
The two rays outside the block are parallel.

What does a lens do?

There are two lenses in your body. The lens in each of your eyes is
a convex or converging lens. It focuses the light and enables you
to see. The point where the rays cross is called the focus or focal
point. The light is refracted as it goes into the lens and as it comes

back out.

k— focal length ———
[ ‘
{
\

\ focus

A A piece of glass shaped like a lens focuses light.

B Describe what a lens does to light.

Watch that spelling!

In each list below, choose the corr ing of the word.

Make up a rule that wil

help you to

nember the spelling
a lense, lenz, lens

yarrallel, paralell

deep

A Waves are refracted when
they slow down.

Summary Questions

1 A Copy the sentences below,
choosing the correct bold words.

When you look at a rock in the
bottom of a swimming pool it
appears above/below where it
actually is. That is because the
light reflects/refracts when it
travels from water into air.

It bends towards/away from the
normal as it goes into the air.
This is because it slows down/
speeds up.

(4 marks)




@ The eye and the camera

Leaming objectives The iris is the coloured part of your eye. Everyone’s iris is
After this topic you will be able to: ~ Unique. It is like a fingerprint.

e describe how the eye works
e describe how a simple camera
forms an image. optic nerve

How do you see?

2 cornea

object

retina and image

A How an image is formed in your eye.

A No-one has the same pattern in

their iris as you. When you look at your friend, an image of your friend is formed

on the retina of your eye. Light reflected from your friend goes

through the pupil of your eye. The iris is a muscle that controls
m the size of the pupil. The cornea (the transparent outer part of
your eye) and the lens focus the light onto the retina. This forms an

image. The image is inverted (upside down) but your brain sorts it
out so you see an image of your friend that is the right way up.

retina, pupil, iris, cornea, inverted,
photoreceptor, optic nerve, brain,
pinhole camera, real (image), pixel,
charge-coupled device (CCD)

A State which parts of the eye focus the light.

What happens in the retina?
The retina is a photosensitive material that contains cells that

The pupil is a hole in the front of respond to light. They are called photoreceptors. There are two types
your eye. If you dissect a cow’s eye of photoreceptor: rods and cones. Rods are sensitive to movement
you can put your finger throughit. .. and dim light. Cones are sensitive to bright light and colour. When
.: light hits the rods and cones, chemical reactions produce an
W electrical impulse that travels up the optic nerve to your brain.
m B State the type of reaction that takes place in the retina.

You can learn more about specialised
@ cellsin B1 1.3 Specialised cells




How is the eye like a camera?
A camera produces an image, just like your eye. One of the simplest
cameras is a pinhole camera.

Only light travelling in the right
direction gets through the pinhole.

object

screen

A Animage is formed in a pinhole camera.

Light enters the camera through the pinhole, just like it does
through your pupil. An image is formed on the screen, just like it is
on your retina. The image is a real image, not like your image in a
mirror. Any image that you can make on a screen is a real image.

photosensitive paper, or tracing-paper screen

< This is a simple
pinhole camera.

pinhole

Cameras used to contain photographic film, which was
photosensitive. When light hit the film there was a chemical
reaction that changed the chemicals in the film. When you
processed the film you saw the image.

At the back of a digital camera there is a grid of photosensitive
picture elements, or pixels. This is called a charge-coupled
device (CCD). When light hits each pixel it produces charge. The
light produces an electrical, not chemical, effect. When you take a
picture, this charge is moved off each of the pixels and stored. That
is why there is a slight delay before you can take another picture.

C Name the photosensitive grid at the back of a
digital camera.

Real or virtual?

Here are some words that describe
real and virtual images. Use these
words to explain the difference
between the two types of image.

screen virtual real miror

A Thisis the view of your retina that an
optician would see.

Summary Questions

1 A copyand complete the
sentences below.

When you look at an apple, light

off the apple into your
eye. The light enters your eye
throughthe . The

and the
focus the light onto the
The light forms a
image. A chemical reaction
producesan __________signal that
is sent down your
to your brain.

(9 marks)

244 Describe how the camera in
your phone is different to a
pinhaIe:‘camer-a.

(2 marks)




@ Colour

Leaming objectives Have you ever seen really big bubbles? There are colours
After this topic you will be able to: on the bubbles just like the colours in a rainbow or on a
CD or DVD.

e explain what happens when
light passes through a prism

® describe how primary colours
add to make secondary colours

e explain how filters and coloured

materials subtract light.
4 Where do the
colours come

from?

Splitting white light

White light is made up of seven different colours of light. You can
use a prism to split white light into a spectrum. This is called
dispersion. The spectrum of white light is continuous. There
are no gaps between the colours. Sir Isaac Newton first did this
experiment in about 1666.

Dispersion happens because different colours of light are refracted
by different amounts. Violet is refracted the most and red is
refracted the least. Violet light has a higher frequency than red.

Light with a higher frequency is refracted more than light with a
lower frequency.

A State what a prism does to light.

A A prism splits white light into a
spectrum.

.'/ \\ I."II{/\"\I /_\ \
O .
Nt & Adding colours
A Red light has a lower frequency You can make all the colours of light from just three colours: red,
than blue light. green, and blue. These are called the primary colours of light.

Your eye detects these three colours. You can make any colour from
different amounts of red, green, and blue. When you mix two primary
colours you get secondary colours of light: cyan, yellow, and
magenta. You get white light when you mix all three colours of light.

B Name the secondary colours of light.

magenta
Subtracting colours

Coloured lights on a stage can make a spectacular display. White

A This Venn diagram shows the primary  light contains all the colours of light so if you want blue light you
and secondary colours of light. need to get rid of all the other colours.




What do filters do to light?

A red filter subtracts colours from white light. It transmits red light
and absorbs the rest. It does not change the colour of light. If you put
ared and a green filter together no light would get through them.

red filter green filter

white light
red light
no light

A Filters transmit the colours that they are and absorb the rest.

Why are objects different colours?

A red car reflects red light into your eyes. When the white light from
the Sun hits the car, the paint absorbs all the other colours except
red. Any coloured object reflects the colour thatitis and absorbs
the rest. Black objects absorb all the colours. White objects absorb
no colours and reflect all the light.

white light

white light

white light

A Black objects absorb all the colours of light and white objects
reflect all the colours of light.

white light
red light

<« An apple reflects red
light and absorbs the
other colours.

What table?
lent wants to record data in an experimen
ining all the primary and secondary colours of light onto

pieces of coloured material. Draw a table to show how she could

record her results.

C State what a black object does to white light.

Fantastic Fact!

You can never see a rainbow when the Sun

is in front of you.

| Key Words

prism, spectrum, dispersion, continuous,
frequency, primary colour, secondary
colour, filter

Summary Questions

1

2

3

A Copy the sentences below,
choosing the correct bold words.

When white light goes through a
prism, red light is reflected/
refracted the most/least and
violet light is refracted the most/
least. This is called dispersion/
refraction. A green filter absorbs/
transmits green light and
absorbs/transmits the rest.
A cyan object absorbs/reflects
red light, absorbs/reflects blue
light, and absorbs/reflects green
light. A magenta object would look
black in blue/green light.

(10 marks)

A & Explain why a green shirt
looks black in red light.
(2 marks)

black




©

P1 Chapter 3 Summary

_® \light is emitted from luminous sources. It can be transmitted through,
reflected, or absorbed by non-luminous objects.
® Objects are transparent, franslucent, or opague.
® Light travels fhrough a vacuum at 200 000 km/s.
e Alight-year is the distance light fravels in one year. Light-years are
_used to measure very large distances.
_® Your brain uses the fact that light travels in straight lines and you see a
virfual image when you look in the mirror.

® The law of reflection says that the angle of incidence equals the angle of reflection.
® Images are formed when reflection is specular but not when there is diffuse scattering

from a surface.
® when light slows down it is refracted towards the normal.
® Alens can focus light 1o a focal point.

® Light enfers your eye fhrough the pupil. The cornea and lens focus light fo produce

a real image on your refina. A chemical reaction in the photoreceptors in your eye

produces an electrical signal. The signal travels down the optic nerve to your brain.

® \Light forms an image in a camera in the same way. Digital cameras store images
produced when light hifs a charge-coupled device (D).

® TPrisms disperse white light to produce a continuous spectrum. Primary colours of
light 2dd up to make secondary colours. All three colours add to make white light.

® Filters and coloured objects subtract colours from white light by transmitting or
reflecting the colour that they are and absorbing the rest.

BLY wrlte

The big production

A theatre has asked you to come up with some
about ghost hunters.

Task 3!
Write a plan for your team 1O do some investigations 1O produce s

offects. The effects could include reflection in mirrors and glass and
different-coloured lights and materials.

—

ideas for a play

pecial

Tips
e Aswell as what happens on t
and programmes that look differ

he stage, you could design posters
ent in different-coloured lights.

source, emit, reflect, eye, absorb,
luminous, non-luminous, transmit,
transparent, translucent, opaque,
umbra, penumbra, vacuum, wave,
light-time, image, virtual, plane,
incident ray, reflected ray, normal,
angle of incidence, angle of reflection,
law of reflection, specular reflection,
diffuse scattering, refraction,

medium, lens, convex, converging,
focus, focal point, retina, iris, pupil, .
cornea, inverted, photoreceptor, optic
nerve, brain, pinhole camera, real
(image), pixel, charge-coupled device
(CCD), prism, spectrum, dispersion,
continuous, frequency, primary colour,
secondary colour, filter




End-of-chapter questions

1 & Mirrors reflect light. State which capital
letters of the alphabet would look the same if
you saw them in a mirror.

(1 mark)

2 é An actor is wearing a uniform that has a
blue jacket and red trousers. Suggest and
explain what the audience would see if he stood
on stage in:

a white light (2 marks)
b green light (2 marks)
(4 marks)

3 && A hunter is trying to spear a fish.

a Explain why he aims above where he sees
the fish. (2 marks)
b Explain why diving birds dive straight down
to catch fish. (2 marks)
(4 marks)

&& A student has collected data about
different types of plastic block. He measured
the mass and the angle of refraction of a ray of
light going into the block. Each block is the
same size.

Here are his results:
250 27

220 32

24

300 ' 21

State one variable that the student must keep
the same during this investigation.

(1 mark)
State the name of the independent variable.

(1 mark)
State the name of the dependent variable.

(1 mark)

Describe the relationship between the mass
and the angle of refraction. (1 mark)
Describe one way that the student could
improve the way that the results are
presented in the table (I mark)
(5 marks)

& & Copy and complete the diagram below
to show what happens when light goes
through a lens.

(4 marks)

& && Light slows down from 300 000 km/s
to 200 000 km/s in glass and to 226 000 km/s
in water. Aray of light enters each medium
with an angle of incidence of 40°. State and
explain whether the angle of refraction would
be bigger or smaller in water than in glass.

(2 marks)

é é & Here is some information about
the speed of light in different materials.
Describe and explain what you would see if
you shone rays of light through a lens made
of each material.

Material Speed of light in the
material (million km/s)

diamond ' 125
glass 200
plastic 187

(6 marks QWC)




Learning objectives
After this topic you will be able to:

e describe the objects that you
can see in the night sky

e describe the structure of the
Universe.

A An astronaut on a spacewalk is
building part of the ISS.

The odds of being killed by falling space

»

debris are one in five billion.

| Key Words

artificial satellite, orbit, Earth, Moon,
natural satellite, planet, Sun, Solar
System, comet, meteor, meteorite,
star, galaxy, Milky Way, Universe,
astronomer

When you look at the stars in the night sky you do not see
them as they are today. The light from them has taken
years to get here. You are looking back in time.

Satellites

The nearest objects that you can see without a telescope are
artificial satellites. They orbit the Earth. You can see the
International Space Station (ISS) with the naked eye (without using
binoculars or a telescope). The light reflected from the ISS reaches
us in a fraction of a second.

Light reflected from the Moon reaches us in just over a second.
The Moon orbits the Earth. It is the Earth’s only natural satellite.

A Name the natural satellite that orbits the Earth.

What is wandering across the sky?

There are five planets that most people can see with the naked
eye: Mercury, Venus, Mars, Jupiter, and Saturn. Like the Earth they
orbit the Sun. Venus gets closest to the Earth, about two light-
minutes away. Light from Saturn takes about 1.5 hours. The planets
form part of the Solar System.

B Name the planets that are visible to the naked eye.

Comets and meteors
A comet is one of the most spectacular sights in the night sky.
They are huge snowballs that orbit the Sun.

Meteors are bits of dust or rock that burn up as they move
through the Earth's atmosphere and produce streaks of light.
Any meteor that makes it to the ground is called a meteorite.

C Describe how the appearance of a comet is different to
the appearance of a meteor.




® P1 Chapter 4: Space

Lights in the sky
Most of the dots of light that we see are stars in our galaxy, the

Milky Way. A galaxy is a collection of stars and there are billions of
stars in the Milky Way.

Light takes about eight minutes to
get to us from the Sun, our nearest
star. Our next nearest star is over four
light-years away.

A Comet Hale-Bopp was visible in the
night sky in 1997.

Fantastic Fact!

This shows our Sun in our galaxy, P
the Milky Wauy.

All the elements that you are made of were
made in the centre of stars in galaxies.

Summary Questions

1 é Copy the sentences below,
choosing the correct bold words.

Some of the dots of light in the night sky are other galaxies.

A galaxy contains billions of stars. The Milky Way is just one of
billions of galaxies that make up the Universe. Our nearest large
galaxy is Andromeda, which you can see with the naked eye. Light
from Andromeda takes 2 million years to get to Earth.

There are thousands of satellites in
orbit around the Sun/Earth.

The Moon is a natural satellite of
the Sun/Earth. Comets are huge
snowballs that orbit the Sun/Earth.
Planets orbit the Sun/Earth.

4 The Andromeda (4 marks)

alaxy is the
2eareét large 2 .& ;& Describe the difference

galaxy to us. between a meteor and a
meteorite.

(2 marks)

3 ‘& ‘& When you look up at the
night sky you see dots of light

that don’'t appear to move. List
How do we know? what the dots of light could be.
Astronomers have learned about the objects that we see in (2 marks)
the night sky from the observations they have made. You 4 ééé Compare the time it
cannot do experiments in astronomy. Astronomers use models takes light to reach us from the
to work out what makes up the Solar System, the Milky Wauy, different objects that you can see

and the Universe. in the night sky. .
(6 marks QWC) @



@ The Solar System

Learning objectives
After this topic you will be able to:

e name the objects in the
Solar System

® describe some similarities
and differences between the
planets of the Solar System.

A These are NASA images of the
planets of the Solar System.

Remember that order! 0

Before Pluto was renamed a

dwarf planet, people used to
remember the order of the planets
using this mnemonic:

My Very Easy Method Just Speeds
Up Naming Planets. A mnemonic

uses first letters to make up a

sentence. Make up your own
mnemonic for the planets as they
arenow: M, V, E. M, 1, S, U, N.

A

ellipse, asteroid, Mercury, Venus, Mars,
terrestrial, gas giant, dwarf planet, gravity

Q

No-one has ever seen all of the Solar System at once
because it is too big. Scientists have used observations to
build a model of the Solar System.

What’s in our Solar System?

Starting from the Sun and moving outwards the Solar System
contains four inner planets and four outer planets. All of the planets
orbit the Sun. Each orbit is a slightly squashed circle called an
ellipse. Between the orbits of Mars and Jupiter there is an
asteroid belt.

A State the number of planets in the Solar System.

The planets

The inner planets, Mercury, Venus, Earth, and Mars, are all
terrestrial planets; they are made of rock. The conditions on the
planets are very different. Mercury does not have an atmosphere.
At night the temperature drops to —170 °C and during the day it
can reach 430 °C.Venus has an atmosphere of carbon dioxide that
traps energy from the Sun.

<« The Curiosity
rover on Mars
takes a picture
of itself.

The outer planets are called gas giants; they are made mainly of
gases such as hydrogen and helium. All of the gas giants are very
cold and are much bigger than the inner planets.

Many of the planets have moons in orbit around them. Saturn has
60 moons but Earth has only one.



Diameter (km) Distance from Sun (million km) Distance from Sun Temperature (°C)

Sun 1 391 000 - - -
Mercury 4879 58 3.2 light-minutes -18010 430
Venus 12 104 108 6.0 light-minutes 465
Earth 1275% | 150 | 8.3 light-minutes 8910 58
Mars 6787 208 | 12.7 light-minutes 82100
Jupiter 142 800 778 43.3 light-minutes -150
Saturn 120 660 1427 1 light-hour 19 light-minutes -170
Uranus 51118 2871 2 light-hours 39 light-minutes -200
Neptune 49 528 4498 4 light-hours 10 light-minutes -210

Fantastic Fact!

Venus spins in the opposite direction to all
The asteroid belt the other planets in the Solar System.
There are thousands of pieces of rock in the asteroid belt. Some

are tiny specs of dust but one is large enough to be called a dwarf
planet. Ceres is the only dwarf planet inside the orbit of Neptune. Summarg Questlons

) 1 & Copy and complete the
Outside the Solar System seniences belo

B List the planets in size order, starting with the smallest.

There are inner and

outer planets in the Solar
System. The band of dust and
rocks between Jupiter and Mars is

o

ath of comet —

called the . Plutois
a planet. Scientists think
that most comets come from a
« This diagram shows how region outside the Solar System
the orbits of Pluto and a called the
comet are different to the (5 marks)

orbits of the planets.
2 & & State one similarity and

Pluto used to be called a planet but in 2006 it was renamed a one difference between the inner
dwarf planet. Beyond Pluto’s orbit is a region called the Kuiper Belt. and outer planets.
Astronomers think that most comets come from outside our Solar (2 marks)
System in a region called the Oort Cloud, beyond the Kuiper Belt. 3 && Compare planets and
asteroids.
How did our Solar System form? (2 marks)
Scientists think that gravity pulled the gas and dust together to 4 AA4A Describe and explain the
form our Sun about 5 billion years ago. They think planets formed link between distance from the
from a disc of gas and dust surrounding the Sun. Astronomers are Sun and temperature of the
looking for evidence from observations of other clouds of gas and planets. Explain why Venus is the
dust to see if they can detect planets forming. odd planet out.

(6 marks QWC)



@ The Earth

Learning objectives
After this topic you will be able to:

e explain the motion of the Sun,
stars, and Moon across the sky

e explain why seasonal changes
happen

A This photograph of the night sky was
taken over 10.5 hours.

rotation axis

\_ Sun never sets
i long days

1 sunlight

equal days
- /' and nights
Sun never S [ % short days
rises

A When the Earth spins, half the Earth
@ is in the light and half is in the dark.

Is the Earth special? Astronomers have discovered
hundreds of planets orbiting other stars. They call these
exoplanets. So far Earth is the only planet known to
contain life.

The spinning Earth

The Earth spins on its axis. If you take a photograph over a long
time the stars appear to move in circles. This shows that the Earth
is spinning.

A Describe how you can demonstrate that the Earth
1S spinning.

There is day and night on Earth because Earth spins on its axis. It
takes 24 hours to complete one full spin.

The Sun rises in the east each morning, reaches its highest point
at noon, and then sets in the west in the evening. The Sun isn't
moving. You are.

B State the direction in which the Sun rises.

The orbiting Earth
The Earth moves around the Sun once each year. The Earth takes
365.2422 days to orbit the Sun. There is an extra day in a leap year

every four years.

Spin and orbit

Write the shortest sentence that you can to explain day
length and year length using these words:

spin, day, night, orbit, year

Over the year the height of the Sun at noon, average daily
temperature, and stars that you see at night all change during the
different seasons.



The Earth’s axis is tilted by 23.4°.

It is hotter in the summer than the winter because the tilt of the
Earth's axis means that the Sun’s rays spread over a smaller area
and the days are longer.

In the summer in the North Pole the tilt of the axis means that
the Sun doesn't set. This is called the'Land of the Midnight Sun’
In the winter the Sun does not rise, giving a ‘polar night' This also
happens at the South Pole.

A The Sun never sets — this shows the Sun in the Arctic over a 24-hour period in the summer.

@ Summary Questions

1 & Copy the sentences below,

February 29th?

It takes 21 600 seconds longer to orbit the Sun than just the
365 days you use for one year. Show that in 4 years these extra

seconds add up to one whole day.

The groups of stars, or constellations, that we see in the summer
at night are different to the stars that we see in the winter. This is

because the Earth is moving around the Sun. The side of the Earth
that has night is facing different stars at different times of the year.

March
spring in the north and December
autumn in the south O winter in the north and
/ ' - \ummer in the south

summer in the north and
September

winter in the south
autumn in the north and
spring in the south

Sun

A The Sun’slight is spread out over a bigger area in the winter.

| Key Words

exoplanet, axis, day, night, year, season,
constellation

2448

choosing the correct bold word.

You see the Sunrise in the east/
west and set in the east/west
because the Earth spins/orbits.
A month/year lasts approximately
365 dauys. This is the time that it
takes the Earth to orbit the Sun/
spin once. The days are longer/
shorter in the summer and the
Sun is higher/lower in the sky
at noon.

(7 marks)

a Explain why it is hotter in the
summer than it is in the winter.
(2 marks)

b Explain why the shadow of a
fence post is longer in the
winter than in the summer.

(1 mark)




Learning objectives
After this topic you will be able to:

e describe the phases of
the Moon

e explain why you see phases of
the Moon

e explain why eclipses happen.

A There is a side of the Moon that you
never see from Earth.

Farewell, Moon

The Moon is 38 000 000 000 cm
away and is moving away from the
Earth at a rate of about 3.8 cm per
year. Work out how much closer to

the Earth it was when you

were born.

Many years ago, people used to have differentideas
about space. The Ancient Chinese thought a solar eclipse
was a demon eating the Sun. In other civilisations, people
linked the changing appearance of the Moon with
strange changes in behaviour.

Why does the Moon look different?
The Moon takes 27 days and 7 hours to orbit the Earth once.

7
light from Sun 8 '/., ,\ 6

5 <4 Half of the Moon

is lit all the time.
Earth

R
What we see: 3 MR
_5 6 7 8

@0 (( ) DO

new crescent first gibbous full gibbous third crescent
quarter quarter

o

A List the phases of the Moon, starting with a full moon.

Half the Moon is lit up by the Sun all the time. As the Moon moves
around the Earth it looks different from the Earth. The changing
shapes are called phases of the Moon. \When the Moon is in
position 1 you see a’new’moon. You see the side of the Moon that
is in shadow. The Moon moves around the Earth to position 2 and
you see a crescent moon. In position 5, the Sun lights up the whole
of the side that you can see from the Earth and you see a full moon.

Alunar month is the period of time from one new moon to the
next new maoon.

B State how much of the Moon’s surface is lit up by the
Sun during a new moon.

Fantastic Fact!

A ’blue’moon happens when there are two full moons in one calendar
month. It happens quite often, about once every three years.



Why do we see eclipses?

Solar eclipses

When the Moon comes between the Sun and the Earth it makes a
shadow on the Earth's surface. If you are standing in the umbra, the
Moon completely blocks the light from the Sun and you see a total
solar eclipse. If you are standing where only part of the Sun'’s light is
blocked (the penumbra) you will see a partial solar eclipse.

Sun Earth

A You can see a total eclipse of the Sun.

| Key Words

umbra

penumbra

phases of the Moon, umbra, total solar

A A solar eclipse happens when the Moon eclipse, penumbra, partial solar eclipse,
blocks the light from the Sun. lunar eclipse

C State the name of the deep shadow that produces a
total solar eclipse. 5ummary Questions

1 A Copy and complete the

Lunar eclipses
P sentences below.

A lunar eclipse happens when the Earth comes between the Sun

You see a moon when the
and the Moon.

Sun lights up the whole of the side
that you can see. When the side of

Sun

Earth

the Moon that you can see is in
v shadow you see a maoon.
‘ ‘ Meor A solar eclipse happens when the
o comes between the Sun
- = and the A lunar eclipse

happens when the comes
between the Sun and the

\

(6 marks)
Far side of the Moon

The Moon spins on its axis but the time it takes to spin all the way
around is the same time that it takes to orbit the Earth. This means
that the same side of the Moon always faces the Earth. There is a
side that you never see.

2 A A explain why you would see
an eclipse on some of the planets
in the Solar System but not others.

(I mark)

This doesn't mean there is a side of the Moon that is always in the
dark. When you are looking at a new moon the Sunis lighting up
the side of the Moon that you can't see.

(6 marks QWC)




P1 Chapter 4 Summary

s . Key Points
e ® You can see satellites, the International Space Station, the Moon, comets,

meteors, planets, stars, and galaxies in the night sky.

® The distances to objects in the night sky can be measured in light-time
(light-seconds, light-minutes, light-hours, and light-years).

® The natural objects that you see are made of mixtures of gas, dust, rock,
and ice.

® The Universe consists of millions of galaxies. Each galaxy contains billions
of stars. Each star may have planets, asteroids, and comets in orbit around
them. Each planet may have moons in orbit around them.

® There are four rocky inner planets (Mercury, Venus, Earth, and Mars), an asteroid
belt, and four outer planets (Jupiter, Daturn, Uranus, and Neptune), made of gas.

® Planets further from the Sun are colder. Venus is hotter than Mercury, even though
it is further from the Sun. This is because Mercury does not have an atmosphere 1o
frap energy.

® The Earth spins on its axis once a day. This is why we have day and night, and why the
Sun and stars appear to move across the sky.

® The Earth orbits the Sun in one year. The axis of the Earth is tilted and this explains
the height of the Sun at noon, day length, femperature, and constellations that you see
change during the year.

® You see phases of the Moon because the Moon is orbiting the Earth. Half of
the Moon is always lit by the Sun.

® A solar eclipse happens when the Moon is Detween the Sun and the Earth.

A lunar eclipse happens when the Earth is between the Sun and the Moon.

- ':_‘-

-

star, artificial satellite,
orbit, Earth, Moon, natural
satellite, planet, Sun, Solar
System, comet, meteor,
meteorite, star, galaxy,

’ Milky Way, Universe,
B l C‘ Wrbte astronomer, ellipse,
asteroid, Mercury, Venus,
Anew Earth...? Mars, terrestrial, gas giant,

s some information : _
The table show dart planat. gravity

net Pegasi band Earth. = : _

about the pla 9 Dlstanc_e_from the 7.7 150 exoplanet, axis, day, night,
star (million km) .

Task Tires 1 orbit th 2 35 year, season, constellation,

: ide to the new planet, ime to orbit the

Write a gui Sun (days) phases of the Moon,

comparing it to Earth and other Time to spin once 4 1 umbra, total solar eclipse,

planets in the Solar System. on its axis (days) penumbra, partial solar
Tilt of the axis 79 235 : :

: eclipse, lunar eclipse
TlpS (degrees) P P

@ e Could there be life on Pegasi b?



End-of-chapter questions

1 A Here is a list of objects that you can see in ¢ Explain why the path of the Sun in the sky
the night sky. Sort the objects into those that is different in autumn and in winter.
are in orbit around the Sun and those that are (2 marks)
in orbit around the Earth. (6 marks)

comet planet Moon satellite asteroid
International Space Station

4 & & A Here are some objects in the

(2 marks) Universe:

Sun inner planet outer planet galaxy .

2 Bhe diagram shows the Earth in orbit our nearest star Moon =0
around the Sun: a State which object or objects are a distance [ |
of light-seconds away and which are oo
light-years away. (2 marks) >

b Describe a problem with communicating :
with people on a spacecraft travelling

through the Solar System. (2 marks)
(4 marks)
a Copy the diagram and label the Sun, the
Ea.rth, and th? kicon: _ (3 marks) 5 4&. /'y &The table below shows the angle
b It issummer in the southern hemisphere of tilt of the axes of all the planets in the 2= ve

when the Earth is at position X. State which

Solar System.
season it would be when the Earth is at

Use the information in the table and your

position V. (1 mark)
¢ State how many months it would take the scientific knowledge to describe the seasonal [EEE.
Earth to move between X and Z. (1 mark) changes on each of the planets .
(5 marks) and compare them to conditions on Earth.
(6 marks QWC)
3 & &This diagram shows how the Sun moves
across the sky during the day in summer: Planet | Angle of tilt (') [ Planet | Angle of tilt (* :
| Mercury 0 Jupiter ' 3 -
k. — — | Venus 177 Saturn ' 27 G
z/ Summer ﬂ\ | Earth 23.5 Uranus 98
| Mars 25 Neptune | 30 '

b B\

a Copy the diagram and add these labels:
east, west, sunrise, sunset, noon
(2 marks)
b On the diagram sketch the path of the
Sun in winter. (2 marks)



Physics

It's hard to imagine a world without electricity. In this unit

you will discover how circuits work and how the electricity

in your house is generated. You will learn why it is important

to insulate a house and what you pay for when you pay your

electricity bill. You will also find out how to use graphs to tell

a story, and how forces explain gas and air pressure.

Q

You already know

Lots of appliances run on electricity.
You need a complete loop for an electric circuit to work.

Some materials, like metals, are good conductors of
electricity.

You can change the volume of a buzzer or the brightness
of a lamp by changing the number of cells.

Switches can control lamps and buzzers.
Forces can be transferred using gears, pulleys, levers, and springs.
Light travels as a wave and can be reflected, refracted, or absorbed.
Unbalanced forces can change the speed of an object.

Magnets have two poles and attract or repel, depending
which poles are facing each other.

Some metals are magnetic. The Earth is a giant magnet.

BIG Questions

« What happens in an electric circuit?

« What happens in a power station?
« Why are aircraft cabins pressurised?



Can you solve this Picture Puzzler?

The first letter of each of these images spells
out a science word that you will come across

in this unit.

picture Puzzler

Close Up

Can you tell what this
zoomed-in picture is?
Clue: You will need
one to make an
electromagnet.

Making connections

In P1 you learnt about waves.
In P2 you will learn how waves transfer energy.

In P3 you will learn about the application of waves
in communication, medicine, and detection
techniques.




Learning objectives
After this topic you will be able to:

e explain how objects can
become charged

e describe how charged objects
interact

e describe what is meant by an
electric field.

A You can bend a stream of water with
static electricity.

3 electron

A An atom contains three types of
particle.

| Link

You can learn more about atoms in

@ C1 2.2 Atoms

Because of static electricity you can stick a balloon to a wall or
bend a stream of water. Static electricity produces lightning.
What s static electricity, and where does it come from?

Attracting and repelling

There are two types of electric charge: positive charge (+) and
negative charge (). Charges attract or repel each other, like
magnets do.

e Positive charges repel positive charges.
e Negative charges repel negative charges.
e Positive charges attract negative charges.

&—»
oO—

b

& e— -—90

A Repelling. A Attracting.

Memory jogger

Remember it like this: ‘Like charges repel, unlike charges
attract.’

A State the two types of electric charge.

Where does the charge come from?
Everything is made of particles called atoms.

Atoms in turn are made of three types of smaller particle:

e protons, which have a positive charge
e electrons, which have a negative charge
e neutrons, which have no charge.

Charge is a property of a particle or object, just like mass.

Atoms contain equal numbers of protons and electrons. Overall an
atom has no charge: it is neutral.

When you rub a balloon on your jumper some electrons are
transferred from the jumper to the balloon. The balloon now has an
overall negative charge. Your jumper has an overall positive charge.
They will attract.



before = after

A Rubbing aballoon transfers electrons from your jumper to the balloon.

The balloon is made of rubber. The electrons stay on the balloon.

B State the charge on an electron, a proton, and a neutron.

Lightning

In a thundercloud air moves around, producing regions that have
a positive or a negative charge. Electrons jump from one charged
area to another and this produces a big current, which quickly
heats the air. You see lightning and hear thunder.

What is an electric field?

There is an electric field around a charge, just as there is a
gravitational field around a mass. If you put a charged objectin an
electric field, a force will act on it.

<« Pepper grains line up in an
electric field. This shows
the electric field between
two charges that are
repelling.

Atomic puzzle
Unscramble the words below and pair them up. Explain why
you have chosen to pair them that way.

notpro oneturn iviespot gianteve laterun centrelo

electric charge, positive, negative, attract, repel, atom, proton, electron,
neutron, neutral, current, lightning, electric field

A lightning can strike a plane.

Fantastic Fact

Since you took your last breath lightning
has struck the Earth 100 times. On
average, airliners will get struck by
lightning once a year.

Summary Questions

1 A copy and complete the
sentences below.

There are two types of electric
charge: charge and
charge. When you rub a polythene
rod with a cloth you transfer

from the cloth to the rod.
Two polythene rods would
if you brought them close together.
A polythene rod would a
rod that had a positive charge.

(5 marks)

2 && A student rubs a balloon on
his jumper and sticks it to the wall.
Explain in terms of electrons why
the balloon sticks to the wall.

(3 marks)




@ Circuits and current

Learning objectives
After this topic you will be able to:

e describe what is meant by
current

® describe how to measure
current.

A Ababy is kept warm using electric
circuits.

A Diversneed a torch to explore
underwater caves.

A You connect an ammeter in a circuit
to measure current.

Doctors use an incubator to help keep a premature baby
alive. An electric current flows through a heater that
keeps the baby warm.

What is current?

e When you complete a circuit, charged particles or charges
move in the metal wires.

e The current is the amount of charge flowing per second.

When you press the switch on a torch the light comes on. The
switch opens and closes a gap in the circuit. You need to close the
gap and make a complete circuit for a current to flow.

When people talk about electricity’they usually mean‘electric current!

A Describe what a current is

You can measure the current with an ammeter.

e Currentis measured in amperes or amps.
e The symbolfor ampsis A. For example, the current in the circuit
opposite is 0.4 A.

B Name the meter that you use to measure current.

Where do the charges come from?

The cell or battery pushes charges around the circuit. The battery
does not produce the charges that move. They were already there in
the wires. In a metal the charged particles that move are electrons.

o7 o
”o..o 0‘*“0 ‘0. 0>

5 < K- o 7%
e *0?&0)00 4»0?&00\0
A The electrons are already in A The electrons move when you
the wire. connect the battery.

Using circuit symbols

You can build circuits using components such as batteries, bulbs,
and motors. [t would take a long time to draw a picture of each
circuit so you can use circuit symbols instead.



. I 11
switch »;) ] I
battery
? _—~bulb

A This is a picture of a torch.. A ..and thisis the circuit diagram.

In the torch diagram there are two cells. Cells used together like

this are called a battery. People often use the word'battery’for a

single cell, but in physics we call it a cell. A Circuit symbols make it simpler to
You must make sure that you connect cells the right way round or draw circuits.

they will not work.

Modelling electric circuits - part 1 m

You cannot see what happens in the wires when a current flows. current, switch, ammeter, amps, cell,
Scientists use models such as the rope model to show what is battery, motor

happening. One person pulls the rope, and another person grips
the rope lightly. The rope moves around. In this model:

e The rope represents the charges in the circuit. Summary Questions

e The amount of rope moving past a point per second is the current.
al & Copy and complete the

sentences below.

Current is the amount of
flowing per . In ametal wire
charged particles called
move when you connect a battery.
You can use a meter called an

to measure current.
Current is measured in
which has the symbol

(6 marks)

2 &b
< Avope model a Brawa_mrc‘urt diagram to show

can help you
to understand

circuits. andoff. (2 marks)
b Describe what happens inthe wires
when youclose the switch. (1 mark)

Confusing words?
For each of these words write one sentence using the word
with its correct scientific meaning. Write a second sentence

where it has a different, everyday meaning.

e charge e current o coll




@ Potential difference

Learning objectives
After this topic you will be able to:

e describe what is meant by
potential difference

® describe how to measure
potential difference

e describe what is meant by the
rating of a battery or bulb.

A You can save someone’s life with a
big potential difference.

A You connect a voltmeter either side
of the component.

A doctor can use a defibrillator to start someone’s heart if
it stops. Defibrillators produce a large potential difference
(sometimes called a voltage), much bigger than a battery
can produce.

What is potential difference?
The cell or battery provides the push to make charges move. The
push is called a potential difference, or p.d. for short.

The potential difference across a cell tells you about the size of
the force on the charges.

e The potential difference also tells you how much energy can be
transferred to the components in the circuit by the charges.

A Batteries come in different A In apotato cell a chemical
shapes and sizes. reaction between the metals
and the potato produces a
potential difference.

Measuring potential difference
You measure potential difference using a voltmeter.

e Potential difference is measured in volts.
e The symbolfor volts is V. For example, the potential difference
across the cell oppositeis6 V.

You can measure the potential difference of a cell by connecting a
voltmeter across it. This is also called the rating.

A Name the meter that you use to measure potential
difference.

You can measure the potential difference across a componentin a
circuit using a voltmeter.



B State the unit of potential difference.

Circuit components such as bulbs also have a rating. The bulb in
the circuit on the opposite page has a rating of 6 V. It is designed to
work at a potential difference of 6\, and no higher.

‘Potential difference’ or ‘voltage’?
Sometimes people talk about the 'voltage’of a cell or battery. It is
better to talk about potential difference. You can think of a circuit as

being a bit like this:
: L
' Charges “fall” ®
> through i

. components.

o

CCOCCCoo

A battery “lifts
charges up”. A voltmeter ;
measures the q
size of the drop. ® ?
o] [
CCCOCOCCCCOCCO

A You can think of the battery ‘lifting’ up the charges. In the circuit
above the voltmeters would read the same.

Modelling electric circuits — part 2
You can use the rope model when you are thinking about potential
difference. In the rope model:

e The person pulling the rope is like the battery.
e A bigger potential difference across the cell would come from
the 'battery’ person pulling harder.

Are bigger batteries better?

nt wants ect some data ab

difference cach one.

Write a plan that they could use to collect the data.

potential difference, voltmeter, volts, rating, voltage

Mary Shelley wrote Frankenstein after
finding out that Louis Galvani made dead
frogs' legs move using a battery in 1818.

i
TN I
i

Summary Questions

1 & Copy and complete the
sentences below.

The potential difference of a cell or
battery tells you the size of the

, and how much
can be transferred by the charges.
You measure potential difference
or p.d. with a .The

of a battery tells you the p.d across
it, and the on a bulb tells
you the p.d. at which it is designed
to work.

(5 marks)

2 AAB A student connects a circuit
with a cell, an ammeter, and a
buzzer and listens to the buzzer.
She adds another cell.

a Describe and explain what
happens to the current. (2 marks)

b Describe and explain what
happens if she turns one of the
cells around. (2 marks)




@ Series and parallel

Learning objectives
After this topic you will be able to:

e describe the difference between
series and parallel circuits

® describe how current and
potential difference vary in
series and parallel circuits.

A Modern Christmas lights stay on if
one bulb blows.

A In a series circuit, the reading on all
the ammeters is the same.

Christmas lights make a great display. In old sets of lights,
if one of the bulbs broke they would all go out.

P
Two types of circuit

The old type of Christmas lights were connected

in series. All the bulbs formed one loop,

including the battery and the switch. —

There is another type of circuit called a parallel
circuit. In a parallel circuit there is more than one

loop or branch. Parallel circuits are sometimes

called ‘branching circuits. _

9 A Inaseries
circuit there is
only one loop.

T ® ®

A This is a parallel circuit because A ..which you can also draw
there is more than one loop... like this.

Parallel circuits are very useful because if one bulb breaks, the
other lights stay on. You can control each lamp separately in a
parallel circuit by adding a switch to each branch. Each bulb is
independent of the others.

A State two differences between series and parallel circuits.

What happens to the current?

Series circuits
In the circuit opposite, the ammeters A, A, and A, all show the
same reading. In a series circuit the current is the same everywhere.

If you add components to a series circuit the current will get smaller.

Parallel circuits

A parallel circuit has more than one loop. In the circuit at the top
of the next page, the current in each branch is the same. The
ammeters A, and A, show the same reading.



The ammeters A and A,
measure the total current. The
currents in all the branches of
a parallel circuit add together
to make the total current. Here &
the total current is double the
current in each branch.

If you add another branch to a
parallel circuit the current in the
other branches stays the same
but the total current increases.

(»)

A In a parallel circuit, the current
in all the branches adds to the
total current.

—

B State what happens to the total current as you add more
branches in a parallel circuit.

Modelling circuits — part 3
You can use the rope model when you are thinking about different
types of circuit. In the rope model:

Series circuits
e The rope moves at the same speed everywhere.
e Asmore people hold the rope, the rope moves more slowly.

Parallel circuits
e There are more loops of rope.
e Allthe loops are driven by the same 'battery’ person.

What happens to the potential difference?

Parallel circuits

The potential difference across
each component is the same as
the potential difference across
the battery.

Series circuits

The potential difference across
each component adds up to the
potential difference across the
battery.

%Y

ARt T
53

Current issues

In a circuit with a single cell and

a single bulb, the current is 0.2 A.
Calculate the current if you add
another bulb in series with the

first bulb. Explain your answer.

| Key Words

serieg, parallel

Fantastic Fact

A family in Australia holds the world record
for Christmas tree lights. Their display
contained over 330 000 separate lights.

Summary Questions

1 & Copythe sentences below,
choosing the correct bold words.

A series circuit has more than
one/one loop. A parallel circuit has
more than one/one loop. If a bulb
in a parallel/series circuit breaks
the rest of the bulbs stay on. If a
bulb in a parallel/series circuit
breaks the rest of the bulbs go out.

(4 marks)
2 BB state what happens to the
total current as you add more
bulbs in a parallel circuit.

(1 mark)




Learning objectives
After this topic you will be able to:

e describe what is meant by
resistance

e calculate the resistance of a
component and of a circuit

e describe the difference between
conductors and insulators in
terms of resistance.

& Q)

@ 0.4 A (A o.1a

A The currents in these circuits are
different, even though the cells are
the same.

R

A Youcan use an ammeter and a
voltmeter to find the resistance of
alamp.

What’s the resistance? @

A bulb in a circuit has a current
of 0.6 A through it and a potential

difference of 12 V across it.

Calculate the resistance of
the bulb.

The current in the wires connected to a television is much
smaller than the current in the wires to a microwave.
The reason for this is to do with resistance.

4 Electrical devices
have different
currents through
them.

Different components, different current
Components do different jobs in an electric circuit.

Each circuit component has a different resistance. This tells
you how easy or difficult it is for the charges to pass through
the component. Resistance is measured in ehms, which has the
symbol Q. Q is a letter from the Greek alphabet.

The current depends on the push of the battery and also the resistance
of the component. You can calculate the current using this equation:

current (A) = potential difference (V)
resistance (€2)

You can use the idea of resistance to explain why the current
decreases as you add more bulbs in a series circuit. Adding more
bulbs increases the resistance, so the current is less.

A State what is meant by resistance.

Measuring resistance
You can use an equation to calculate the resistance of a component.

Here is the equation to calculate resistance:

resistance (Q) = potential difference (V)
current (A)

B State the unit of resistance.




For example, if you found that the current through a bulb was 0.2 A
when the voltage across it was 6 V, you could work out the resistance:

resistance = potential difference
current
= 6V

0.2A
=30Q

What happens inside a wire?
You can use a model with marbles to show what happens inside a wire
when a current flows. The charges that move in a wire are electrons.

marbles (infinite supply)

height

< You can use marbles and
posts to model resistance.

The marbles behave like electrons. As they fall down the slope they
collide with the posts. Inside a wire the moving electrons collide with
the atoms of the wire. They transfer energy, and the wire gets hot.

Conductors and insulators

Metals are good conductors. They have a very low resistance
because they contain lots of electrons that can move. The
resistance of a 10-m piece of copper wire is about 0.2 Q.

Other materials such as plastics do not have many electrons that
are free to move. The resistance of plastic objects is very high, over
a thousand million million ochms. The air is usually an insulator but
it can conduct if the potential difference is big enough. Insulators
have a high resistance.

S« A spark happens
when the

air conducts
electricity.

| Key Words

Fantastic Fact

Many people think that Thomas Edison
invented the lightbulb. What he invented
was the first lightbulb with a filament that
didn't burn out when a current flowed in it.

resistance, ohms, conductor, insulator

Summary Questions

1 & Copy and complete the
sentences below.

The current in a circuit depends on
the and the .The
current will be bigger if the
is smaller. Inside a metal wire
collide with atoms and
transfer fo them.
are materials that contain lots of
charges that are free to move.
contain fewer charges that
can move.

(7 marks)

2 AB nthe circuit diagrams on
the opposite page the cell has a
potential difference of 3 V.
Calculate the resistance of the
motor and the lamp.

(4 marks)
3 AER Compare the resistance of
conductors and insulators.

(6 marks QWC) @




@ Magnets and magnetic fields

Leami“g objectives With a magnet you can make something move without

After this topic you will be able to: even touching it.

e describe how magnets interact r
e describe how to represent

magnetic fields
e describe the Earth’s magnetic

field.

L « Ferrofluid is a
- BE—e epecil liguidthat

L ' A is magnetic.

A Magnets can attract or repel other
magnets.

Attracting and repelling

A magnet has a north pole and a south pole.
e North poles repel north poles.

e South poles repel south poles.

e North poles attract south poles.

Memory jogger @

Remember it like this: ‘Like poles
repel, unlike poles attract.’

A Name the two poles of a magnet.

Only certain materials are attracted to a magnet. They are called
magnet magnetic materials. [ron is a magnetic material, and so is steel
because steel contains iron. Cobalt and nickel are also magnetic.

[[? paper clip

v

thread

A There is a force on a steel paper clip
in a magnetic field.

<« Information on a
credit card is stored
in a magnetic strip.

Fantastic Fact

The Earth's magnetic field keepsflipping ~~ What is a magnetic field?
About 500 000 years ago the magnetic In an electric field there is a force on a charge. In a magnetic field
@ north pole was actually the south pole. there is a force on a magnet or a magnetic material.




You can find out the shape of a magnetic field in two ways:
e using plotting compasses e usingiron filings

small compasses

The needle of a compass lines up with the magnetic field. So do

the iron filings. You can draw lines called magnetic field lines to
represent the field. The lines go from the north pole to the south pole
of the magnet, with arrows pointing from the north to the south pole.

e |If the magnetic field lines are closer together this shows that
the magnetic field is stronger.

e A permanent magnet is a magnet that has its own magnetic field.

A A magnet lines up with the Earth’s

B State two ways that you can find out the shape of a
magnetic field.

The Earth’s magnetic field
If you hang a magnet up it will line up in a direction pointing north
to south. This is because it is in the magnetic field of the Earth.

The Earth behaves as if there is a huge bar magnet inside it. There is
not really a bar magnet, and physicists are not sure what produces
the Earth's magnetic field.

<« The Earth’s magnetic field
is the same as that of a
big bar magnet with the
south pole at the top of
the planet.

Summary Questions

2 A explain why the needle of a

3 m Besrgn a gamé af skﬂlthat

magnet, north pole, south pole, magnetic material, magnetic field,
magnetic field line

magnetic field.

How strong?

A student wants to measure the
strength of different types of
magnet by holding up a paperclip
as shown in the diagram on the
opposite page. Draw a table for
their results.

1 A copy and complete the
sentences below.

Magnets have a pole and a
pole. Two poles that are the
same will and two poles
that are different will .The
needle of a lines up in the
of a magnet.

(6 marks)

compass always points in the
same direction wherever you point
it in a room.

(2 marks)

(6 marks)




Learning objectives

After this topic you will be able to:

® describe how to make an

electromagnet

® describe how to change the

strength of an electromagnet.

current

¥

A The magnetic field around a wire.

N

current

A The magnetic field around a coil of

wire.

Doctors in hospitals have used

electromagnets to remove steel splinters

from a patient’s eye.

»

Permanent magnets are fun, but you can’t turn them off.

The magnetic field around a wire

A wire with an electric current flowing through it has a magnetic
field around it. You can investigate the field with a plotting
compass. The field lines are circles.

Making an electromagnet
You can make a circular loop of wire and pass a current through it.
The magnetic field lines at the centre of the loop are straight.

circular coil carrymg current

i

magnetic field Iines\* m rent

The magnetic field around a single loop isn't very strong. If you put
lots of loops together to make a coil the field is much stronger. This
is an electromagnet. The shape of the magnetic field is just like
the shape of the magnetic field around a bar magnet.

<4 The magnetic field
around a loop of wire.

You can turn an electromagnet on and off by turning the current
on and off. The magnetic field is only produced when the current is
flowing in the wire.

Using a core

Electromagnets usually have a magnetic material in the centre
of the coll, called a core. This makes the electromagnet much
stronger. Most cores are made of iron. Iron is easy to magnetise
but loses its magnetism easily.

Steel is hard to magnetise but keeps its magnetism. If you
had a steel core in an electromagnet you could not turn the
electromagnet off, because the steel would still be magnetic,

A State the type of material you can use for the core of an
electromagnet.




iron nails steel pins

magnet
removed

magnet
removed

A Steel stays magnetic when you remove the magnet.

How do I make an electromagnet stronger?
The strength of an electromagnet depends on:

e the number of turns, or loops, on the coil. More turns of wire
will make a stronger electromagnet.

e the current flowing in the wire. More current flowing in the wire
will make a stronger electromagnet.

e the type of core. Using a magnetic material in the core will
make a stronger electromagnet.

B State three things that affect the strength of
an electromagnet.

Permanent magnet or electromagnet?

Permanent magnets and electromagnets both have their uses.
There are two main differences between permanent magnets and
electromagnets.

e You can turn an electromagnet on and off.
e You can make electromagnets that are much stronger than
permanent magnets.

Fantastic Fact

The strongest magnet is an electromagnet that produces a magnetic field
10 million times stronger than the Earth’s magnetic field.

| Key Words

electromagnet, core, magnetise

A The strength of an electromagnet
depends on the number of turns on
the coil, the current, and the core.

Summary Questions

1 A Copy and complete the

sentences below.

When a flows in a wire it
produces a around
it. You can make an electromagnet
using a of wire with a
flowing in it. The shape of
around an

the

electromagnet is the same as that
around a bar magnet.

(5 marks)

j'em a battery




@ Using electromagnets

Learning objectives

After this topic you will be able to:

e describe some uses of
electromagnets

e describe how a simple motor
works.

A You can travel at over 200 mphon a
maglev train.

guidance
electromagnet

levitation
electromagnet

A FElectromagnets lift a maglev train
and push it forward.

| Key Words

@ relay, motor

Have you ever travelled on a high-speed train? Trains that
use electromagnets can go faster than a Formula 1 car.
They don’t have an engine. How do they work?

Lifting off

You have learned that magnets can repel each other. Engineers use
this fact to build trains that use magnetic levitation. This means the
train is lifted up using magnets.

Very powerful electromagnets on the track repel magnets on
the train. There is no friction between the train and the track. This
means the train can travel much faster than normal trains.

That's not all. The train is pushed forward by other electromagnets
called guidance electromagnets. It does not need an engine.

A State the type of magnet used to levitate a train.

Switching on

An X-ray machine can be very dangerous. It uses a very high
potential difference. The radiographer using the machine
uses a relay to turn the machine on, instead of a normal
on/off switch.

What is a relay?

A relay uses a small current in one circuit to operate a switch in
another circuit. When the switch is closed the coil becomes an
electromagnet. The two pieces of iron inside are magnetised.
They attract each other and turn on the X-ray machine,

o~ 0O y —_

X-ray |

machine

A A small current can turn on a much bigger current in a separate circuit.



How do you start a car?
A car battery produces a large current that can be very dangerous.  contacts, — pemmseessess
The driver switches on the circuit in the battery to start the car.
They can do this safely using an electromagnet switch.

iron armature

,,,,,,,,,

How do you lift a car?
You can use an electromagnet to move large pieces of iron or steel
in a factory, or to move cars in a scrap yard.

coil of wire

plate

A A starter motor uses an

electromagnetic switch.
current off ?

Recycle those cans!
Write a letter to the manager

current on

of your school’s kitchen

aining how they could use

A Electromiagnats canlift ears. electromagnets ort the soft

How do you sort metal? drinks cans for recycling.

You canusean electromagnet to sort out scrap metal. Iron and steel will be
Summary Questions

attracted to the electromagnet. Other metals, such as aluminium, will not.
1 A copyand complete the

B, State one use of an electromagnet in a scrap yard.

Moving and spinning sentences below.
The turntable in a microwave needs to turn so that your food cooks Electromagnets can be used to
evenly. The motor that makes it move is just one of many motors levitate and push them

in your home. You can make a simple motor using two magnets forward. A acts like a
and a coil of wire switch to turn on circuits that can
' be dangerous. When a
When you connect the coil to a battery a current flows in the coil. flows in a coil of wire between two
The coil becomes an electromagnet. The forces between the coil magnets then the coil . This
and the permanent magnet make the coil spin. is how an electric works.
(5 marks)
2 B state the parts of an electric
motor and how a motor works.

< A simple motor.

Fantastic Fact

There are more than 50 electric motors in the average family home.




P2 Chapter 1 Summary

Key Points

e Objects can be charged positively or negatively by transferring electrons.

e Like charges repel and unlike changes atfract.

o A eledric field is a region where there is a force on charged particles or materials.

e CEledric current is the amount of charge flowing per second. You measure
arrent in amps (A) using an ammeter.

e The potential difference of a cell tells you the size of the push on the charges and
how much energy can be transferred by them.

e You measure potential difference in volts (V) using a voltmeter. The rating of a cell or
battery tells you the potential difference at which it operates.

e Deries circuits contain only one loop, and the current is the same everywhere. Parallel circuits
have branches and the currents in all the branches add up to make the total current.

o A comporent with a high resistance has a small current through . Resistance is measured in obms
(Q). You calculate the resistance using the potential difference across a comporent and the current
through it. Insulators have a very high resistance and conductors have a very low resistance.

e Magrnets have a north pole and a south pole. Like poles repel and unlike poles aftract.

e Magnetic maferials feel a force in the region around a magnet called a magnetic field. Magnetic
field lines show the pattern of the magnetic field.

e A current flowing in a coil of wire wrapped around a magnetic material is an electromagnet.

It behaves like a bar magnet but you can turn it on and off.

® E'Lec‘tromagne‘ts are used in mag‘.av trains, hospitals, and cars. m_

electric charge, positive,

gative, attract, repel,
Maths challenge o oo el

Mixed-up electromagnets SRR G neutron, neutral, cgrrent,
A student investigated the strength of electromagnets yReRllgRBRNE L lightning, electric field,
paperclips they wil pick up. Here is his results table: switch, ammeter, amps, cell,
Number | Potential | Type of Numbeli" of battery, motor, potential
: ; i .
core bkl papef = difference, voltmeter, volts,

10 15V iron Ccopper . .

5 30V it copper 8 rating, voltage, series,

10 45V iron copper ié parallel, resistance, ohms,

10 6.8 v _iros; EEEE‘Z‘; 20 conductor, insulator, magnet,

oV iro
‘;g g oV iron copper 16 north pole, south pole,
20 30V iron copper ig magnetic material, magnetic
copper : 45 ik ¢
ig 28 \\’; alu:?ﬁ':um coEper 0 field, magnetic field lines,

electromagnet, core,
Use the data to:

@ o rmake separate tables for each of the variables that he changed magnetise, relay, motor

e plot an appropriate graph for each variable.




End-of-chapter questions

1 A Look at circuits A, B, and C.

a State the letter of the circuit or circuits in

which the bulb is lit. (1 mark)
b Describe what you could do to make the
bulb light in the other circuit or circuits.

(2 marks)

(3 marks)

a

a Draw a diagram to show the magnetic
field around a bar magnet. (2 marks)
b Describe what would happen to the
magnets in the diagrams A and B below.
(2 marks)

4 1
> RS S

¢ State one difference between a permanent
magnet and an electromagnet. (I marks)
(5 marks)

B A pescribe how a simple motor works.

(2 marks)
Al

a Draw a circuit diagram for the circuit below.
(2 marks)

b State whether this is a series or a
parallel circuit.

¢ Copyand complete the table to show
what would happen when you press the

(1 mark)

switches. (3 marks)
Switches closed Bulbs lit
X
Y
Xand Y

d Describe how you could measure the
current flowing in each bulb. (2 marks)
(8 marks)

&& A student connects one bulb, an
ammeter, and a cell in series. He connects a
voltmeter across the bulb.
a Draw a circuit diagram for this circuit.

(2 marks)
The current through the bulbis 0.4 A. The
potential difference across the bulb is 3 V.
b Explain what is meant by potential

difference.

The bulb has a rating of 6 V.
¢ State what is meant by the rating of

(1 mark)

a lamp. (I mark)

d Calculate the resistance of the lamp.
(2 marks)
(6 marks)

&& The student adds another lamp in series
to the circuit above.
a Describe and explain what happens to the
reading on the ammeter. (2 marks)
b Describe and explain what happens to the
reading on the voltmeter. (2 marks)
(4 marks)

&&é A student rubs a rod with a cloth and
uses the rod to pick up small pieces of paper.
Explain in detail how this happens.

(6 marks QWC)




@ Food and fuels

Learning objectives
After this topic you will be able to:

e compare the energy values of
foods and fuels

e compare the energy in foods
and fuels with the energy
needed for different activities.

A You need the energy stored in food.

==t JUUr 5.0, 7 TGN > ur
Tpical yap, *Day, Of fruit wiy

100
mntam, 459 serving
Contajny

710k
170kea)
4.6g

0.19
379
0.1g
0.3g

A You can see the energy associated
with food on the food label.

You can learn more about nutrition in
B2 1.3 Unhealthy diet

| Key Words

@ energy, joule, kilojoule

What did you have for breakfast? You need energy from
food to do many things, including walking, breathing,
and even reading this! Your brain needs energy to work.

How much energy?

Different foods are stores of different amounts of energy. Energy is
measured in joules (J). One joule is a very small amount of energy,
so we often use kilojoules (kJ). 1 kJ = 1000 J.

A State the unit of energy.

How much energy in food?
Food labels tell you how much energy is in the store associated with food.

The amount of energy stored in different foods varies greatly.

Food Energy (kJ) per 100 g
apple 200
banana ' 340
'peas 250
chips | 1000
cooked beef 1000
chocolate 1500

When you choose which foods to eat you need to consider the
nutritional value of the food as well as the energy that s in the store.

How much energy in fuels?

A Theenergy associated withthis A .. which is the same amount as
lump of coal is about 3000 kJ.. two bars of chocolate.

Coal and chocolate are both stores of energy. Oil, wood, and other
fuels are stores too. You need oxygen to burn both food and fuels.
People use the energy in fuels to heat their house or cook their
food. Electrical appliances need an electric current to work. When
you burn fuel in a power station it produces a current that makes
your microwave or hair straighteners work.



B Name three fuels.

How far?

On average people can walk
How much energy do you need each day? e

You need different amounts of energy depending on what you do each day.

about 90 metres per minute, and
run about 150 metres per minute.

Calculate how far you would need
to run to burn off the energy in
50 g of chocolate.

Fantastic Fact

An adult man needs about 12 000 kJ per
day. The same man walking to the North
Pole would need about 27 000 kJ per day.

Summary Questions

1 & Copy and complete the
sentences below.

Energy is stored in and

S . The amount of energy

A Playing: 3600 kJ per hour. A Relaxing: 360 kJ per hour. stored is maasurad i
When you are asleep your body
There is an energy cost to everything that you do. You need energy needs energy for keeping warm
to keep your body warm, to breathe, move, and talk. While you are and . Children need more
growing you need energy for your bones, muscles, and brain to grow. energy than adults to grow bigger
and :

o
sitting _ 6
standing ___ 7 2 AA calculate the number of
washing, dressing : 15 . minutes you would need to cycle
walkdng: slowly 13 for to work off 200 g of chips.
cycling j 25 _
running 60 (2 marks)
swimming 73 '

Sportsmen need a lot more energy than the average person.
People who walk to the North or South Pole need even more
energy because they need extra energy to keep warm.

Energy balance

An adult should just take in the energy they need for the activities
that they do. If you take in more energy than you need your body
stores it as fat to use in the future.




@ Energy adds up

Learning objectives

After this topic you will be able to:

e describe energy before and
after a change

e explain what brings about
changes in energy.

< Energy is a bit
like money.

@ A Camping gas is a chemical store.

Do you have some money in your pocket? If you know
how much you left home with, and you didn’t spend any
on the way, then you know how much you have now.

Conservation of energy

Energy cannot just disappear, and you cannot end up with more
than you had at the start. Energy cannot be created or destroyed,
only transferred. This is the law of conservation of energy.

A State the law of conservation of energy.

Energy stores

There is energy associated with food and fuels (and oxygen). You
can think of that energy as being in a chemical store. Energy is
transferred from the store when you burn the fuel or respire. There
are other types of energy store:

Energy to do with... Type of store

food, fuels, batteries | chemical

hot objects | thermal

moving objects ' kinetic

position in a gravitational field | gravitational potential
changing shape, stretching, or squashing | elastic

Before and after
A camping stove burns gas, which is a fuel.

Before:

What we have | unburnt fuel, more oxygen less fuel, more carbon dioxide
cold soup and water
hot soup (and slightly hotter air)

Thinking about | more energy in the chemical store | less energy in the chemical store
energy less energy in the thermal store | more energy in the thermal store

If you could measure the energy in the chemical and thermal stores
you would see that:

total energy before = total energy after

Fantastic Fact

If all the energy in the food that you eat was converted to energy in a
thermal store you would glow like a light bulb.



Transferring energy

Electric current, light, and sound are ways of transferring energy
between stores. After you use your phone, there is less energy in
the chemical store and more energy in the thermal store of the
surroundings.

B State three ways that energy is transferred between stores.

b

At U S = o n sy, e
A The ski-lift increases the energy in the
gravitational potential store.

Wasting energy, saving energy

In a car you want the burning fuel to transfer energy to the store
that you want (the kinetic store of the car), not to other stores that
you don't want (such as a thermal store). You want the car to move,
not heat up.

| Key Words

law of conservation of energy, chemical
store, energy store, thermal, kinetic,
gravitational potential, elastic, dissipated

In many situations energy is transferred to the thermal store of the
surroundings. Scientists say that the energy is dissipated.

Summary Questions

1 & Copy and complete the

A The energy in the thermal store is dissipated.

When we talk about 'saving energy; what we really mean is saving
fuel. Energy is always conserved, but if we can transfer more of it to
the useful store, we save fuel.

Why do things happen?

It is tempting to say that things happen because they have energy.
Energy tells you what changes are possible, but it does not explain
why things happen. Forces, not energy, explain why things move.
For example, you can put fuelin a car but that does not make the car
move. The force provided by the engine makes the car move.

Remember those stores!
Use the first letter of each of the stores in the table above to

write a mnemonic to help you to remember them.

sentences below, choosing the
correct bold words.

The law of conservation of energy says
that energy cannot be created/
dissipated or destroyed/
transferred. When you burn coal you
transfer energy from a chemical/
thermal store to a chemical/thermal
store. You can/cannot explain why
things happen using energy.

(5 marks)

Al

a Describe where and how energy
is stored in atorch. (2 marks)

b Explain what happens to the
energy stored in the torch when
it is switched on. (2 marks)




@ Energy and temperature

Learning objectives
After this topic you will be able to:

e state the difference between
energy and temperature

® describe what happens when you
heat up solids, liquids, and gases

e explain what is meant by
equilibrium.

< Formulal
teams heat
up their
tyres.

4 Some thermometers
use sensors to
measure temperature.

A Sparks are hot, but they do not have
much energy in the thermal store.

Hot tyres grip the road much better than cold tyres.
Formula 1 drivers heat up their tyres.

What is temperature?

Something that is hotter than your skin will feel hot, and something
that is colder than your skin will feel cold. You cannot measure
temperature with your skin.

You use a thermometer to measure temperature. Some
thermometers have a liquid inside a very thin glass tube that
expands when it is heated. Other thermometers are digital.

We measure temperature in degrees Celsius (°C).

A State the unit of temperature and the unit of energy.

What'’s the difference?

There is a difference between energy and temperature. You can
have a swimming pool and a beaker of water at exactly the same
temperature.

Even though they are at the same temperature the swimming pool
represents a much bigger thermal store of energy than the beaker
of water.

A There is a lot of energy in the A Thereislessenergyin the
thermal store of a heated thermal store of a beaker of
swimming pool. water at the same temperature

thanin the swimming pool's
thermal store.



What happens when you heat things up?

Heating changes the movement of particles. If you heat a solid
the particles vibrate more. If you heat a liquid or a gas the particles
move faster and vibrate more.

solid liquid gas

A Particlesin solids, liquids, and gases.

Individual particles in a solid, liquid, or gas get don't get hotter.
They move or vibrate faster. The energy that you need to increase
the temperature of a material depends on:

e the mass of material
e what the material is made of
e the temperature rise that you want.

B State what happens to the particles in a liquid when you
heat it up.

Which way?

Hot objects cool down. Energy is never transferred from a cold
object to a hot object, only from a hot object to a cooler object.
The temperature difference is reduced and eventually both objects
willend up at the same temperature. They will be in equilibrium.
No more energy is transferred between their thermal stores.

‘ =254

t=20°C t=25°C
energy is transferred no more energy is transferred

C State what is meant by equilibrium.

Hot and cold

You might hez

amw hu it is now correct.

You can learn more about particles in
C1 1.1 The particle model

| Key Words

temperature, thermometer, equilibrium

Summary Questions

1 A Copy and complete the
sentences below.

You measure
Celsius using a
does not depend on the amount of
material that you have, but the
stored does. The particles
ina vibrate more when you
heat the solid. Energy moves from
hotter objects to colder objects
until they are in

in degrees

(6 marks)
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@ Energy transfer: particles

Learning objectives
After this topic you will be able to:

e describe how energy is
transferred by particles in
conduction and convection

e describe how an insulator can
reduce energy transfer.

A This special material is called aerogel.
Energy is transferred very slowly
through it.

S e AR G ™
A The capsule that brought these

astronauts back is insulated so that
they do not burn up in the atmosphere.

Have you ever lit a wooden splint in a Bunsen burner
flame? The end of the splint is at a temperature of about
1000 °C but you can still hold the other end.

What’s the difference?
When you put the saucepan of soup on the stove, the soup heats up.

The bottom of the saucepan is made of metal. A metal is a good
conductor of energy. Energy is transferred through it very quickly.
This is conduction.

Energy can be transferred by conduction, convection, or radiation.

A Write a definition for the word ‘conductor’.

Particles and conduction
In conduction particles transfer energy by colliding with other
particles when they vibrate.

Energy transfer happens until the two surfaces are at the same
temperature. If you keep one surface warm by heating it then you will
maintain the temperature difference. The solid will continue to conduct.

HEE——— 2
thermal I 720 W%‘;‘,‘}?Q‘? a2  thermal
store at JeAST T d 0%000(30000‘30000 store at
a high S e : B OLL R0 Re| alw
temperature [SIER - 0006?00000000 temperature
dee v BR800 000000

Solid conductor, solid insulator?

Energy is not transferred very easily through materials like wood.
Wood and many non-metals are poor conductors. They are
insulators. This does not mean that they do not conduct at all but
that energy is transferred very slowly through them.

Insulating liquids and gases
Liquids are poor conductors. Divers wear wetsuits, which use a thin
layer of water against the skin as an insulator to keep them warm.

Fantastic Fact

Engineers at NASA claim to have made the loudest noise ever. This is so
loud that it can make holes in solid materials.



¥ water at top boils m

ice cube conductor, conduction, convection,

hand touching radiation, insulator, convection current

bottom of

trap ice
cube

< Aliquidis a very
poor conductor How fast?

of heat. A student wants to investigate

Gases do not conduct well at all because their particles are much oW the temperattiie OF e Hguid

further apart than the particles in a solid. Duvets and warm clothing
are designed to trap small pockets of air, which is a good insulator.

0 cool down.

gation,

B State what an insulator is.

Particles and convection Summary Questions

When you heat soupin a pan it all heats up, not just the layer in 1 & Copy and complete the
contact with the bottom of the saucepan. This is what happens: sentences below.
e Thesoup thatis in contact with the bottom of the pan gets Energy is transferred through a solid
hotter so the particles there move faster. by if there is a
e The particles in the hotter soup move further apart, so the soup between the ends of it.
becomes less dense. Liquids and solids transfer energy
; by because the particles can
e The hotter soup rises (floats up) and cooler, denser soup takes . Enerqy is transferred much
its place. more through an insulator

than it is through a conductor.
(6 marks)

This is called a convection current. Convection also happens in gases.

2 A4

a Explain in terms of particles why
conduction happens in solids
but not in liquids and gases.

(2 marks)

b Explain in terms of particles why
convection happens in liquids

A A convection currentin a A Hurricanes are produced by and gases but not in solids.
saucepan of water heats all of convection currents in the (2 marks)
the water up. atmosphere, and the spin of

the Earth.

Particles and sound

When you play music, energy is transferred to the surroundings.
The air and walls get a bit warmer. The particles in the air move a
bit faster, and the particles in the walls vibrate more.




@ Energy transfer: radiation

Leaming objectives You leave footprints on the floor when you walk across it
: ‘ : in bare feet. You can’t see them because your eyes detect
After this topic you will be able to: .. .
visible light.
e describe some sources of
infrared radiation What is radiation?
e explain how energy is Very hot things such as burning coal give out light as well as
transferred by radiation. infrared radiation. Some people call infrared ‘thermal radiation’

or'heat’ The Sun emits lots of different types of radiation, including
light and infrared. Both light and infrared radiation travel as waves.

Transferring energy by radiation

,g‘ You need particles to transfer energy by conduction and convection.
You don't need particles to transfer energy by radiation. Light and
infrared reach the Earth from the Sun by travelling through space.
Space is a vacuum. There are no particles in a vacuum.

Emitting infrared
All objects (including you) give out, or emit, radiation.

A A special camera detects these

The type of radiation that they emit depends on their temperature.
footprints. P Y X P

How much radiation they emit per second depends on the type
of surface.
e Infrared can be transmitted, absorbed, or reflected, just like light.

4 The mouse is
warmer and
emits a lot
more infrared
than the snake.

A This is what the Sun looks like if you

can only see infrared. ' ; _ e
A Name two sources of infrared radiation.

m Absorbing infrared

You can learn more about the properties When the Sun is shining your skin feels hotter. Your skin detects

7 of light in P1 3.1 Light the infrared when it absorbs it. Your skin is just one thing that
' detects infrared.




e Athermalimaging camera absorbs infrared and produces an
image. The colours in the image are ‘false’ The camera works out

which areas are hotter and shows them redder in the image.
e A remote thermometer contains a sensor that detects infrared.
It uses the radiation to work out the temperature.

You might feel hotter when you wear dark clothing. Dark colours
absorb infrared, and light-coloured and shiny surfaces reflect
infrared. If you hang clothes on a washing line the dark-coloured
clothes will dry more quickly than the light-coloured ones.

Reflecting infrared
At the end of a marathon, a runner’s body temperature drops

dramatically. Runners use foil to reflect the infrared back towards their
bodies. This prevents their body temperature from falling too quickly.

< You can keep warm with
a foil blanket.

A A thermal imaging camera produces
a coloured image of the fire.

| Key Words

infrared radiation, thermal
imaging camera

B State what happens when infrared hits a shiny surface.

Cooling down
A student investigated the effect of the colour of a can on
the time it takes hot water inside to cool down.

Temperature drop (°C)

Colour of can 1st 2nd 3rd
measurement measurement measurement

shiny metal

shiny white

matt black
shiny black

Identify the outlier or outliers.
Calculate the mean temperature drop.

Explain why it is not possible to make a conclusion from
this experiment.

Summary Questions

1

3

& Copy and complete the
sentences below.

The Sun and fire are examples of

of infrared. All objects emit
but the type of radiation
depends on the . Infrared
can be from shiny surfaces,
just like light. Dark-coloured
surfaces infrared better
than light-coloured surfaces.
Infrared does not need to
travel through. It can travel through
empty space, or a

(7 marks)

&& Explain why:

a houses are painted white in hot
countries (I mark)

b you can’t find people in burning
buildings with a thermal
imaging camera. (2 marks)

AAA Draw a detailed visual
summary about infrared radiation.
(6 marks)




@ Energy resources

Learning objectives
After this topic you will be able to:

e describe the difference
between arenewable and a
non-renewable energy resource

e describe how electricity is
generated in a power station.

A Coal is one of many energy resources.

| Link

You can learn more about energy
sources in P3 1.6 Your planet

| Key Words

energy resource, fossil fuel, non-
renewable, thermal power station,
@ renewable, nuclear

Have you ever thought about where the fuels and electric
current that you use in your house come from? The
energy resources of the planet are used to heat homes,
make electric appliances work, and move people around.

Fossil fuels

Coal, oil, and gas are energy resources that were formed millions

of years ago. That is why they are called fossil fuels. Oil and gas are
made from the fossilised remains of sea creatures. Coal is the fossilised
remains of trees. The trees and sea creatures were compressed and
heated over millions of years, and that produced coal, oil, and gas.

Coal, oil, and gas are non-renewable. That doesn't mean that you
can't use them again. It means that you cannot easily get more of
them when they run out.

A Name three fossil fuels.

What’s in a power station?
Thermal power stations burn coal and gas. Oil is mainly used to
produce petrol, plastics, and other useful materials.

turbine

furnace and boiler
b

water—e
A A power station burns fossil fuels to drive a generator.

A fuel burns to heat water and produce steam. The steam drives a
turbine, which is a bit like a big fan. The turbine drives a generator.
This provides the push that means a current flows in a kettle in your
home. The current transfers energy from the chemical store of the
fuel to the thermal store of the water in the kettle.

One problem with burning fossil fuels is that they produce a lot
of carbon dioxide. Carbon dioxide is a greenhouse gas, so it can
contribute to climate change.



Burning fossil fuels also produce pollutants such as sulfur dioxide,

nitrogen oxides, and particulates.

B Name the greenhouse gas that is produced when fossil

fuels burn.

You can learn more about greenhouse
gases in C2 4.6 Climate change

What’s the alternative?

Scientists agree that it would be better if we did not burn so many fossil
fuels.They have found some alternative methods to produce a current.
These resources are renewable because they will not run out. Many
renewable resources come from the nuclear store of energy of the Sun.

Renewable energy resources

A A wind turbine A Tidal: water flows
spins a generator through turbines as the
directly. tide goes in and out.

A Biomass: you can burn plants
instead of coal in a power
station. The plants use carbon
dioxide when they grow.

A Hydroelectric: water falls down
through turbines in the dam.

A Waves tumn a

A Solar (photovoltaic) cells
generate a potential
difference from light.

A Geothermal: hot rocks in
the Earth heat water to form
steam, which turns turbines.

€ Name three renewable resources.

Renewable resources do not produce much carbon dioxide when
they produce a current. They do produce carbon dioxide when

they are being built.

Chris the carbon atom
Write a children’s story that
follows the journey of Chris the
carbon atom. Chris starts out

in the trunk of a tree that is
turned into coal and then used to

generate electricity. At the end of
the journey he is in a molecule of

carbon dioxide.

Summary Questions

1 A Copy and complete the
sentences below.

Coal is a resource because
it will run out. It is called a

years to form. Wind is a
resource because it won't run out.

(4 marks)

2 AB explain how electricity is

generated from coal.

(4 marks)

because it took millions of




@ Energy and power

Learning objectives

After this topic you will be able to:

e explain the difference between
energy and power

e describe the link between
power, fuel use, and the cost of
using domestic appliances.

Fantastic Fact

When you make popcorn you are boiling
water. The water inside the popcorn kernel
turns to steam and it explodes.

Some microwaves cook popcorn faster than others. Why
is there a difference?

Powerful appliances

Microwave ovens have a power rating in watts (\W). The power
rating tells you how much energy is transferred per second, or the
rate of transfer of energy.

You can calculate power using this equation:

_ energy ()

PONEr () time (s)

The power of a microwave oven is about 800 W. A traditional oven
has a power of about 12 000 W, or 12 kilowatts.

Kilowatts and kilojoules
12 000 W isthe same as 12 kilowatts, or 12 kW. There are 1000 W
in 1 kW. You divide by 1000 to convert watts to kilowatts.

An oven with a rating of 12 kW transfers energy at a rate of
2 000 ] per second. This is the same as 12 kilojoules per
second. There are 1000 ] in 1 kJ.

A Some houses transfer more energy to
the surroundings than others.

A State the unit of power.

Keeping the temperature the same

All hot objects cool down. To keep a house at the same
temperature you need to transfer energy to it at the same rate as
energy is being transferred from it.

What are you paying for?

When you pay an electricity bill you are paying for a fuel such as
coal to be burnt in a power station. The power station generates
the potential difference that we call‘mains electricity’ You are
charged for the number of hours that you use each appliance, and
for the power of the appliance.

You can calculate energy use in kilowatt hours (kK\Wh), or joules.
This is the unit that electricity companies use to calculate your bill.



A kilowatt hour is calculated like this. Suppose you use a 12 kW

(12 000 W) oven for 1 hour (3600 seconds); (-/

energy used in kWh =12 kW x 1 hour | L_Hom
=12 kWh 5 ‘ |
energy used in J =12000J/s x 3600 s O
= 43200000 ==

400 NImNIEIEmE e

B State the unit of energy that electricity companies use.

To reduce your energy bills you could use fewer appliances, or
appliances that require less power to produce the same output. You

can also use appliances for fewer hours. Insulation reduces the rate

at which energy is transferred to the surroundings, so it reduces the

rate at which you need to supply energy to heat the house. |

A The electricity meter shows how
much energy you have used in kWh.

Summary Questions

1 é Copy and complete the
sentences below.

Energy is measured in _and
power is measured in
Power is the energy transferred per
. You pay for the number of
that are transferred to your
house by electricity. You could
save money by using appliances

A The bulbs are the same brightness but the one on the right has a
much lower power.

What’s the cost? with a power rating, or by
A shower has a power of 10 kW. A family uses the shower for using them for time.

1 hour per day. (6 marks)
a Calculate how much energy, in kilowatt hours, they would 2 && The potential difference

across a bulb is 3 V and the current
throughitis 0.2 A.

a Calculate the power. (2 marks)

have to pay for each week for using the shower.
b An electricity company charges 10p for each kWh. Calculate
the cost in pounds.

| Key Words

power rating, watt, kilowatt, kilowatt hour

b Calculate the energy transferred by
thebulbin 10 seconds. (2 marks)

3 BB A compare the cost of using
a kettle with a power rating of 2 kW
and a kettle rated 1.2 kw.

(6 marks QWC)




Work, energy, and

machines

Learning objectives
After this topic you will be able

e calculate work done
® apply the conservation of
energy to simple machines

to:

A Riding downhill is much easier than
riding uphill.

Fantastic Fact

Using different size cogs on the front

and

back wheels of a bicycle can give you up

to 34 gears.

Climb a mountain!

When you walk upstairs you
are using a force to overcome

your weight.

®

Have you ever tried to ride your bike uphill in the same
gear that you use to ride downhill? Choosing a lower gear
makes it easier to go up hills.

Working out work

Not all energy transfers are to do with heating and cooling. You can
transfer energy by doing work.

In physics the word 'work’ has a special meaning.

e When you lift a book you do work against gravity.

e When you slide the book you do work against friction.

work done = force x distance

(J) (N) (m)

A Lifting a book. A Sliding a book.

work done = force x distance  work done = force xdistance
=2Nx1m =1NX02m
=7 =0.2)

A State the equation for calculating work.

Making life easier

A simple machine makes it easier to lift things, move things, or turn
things. It reduces the force that you need to do a job, or increases the
distance that something moves when you apply a force,

Levers

Most people use a lever to open a tin of paint. If you put a
screwdriver between the lid and the rim of the tin, you can open
the tin with a much smaller force.

The force applied to the lid by the lever is bigger than the force that
you apply with just your hand. A lever is a force multiplier.



Your hand moves down and the other end of the lever moves up.
Your hand moves much further than the other end of the lever.

| Key Words

work, simple machine, lever, gear

1

A A screwdriver applies a bigger A The force may be bigger but
force than you could apply the distance is smaller.
with just your hand.

Gears

The gear system on a bicycle is a simple machine. Gears are a bit
like levers that are rotating. You can use a gear system to increase
the force, change direction, or go faster.

A You can select big A When the cog at the back is smaller,
or small cogs in it takes less force to turn it. It is a force 3
bicycle gears. multiplier.

B Name two types of simple machine.

Getting something for nothing?

A small force acting over a big distance produces a big force.

The big force can only move a small distance. You cannot get
something for nothing.

The reason is the law of conservation of energy. If you increased the

distance as well as the force then you would get more energy out
than you put in. You cannot get out more than you put in.

Summary Questions

A Copy and complete the
sentences below.

You need to know the and
the to calculate work done.
A simple like a can
be used to open a paint tin
becauseitisa multiplier.

A on a bicycle can make it
easier to cycle uphill. All simple
machines obey the law of
of energy. You cannot get more
out than you put in.

(8 marks)

&& You can use a stone under a
plank of wood to lift a heavy rock.
a State the type of machine that
you can make with this
equipment. (1 mark)
b Calculate the work done by
lifting a rock of weight 200 N
a distance of 0.25m. (2 marks)

A& A person with a weight of
600 N climbs Mount Everest, a
vertical height of 10 km. Compare
the work done climbing Mount
Everest and climbing 2.5 m
upstairs to bed.

(4 marks)




P2 Chapter 2 Summary

| Key Points

e There is enengy in the chemical stores associated with food and fuel. Energy is
measured in joules. You need different amounts of energy for different activities.

e Energy cannot be created or destroyed; it can only be fransferred between
sfores. This is the law of conservation of energy. Light, sound, and electricity are
ways of fransferring energy between sfores,

e Temperature is measured using a thermometer. The femperature doesn't depend
on the amount of material, but the amount of energy in the thermal store does.

e When a hot object is in contact with a colder one energy is fransferred from the hot object
1o the colder one. Enengy will De transferred, and the temperature difference will decrease, until
tne objects are in equilibrium.

Enengy is tramsferred by conduction in solids and by convection in liguids and gases.

Energy is fransferred by radiation, which does not need a medium to travel frough. All objects
emit radiation. Infrared radiation can be detected by your kin or a thermal imaging camera. If the
energy fransferred fo an object is less fan the energy fransferred from it the object will cool down,

o Fosal fuels such as coal, oil, and gas were formed over millions of years and are non-renewable,
They can be used to drive a generator in a thermal power sfation. Wind, wave, and solar sources
are examples of renewable energy resources. ,

e Power = energy/fime, and electrical pover = potential difference x current. You can work out m_
the energy fransferred by appliances in your home using the unit of kilowatt hours.

e You caleulate work by multiplying a force by a distance. Simple machines like levers and gears  energy, joule, kilojoule, law
can make it easier fo do work but you do not get more enengy out fhan you put in. of conservation of energy,

chemical store, energy store,
thermal, kinetic, gravitational
potential, elastic, dissipated,

’
temperature, thermometer,
E l q er’te equilibrium, conductor,

Energy campaign _ B s conduction, convection,
You are a local councillor who wants to raise awareness o gy e radiation, insulator,

; jvities tha : :
content of food and how that links to the energy need ed for activities convection current infrared

people do. radiation, thermal imaging
camera, energy resource,

Tas e to take a snapshot of their fossil fuel, non-renewable,

Design an energy diary that students could us

own energy use over a day or a week. thermal power station,

renewable, power rating,

T‘P; member that you need energy for everything you do, even sleeping. . - WatE dlowatt, Kliowatt Hour,
e Qe i i

ind students that if they take in more energy than they need the Yotk simple madiine, Jever,
e Reminds gear

@ body will store it as fat to use in the future.




End-of-chapter questions

1 A Here are some energy resources. List the
renewable energy resources.

wind solar oil coal geothermal gas

(1 markR)
&

a State which definition of power below
is correct. (1 mark)
A the energy transferred per hour
B the energy transferred
C the energy transferred per second
D the force over a distance

b Select all the units of power from this list:

kW 1 watts kilojoules kilowatts W joules kJ
(1 mark)
(2 marks)

éé Here is an experiment to demonstrate
convection.

purple solid

Bunsen burner heats here

a Describe what will happen to the purple
colour during heating. (3 marks)

b Explain why the purple colour forms a
convection current. (3 marks)

(6 marks)
Ad

a Name a fossil fuel that can be burmed in a
power station. (1 mark)

b Explain why it is called a fossil' fuel. (1 mark)

¢ Use your answer to part b to explain why

(2 marks)

(4 marks)

fossil fuels are non-renewable.

é‘& A tennis ball has 10 ] of energy when it

is 1 m above the floor.

a Name the store associated with this
energy. (1 mark)

b A student states that there will be 10 J of
energy in the kinetic store just before it
hits the ground.

i Explain why the student has made that

staterment. (I mark)

it Explain why the student might not be
correct. (1 mark)
¢ Explain why the ball moves. (2 marks)
(5 marks)

éé Calculate the work done in each of the
situations below:
a acar engine that uses a force of 500 N to
move a car 200 m (2 marks)
b a shopkeeper who uses a force of 50 N to
lift a box 1.5 m. (2 marks)
(4 marks)

éé You want to reduce your energy bills.
a Calculate the power of a lightbulb that
transfers 6000 J every minute. (2 marks)
b Calculate the power of a different lightbulb
that has a current of 0.05 A through it
when there is a potential difference of
240V across it. (2 marks)
¢ Both bulbs are equally bright. State and
explain which lightbulb you should use.
(2 marks)
(6 marks)

A&n& Some double-glazing systems trap air

between two panes of glass.

a Explain how energy is transferred through
a double-glazed window from a hot room to
the cold air outside. (3 marks)

b State and explain how the rate of energy
transfer would change if you removed the
air from the gap. (3 marks)

(6 marRs)

9 &f&& Explain in detail why insulating

your house will reduce your energy bills.
(6 marks QWC)




@ Speed

Leaming objectives It feels fast going downhill on a bike. Even going downhill

After this topic you will be able to: you could not travel as fast as a cheetah.

e calculate speed How fast?

e describe relative motion. Speed is a measure of how far something travels in a particular time.
In science you measure speed in metres per second (M/s). Car speed
and speed limits are measured in miles per hour (m.p.h.) or kilometres
per hour (km/h). A very fast car can move at over 300 km/h, but when
you walk to school you are probably walking at 5 km/h or about 1 m/s.

A Write a definition of the word speed.

How do you calculate speed?
To find the speed of an object moving at a steady speed you need
to measure the time it takes to travel between two points.

You work out the speed from the distance travelled divided by the
time taken:

A A cheetah can travel faster than a car. speed (m/s) = distance travelled (m)

time taken (s)

A long-distance runner runs part of his race at a steady speed.
It takes him 20 seconds to run 100 m.
speed =100 m
20s
=5m/s
When you are using an equation to calculate speed it is helpful to

write it out like this. If you write the units of distance and time in
the equation then you will have the correct units for the speed.

Speed (m/s) Speed (km/h) Speed (m.p.h.)
walking quickly L2 6.1 | 3.7 |
sprinting 10 36 22
typical speed limit | 14 | 50 | 3l |
aeroplane cruising speed 255 918 570 |
A A speed camera measures how long sound in air (3 330 | 1180 | w55
it takes a car to travel a certain light in air 300 000 000 10 000 000 000 670 000000 |

distance by taking a photo at the
start of the distance and another at

the end. It can then calculate the B State the unit of speed that you use in science.
car's speed.




Speed or average speed?

A marathon runner will take several hours to run the 26.2 miles
(42.2 km) of a marathon. She does not run at exactly the same
speed throughout the race.

You cough at 60 m.p.h. but your sneeze
would break the motorway speed limit.

4

You sneeze at over 100 m.p.h.

speed, metres per second, instantaneous
speed, average speed, relative motion

A A marathon runner's speed changes during a race.

The speed that the runner is travelling at any time during the race

is the instantaneous speed. This is the speed that you see on the Summary Questions
speedometer in a car.

1 & Copy and complete the
sentences below.

You can work out the average speed by dividing the total
distance by the totaltime that it took to run the race. This average

speed makes it easier to compare how fast different people, or To celculate speed you need:to

know the and the
boats, or cars, travel.
To calculate average speed you
divide the by the
Marathon times p : ¥ou meastire
A marathon runner runs the marathon in 2 hours 30 minutes, ZE?:C,[ 0 astationary
or 2.5 hours. Calculate the average speed of the runner in km/h. -
(5 marks)

2 && Arunner runs 100 m in
12.5 seconds. Calculate her
Have you ever looked out of the window of a stationary train in a average speed.

station at a moving train and felt that your train is moving? This is an (2 marks)
example of relative motion. Relative motion means how fast one
thing is travelling compared to another. Being on a moving train
looking at a stationary one feels the same as being on a stationary
train looking at a moving one.

Relative motion

3 &3 A caris travelling east at
50 km/h. On the sameroad another
car is travelling west at 20 km/h. The
cars are moving away from each

Speed is relative. If two cars are moving at the same speed in the other. Describe their relative motion.
same direction their relative speed is zero. If the cars are moving at (2 marks)
30 m.p.h. towards each other their relative speed is 60 m.p.h. The
speed of 30 m.p.h. is relative to a stationary point.

C State what is meant by relative motion.




@ Motion graphs

Leaming objectives How long does it take you to get to school? You can tell

After this topic you will be able to: the story afa journey with a graph.

e interpret distance-time graphs ~ What is a distance-time graph?
e calculate speed using a A distance-time graph is a useful way of showing how
distance-time graph. something moves. It shows the distance that something travels
over a certain time.

Here is a graph that shows Lucy’s journey to school. The line shows
how far she travelled each minute of the journey.

distance—time graph, acceleration

400 e =z=s==z======= S LI se====
4000-EEEEEE e arrive at school. meeess
O s s s e e e
3 2000+ :?a\fes SS=Sss/.SsS=sssocoocoashiss
S 1500- B e Ee e e A
_,‘; B o B S _._'.,r;. I o P e e
1000 e e ey calls for James. |
00— —————+———1 He is not ready.
0 5 10 15 20 25 30 35 40 45
Time (min)
A A distance-time graph for Lucy’s journey to school.
A The car and motorbike are travelling ‘ _
at different speeds. A State what a distance—time graph shows.
What does the graph tell us?
Fantastic Fact This is a very simple distance— What happens if you stay still?
You might hear people talk about the time graph. The object moves The line on the distance-time
time it takes a car to accelerate from 0 to the same distance each second.  graph is horizontal.
60m.p.h. A very fast car can accelerate 60
from 0 to 60 m.p.h. in 2.3 seconds. 50 > 1
E a0 //
§ 30 // ol
N c S =
Working it out 220 // S
Look at the distance-time graph 10 & e
opposite for a constant speed. OU > 4 6 8 10 -
Calculate the speed using Time (s) Time .
information on the graph. A A distance-time graph for a A A distance-time graph for a

constant speed. stationary object.




The slope of a distance-time graph tells you the speed. If the line
is steep the object is moving fast. If it is not very steep then the
object is moving more slowly.

B State what the slope of a distance-time graph shows you.

In the graph opposite, both the car and the motorbike are moving
at a steady speed. The line for the motorbike shows a faster speed
and the line for the car shows a slower speed.

A more realistic graph
When you are travelling in a car your speed does not stay the same for
the whole journey. The speed changes through the journey.

The changing speed is shown by the slope of the graph. The slope
changes gradually, not suddenly.

If your speed is changing you are accelerating. Acceleration tells
you how quickly your speed is changing.

When you drop a ball it gets faster and faster. It accelerates towards
Earth. The distance—time graph is curved. The distance-time graph
is also curved if an object is slowing down.

|

Distance

Y

Time

A The distance a ball falls in A A distance—time graph for an
one second increases as it accelerating object.
accelerates.

Working out speed from a distance-time graph

You can calculate speed from a distance-time graph. For example,
in the first section of Lucy’s graph she walks 1000 m in 10 minutes
or 600 seconds.

average speed = total distance
total time
= 1000 m
600 s
= L TS

-

\ motorbike

car

Distance

Time

A A distance-time graph for two

Distance (m)

1200
1000 L]

different speeds.

V- /|
600 /!
400
200 £

0

0 10 20 30 40 50 60 70 80
Time (s)

A A more realistic distance-time graph.

Summary Questions

3t & Copy and complete the

sentences below.

A distance-time graph shows the

that an object travels in a

certain .The of the
line tells you the speed. If the line
is horizontal the object is
If the line is a curve the speed of
the object is

(5 marks)

&& Look at the graph for Lucy’s
journey to school.

a Calculate Lucy's speed for the final
10 minutes of the graph. (4 marks)

b State the value of the speed in
the horizontal sections of the




Learning objectives
After this topic you will be able to:
e describe the factors that affect

gas pressure

e describe how atmospheric
pressure changes with height.

A If there are more collisions on the
inside than the outside the balloon

gets bigger.

A In asmaller volume gas molecules
will collide more often with the walls

of the container.

Balloon pressure

A student wants to investigate how
the volume of a fixed amount of air in
a balloon changes with temperature.

Write a plan for the investigation.

Have you ever blown a balloon up until it bursts?

i a balloon bursts.

i /,/ § <4 The moment when
el (1

What is gas pressure?
When you blow up a balloon there are millions of air molecules
hitting the inside of the balloon.

The collisions between the air molecules and the balloon produce
gas pressure (air pressure). Lots of collisions make a high gas
pressure because there is a big force over a small area. Gas pressure
is exerted in all directions.

Changing volume

If you squash a gas into a smaller volume there will be more
collisions between the gas molecules and the walls of the
container. The pressure increases.

Changing temperature

When a gas cools down its molecules move more slowly. If the
container doesn't change shape, then the pressure goes down.
There are fewer collisions with the sides of the container.

A State what happens to the speed of gas molecules when
the temperature goes down.

Wl "o
@ o © 4'/7‘/2
o % o "

Q &.X?/

A Cool gas: fewer and less A Hot gas: more collisions
energetic collisions. that are more energetic.




Compressed gas

When you pump up a bicycle tyre you increase the gas pressure.
As you pump more gas into a container the gas becomes
compressed. There are more molecules in the same space, so
there are more collisions. The pressure is bigger, so the force
exerted by the gas over the area of the container is big. You need a
strong container to hold a compressed gas.

Atmospheric pressure

There is air all around you. The air exerts a pressure on your body

all the time called atmospheric pressure. You do not feel the
pressure. It is cancelled out by the pressure of the gases and liquids
in your body pushing out.

<« Marshmallows
contain pockets
of air that expand
when you pump
out the air
around them.

Changing atmospheric pressure

The atmospheric pressure at sea level is bigger than the
atmospheric pressure high up a mountain. Gravity pulls the air
particles towards the Earth. Where the particles are closer there are
more collisions. The pressure is higher.

The gas has a higher density at sea level. There is more mass of gas
in a certain volume.

The smaller atmospheric pressure makes it hard for mountain climbers
to breathe in enough oxygen. Mountaineers often take oxygen tanks
when they climb high mountains such as Everest. The tanks contain
oxygen gas that has been compressed into a small volume.

B State what happens to the atmospheric pressure as you
go up a mountain.

| Key Words

gas pressure, compressed, atmospheric pressure, density

Think of your favourite famous person. When
you breathe inyou are breathingin atleast 10
air molecules that they have breathed out.

| Link

¥
You can learn more about gas pressure
in C1 1.7 Gas pressure

Summary Questions

1 A copythe sentences below,
choosing the correct bold words.

A gas exerts a pressure on the walls
of its container because the
particles collide with/stick to the
walls. If the gas gets hotter the
pressure will be bigger/smaller.

If the volume gets bigger the
pressure will be bigger/smaller.

As you go up a mountain the air
pressure is bigger/smaller because
there are fewer/more gas particles.

(5 marks)

2 g& A climber climbs a mountain.
a Explain why he might take a
cylinder of oxygen with him.

(2 marks)
b Explain why the oxygen needs to
be compressed. (2 marks)




@ Pressure in liquids

Learning objectives

After this topic you will be able to:

® describe how liquid pressure
changes with depth

e explain why some things float
and some things sink.

A The cup on the left was taken down to
a depth of 3000 m.

A The water comes out in all directions.

Why does it float?

A primary-school student says
that ‘heavy things sink and light
things float’.

Use the example of a ferry to explain
to them why that is not the case.

How do you squash a polystyrene cup without touching it?
Take it deep beneath the sea and the pressure in the
water will do it for you.

Liquid pressure

When you swim underwater the water exerts a pressure on youl.
The water molecules are pushing on each other and on surfaces,
and this liquid pressure acts in all directions.

When you squeeze a bag with holes in it the water is pushed out of all
the holes because of liquid pressure. The water comes straight out of
each hole and then falls because of gravity.
