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SW‘ 5 Using ScienceWorld

%® Using ScienceWorld

ScienceWorld takes a constructivist approach to learning, helping students explore what they already

know, then building on that knowledge as they progress. This guide will show the key features of
ScienceWorld, and help you understand how best to use it in the classroom.

Each chapter starts with a Chapter
opening page containing an
engaging photo for discussion. It
shows the main content and skills to
be covered in that chapter.

Students’ prior knowledge is
explored with a Get started activity,
each with an Explore, Question or
Imagine task that introduces the

Science Understanding

IN THIS CHAPTER

Selence Inquiry Skills

chapter topic.
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Each chapter is broken into sections focusing on certain aspects
of theory and skills covered. ScienceWorld uses engaging photos,
illustrations, cartoons and contexts to make science accessible

to all students.

iv

Activities are dispersed
throughout each section
to reinforce concepts and
provide hands-on learning
opportunities for each lesson.
Explore online boxes
provide opportunity for wider
research.
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Investigations provide
opportunities for students to
apply Science Inquiry skills,
while exploring key concepts.
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Science as a human
endeavour features bring
science to life; putting science
in context historically, for
today, and for the future. These
features include activities that
allow students to understand
the nature and context of
science and to imagine the
future.
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Experiments allow students to
design their own experiments
and inventions. Students
explore and apply science

skills and method while

solving problems. This allows
students to discover and engage
with science concepts for
themselves.
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Check questions review
students’ understanding of
concepts for each section.

Skillbuilders teach key
skills explicitly, supporting
a clear progression of skill

development thr
the book.
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Challenge questions provide
an opportunity for students
to apply their knowledge and

skills in context,

and challenge

students to think at a higher

level.
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Explore sections allow students
to create, invent and inquire
into concepts learnt throughout
the chapters.
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Extra for experts features
provide opportunities for
students to engage at a
higher level, to challenge
their scientific thinking and
understanding.

Each chapter ends with a Main ideas cloze exercise to test
students’ understanding of the key chapter concepts through
comprehension.

The Chapter review then provides an opportunity for
students to revise key science knowledge and skills developed
through each chapter.
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Foreword

As you probably know, I’m mad about science. Every day I learn something new about the world
around me—dark matter and dark energy, living creatures of all shapes and sizes, the amazing
irrationalities and untapped abilities of our human brain etc. My Great Moments in Science radio
series/podcast is one way in which I explore these things and try to make them easier for people
to understand. In this book you will explore all these things and learn how to think scientifically,
asking questions about the world and imagining new solutions to these questions.

Doing science can lead to so many different and fascinating careers where you can design
intelligent robots, use giant telescopes in space, produce food in a world where global warming is
real, or go as an astronaut to planet Mars! It’s fun to apply your knowledge of science to the real
world and let your imagination run riot. After all, it’s not the answer that gets you the Nobel Prize,
it’s the question. You could be the next Elizabeth Blackburn who won a Nobel Prize for her work on
the telomere—a previously unexplored section of the human chromosome that gives us new and
deep insights into aging.

And remember the words of Richard Feynman, ‘Science is a way of trying not to fool yourself’ ...

Dr Karl

ISBN 978 1 4202 3838 9
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Links to the Western Australian Curriculum

This scope and sequence provides an overview of how ScienceWorld 9 covers the Western Australian

Curriculum. The focus is on the Science Understanding strand, although only some of the Science as

a Human Endeavour content and elaborations are covered in this version of the scope and sequence.
Included online in the teacher support are curriculum scope and sequence guides that detail how
ScienceWorld covers the Western Australian Curriculum content descriptions across all four books, and
these also include a full mapping of the Science as a Human Endeavour sub-strand, and the Science

Inquiry Skills.

Abbreviations:

SHE: Science as a Human Endeavour

BS: Biological Sciences
CS: Chemical Sciences

ESS: Earth and Space Sciences

PS: Physical Sciences

ScienceWorld 9

Chapter & Unit titles

Science Understanding

Elaborations

1.1 Steps in investigating

Science Inquiry Skills

1.2 Collecting data

Science Inquiry Skills

1.3 Processing data

2.1 Properties of light and sound

Science Inquiry Skills

+ exploring how images can change when the

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

BS: Multi-cellular organisms rely on
coordinated and interdependent internal
systems to respond to changes in their
environment (ACSSU175)

« exploring the mechanism of the human eye and

+ examining the specialized cells and tissues involved

arrangement of the mirror or lens system is altered

corrective technologies

in the structure and function of particular organs

2.2 Light and colour

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

+ observing the spread and order of colours in the

visible spectrum

2.3 Light and sound as waves

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

+ discussing the wave and particle models and

+ exploring the properties of waves, and situations

« exploring how and why the movement of energy

how they are useful for understanding aspects
of phenomena

where energy is transferred in the form of waves,
such as sound and light

varies according to the medium through which it
is transferred

viii

ISBN 978 1 4202 3833 4
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2.4 Applications of sound

3.1 Atomic structure

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

BS: Multi-cellular organisms rely on
coordinated and interdependent internal
systems to respond to changes in their
environment (ACSSU175)

CS: All matter is made of atoms that

are composed of protons, neutrons and
electrons; natural radioactivity arises from
the decay of nuclei in atoms (ACSSU177)

+ examining the specialized cells and tissues involved
in the structure and function of particular organs

+ describing and modelling the structure of atoms in
terms of nucleus, protons, neutrons and electrons

+ comparing the mass and charge of protons, neutrons
and electrons

3.2 Nuclear reactions

CS: All matter is made of atoms that

are composed of protons, neutrons and
electrons; natural radioactivity arises from
the decay of nuclei in atoms (ACSSU177)
CS: Chemical reactions involve rearranging
atoms to form new substances; during a
chemical reaction mass is not created or
destroyed (ACSSU178)

+ describing in simple terms how alpha and beta
particles and gamma radiation are released from
unstable atoms

+ recognising that the conservation of massin a
chemical reaction can be demonstrated by simple
chemical equations

3.3 Radioactivity

4.1 Electrical charges

CS: All matter is made of atoms that

are composed of protons, neutrons and
electrons; natural radioactivity arises from
the decay of nuclei in atoms (ACSSU177)

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

« describing in simple terms how alpha and beta
particles and gamma radiation are released from
unstable atoms

4.2 Electric currents

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

+ investigating factors that affect the transfer of energy
through an electric circuit

4.3 Electric circuits

5.1 The nervous and endocrine
systems

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

BS: Multi-cellular organisms rely on
coordinated and interdependent internal
systems to respond to changes in their
environment (ACSSU175)

* investigating parallel and series circuits and
measuring voltage drops across and currents
through various components

« describing how the requirements for life (oxygen,
nutrients, water and removal of waste) are provided
through the coordinated function of body systems
such as the respiratory, circulatory, digestive, nervous
and excretory systems

+ identifying responses using nervous and endocrine
systems

5.2 Plant responses

BS: Multi-cellular organisms rely on
coordinated and interdependent internal
systems to respond to changes in their
environment (ACSSU175)

« describing how the requirements for life (oxygen,
nutrients, water and removal of waste) are provided
through the coordinated function of body systems
such as the respiratory, circulatory, digestive, nervous
and excretory systems

ISBN 978 1 4202 3833 4
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5.3 Keeping the balance

6.1 Inside the Earth

BS: Multi-cellular organisms rely on
coordinated and interdependent internal
systems to respond to changes in their
environment (ACSSU175)

ESS: The theory of plate tectonics explains
global patterns of geological activity and
continental movement (ACSSU180)

+ explaining how body systems work together to
maintain a functioning body using models, flow
diagrams or simulations

6.2 Earthquakes

ESS: The theory of plate tectonics explains
global patterns of geological activity and
continental movement (ACSSU180)

+ relating the occurrence of earthquakes and volcanic
activity to constructive and destructive plate
boundaries

6.3 Earth plates

7.1 Acids and bases

ESS: The theory of plate tectonics explains
global patterns of geological activity and
continental movement (ACSSU180)

CS: Chemical reactions, including
combustion and the reactions of acids,
are important in both non-living and living
systems and involve energy transfer
(ACSSU179)

+ recognizing the major plates on a world map

+ modelling sea floor spreading

« relating the occurrence of earthquakes and volcanic
activity to constructive and destructive plate
boundaries

+ considering the role of heat energy and convection
currents in the movement of tectonic plates

« relating the extreme age and stability of a large
part of the Australian continent to its plate tectonic
history

+ investigating reactions of acids with metals, bases,
and carbonates

7.2 The pH scale

CS: Chemical reactions, including
combustion and the reactions of acids,
are important in both non-living and living
systems and involve energy transfer
(ACSSU179)

+ investigating reactions of acids with metals, bases,
and carbonates

7.3 Reactions of acids and bases

CS: Chemical reactions, including
combustion and the reactions of acids,
are important in both non-living and living
systems and involve energy transfer
(ACSSU179)

CS: Chemical reactions involve rearranging
atoms to form new substances; during a
chemical reaction mass is not created or
destroyed (ACSSU178)

+ investigating reactions of acids with metals, bases,
and carbonates

+ identifying reactants and products in chemical
reactions

+ modelling chemical reactions in terms of
rearrangement of atoms

+ describing observed reactions using word equations

ISBN 978 1 4202 3833 4
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7.4 Energy in reactions

8.1 Living in ecosystems

S: Chemical reactions, including combustion
and the reactions of acids, are important

in both non-living and living systems and
involve energy transfer (ACSSU179)

CS: Chemical reactions involve rearranging
atoms to form new substances; during a
chemical reaction mass is not created or
destroyed (ACSSU178)

BS: Ecosystems consist of communities
of interdependent organisms and abiotic
components of the environment; matter
and energy flow through these systems

(ACSSU176)

+ investigating a range of different reactions to classify
them as exothermic or endothermic

+ recognising the role of oxygen in combustion
reactions and comparing combustion with other
oxidation reactions

+ comparing respiration and photosynthesis and their
role in biological processes

+ describing how the products of combustion reactions
affect the environment

+ considering the role of energy in chemical reactions

+ exploring interactions between organisms such as
predator/prey, parasites, competitors, pollinators
and disease

+ examining factors that affect population sizes
such as seasonal changes, destruction of habitats,
introduced species

8.2 Matter and energy in food
webs

BS: Ecosystems consist of communities
of interdependent organisms and abiotic
components of the environment; matter
and energy flow through these systems

(ACSSU176)

+ considering how energy flows into and out of an
ecosystem via the pathways of food webs, and how
it must be replaced to maintain the sustainability of
the system

8.3 Human impact on ecosystems

9.1 Communications

BS: Ecosystems consist of communities
of interdependent organisms and abiotic
components of the environment; matter

and energy flow through these systems

(ACSSU176)

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

SHE: Advances in scientific understanding
often rely on developments in technology
and technological advances are often linked
to scientific advances (ACSHE158)

+ investigating how ecosystems change as a result of
events such as bushfires, drought and flooding

+ exploring the properties of waves and situations
where energy is transferred in the form of waves,
such as sound and light

« considering how common properties of
electromagnetic radiation relate to its uses, such as
radar, medicine, mobile phone communications and
microwave cooking

9.2 Electronics

SHE: Values and needs of contemporary
society can influence the focus of scientific
research (ACSHE228)

+ investigating the properties of components such as
LEDs, and temperature and light sensors

9.3 Robotics and control

SHE: Values and needs of contemporary
society can influence the focus of scientific
research (ACSHE228)

+ exploring the use of sensors in robotics and control
devices

ISBN 978 1 4202 3833 4
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xii

10.1 Microscopic life

Science Inquiry Skills

10.2 Helpful microbes

Science Inquiry Skills

10.3 Microbes and disease

11.7 Investigating magnets

BS: Multi-cellular organisms rely on
coordinated and interdependent internal
systems to respond to changes in their
environment (ACSSU175)

Science Inquiry Skills

+ investigating the response of the body to changes
as a result of the presence of micro-organisms

11.2 Magnetic fields

Science Inquiry Skills

11.3 Electricity and magnets

PS: Energy transfer through different
mediums can be explained using wave and
particle models (ACSSU182)

+ investigating the movement of a magnet and a wire
to produce electricity

+ investigating the effect of a magnet on a current
from a battery to produce movement

ISBN 978 1 4202 3833 4




Online resources w 5

a@ Online resources

Throughout this book you will find links to activities and video or audio files. The activities are for
students to practise key skills, or to reinforce learning on key concepts. Activities vary in type and
include crosswords, matching, drag and drop, labelling, multiple choice, true and false, and
sequencing activities. Students can repeat these activities as revision, and practise them at any time.
Each activity is scored and the teacher can review student progress in the digital mark book.
In ScienceWorld 9 there are approximately 85 activities.
When one or more activities are available, you will find an icon on the page of the book where it is
most relevant to learning.

Digital activity @ Audio or video material

We hope you enjoy using these activities to improve learning outcomes.

pH

The test tubes in this rack

contain solutions of varying pH
= —a scale from 0 to 14 that
=79 indicates how acidic or basic
something is. When universal
— indicator is added to the

~F s .
® s\— solutions, the colour the
solution turns is compared with
a pH colour chart to determine

the pH of the solution. For
further information on pH,
see Chapter 7.2.

~ - —

-

|

|
T
_‘Iﬂ" \
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Science Inquiry Skills

> solve a problem by planning,
conducting and evaluating an
experiment
evaluate an experiment, making sure
the results are reliable and valid
assess whether experiments with
people and animals are valid and
ethical
learn how to write a science magazine
article
use a line of best fit to analyse
experimental data and make
predictions (interpolations and
extrapolations)
develop skills for collecting data in
the field

r

B [N THIS CHAPTER

»

evaluate experiments and suggest
ways of obtaining more reliable
results

ISBN 978 1 4202 3833 4




Science is investigating

\@ GET STARTED: EXPLORE What about the valve? Someone told me you

can test it by putting some spit on it. If air is
getting out, a bubble will form in the spit.
Science skills can be used to solve everyday problems. For Emily:  Let's try that.
example, suppose Emily’s bicycle has a flat tyre and she Nick:  ['ll just pump some air in.

wants to know why. Emily and her friend Nick investigate Emily:  Hey look, the bubble is slowly getting bigger.

thiS_- _ _ Nick:  Then the valve must be leaking.
Emily:  Hey Nick, my back tyre is flat! There must be a Emily:  Well, let's put a new tube and valve in.

leak somewhere. Well have to find out where the In their investigation Emily and Nick used several science
skills. Try to identify the following in their conversation:

air is getting out before we can fix it.
Nick:  Perhaps there's a nailin it.
Emily: | can't see one.
Nick:  There might be a cut in the tyre.
Emily:  No, it seems OK.

> observations
inferences
an experiment
a prediction.

ISBN 978 1 4202 3833 4 3



W 5 Western Australian Curriculum

1.1 Steps in investigating

Planning an experiment

There are four main steps in a scientific experiment,
as shown.

1 Planning the experiment

> Identify the problem.

> Identify the variables.

> Write a research question or a
hypothesis that can be tested.

> Work out which variable you will
change, which you will measure and
which you will control.

> Work out the method and select the
equipment you will use.

2 Conducting the experiment

Carry out the experiment.
Observe, measure and record data.

VvV Vv

3 Processing data

> Organise the data, draw graphs and
do calculations.

> Identify patterns in the data and
relationships between the variables.

> Use scientific knowledge to explain
the patterns and relationships.

4 Evaluating the experiment

> Evaluate the design of the experiment
and the methods used.

> Discuss the results. Are they reliable?

> Evaluate the findings in relation to
the original problem, question or
hypothesis.

> Write a conclusion.
Make sure it is valid.
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Planning an experiment

Imagine you work for a motoring organisation.
You have read an overseas report that says that
the brand of tyres used on a car makes little
difference to the car’s stopping distance when

this claim under Australian conditions, using the
steps in investigating on the previous page.
1 Inyour own words, write down the problem
to be investigated.

2 Rewrite the problem as a hypothesis—a
generalisation that can be tested by an
experiment.

3 What are the variables involved; that is,
what factors could affect the results of the
experiment?

4 What method will you use to test your
hypothesis?

5 Which variable will you purposely change in
your experiment? This is the independent
variable.

6 Which variable will you measure? This is the
dependent variable.

7 Which variables will you need to control?
8 What equipment will you need?

9 What data will you collect and how will you
record it?

10 How will you know whether your hypothesis
is correct or not?

Evaluating an experiment

When you have finished an experiment, you
should think carefully about how successful it
was and whether you could improve it. This is
called evaluating an experiment. For example, were
you able to make accurate measurements< Did
you repeat your measurements and calculate an
average< The more measurements you make,
the more reliable the average will be, but three
measurements are usually enough.

After evaluating the experiment, you may
need to repeat it with some modifications. You
also need to be able to evaluate other people’s
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experiments. Scientists do this often, and they
sometimes do the experiments themselves to see
if they obtain the same results. They may be able
to suggest ways to improve the experiment.

[t is also important to check any conclusions
or generalisations made from the data collected
in an experiment to make sure they are logical or
valid. Sometimes poor thinking or reasoning can
lead to incorrect or invalid conclusions. Also, not
everyone will reach the same conclusions after
analysing the same data.

In the next activity you can practise evaluating
an experiment and a conclusion.
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Part A: Evaluating an experiment

The manufacturer of a brand of paintbrush has
made the following claim:

Scientific tests show that Super Soaker has
greater paint pick-up than any other brand.
Five brands of paintbrush were tested as
follows.

1 Paint was added to the tray until the reading

on the electronic balance was 500 g exactly.

2 The first brush was attached to the lever. It
was lowered into the paint, then lifted out.

3 The new mass of the tray plus paint was
recorded, and the mass of paint picked up
was calculated by subtraction.

4 The same procedure was followed for all
five brushes.

5 The test was repeated four times for each
brush and the masses were averaged. The
results in the data table on the right show
thig average masses.
£ What variables would need to be
controlled in this experiment?

ﬁ Are the results reliable? Give a reason
fcir your answer.

L/ Do you consider the manufacturer’s
claim to be correct? Explain.

o
£/ How could you improve the experiment?

Part B: Evaluating a conclusion

James and Tjanda wanted to know which was
the best all-purpose pesticide. To do this they
recorded the death rate for flies, mosquitoes and
spiders using four different pesticides.

James concluded that Bingo was the best
all-purpose spray, but Tjanda said that No More
Flies was the best.

£ Who do you agree with? Explain your choice
clearly.

Brand of ‘ Final mass of tray Mass of paint
paintbrush plus paint (g) picked up (g)
Bettabrush 478 22
Easy Paint 491 9
Slurp 485 15
Super Soaker 477 23
Thickbrush 483 17

Percentage death rate

Pesticide

| Flies Mosquitoes | Spiders
Bingo 80 60 60
Bugaway 30 20 90
No More Flies 95 100 15
Zap 40 40 40
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Investigating velcro

In the experiment on the next page you will
investigate the strength of a velcro strip. Before
you do this, however, you need to know
something about velcro.

Your teacher will give you a small piece of
velcro (both hook and loop strips). Examine
both strips using a hand lens or
stereomicroscope.

£’} Sketch the appearance of the surface of
both strips.

f} Explain how the two strips link together.

f} Can you make a join with two pieces of
tape of the same type? Explain.

Velcro is a trademark name from the French
words velours (velvet) and crochet (hook). Swiss
engineer Georges de Mestral had the idea for
velcro after getting burrs caught in his clothing
and in his dog’s fur while walking in the forest.
When he examined the burrs under a microscope,
he found tiny hooks that could attach themselves
to anything with loops in it, such as hair or
clothes. Velcro (or nylon press tape) is made in
two parts, one with hooks and one with loops. It
is now a universal fastener, for everything from
disposable nappies to sandals.

A 5 mm square piece of velcro may contain
3000 hooks and loops, although they will not all
be hooked together. Two 5 cm squares pressed
together can support a person weighing 80 kg! You
may have seen velcro jumping, where a person
leaps off a trampoline and sticks to a velcro wall.

As the diagram shows, less force is required
to detach velcro when it is pulled off at an angle
than when it is pulled at right angles or parallel to
the velcro. This is because you are pulling a single
row rather than all the hooks and loops together.
This smaller force is sufficient to disconnect one
row after another, producing the familiar ripping
sound.
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Figure 1.1 Velcro weed sticking to socks

TENSION

Against a pulling force
at right angles to the
velcro, the resistance
to unfastening can be
up to 15N/cm?.

PEELING

When pulled at an
angle, individual rows
of hooks and loops can
be freed with a

’ relatively small force.

loop

...

Against a force applied
parallel to the tape, the
resistance to
unfastening can_be as
high as 30 N/cm?.




Western Australian Curriculum

/= EXPERIMENT 1.1

Testing velcro

Research questions

Rachel is thinking of buying a new pair of training
shoes that use a velcro strap instead of laces. She
likes the idea because it is so easy to change into
and out of her shoes.

Rachel is fascinated with the velcro idea and
wants to check whether the information on velcro
on the previous page is correct.

These are some of the questions she would like
answered.

1 What peeling force is needed to unfasten the
velcro strip?

2 What shear force will be necessary to undo the
strap off her shoe?

3 Will the strap keep its strength if it is unfastened
and fastened many times?

4 Will the strength of the strap be affected by grit
and material fluff that gets caught in the velcro?

Designing your experiment

1 Work in a small group and discuss which test or
tests you would like to do.

2 Write a hypothesis for your experiment.
3 Make a list of the equipment you will need.

4 Write a draft of your plan, including the variables
you will be controlling and the data you are
going to record.

5 Discuss the draft design with your teacher,
then write your final design.

Hints and tips

1 You can buy hook and loop strips in cheap
variety stores or in fabric stores.
You should record the results of the tests as the
force used (in newtons) per area of velcro (for
example, per cm2).
You will have to design a clever way to attach

the force measurer (usually a spring balance)
to the velcro. Stitching, using a small clamp or
gluing are three possible methods.

Risk assessment and planning

+ Do arisk assessment to identify any
safety hazards and decide on necessary
precautions.

Prepare a data table for your results.
Remember, your results will be more
reliable if you take at least three

measurements and find the average.

Writing your report

Write a report of your experiment using the seven
headings Title, Aim, Materials, Method, Results,
Discussion and Conclusion.

Your description of what you did needs to be
good enough so that if someone else follows
your method they will get very similar results.

A diagram will help.

In the discussion, say how well your method
worked and suggest how you might be able to get
more reliable results.

In your conclusion, you need to answer the
research questions you investigated.
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Experiments using animals

No new drug can be put on the market until
extensive information has been obtained on the
effects it is likely to have on humans. One tragic
example where this was not done properly was
with the drug thalidomide. It was used in the
1950s to stop morning sickness and as a sleeping
pill by pregnant women, but was later identified
as a cause of deformities in newborn babies.

New drugs are usually tested first on laboratory
animals, mainly rats and mice. Sometimes
animals are also used to test the safety of food
additives and household cleaning products.
However, many people feel that this testing is
unethical, and for this reason very few cosmetics
are now tested this way.

Experiments involving living things require
special methods. This is because no two
individuals are the same. Also, it is not possible to
control the behaviour of live subjects, or to control
attitudes if people are used. However, scientists
take care to control as many variables as possible.
For example, if they were using mice, they would
control the following variables:

. genetic differences—all mice would be
descended from the same stock

« age—all mice would be the same age

. environment—all mice would be kept in
similar cages and be given the same food

and water
« no diseases—the mice would be kept in the

best of health.

When conducting such experiments, scientists
normally use a test group and a control group. The
test group is given the drug and the control group
is not. Any differences in response can then be
said to be caused by the drug.

Experimenting on people

When experimenting with people, it is important
that the subjects do not know whether they are
in the test group or the control group. Suppose a
drug company wants to test a new drug that they
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claim can help smokers give up smoking. A test
group and a control group are given tablets—real
ones for the test group and fake ones for the
control group. However, the volunteers do not
know which tablets they have been given. The fake
tablets are called placebos (pla-SEE-bohs) and
appear to be exactly the same as the real tablets.
After several months, the smoking behaviour of
the volunteers is checked, and conclusions can
then be drawn. This procedure is called a blind
experiment because the subjects are unaware of
(or blind to) whether they are in the test group or
the control group.

A blind experimental design helps to overcome
differences in the attitudes of the people involved
in the trial. Some people may want to give up
smoking more than others, and some may think
that no treatment will work for them. Despite this
special experimental design, however, the results
may still be inconclusive. For example, suppose
20% of the test group give up smoking and 10% of
the control group give up smoking. Before you can
draw a conclusion from this, you need to analyse
the data to decide whether the differences could
have arisen by chance alone or whether there are
real differences.

In some experiments, the scientists are ‘blind’
as well as the subjects. This design is called a
double-blind experiment. Suppose a scientist
wanted to test a new ingredient X, which is
supposed to reduce acne (pimples). She could

The Venetian Bros Laboratory specialises in
double blind experiments.
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arrange for a large number of bottles of lotion to
be made, half with X in them and half without.
The bottles could then be numbered and given
to volunteers to use. With this design, however,
neither the volunteers nor the scientist would
know which volunteers were using ingredient X
and which were not. The scientist could then
judge the effect on the pimples of each volunteer
without prejudice. Only after the experiment
would the scientist find out who had been given
ingredient X.

Ethical or unethical experiments?

Some people say it is unethical for researchers
to give sick people placebos, or no treatment, if
effective treatments are already available.

A needle-exchange study with heroin addicts
was conducted in 1997 in Anchorage, Alaska. Half
of the addicts were given needles and the other
half were not. The study was to see how many in
each group got hepatitis B, even though there is
an effective hepatitis B vaccine. The vaccine was
offered to all participants after the study, but
critics of the study claim it was designed to prove
that needle-exchange programs work, rather than
to help the addicts.

Questions

1 Explain the differences between a blind
experimental design and a double-blind
experimental design.

2 Suppose a drug company has developed a new
drug called Nodec that they claim will reduce
tooth decay. They arrange to test Nodec at your
school using this method:

. Company representatives visit the school
to explain the experiment and call for
volunteers.

o They select 100 students and each student
is examined to record the number of
fillings.

. Each student is given a jar of tablets—
either Nodec or a placebo. Students are
to take one tablet each day. The drug
company claims that their representatives
do not know who is given Nodec and who is
given the placebo.

3

» After six months the students are
examined again and the data recorded.
When the trial is complete, the drug
company sends the following summary
to the school.

Total number of fillings
Before After
Placebo (50 students) 56 73
Nodec (50 students) 47 59

a Evaluate the design of the experiment and
the results obtained.

b On the basis of this experiment, would you
use Nodec? Explain.

In a group discuss whether animals should

be used to test drugs, cosmetics and other

products intended for use by humans. You

could research this topic on the internet or

have a class debate.

Consider the Anchorage needle-exchange

program described on this page.

a Do you think this study was ethical?

Explain.

b Two of the principles of the Declaration of

Helsinki (October 2000) are:

o Medical progress is based on research
that ultimately must rest in part on
experimentation involving humans.

« In medical research on humans,
considerations relating to the well-
being of the human should take
precedence over the interests of
science and society.

Were these principles used in the

Anchorage needle-exchange study?

Explain.

has had the desired effect
on this particular subject.

\Hmm, I don't think Nodec
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Match these four words with the four

statements below:
inference observation

hypothesis prediction

a My pulse rate is 56 beats per minute.

b My pulse rate will increase when | run.

¢ The more active you are, the higher your
pulse rate.

d Ithink my pulse rate is caused by my heart
beating.

I didn't know
you could run
that fast!

And I didn't know
my heart could
beat this fast!

What is a variable? Why is it so important to
control variables in an experiment?

Write down in the correct order the four steps
in an investigation.

a A magnet moving in and out of a coil of
wire generates an electric current. What
variables could be changed to produce a
larger electric current?

b  Milk left open out of a refrigerator turns
sour much more quickly than unopened
milk kept in a refrigerator. What variables
can affect the rate at which milk turns
sour?

¢ When a hot concentrated solution of
copper sulfate was poured into a watch
glass, small crystals started to grow
around the edge of the solution. What
variables could influence the growth of
these crystals?

Jessica set up five pots, each containing
10 small cabbage plants. Each plant was
4-5 cm tall, and each pot had the same
amount of soil in it. On the day after the
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cabbages were
planted, Jessica
added different
amounts of liquid
fertiliser to each
pot. From then on,
she watered the
plants the same
amount each day.
She observed

the growth of the
plants over

10 days, and her
results are shown
below.
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Jessica seemed unaware
of the plants’ attempts at
telepathic communication.

a  What problem was Jessica investigating?

What variables did she control in her test?
¢ What conclusions can you draw from her

results?
Amount Observations after 10 days
o of liquid
g fertiliser Colour of | Average height
added (mL) leaves (cm)
1 none pale green 8
2 5 green 8
3 10 green 15
4 15 green 16
5 20 yellow 8

6 Dominic is a keen tennis player and has played

7

on several different surfaces. He wants to
know which surface causes balls to bounce
highest. Design an experiment to answer this
question. Make sure you list all the variables
Dominic will have to control.

Work in a group and discuss how you would

investigate these research questions.

a  Which coloured flowers do bees prefer?

b Do the phases of the moon affect the
weather?

11
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Tom wanted to find out which type of nut

contained the most stored energy. For each

nut, he followed the steps in the box below.

a Do you think Tom's conclusions would be
valid?

b How could he improve his experiment?

Put some water in a test tube and clamp it in place
as shown.

Measure the temperature of the water.

Pick up the nut using a metal skewer and light it in
a burner.

Heat the water in the tube using the flame from
the nut.

Note the increase in temperature of the water.
Repeat steps 1to 5 for the other nuts.

Suggest why velcro loses strength when it collects
thread or fluff (called lint) during washing.

a For each of the following hypotheses, write
down the independent variable and the
dependent variable.

A Punch brand batteries last longer than GoGo
batteries.

B Small marble chips dissolve more quickly in
acid than large chips do.

C Light-coloured clothing is cooler to wear than
dark-coloured clothing.

D Iron rusts faster in sea water than in fresh
water.

E The chirp rate of crickets increases in warmer
weather.
b Design an experiment to test one of the
hypotheses in a.
Four pairs of students carry out an experiment into
the effects of exercise on pulse rate. Their methods
are as follows.

A Kiri and Monique run on the spot for 2 minutes,
then take each other’s pulse.

B Drew runs on the spot for 2 minutes. Felicity
then measures his pulse.

C Samara takes Mimaki’s pulse while Mimaki is

4

seated. Mimaki then runs on the spot for
2 minutes and Samara takes her pulse again.

D Adam runs on the spot for 2 minutes, then takes
his own pulse. Bradley sits and takes his pulse.

Evaluate the method used by each pair of students.
Which students are most likely to be able to make
a valid conclusion about the effect of exercise

on pulse rate? How could their experiment be
improved?

When planning an experiment, it is a good idea

to use your knowledge of science to change the
question you are investigating into a hypothesis.
For example:

Question: Which part of your skin is most sensitive
to touch?

Hypothesis: Fingertips are the part of your skin
most sensitive to touch.

Use your knowledge of science to change the
following questions into testable hypotheses.

a Which objects are attracted to a magnet?

b Do plants grow better under green plastic or
clear plastic?

¢ What is steam?
d What causes silver to tarnish?
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1.2 Collecting data

Some science investigations require you to collect
data in the field. For example, you might be

investigating the condition of the water in a creek.

You will have to take water samples and measure
the pH, temperature and the amount of dissolved
nutrients such as nitrates and phosphates, and
test the clarity of the water. You might also want
to find out the types and numbers of organisms
that live in the creek.

Let’s look at some techniques used to collect
data in the field.

Estimating numbersin a
population

Some organisms, such as barnacles, are fixed in
place in their habitat, while most other organisms

are mobile and move from place to place. Different

techniques are needed to study and count fixed
and mobile organisms.

In field studies you can usually never count
every organism in a population. You have to use
methods to sample the population, and then
estimate the total number.

The quadrat method

This method is used to study populations that
are fixed in position. A quadrat is a square frame
made of plastic, wire, wood or even string, which
can be used to sample the organisms in a
particular area.

Suppose you need to estimate the population
of barnacles and molluscs in an area of a rocky
shore. Quadrats vary in size but are usually
1m x 1 m square; however, this is far too large to
count small rocky shore organisms. A suitable
quadrat might be 200 mm x 200 mm.

You can use the quadrat to count the various
organisms in a number of different places chosen
at random in the area. For a reliable estimate you
should sample at least 10 places. The data can
then be used to estimate the various populations
in the selected habitat, or the population density
per square metre.

Suppose you were studying a rocky shore and
wanted to estimate the number of barnacles in a

ISBN 978 1 4202 3833 4

Science is investigating

10m x 5m area. You drop your 200 mm x 200 mm
square quadrat at random over the selected area.
You do this 1.1 times and each time you count the
number of barnacles inside the quadrat.

Number of barnacles in each of the 10 quadrats:
59,58,11,14,7,5,10,6 Total 80 barnacles

200 mm x 200 mm

Area of 1 quadrat =

= 02mx0.2m
= 0.04m?2
Area of 10 quadrats = 10 x 0.04
= 0.4m?
Population _ no. of barnacles in 10 quadrats . total
size - area of 10 quadrats area
80
= = x 50
0.4
= 10 000 barnacles

So, you can estimate there are 10 000 barnacles
on the shore.

The capture—recapture method

This sampling method is used to estimate mobile
populations of organisms. In this method a
sample of the population is caught, counted and
tagged. The organisms are then released back
into the habitat. After some time when they have
dispersed throughout the population, a second
sample is taken. Some organisms will be tagged,
others will be untagged. Both are counted and an
estimate is calculated as shown below.

Suppose 200 fish were caught in a lake. They
were tagged and released. One month later, 100
fish were caught. Among these were 25 tagged
fish that had been caught previously.

The capture—recapture method works on the
principle that the proportion of tagged fish in the
second sample is the same as the proportion of
tagged fish in the total population.

25
100

Proportion of tagged _ 200

Proportion of tagged fish in 2nd sample

fish in whole population ~ total
25 20
100 total

So, you can estimate  1herefore, total % x 200

there are 800 fish in

the lake. = 800 fish

13
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Aim
To estimate the size of a population using the
quadrat and capture—recapture methods.

Materials

+ alarge container of plastic-coated, coloured
paperclips

+ 1m of heavy wire (fencing or coathanger wire)

« atleast 5m of string

« bar magnet (optional)

Risk assessment and planning

It is best to work in groups of three or four.
Carefully read through the Methods for

Part A and B and decide which part you
will do first.

Prepare data tables for your results in
both parts.

PART A

Method

1 Bend the wire into a square
200 mm x 200 mm frame. This is
your quadrat.

2 Count the paperclips. Then scatter
them over an area of at least
2m x 2 m in the room or outside.

Instead of dropping the quadrat at
random, you will use a transect. This
is a line across your area along which
you place your quadrats. Take your
10 samples along this line.

3 Have two people hold the ends of
the string and without looking lay
it across the area containing the
scattered paperclips.

4 Use the quadrat to take
10 samples along the transect.

f} Count and record the number
of paperclips.

Discussion
1 Find the total number of paperclips in the
10 quadrats.

2 The area of the 200 mm x 200 mm quadrat is
0.04 m2. Find the total area of the 10 quadrats.

3 Use the equation below to estimate the
population of paperclips.

Population _ no. of paperclips in 10 quadrats ><'(0'(al
size area of 10 quadrats area

4 How does the estimated paperclip population
compare with the known count of paperclips?

5 Calculate the population density in numbers per
square metre. (Use the estimated population.)

6 Suggest ways to improve this investigation
so that you obtain more accurate results.

7 What is the advantage in taking samples
along a transect? Can you think of another
way to sample the population that will give
you reliable results?

Figure1.3. Styd»eh't’st"a're laying out a transect.

o
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PART B 4 Count the number of paperclips in the sample
and also the number of the selected colour

(tagged) paperclips.
Method
1 Empty the container of paperclips on the desk.
Select a colour and count all the paperclips
of this colour. These represent your tagged

N
£} Record your results.

5 Return the sample to the container, mix well and
repeat steps 3 and 4 for a total of 10 samples.

paperclips in the total population. Discussion
ey

£} Record this number. 1 Use the ratio formula below to calculate the
2 Return the paperclips to the container and mix t_la;tlmateld population size for each of the

them up well. samples.
3 Use a small container about the size of an total no. tagged no. tagged recaptured

eggcup or a kitchen measuring spoon to scoop population size no. in sample

out some paperclips. Alternatively you can dip a

bar magnet into the paperclips. 2 Find the average population size for the

10 samples. Compare this with the known size
of the population of paperclips.

3 Comment on the reliability of your results.
Could you improve your method?

4 This method assumes that the number of
individuals in a population remains the same
throughout the sampling. Would this be true
of a population of fish in a lake? What factors
might affect this assumption?

Sampling in the field

Collecting data on the types and numbers
of organisms is one part of a field study;
obtaining data on the physical factors in
the environment is the other part.

You know from previous studies in
science that physical or abiotic factors
such as temperature, availability of water,
soil types and soil nutrients, and the pH
of water and soil (see pages 176-7) play a
large part in determining the abundance
and distribution of organisms in a
particular habitat.

Figure 1.4 Sampling the
distribution of seaweed on a
rocky shore using a quadrat
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Aim
To practise various techniques for sampling physical
factors in the environment, such as temperature, pH,
dissolved salts and dissolved oxygen.

This investigation is best done in the field. If this
is not possible, you will be supplied with four buckets
of creek or pond water. Assume that each bucketful
of water has been collected from one of four sites in
a creek as shown in the diagram.

@D @
rocks

shallow

Risk assessment and planning

Work in groups of three or four.

Carefully read through each part. Make
sure you know what to do. Decide which
part your group will do first, then discuss
this with your teacher.

Prepare data tables for your results in
each part.

Make a list of the safety issues in each
part. Your teacher will discuss these as a
class before you start.

PART A

Materials

+ four buckets of pond water or specially prepared
water
100 mL beaker or glass jar
thermometer
pH paper, universal indicator solution and colour
card, or swimming pool pH kit

+ distilled water

Note: You may be able to use a

datalogger with a temperature

probe and a pH probe instead of
\the thermometer and pH paper.

Method

1

Make sure your beaker is clean and rinsed
in distilled water.

Number the buckets. Take about half a
beakerful of water from the first bucket.

Use the equipment to find the temperature
and pH of the water.

-,
£/ Record the results in the data table.

Tip out the water and rinse the beaker in
distilled water.

Repeat steps 2 and 3 for the other three
buckets of water and record your results.

Discussion

1

Why is it necessary to rinse the beaker in
distilled water after each test?

Reliable results are obtained when you take a
number of samples and average the results.
Would you average the data from all four sites
in the creek or just some of the sites, or use
individual readings? Use the map of the creek
to justify your answer.

ISBN 978 1 4202 3833 4



PART B

Conductivity is a measure of the amount of
dissolved salts and nutrients in the water. Water
from a salt water swimming pool is tested for
conductivity to determine how much dissolved
salt is in the water.

A conductivity probe
contains two metal
electrodes. When the
battery is switched on
and the electrodes are
dipped into the water, the
ions in the water carry
the current between
the electrodes. A meter
reads how much current
flows. This reading
is proportional to the
concentration of the
dissolved salts.

Materials

+ 100 mL beaker or glass jar
+ conductivity kit or datalogger with conductivity
probe

Method
1 Clean the beaker and rinse it in distilled water.

2 Take a sample of about 50 mL from one of the
buckets of water. Record the number of the
bucket.

3 Use the equipment to find the conductivity of
the water.

-
£/ Record your results in the data table.

Discussion

1 Calculate the average conductivity of all four
samples.

2 What conditions would change the conductivity
of the water in a creek?
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PART C

Dissolved oxygen (DO) is a very important factor

in determining the distribution and abundance of

aquatic organisms. Some organisms can survive

only in water with high levels of dissolved oxygen,
while others can tolerate very low levels.

Materials

+ 100 mL beaker and glass jar with screw lid
+ oxygen meter with probe, or DO test kit

Note: Your teacher will show you how to use the
oxygen meter and probe if your school has one.
Alternatively you will be shown how to use the
dissolved oxygen (DO) test kit.

Method
1 Clean the beaker and rinse it in distilled water.
2 Without disturbing the surface of the water too

much, slowly dip the beaker into a bucket of
water and collect about 70 mL of water.

3 Use the oxygen meter or the DO test kit to find
the level of DO in the water.

"
£/ Record your results in the data table.

4 Repeat steps 1 to 3 for the other buckets of
water.

£/ Record your results.

5 Take another water sample from any bucket
and pour it into the glass jar. Screw the lid on
and shake it vigorously. Then test for DO.

-
£/ Record your results.

Discussion

1 Compare the DO in the shaken jar with the
water in each of the buckets. Account for the
differences.

2 Why was it necessary to avoid disturbing the
water when you took your samples from the
buckets?

3 What biotic and abiotic factors might change
the level of dissolved oxygen in a creek?

17
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Match these words with their descriptions:

sample quadrat conductivity

transect population abiotic

a A measure of the concentration of ions in
water

b A square frame used to count organisms
in a particular area

¢ Aline across a selected area, which is
used as a guide to sample organisms

d A number of organisms of the same kind
in a particular area

e A small group of organisms selected from
the total population

f  The physical or non-living factors in the
environment

The table (top right) shows the number of
dandelion plants in a grassy areain Tm x 1m
guadrats taken along a transect. The grassy
area measured 10 m x 25 m.

The grid below shows the number of feral horses
in a particular area. The horses were photographed
from an aircraft and their positions (®) were placed
on the grid shown.

Quadrat 112(3[4|5(6|7[8|9]10

Number of
dandelion 41419191116 |8|9|7]|4
plants

1 . 2 3 ° 4 5 @0
() ()
[ ) o PY ..
6 7 @ 8 9 10 o
..
[ ) o®
o |@®
1 @ 12 R 13. 14 .. 15 °
® oo o9 ()
16 17 18 19 ° 20
(R .... [ ]
o® %o o of o°
21 2e |23 24 o [25 @
o| o °
e
o® ()

a Find the total number of dandelions in the
10 quadrats.

b Use the equation on page 14 as a guide
to find the total population of dandelions
in the grassy area.

¢ Use the data in the table to make an
inference about the distribution of
dandelions in the grassy area.

3 When sampling populations of organisms in
the field, the quadrat method is sometimes
preferred over the capture-recapture method.
Describe the situations in which the quadrat
method would be the better sampling method
to use.

Biologists want to estimate the size of the horse
population so they can study their habits and try to
reduce the damage that they cause to native wildlife.

The biologists used the quadrat method to sample
the horses. They selected five squares at random
(shown in blue) and also five squares along a transect
(shown in yellow).

Use the random squares (blue) to estimate the size
of the horse population.

Now use the transect squares (yellow) to estimate
the horse population.

Do your answers for a and b indicate that one
method gives a more accurate estimate of the total
horse population than the other? Explain.

Select another five squares to show that results
can vary when using the quadrat method. How did
you select the quadrats?

Why was the quadrat method used by the
biologists? Could the biologists have used the
capture-recapture method instead? Give reasons
for your answer.
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1.3 Processing data

Once you have done an experiment and collected

your data, you need to organise and display it. This

makes it easier to identify any patterns or trends
in the data. It also makes it easier to discover
any cause-and-effect relationships or links
between the variables. That is, does increasing
(or decreasing) one variable have any effect on
another variable?

Over 300 years ago an English schoolteacher
called Robert Hooke found a relationship
between the amount a spring stretches and the
force used to stretch the spring. You can repeat
Hooke’s experiment yourself on the next page.

;

Robert Hooke 1635-1703

Robert Hooke has been described as the greatest
experimental scientist of the 17th century. Yet he is not
nearly as famous as Isaac Newton.

Your task is to research information about Robert

Hooke and write an interesting science magazine article
about him (maximum 500 words).

Structure of the science article
Here are some hints and tips on writing an article for
a science magazine.

Write more of a human interest story than a science
story.

The introduction is very important. You should entice
your reader with emotion, drama, descriptions and
quotations.

The body of the article needs to expand the ideas
from the introduction.

The conclusion should be short and punchy and
remind the reader of the key points of the story.
Write in the active voice, e.g. ‘Robert Hooke used his
artistic talents to draw the organisms he saw with
his newly invented microscope’.

Avoid lengthy paragraphs. Two or three sentences
will do for each paragraph.

ISBN 978 1 4202 3833 4
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In the next investigation, you are going to
use your data to draw a graph to show the
relationship between two variables.

You will find that the points you plot on the

graph will lie close to, but not exactly on, a

straight line. You need to draw a line of best fit,
rather than joining all the points. A line of best
fit averages out any errors you made in your

measurements in the investigation.

Suggestions

+ Use the websites below or search for Robert Hooke

in your browser.

Write your article electronically. You can download

images from websites. Make sure you reference
sources and check copyright requirements.

+ Make sure your article is scientifically and
historically accurate. Don't make up information!

Check out the links to the websites below.

Robert Hooke (1635-1703)

This website contains useful information and
links to other sites.

Robert Hooke

This website is dedicated to Robert Hooke and
has useful information and pictures that can be
downloaded.

Robert Hooke—natural philosopher,
inventor ...

This is an interesting website with a large
amount of information about his discoveries
and achievements.

any

. EXPLORE ONLINE {2
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Research question

What is the relationship between the force (load)
on a spring and the extension of the spring?

Materials
helical spring
50 g mass hanger and standard masses
+ stand and clamp
* metre ruler
+ brick or other heavy mass
graph paper

Risk assessment and planning

Use the research question above to write
a hypothesis linking the load and the
extension of the spring.

List the steps you will take in your

experiment. Use the photo as a guide to

setting up your apparatus.

Draw up a suitable data table in which

to record the load (mass added) and the

extension (amount of stretch) of the spring.
+ List any safety issues.

Planning hints

1 To find the load in newtons, divide the mass
(in grams) by 100.

2 After adding the first mass, remove it and check
that the spring returns to the zero mark. If it
does not, you may not be able to form a valid
conclusion from your results. Continue in this
way by adding extra masses and recording
the extensions. (If the

spring does not return to Note: You could

the zero mark between enter your data

measurements, it is best into a computer

to stop the experiment spreadsheet

and try another spring.) such as Excel.
Discussion

1 Look closely at your data. Do they support your
hypothesis?

O 2.GE0E s A Hooke's spring

spring —

mass holder _

Which is the independent variable (the one you
purposely changed in the experiment)?

Which is the dependent variable (the one you
measured)?

Use graph paper to draw a line of best fit as
shown below.

Compare your data with the data collected by
other students. Explain any differences.

Spring extension vs load

line of best fit

Extension (cm)
>

Load (N)
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Interpreting graphs

Graphs are a very useful way of displaying
patterns or trends in data. For example, the
graph in the previous experiment shows that the
extension of the spring and the load on the spring
are directly related to each other. An increase
in one variable causes an increase in the other.
Similarly, a decrease in one causes a decrease in
the other. The fact that the graph is a straight
line means that the increases or decreases are
proportionally equal. For example, if you double
the load, you double the extension, and if you
triple the load, you triple the extension.
Sometimes an increase in one variable causes
a decrease in the other. For example, the number

Hits on archery target

25

20

15

10

Number of hits

0 20 40 60 80 100 120
Distance from target (m)

Figure 1.5 Anincrease in one variable causes a decrease in
the other.

Growth of plant

- N
(&) o

Height (cm)
IS

0 1 2 3 4 5 6 7 8

Time (weeks)

Figure 1.6 A curve of best fit
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of hits on an archery target, as shown in Figure
1.5, decreases as the distance from the target
increases. In this case the variables are inversely
related.

Note that a line of best fit does not go through
all the points, but it does go close to them. It tends
to ‘average’ the points and reduce any inaccuracies
due to the experimental method used. It is also
possible to draw a curve of best fit, as shown in
Figure 1.6.

Predicting from graphs

Graphs not only show patterns but can also be
used to make predictions. If the prediction is
between two measurements, the process is called
interpolating (in-TERP-oh-lay-ting). On the
graph in Figure 1.7, for a load of 3.5 N you can
predict a spring extension of about 20 cm.

It is also possible to make predictions for
values beyond the measured values. This process
is called extrapolating (ex-STRAP-oh-lay-ting).
For example, for a load of 7 N you can extend the
straight line and predict an extension of about
40 cm. However, the graph may not be a straight
line at that point—for example, it may curve
upwards. (This is what happens if the spring does
not return to its original length when the load is
removed.) If this is the case your prediction of a
40 cm extension for a load of 7 N will be far too
small. This is why you often see widely different
predictions for such things as world population or
global warming.

60
50- i ?
B Extrapolati / T
polation 4 o
40 e o e B g
[ q4 =7 '
et LT |
[2])
§ 301
i Interpolation
204
101
T T T T T T T T
0 1 2 3 4 5 6 7 8
Load (N)
Figure 1.7 Interpolating and extrapolating on a graph
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@ Scatter graphs
|

= Suppose you want to see if there is a relationship
between the mass and the height of students. You
simply plot all the points and look for any pattern
in the scatter of the points. This type of graph is
called a scatter graph.

In graph 1, there is an obvious trend. The

taller the student, the heavier they are likely to
be. There is a direct relationship between the

two variables. We say there is a high correlation
between them. In fact, you could draw a line of
best fit through the points.

In graph 2, there is no direct relationship,
but there is some correlation. Most plants tend
to grow in soils with water content between
10 and 25 g/100 g water.

In graph 3, there is no relationship between
the size of a person’s head and their intelligence.
There is no correlation.

Graph 1 Graph 2 Graph 3
190 100+
e ® o &E\ .o.:.. A ® 150“
8 ~ Sk \.Q; e e > "u'; . *ive
— ¢ . P i (2] * S o. * [} F ®
< = . = . J
o & & 507 BRI 81004 " . .,
= s : o 5 - N
= . o) . =2 * ® .
@ 3 = :
140 -§ E
T ¥ T Z > T T T 1 50 ] T T 1
50 100 0 10 20 30 40 45 50 55 60 65

Mass of student (kg)
Figure 1.8 Scatter graphs

Water content of soil (g/100g soil)

Circumference of head (cm)

EXPERIMENT 1.3

Measuring feet

The problem to be solved

Is there any correlation between the length of a
person’s foot and their height?

Designing your experiment

1 Plan the details of your experiment. For
example, how many people will you need to
measure? Will you include children and adults in
your sample? What equipment will you need?

Conduct your investigation and record your data
in a suitable data table.

Draw a scatter graph of height versus foot
length. Comment on the degree of correlation.

Write a report of your experiment, including the
answer to the problem. Finally, evaluate the
method you used. Are there things you could
do to make your results more reliable?

Shouldn't we
take our
shoes of f
for this
experiment?

If someone else did this experiment, do you
think they would obtain the same results?
Explain your answer.

22
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Ryan and Brittany set up the equipment below and
recorded their results in a data table.

/)
/7
f'/v’f
/7
N
. /'4/ thermometer
three fllte\rpapers //
Ed
glass wool
insulation large beaker
small beaker
T containing
ychips 100mL hot water
air
(control)
Insulating Temperature (°C) after ... min
material 1 2 3 4 5 6 7 8 9 10
glass wool 61.5 59 57.5 56 55 54 53 52 51 50.5
styrofoam chips 61 59 57 55.5 54 53 52 51 50 49.5
sand 61.5 59.5 58 57 55.5 54.5 53.5 52.5 52 51
air (control) 61 58.5 56.5 55 53 52 50.5 49.5 48.5 48
Questions 5 Plot the results on graph paper. Use a different
1 What problem were Ryan and Brittany trying to solve coloured pencil for each material and label the lines.
by doing an experiment? Write your answer as a 6 Summarise the results, making sure you answer the
question. question Ryan and Brittany were trying to solve.
2 Suggest why they put filter papers on top of each 7 The initial temperature of the hot water was the same
beaker. in all four beakers. Use your graph to extrapolate
3 Ryan and Brittany were careful to change only one what this temperature was.
variable and keep all the others the same. 8 Could Ryan and Brittany improve their experiment?
a Which variable did they change? How?
b Which variables did they keep the same? (There 9 What are the scientific skills that Ryan and Brittany
are at least four.) used in solving their problem?
4 What was the purpose of the control beaker that 10 Do you think they will use these skills when they leave
contained only air? school and get jobs? Explain your answer.

ISBN 978 1 4202 3833 4
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Joshua investigated how far a wind-up toy frog
moved with different numbers of turns of the

24

2

winder.
Number of turns Distance travelled (cm)

5 23
10 47
15 70
20 90
25 117

a Use his results to draw a line of best fit.

(Try to make the graph fill the whole sheet
of graph paper.)

Write a generalisation linking the number of
turns and the distance travelled.

Use your graph to predict how far the frog
will go with 12 turns.

How many turns are needed to make the
frog go 1 metre?

Plot the following data on a graph.

Air temperature Distance hiked in
(°C) 1 hour (km)
9 8.6
15 6.4
22 4.3
25 3.2
30 2.1

Draw a line of best fit.

Write a statement describing the
relationship between the two variables.
Use the graph to predict how far you would
expect to be able to hike at 20 °C and at
35°C.

Which of these two predictions do you
think is more accurate? Why?

Cleaning ability

Clothes drying time

Volume of oxygen
needed per kilogram

Mass of animal

The scatter graph above shows the results of
an investigation.
a What was being investigated?
b Is there any correlation between the two
variables? Explain your answer.
¢ Write a statement describing the
relationship between the two variables.
d Suggest a reason for the relationship.
Look at the four scatter graphs below.
Which graphs show:
+ ahigh correlation between the variables?
+ alow correlation between the variables?
+ no correlation between the variables?
Give a reason for each choice.
A 5 B
(V]
i
o
a8
o
(O]
(O]
w
Price of detergent Distance from parent tree
© o D
@
=
o
o
=
2
8
()
£
'_
Humidity of day Age of person
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CHALLENGE (V»

The table shows the average stopping
distance of a car on dry and wet roads.
Which is the independent variable and which is
the dependent variable?
Plot both sets of data on the one graph and draw
curves of best fit. Label one curve ‘dry road’ and
the other ‘wet road'.
What conclusions can you make from the graph?
What variables do you think would have been
controlled in this investigation?
Speed Stopping distance (m)
(km/h) Dry road Wet road
0 0 0
20 8 8.5
40 20.5 22
60 38 43
80 60.5 71
100 87.5 106
120 119 149

Use the scatter graph below to answer the
following questions.

100
901 >
80+ ST
701 * . .
601
501 5
40 .

301
20-
101

Mark for maths test (%)

0 10 20 30 40 50 60 70 80 90 100
Mark for science test (%)
Which two variables are plotted on the graph?

What was the highest mark on the science test?
What was the lowest mark on the maths test?
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Rate of Electric current

photosynthesis

Rate of enzyme

reaction

through wire

Science is investigating

What correlation is there between the two
sets of marks?
Draw a line of best fit through the points.

If a student obtains a score of 70% on the
science test, predict their score on the
maths test.

Compare your prediction with those made
by others. Explain any differences.

Write a sentence to describe the relationship
between the variables in each of the six graphs

below.
a b
>
=
2
=
(8]
@
.2
©
@©
o
Diameter of wire Distance from source
c d
()
L
=
@ €
:
3
= b=
g
©
o
m
Intensity of light Air temperature
e f
()
O ¢
st
=)
o=
E 8
25
O
pH of solution Distance from creek
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@ —‘- Copy and complete these statements to make a summary of this chapter. quadrat
l - The missing words are on the right. estimate
1 The four main steps in a scientific investigation are , doing the patterns
2 experiment, processing the data and the experiment. valid
o 2 To obtain results in an experiment, you usually need to take average
— repeated measurements and calculate an .
planning
3 To evaluate an investigation, you think about how you could improve the iabl
experiment and whether your conclusionsare variapies
4 Processing data involves looking for or trends showing predictions
relationships between the being investigated. evaluating
5 Lines of best fit drawn from experimental data can be used to make scatter
. reliable
6 __ graphs can be used to check what correlation there is between
two variables.
7 Boththe method and capture-recapture method can be used

to the size of a population.

CH+1 REVIEW

1 In testing the effectiveness of a dishwashing 3 From coral, a drug company has isolated
detergent, you would not need to consider: a chemical (Z), which they claim reduces
A the amount of detergent used. acne. They select 200 students with acne and
B the time of day. photograph the areas of skin affected. Half of
C the temperature of the water. the students (the test group) are given a lotion
D how the dishes were washed. containing Z. The other half (the control group)

are given an identical lotion except that it
contains no Z. To make this experiment a fair
test of ingredient Z, the drug company should

2 Glen did an experiment to find out if fertiliser
affects the amount of oxygen a water plant
makes. He used the apparatus shown below.

. ‘ i not:
A suitable control for this experiment would be A release any details of the trial to the public.
to' E;e ttflttﬁhséme apparatus but B give identical-looking lotion to all students.
without the: oxygen C tell the researchers which group each
A water plant. 5 student is in.
g ;ess;ube. D compare each student’s acne before and
: e;t(lerlser. after the experiment.

water. Justify your answer.

filter funnel

-——— test tube and beaker containing

water plant water and soluble fertiliser
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A biologist found that if you eat a meal
containing a lot of carbohydrates, your blood
sugar level rises rapidly then drops off almost
as rapidly. If you eat a meal containing a lot of
protein, your blood sugar level rises more slowly
to a lower peak. It also drops more slowly, but it
does not fall as far as with a high carbohydrate
meal.

Which graph correctly shows these findings?

>
W

Blood sugar
Blood sugar

Time Time

(¢
O

Blood sugar
Blood sugar

Time Time

High carbohydrate meal

High protein meal

Describe how you would use the capture—
recapture method to estimate the population
of mullet in a section of a river.

Two students used the quadrat method to
estimate the population of periwinkles on a
rocky platform close to the water’s edge. The
rocky platform measured 20 m x 5 m, and ten
1m x 1m quadrats were sampled along a
transect.

Quadrat 1123|4567 [8]|91]10
Numberof 01151 15113]12| 9 [16/14[10] 9
periwinkles

a Find the total number of periwinkles in the
10 quadrats.

ISBN 978 1 4202 3833 4
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b Estimate the periwinkle population on the
rocky shore platform.

¢ Suggest why the quadrat method was
used by the students instead of the
capture—recapture method.

Nancy and Daniel were both given a new bicycle
for Christmas. Nancy’s was a mountain bike
with 22 gears and Daniel’s was a BMX bike

with 10 gears. Nancy argued that her bike was
safer because its larger wheels meant it would
stop more quickly than Daniel’s BMX bike with
smaller wheels.

To settle the argument, Nancy and Daniel
rode their bikes down a hill and braked when
they reached a particular spot on the road. Nancy
stopped in 22 m and Daniel stopped in 14 m.
Daniel claimed that Nancy was wrong—small
wheels stop you more quickly than large wheels.
a What Nancy and Daniel did was not a fair

test of wheel size and braking ability. List

at least three uncontrolled variables that

could have affected the results.

b Suggest ways in which Nancy and Daniel
could improve their test.

Chung investigated the relationship between the
diameter of a rope and its breaking strain.

Diameter of rope (cm) Breaking strain (kg)
1 400
2 500
3 750
4 950
5 1100

a Use Chung’s results to draw a line of
best fit.

b Write a statement of the relationship
between the two variables.

Check your answers
on page 306.
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IN THIS CHAPTER

Science Understanding

investigate the reflection of light from
mirrors and its refraction through
various media, for example air, water
and glass

describe corrective eye technologies
and how the human eye receives light
compare and contrast the way in
which energy is transferred as light
waves and sound waves

investigate the properties of sound
consider how technologies have been
developed using optical fibres and
polarising filters

use the invention of the microscope
to illustrate how advances in
scientific understanding often rely on
developments in technology

Science Inquiry Skills

>

use a knowledge of the properties of
light to explain why the sky is blue and
how rainbows form
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Light and sound

\@ GET STARTED: EXPLORE

Work in a small group to discuss each of the following. How would you write the word SELF on paper so that
Keep your answers for later on in this chapter. when you hold it in front of a mirror you can see the

> You are playing pool and you have to pocket the reflection of the word written correctly?
yellow ball by hitting it with the white ball. How does Two actors stand on a stage. One of them wears a

a knowledge of reflection help you pocket the yellow white costume. When a spotlight with a coloured
ball? Which pocket will you aim for? Why? filter is turned on, one actor’s costume looks red and

the other’s looks black. What colour is the filter and

When the sun shines onto a large crystal hanging in °
what colour is the other costume?

your bedroom window, you sometimes get a rainbow
image on your wall. How is the rainbow of colours
formed?
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’ This activity will help you see what you already 21 Propertles Of llght
know. Form a group and discuss each of the
3 following questions. Be prepared to discuss and Sound
=gl your answers with the class. In the first Get started problem in which you had
2 1 Light and sound are forms of energy. All to pocket the yellow ball, you used the fact that
5 forms of energy have a starting point or the angle at which the ball strikes the cushion is
< source. Name two sources of light and equal to the angle at which it leaves the cushion.
two sources of sound. This is the same principle as the reflection of
2 Which of the following shapes can be light. Reflection is one of the properties of light
seen as the letter K in a mirror? and sound.

Both light and sound are forms of energy

and both can be transformed into other
N z K K sorts of energy. For example, light can be
transformed into chemical energy in a leaf during

photosynthesis, or into electrical energy in a solar

What does this tell you about the images cell. Sound can be transformed into kinetic energy
formed in a mirror? in a radio speaker. The transformation of energy

3 When you hit a metal cymbal with a is another property of both light and sound.
drumstick, it rings. If you put your hand on Another property of light is that it can travel
the cymbal and hit it again, it does not ring. in straight lines. Surveyors rely on this property
Explain why this happens. when they use their instruments to find boundary

4 Three rays of light shine onto a glass lens lines or take measurements for new roads.

as in the diagram below. What will happen - N
to the light rays when they pass through the '
lens?

5 The diagram below shows four light rays
reflecting from a plane mirror. Each light
ray is coloured. There are five errors in the
diagram. Can you find them?

[ - ;\ - ] Figure 2.1 Surveyors use the property that light travels in
mirror reflecting surface straight lines to measure distances and heights.

30 ISBN 978 14202 3833 4



The law of reflection

When light strikes a mirror, the reflected light
ray bounces off the mirror at the same angle as it
strikes the mirror. This is the law of reflection.

When doing experiments on the law of
reflection, scientists measure the angle between
the light ray and an imaginary line, called the
normal. This line is at right angles to the surface.
The light ray coming towards the surface is called
the incident ray, and the outgoing one is called the
reflected ray. The angles formed between the rays
and the normal are called the angle of incidence and
the angle of reflection. These two angles are always
equal no matter how the light rays strike the
surface. This is the law of reflection.

angle of incidence = angle of reflection

<~—— normal

angle of
incidence

angle of
reflection

I |
mirror \_ reflecting surface

Figure 2.2 The law of reflection

@

The history of mirrors

Around 600 Bck, the early Etruscans and Greeks
used polished discs of thin bronze as mirrors.
During Roman Christian times, small metallic
mirrors made of highly polished silver or steel
were worn by fashion-conscious men and women.
Mirrors made of glass with a very thin layer
of metal were first used in the 1300s. However,
it wasn’t until 1564, when the mirror-makers of
Venice formed a corporation, that glass mirrors
gained popularity. These mirrors were made
from highly polished glass with a very thin metal
backing, usually made from an alloy of tin and

ISBN 978 1 4202 3833 4
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Reflection from curved mirrors

The law of reflection applies to curved mirrors

as well as plane (flat) mirrors. In the diagram
below, two parallel light rays hit a concave mirror
(concave means curved inwards like a cave). These
rays reflect off the mirror and meet at a point
called the focus. The focal length of the mirror

is the distance of the focus from the mirror’s
reflecting surface.

Notice that the light rays reflect off the curved
mirror surface and obey the law of reflection—
the angle of incidence (i) is equal to the angle of
reflection (r).

axis

concave
mirror

Figure 2.3 Parallel light rays reflect from a curved mirror and
meet at a point called the focus.

mercury. In very expensive mirrors, silver metal
was used as the reflective backing.

Today, mirrors have a silver or aluminium layer
that is sealed by a painted or plastic outer layer to
protect the metal.
painted

backing
layer

glass

metallic
silver
layer
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concave
mirror

parallel
light
rays
light at
focus

Figure 2.4 When a light source is placed at the focus of a
concave mirror, a beam of parallel light rays is produced.
This is why concave mirrors are used as reflectors in torches,
car headlights and floodlights.

Figure 2.5 Convex mirrors are used at dangerous road
intersections. Light rays from wide angles strike the mirror,
giving a wider-angle image than would be seen using a plane
mirror.

Reflection

Aim
To investigate the reflection of light.

Place the plane mirror at
an angle to the light ray.
Materials

* ray box kit and power pack
+ pencil, ruler and protractor

ray box

page in
your notebook

Risk assessment and planning
*  Your teacher will tell you how to set up the

power pack and ray box kit correctly. 2
Make sure you ask your teacher to check
your set-up before you turn on the power.

Change the angle of the mirror and repeat
step 1. Measure at least three different angles.

3 Replace the plane mirror with a concave mirror
and shine parallel rays of light directly at it.
:7 Describe what happens. Draw a diagram
of the set-up and mark on it the axis and focus
(see Figure 2.3 on the previous page).

Method

1 Use the diagram on the right as a guide to set
up the ray box and plane mirror on a clean page

32

of your notebook. Draw a pencil line along the
back of the mirror. Then draw pencil lines along
the incident light ray and the reflected ray.

ﬁ Use a protractor to draw the normal, then
measure the angle of incidence and angle of
reflection. How do they compare?

Use a ruler to find the focal length of the mirror.
@ Record your results.

Try using a convex mirror.

L&/ Draw a diagram of what happens when
parallel light rays strike the mirror. Does this
mirror have a focus?
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Refraction of light

Air and water are transparent substances.

This means that light passes through them.
Substances such as paper, wood and brick do not
allow light to pass through them and are called
opaque. However, when light passes from one
transparent substance to another, for example
from air to water, strange things happen.

1 Put a coin in a coffee mug (or a beaker) and
place the mug on a bench.

2 Hold aruler vertically on the bench. Place
your eye level with the zero mark on the
ruler and have your partner position the
mug so that you can see only the far edge
of the coin.

3 Have your partner slowly pour water into the
mug until it is full.

L&} What happens to the coin as the water
is added?

4 Move your eye down the ruler until you see
the edge of the coin again.

£ How far down the ruler did you move
your eye?

This effect shows another property of
light—refraction.

ISBN 978 1 4202 3833 4
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The activity showed that when you put a coin
in a mug and add some water, the coin seems to
change position. This is caused by light bending
when it passes through different transparent
substances at an angle. This bending of light is
called refraction. Refraction is another property
of light.

Light is refracted
when it passes
from water to air.

The coin appears
to be floating in
the water.

[ ;” image of coin

i coin

Figure 2.6 Refraction

You can see how light refracts as it passes
through the glass block in the photo below.
Notice that the angle of refraction is less than the
angle of incidence. This is because the refracted
light ray bends towards the normal.

In general, when light passes from air to
another transparent substance such as water,
glass, plastic, diamond or alcohol, it bends
towards the normal—the angle of refraction is
always less than the angle of incidence.

angle of reflected
incidence ray

N ‘P_——
AN
N\
N
N

angle of

normal refraction

Figure 2.7 Light is refracted as it passes through a glass
block. Notice that some light is also reflected by the block.
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The amount of refraction of a light ray depends
on the type of substance. For example, light bends
more when it passes from air to glass than it does
when it passes from air to water.

angle of
incidence

=)

Converging lenses

X7

P -

focal Iengt-h

angle of
refraction

Figure 2.8 Refraction in water and glass K
e
e

Lenses are pieces of glass or plastic curved on Diverging lenses
one or both surfaces. They refract light in certain ure 2.9 C ' 2
patterns; for example, lenses that refract light Figure 2.9 Converging Note: The light rays are
. . ) . and diverging lenses A
inwards are called converging lenses. Diverging lenses usually drawn bending in
refract light outwards. the middle of the lens, even

though they actually bend at
both surfaces of the lens.

y
4

ob\ Lenses and light

Aim Trace around the

To observe how lenses refract light and form lens and draw in
the light rays.

images on a screen.

converging
lens

PART A

Materials
+ ray box kit and power pack

page in your notebook

Method 3 Replace the lens with a different converging

1 Set up the ray box and a converging lens as lens and find its focal length.

shown in the diagram on the right. £/ What happens when you use a diverging
lens instead of a converging lens? Can you find

2 Find the focal length of the lens. the focal length of a diverging lens? Try it.
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Discussion

1 Does a fatter converging lens refract light more
or less than a thinner one? Suggest a reason for

your answer.

2 Do diverging lenses have a focus? Explain your
answer.

PART B

Materials

* metre ruler

+ candle

+ round glass converging lens and lens holder or
plasticine

+ screen (white hardboard or cardboard)

Method

1 Hold the converging lens near a window and
focus the image of a distant object on the

screen. Measure the distance between the lens

and the screen. This is the focal length.
g
£/ Record the focal length.

round glass
converging lens

2 Light the candle. Then place the lens in a holder

(or plasticine) and position it so that the
distance from the lens to the

candle is twice the focal

length of the lens (2f).

3 Move the screen backwards
and forwards until you get a
clear image of the
candle flame. lens

1.
candle
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L‘} Is the image bigger, smaller or about the
same size as the candle flame? Is it right side
up or upside down?

4 Move the lens further away from the candle and
describe what happens to the image. Do this for
two or three distances.

f} Record your observations.

5 Now move the lens closer to the candle but not
up to the focus.

f} What happens to the image?

6 Move the lens inside the focus. Remove the
screen and look through the lens at the candle
flame.

47 Describe the image.

Conclusion

Summarise your results in a table. Put the
distance between the lens and the candle in one
column and the image description in another. The
distances are:

« at twice the focal length (2f)

« further than 2f

* between 2fand f

+ closer than f.

PART C

Ray diagrams are scale models used to predict the
position and size of the image. The ray diagram
below uses a lens of focal length 20 cm. To find
the image, draw one light ray straight through the
centre of the lens, and another through the focus to
the lens and then parallel to the axis. The image is
where these two lines meet.

O Take some measurements using your
set-up from Part B, and then check the image
distances with those predicted using ray
diagrams.

lens
focus image of

object

I~
T

object

Scale: 1Tmm =2cm
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Inventing the microscope

Over 400 years ago, a young Dutch child named
Zacharias Janssen was playing with his father’s
lenses when he suddenly screamed. The church
spire he saw was so large it seemed to be coming
towards him. When he grew up, Zacharias became
a spectacle-maker like his father Hans. He
remembered the fright he received as a child and
began combining lenses to make small objects
bigger. In 1595, he invented the first compound
microscope, probably with help from his father.

It consisted of two tubes, with one fitted neatly
inside the other. There was a lens at each end, and
one lens magnified the already enlarged image
from the other. The microscope was focused by
sliding the tubes back and forth.

The English scientist Robert Hooke improved
on Janssen’s microscope. When he examined a
thin slice of cork (the bark of an oak tree) through
his microscope, he was astonished to see a block-
like pattern inside the cork. Hooke called these
blocks cells because they looked like the little
cubicles where monks studied and prayed. Amazed
by this, other scientists were soon examining
parts of all kinds of plants and animals. They
found that all the specimens they examined
were built from rows and rows of cells. These
cells were different shapes and sizes, and
some could even move about.

A Dutchman named Antonie van
Leeuwenhoek (LAY-wen-hook) read about
Hooke’s work and began making his own
single-lens microscopes. When he placed a
small live fish in front of the lens and held
it up to his eye, he could see blood surging
through the blood vessels in the fish’s tail.
He took a drop of water from the bottom of a
pot plant and observed it with his microscope.
To his amazement he saw tiny single-celled
animals that he called ‘cavorting beasties’.
Leeuwenhoek was the first person to observe
bacteria—in plaque he collected from his

own teeth and from ‘two old men who had never
cleaned their teeth in their life’. He even noticed
that the bacteria in the plaque were killed when he
drank hot coffee.

After Hooke and Leeuwenhoek, microscopes
were made with higher and higher magnifications,
but it was not possible to go beyond a
magnification of x1500. In 1931, a German named
Ernst Ruska made an electron microscope. Instead
of light he used a stream of electrons that could
be focused using electrical or magnetic fields.
Electron microscopes can magnify objects up to
one million times, and for the first time scientists
could observe viruses and the details of cell
structure. Scanning electron microscopes can take
3D pictures of the various structures in the human
body; for example, blood cells and muscle fibres.
The photo below shows a head louse with an egg
(nit) clinging to a human hair.

Question

Use the information on this page to write one or
two paragraphs that describe how developments
or improvements in technology have transformed
science.

_’\‘

4
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Optical fibres

The photo below shows a surgeon using an
endoscope to examine a patient’s stomach. The
endoscope has a long flexible tube containing
optical fibres that is inserted through the
patient’s mouth and oesophagus.

The endoscope contains bundles of optical
fibres, each one about 10 micrometres in
diameter. The optical fibres act like a flexible
torch. Light shines through one end of the

You will need a ray box kit and power
pack for this activity.

1 Use the diagram below as a
guide to set up the ray box and a
triangular prism.

2 Shine one beam of light onto the
side of the prism, and slowly rotate
the prism until the light beam is
totally internally reflected.

S
=
=
-
Q
<

optical fibres in the endoscope and it comes out Slowly rotate
the other end, no matter how much the tube is
twisted or bent.

the prism in this
direction

ray box )"\

/

single beam
of light

An optical fibre uses the principle of total
internal reflection to transmit the light.

Figure 2.11 shows how the light ray comes in
from one end, hits the side of the fibre and is
reflected back into it. None of the light escapes
from the fibre. This is why it is called total
internal reflection.

Endoscopes have two bundles of optical fibres
inside the flexible tube, and each bundle consists
of thousands of fibres. One bundle transmits the
Figure 2.10 A doctor using an endoscope light from the surgeon’s end to the patient so that
the surgeon can see. The other bundle carries the
image back to the surgeon via a microscope, video
screen or computer.

Optical fibre communications

~ ot tigztr o at Optical fibres have replaced most metal cables
internally the ot%er end used in communications. Electrical signals
;?;I:gttii of the fibre. from computers, telephones and televisions are
fibre. converted to pulses of light using a laser. These

light pulses are then sent along optical fibres that
can transmit the signal over large distances.
i Optical fibres are much lighter, and the same
Light enters one . . .
end of the fibre. Figure 2.11 Reflection thickness of fibres can transmit thousands more
inside an optic fibre messages than copper wire cables can.
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@ How the eye focuses light

.0 Light enters the eye through the transparent
cornea that covers the front of the eye. The
coloured part in the front of the eye is called the
iris. This is a ring of muscle that changes in size
and thus controls the amount of light that enters
the eye. The light passes through the pupil, the
lens and the jelly-like substance inside the eye
and finally hits the retina. The retina contains
structures called vision receptors, which detect
light.

Both the cornea and the lens refract the light
and focus it onto the retina. The lens is much
better than a glass lens because it can change
shape to focus near objects and distant objects.
To focus on close objects, tiny muscles around
the lens make it thicker and more sharply curved.
When you focus on distant objects, the lens
becomes thinner and flatter.

top

eyelid \

lens muscle
—
cornea —
puptl
Iens

retina

fovea

jelly-like
substance
inside the eye

iris

Iower

Figure 2.12 A cross-section of the human eye

/ 7“‘\’
When the eye focuses on a u

close object, the lens is thicker.

When the eye focuses on a /u

distant object, the lens is thinner.

Figure 2.13 The lens in the eye focuses light onto the retina.
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Corneal transplants

When a person’s cornea becomes cloudy as a
result of disease, injury or infection, their vision
is reduced, often making them blind. In a surgical
operation called a corneal transplant, a damaged
cornea can be replaced by a donated healthy one.

In a corneal transplant, an eye surgeon, called
an ophthalmologist (OFF-thal-MOL-o-gist), cuts
a circular section of the damaged cornea using a
tool that works in the same way as a round pastry
cutter (see photo). The damaged section of cornea
is removed and replaced with the same-sized
section of a healthy cornea. The new cornea is
held in place by hair-like stitches.

Corneal transplants are the most successful of
the organ donation transplants. Over 90% of all
patients have restored vision after the operation.
The greatest risk with corneal transplants is tissue
rejection. This is where the body of the patient
rejects the donor’s eye tissue. The eye swells and
the two types of tissues never bind together.

o,

more information on corneal
transplants and organ donation
of eyes. Try entering the
following words in the search
engine: corneal transplant and
eye organ donor.

ISBN 978 1 4202 3833 4
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Correcting eye problems
with lenses

Some people have vision problems because their
eyes do not focus light on the retina and a blurry

image results. There are two common eye problems:

long-sightedness and short-sightedness.

Long-sightedness

The image focuses behind the retina and the
person has trouble focusing on close objects.
This is common in older people where the lens
muscles have become weak or the lens has
hardened. In young people, a short eyeball will
cause this problem.

Long-sightedness can be corrected by wearing
glasses with converging lenses. These bend the
light rays inwards and make the image form on
the retina.

Image does not

focus on retina:
appears blurry

t

glasses

t |

Figure 2.14 Long-sightedness causes light to focus behind
the retina. It can be corrected by wearing glasses with a
converging lens.

Short-sightedness

The image is focused in front of the retina and the
person cannot focus on distant objects. An out-of-
shape, long eyeball will cause this problem.
Short-sightedness can be corrected by wearing
glasses with diverging lenses. These bend the light
outwards, and make the image form on the retina.
Many people prefer to wear contact lenses instead

ISBN 978 1 4202 3833 4
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of spectacles to correct their eye problems.
Contact lenses are very thin pieces of special
plastic which are worn on the outer surface of the
cornea. The shape and size of the contact lens is
specified by an optician who also fits them and
tests to see that the person’s vision is corrected.
Your eyeball changes shape as you grow.
Between the ages of 12 and 15, the body grows
rapidly. During this time the eyeball also grows,
usually becoming longer. This may cause
eye problems for some teenagers, leading to
headaches and dizziness, particularly when doing
a lot of reading. These problems are quite common
and are easily corrected by an optician.

Image does not
focus on retina:
appears blurry

t

glasses

t

Figure 2.15 Short-sightedness causes light to focus in front
of the retina. It can be corrected by wearing glasses with a
diverging lens.

Figure 2.16 Contact lenses
are worn on the eye itself.
The liquid (tears) on the
outside of the cornea

keeps the corrective

lens in place.




SW 5 Western Australian Curriculum

Match these words with their descriptions:

image reflection incident ray
converging plane mirror refraction
focus convex mirror diverging

a amirror that is flat and not curved

b when sound or light strikes a surface and
bounces off

¢ theingoing ray of light

d the point at which light rays meet after
passing through a converging lens

e apicture of an object formed after light
rays have been reflected or refracted

f light rays that come together

a  How could you demonstrate to someone
that light and sound are forms of energy?

b  Apart from the things mentioned on page 30,
name some other things that convert light or
sound into other forms of energy.

Why is the sign on this van written like this?

IMAALD 3 N90M
JADIMAHOAM 38

40

4 Explain the difference between the words

reflection and refraction.

Some substances are transparent and some
are opaque. Describe the differences between
the two terms, giving two examples of each.

AN

Copy the drawings below and show what
happens to the light rays when they pass

through the lenses. In each case label the
focus.

SE

Two light beams strike a plane mirror as
shown in the diagram below. Copy the diagram
and show the normal and the

reflected rays.

8

10

1

12

13

mirror

Two plane mirrors are placed at right

angles to each other. A light ray is shone onto

mirror 1 at 30° to the mirror.

a At what angle will the beam strike mirror 2?

b Will the reflected ray from mirror 2 be
parallel to the original incident ray? Explain.

Reflection is a property of light. Briefly describe
how you would demonstrate two other
properties of light.

Describe what happens to light rays from when
they enter the eye until they hit the retina.

When you read these words, the lens in each
eye automatically adjusts to focus on the
words. Now look out of a window. Immediately
you focus on distant objects.

Describe what happens to the lens in your eye
when you do this.

Some substances are transparent, some are
opaque, while others are translucent. Use a
dictionary to find out what the word translucent
means.

a Describe what causes short-sightedness.
Use a diagram to support your answer.

b Now draw a new diagram to show how this
condition can be fixed.
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CHALLENGE (00

spotlight

)

The diagram below shows a solar hot water heater
using a semicircular shiny, silvered reflector.

Explain how you think the heater works.
Where would you place the water tube to get
the maximum heating efficiency?

sun

water out

shiny silvered
reflector

water in

A pencil 15 cm long stands vertically on a bench
30 cm from a small spotlight. A screen is placed
1 m away from the spotlight and a shadow of the
pencil forms on it.
Which property of light
is being shown here?
How tall will the
shadow be?

screen

pencil

What type of mirror (plane, concave or convex)
would be best to use as a rear-vision mirror with
a wide field of view. Your teacher will give you the
mirrors to help you with your decision.

A pencil 20 cm high was placed 60 cm in front of

a concave mirror of focal length 20 cm. The ray
diagram below shows that the image of the pencil is
upside down and smaller than the object.

focus

\ o Mirror

~J

image —»
of pencil /

/ Scale: Tmm =2cm
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Do a similar drawing to find out what happens to
the image if the pencil is placed 100 cm in front of
the mirror.

A converging lens has a focal length of 20 cm. An
object 15 cm high is placed 40 cm from the lens.
Use a ray diagram to describe what the image will
be like.

Design the following items using mirrors.

Make a periscope that can be used to see things
around corners.
Use a concave mirror to make a solar cooker.

This diagram shows a light ray hitting the surface
of a transparent substance. The light ray refracts at
the surface and bends towards the normal.

How much the refracted ray bends depends on
the type of substance. The table below shows

different substances and their refractive index.
The higher the refractive index, the greater the

refracted ray is bent.

normal  light ray

e

i transparent
! substance

Substance Refractive index
air 1.00
water (at 25 °C) 1.33
ethanol 1.36
glass 1.52
diamond 2.40

Does light bend more when it goes from air to
water, or when it goes from air to glass? Justify
your answer.

Glycerine has a refractive index of 1.47.

Does glycerine bend light more or less than
glass does?

Predict what happens when a light ray passes
from air to glass to water and out to air again.
Draw a diagram of your prediction.
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2.2 Light and colour

Figure 2:17 ‘A rainbow

Forming a rainbow

Rainbows make a ribbon of colours in the sky after
rain. They form when sunlight passes through the
raindrops. The drops split the white light from the
sun into a spectrum of colours.

The colours that make up the spectrum are
continuous and blend into each other, but for
convenience we say there are seven colours—red,
orange, yellow, green, blue, indigo and violet.

The splitting up of white light into this spectrum
of colours is called dispersion. This occurs because
each colour is refracted slightly differently when it

glass prism

white light

passes.thr.ough. a raindFop. . Figure 2.18 A glass prism disperses white light into colours
White light is also dispersed into separate because each colour is refracted slightly differently. Violet
colours when it passes through a glass prism. light is refracted more than red light and so appears at the

bottom of the spectrum.
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Why are things coloured?

Why is a leaf green, milk white and a tomato red?

When white light hits a leaf, most of the
colours in the white light are absorbed. Only the
green light is reflected, and it is this colour that
reaches your eye. So you see the leaf as a green
colour.

Figure 2.19 A leaf reflects the green colour in white light and
absorbs the others, so it appears green.

Figure 2.21

A red tomato reflects only red light and
absorbs the others.

ISBN 978 1 4202 3833 4
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Filters made of coloured glass or plastic can
also change the colour of light. When white light
hits a red glass filter, the glass allows the red light
to pass through and absorbs all the other colours.
The colour of the filter tells you what colours it
transmits (allows to pass through).

!

red screen
filter

Figure 2.22 Coloured filters transmit their own colour and
absorb the other colours.

What happens when you view a red tomato
in green light? Since the tomato reflects only
red light and absorbs all the others, green light
is absorbed by the tomato. This means no light
reaches your eyes, and the tomato therefore looks
black.

6

No light
reaches
your eyes.

Figure 2.23 A red tomato will look black in green light
because it absorbs all colours except red.
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Aim PART B

To observe the effects of filters and coloured cards

on white light. 1 Shine a full beam of light from the ray box

Materials onto a piece of red card. Then place different
coloured filters in the ray box and record the

box kit and k, with col d filt
ray ox Kit and power pack, with cololrec fiiters colour of the card in each light.

piece of white paper 2 .
pieces of coloured card (red, green, yellow, blue) £/ Draw up a table and record your results in
the table.

Risk assessment and planning 2 Repeat step 1 with the other coloured cards.
. This investigation is best done in a

darkened room.
. Make sure you ask your teacher to check
your set-up before you turn on the power.

PART A

1 Place the ray box on a sheet of white paper.
Shine a full beam of light onto a triangular prism
and turn the prism until the spectrum of colours
is formed.

Discussion

1 How do the results in Part A, step 1 help you
decide which colour of the spectrum is refracted
the most? Which one is refracted the least?

2 Which colours are transmitted and which are
absorbed when white light is shone through a
yellow filter?

3 Which colours of the spectrum would you see
if white light was shone through a red filter and
then a green filter? Explain your answer.

2 Predict what will happen when you put a red 4 Explain, using the words absorb and reflect, why
filter between the light and the prism. a blue card is blue in white light.
Lﬂ} Try it and record your observations. 5 What would you see if you placed the blue card
3 Try other filters and record your observations. in red light? Explain your answer.
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Making colours

There are two main ways of making colours.

The first way is to shine different coloured lights
together. The other way is to mix different
coloured paints or pigments together.

Your teacher will set up three slide projectors
(or light boxes) in a darkened room. Each
projector will have a different coloured filter,
red, green and blue, and the spots of colour
will overlap on a white screen.

/¥ What colour do you see when red light
and green light overlap? As a challenge, try to
suggest why this happens.

/¥ What colours would you see if the screen
was red instead of white?

Addition

Making colours by adding different coloured
lights together is called addition. White light can
be made by shining red, green and blue lights
together as shown below.

Figure 2.24 Blue, red and green light add together
to make white light.
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Subtraction

The method of making colours by mixing various
paints together is called subtraction, because each
paint colour subtracts or absorbs colours from
white light. For example, blue paint reflects blue
light and absorbs the rest.

Suppose 5-year-old Emily
has seven pots of paints,
and each one is a different
colour of the spectrum.
When she mixes them all
together, she ends up with a
black mess. What happens

is that each of the seven
paints absorbs its colour
from white light.
When they
are all mixed
together, all the
white light is
absorbed and
none is reflected. So the mixture looks black.

Figure 2.25 below shows how green is the only
colour reflected when blue and yellow paints are
mixed. All the other colours are absorbed.

Blue paint reflects
. blue, green and
purple light
(neighbouring
colours in the
spectrum).

Yellow paint
reflects orange,
yellow and
green light.

f A mixture of
the two paints
reflects only
green light.

———

Figure 2.25 What happens when paints are mixed
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Seeing colours

The retina that lines the inside of the human eye
contains receptors that are sensitive to colours
and give you colour vision. There are other

receptors that are sensitive
to shades of light and give
you black-and-white vision.

cells of retina

cone cells
(receptors)

cornea

\

retina — to optic

nerve

\

lens optic nerve

Figure 2.26 Receptors in the retina can detect red,
green and blue light.

The colour vision receptors are called cone cells.

There are three types of cone cells—one type is
sensitive to blue light, another to green light and
the third to red light. The diagrams below show
how you see colours.

Seeing
red light
9 -

nerve red-sensitive cone cell

messages — green-sensitive cone cell

to brain .

blue-sensitive cone cell

Seeing

white light

white
light

nerve
messages—-
to brain

Figure 2.27 How the eye sees colours

Colour blindness

Colour blindness is a condition that causes
people to have trouble distinguishing between
certain colours. The most common form of colour
blindness is red—green colour blindness. People
with this condition cannot see, or they confuse,
shades of red, green and brown.

The condition is usually inherited, which
means it is passed on from parents to children.
In Australia, about 9% of males and about 0.4% of
females have some form of colour blindness.

Each of the cone cells in the retina contains
a type of light-sensitive pigment. One type of
pigment is sensitive to blue light, another to
green light and the third to red light.

In people with defective colour vision, one or
more of the light-sensitive pigments functions
poorly, or, in severe colour blindness, is absent
altogether. Generally it is the red-sensitive
and green-sensitive pigments in the cones that
function poorly, giving rise to red—green colour
blindness.

(e,

Check out the following websites.

Colour blindness

This website describes colour blindness and
lists some of the everyday problems colourblind
people put up with.

Ishihara tests for colour blindness
This website contains the Ishihara colour charts
to test for red—green colour blindness.

Use the websites above to answer these

questions.

1 Does a colourblind person see only in
black and white and shades of grey?

2 Isthere a cure for colour blindness?

3 Describe three everyday frustrations
for colourblind people.

4 Use the Ishihara colour charts to test
your colour vision.

EXPLORE ONLINE {2}
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Light and sound

Lights, colour, action!

Colour is a vital part of any stage play or film, and it
can be used to produce a response from an audience.
For example, the blue light on the characters in
Figure 2.28 gives an impression of coldness and
sadness, while the red light in Figure 2.29 gives
warmth and excitement to the scene.

The coloured lights for theatre or film sets are
made by using coloured filters or gels that are
attached to spotlights. The lights can be used to
flood the stage with a particular colour, as in the
two scenes in the photos, or they can be used to
focus on particular characters.

The three characters in Figure 2.30 are dressed
in different colours. Notice how the character
dressed in yellow seems to have ‘disappeared’ in
blue light, and you tend to focus your attention on
the other two characters.

The character in yellow seems to disappear
because her yellow clothes absorb the blue light
and do not reflect any light. The character in blue,
on the other hand, reflects all the blue light and
does not absorb any light.

Using different coloured lights and characters
dressed in different coloured clothes, the lighting
director can create special effects on stage where
characters come in and out of attention.

Figure 2.28

The blue light used in
this scene gives a feeling
of serenity and sadness.
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Questions

1 Suggest why red light flooding the stage gives
a feeling of excitement and action. Do any
other colours give the same effect?

N

Explain why the colour of her dress and hair
change in blue light.

3 Suppose you were designing the lighting for
a scene that is set around a haunted house.
Which coloured filters would you use? Why?

4 Why would it be best for the characters in the
scene in Figure 2.28 to wear neutral-coloured
clothes (such as white or grey) rather than
reds, oranges and yellows? Use the words
reflect and absorb in your answer.

Figure 2.30 The colours of objects on stage change
with different coloured spotlights.

Figure 2.29

The red light used
in this scene gives
a feeling of warmth
and excitement.

i
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Look at the singer in the middle in Figure 2.30.
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Why is the sky blue?

When a beam of light passes through smoke or
dust, some of it bounces off the tiny particles and
is reflected towards your eyes. This is why you can
see the beam. This bouncing of light from particles
such as smoke or dust is called scattering. You
cannot see a beam of light in clean air because the
particles of air are too small to scatter the light.
The air around the Earth contains tiny bits of
dust. These are too small to see, but they are big
enough to scatter light. Blue light is scattered
more by the dust than red light is. As the light

AAAAAAAL

smoke in air—
scattering

clean air—
no scattering

Figure 2.31 Light is scattered by particles in the air.

SUNSET

from the sun comes through the atmosphere,
the blue light is scattered. This scattered blue
light bounces from dust particle to dust particle,
spreading blue light through the whole sky. This
is why the sky normally appears blue.

Why are sunsets red?

When the sun is low on the horizon, the light

has more air to pass through as it travels through
the atmosphere. Also the lower part of the
atmosphere close to the horizon contains much
more dust, so the blue light is scattered and the
red light reaches your eyes. This is why sunsets
are red. The dustier or smokier the atmosphere,
the redder the sunset.

Questions

1 Why do suspensions scatter light but
solutions do not?

2 a Why can you see the beam of light from

a car’s headlights when driving at night

in fog?

b Suggest why yellow lights are more
effective than white lights when driving

on foggy nights.

3 Suggest why sunsets are redder on cloudy,
polluted or dusty days than on fine, clear
days.
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Go back to your answer for the second question
in Get started on page 29. Use the words
dispersion and spectrum to explain why you

see a rainbow of colours.

Use the words absorbed and reflected to explain
why a banana looks yellow in white light.

What colour would a bunch of green grapes be
in red light? Why?

A beam of white light shines through a blue
filter. Use the words transmitted and absorbed
to explain what happens to the colours in the
white light.

A beam of white light passes through a filter
and then through a prism. The prism disperses
the light, and the different colours shine on

a white screen. Use the information in the
diagram below to work out the colour of the
filter.

prism

screen

filter

A beam of light shines through a green filter. A red
filter is then placed in front of the green filter. What
will happen?

Some people believe that there are only six colours
in the spectrum. Use library resources to find out
which colour is in dispute.

When white light was detected by a light probe
connected to a datalogger, graph 1 was obtained. It
shows that white light contains equal intensities of
all the spectral colours.

When a coloured filter was placed in the path of
the light, graph 2 was obtained. Infer the colour
of the filter.

Predict and draw the shape of the graph you
would get if a violet filter was placed in the beam
of white light.

ISBN 978 1 4202 3833 4

combined
beam

Graph 1

Graph 2

Light and sound

A combined beam of red and blue light hits a

glass prism. On the other side of the prism, two

separate beams of light are observed.

a  Why did this happen?

b Which beam, A or B, in the diagram below
is red? Give a reason for your answer.

prism

two refracted

wa‘ms
\A
B

Why is the method of creating colours
by mixing various coloured paints called
subtraction?

Suppose green light is shone into your eyes.

a How do you see green light?

b Suppose ared light and a green light are
shone together into your eyes. Predict
what colour you would see. Which type
of cone cells would not be detecting a
colour?

Intensity of light

red orange yellow green blue indigo violet

Intensity of light

red orange yellow green blue indigo violet
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2.3 Light and sound as
waves

In the first section you learnt that sound and light
are both forms of energy. How do these forms of
energy travel from place to place?

Sound waves

Consider the following experiences.

« If you put your ear to a metal railing, you can
hear the sound of someone tapping on it a
long way away.

- When you are at the beach swimming
underwater, you can hear the sound of a
motorboat more than a kilometre away.

« The photo on the right shows an electric bell
inside a large jar. The bell is heard when the
switch is pressed. However, if all the air is
pumped out of the jar, you cannot hear the
bell. (Your teacher may set this up for you.)

Sounds travel in solids, liquids and gases. This
is why you can hear sounds in a metal railing, in
water and in air. But when the air is pumped out
of the jar, no sounds are heard.

Sounds are made by vibrating objects. The
vibrating strings on a guitar make sounds, as does
the vibrating skin on a drum when it is struck.
These vibrations are carried through the air as
sound waves.

The activity showed that the sound from the
drum travelled through the air. The air ‘pushed’
on the candle flame and made it flicker. These

To observe an effect of sound waves
travelling through the air, your teacher will set
up the following equipment, or you could set it
up at home.

You will need a candle and a drum. (You
could use a large can open at both ends with
a rubber skin tied over one end.)

1 Make sure there is no wind in the room.
Light the candle. Hold the open end of the
drum close to the flame. Tap the skin on
the drum and watch the flame.

‘pushes’, or sound waves, are the way sounds
travel in air.

You may also have noticed that a soft tap on
the drum made a soft sound and produced a small
flicker in the flame. A harder hit on the drum
made a louder sound and produced a larger flicker
in the flame.

Figure 2.33 A vacuum jar: When the air
is pumped out can you hear the bell?

2 For a more dramatic effect, hit the drumskin
with a drumstick.

How do you think sound waves are responsible
for the movement of the candle flame?
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Sound waves are made up of bands of high and
low air pressure. The energy from the vibrating
source is transferred from one air particle to
another as the sound waves travel.

This is called a longitudinal wave, meaning
the particles travel back and forth in the same
direction as the sound energy that is being
transferred.

Sound waves spread out in all directions
through the air from the source of the sound. As
they do this, the energy in the waves gradually
decreases and the sounds become fainter.

The air is made up
of particles of various
gases.

When the drum is
struck, the particles
are pushed together.
This increases the
air pressure.

Each particle pushes
on the next one as the
wave moves through
the drum, but the air
as a whole does not

move
band of compression

The candle flame
flickers when the
wave of increased air
pressure hits it.

Figure 2.34 How sound travels as
a longitudinal wave

Compression

Light and sound

Your teacher may show you how you
can model sound waves in a slinky

spring. The waves travel through the
spring as compressions.

ACTIVITY &y

Measuring sound

When the vibrations of sound are fast, they are
heard as a high-pitch sound. This means that
the pressure waves are close together. When the
vibrations are slow and the pressure waves are
further apart, the sound is heard as low-pitch
sound. The pitch of sound is also known as its
frequency.

We can therefore say that a high-pitch sound
has a high frequency, and a low-pitch sound has a
low frequency. Frequency can be represented by a
wave as in Figure 2.35.

The loudness of sound can also be measured.
The loudness depends upon the amount of energy
carried by the wave, and is shown in Figure 2.35 as
the amplitude.

The closer together the waves get the higher
the pitch or frequency. And the larger the height
of the wave, or amplitude, the louder the sound is.
The loudness of sound is measured in decibels, dB
(DESS-ee-bels).

Rarefaction Direction of wave

Figure 2.35 The pitch and
loudness of sound can be
shown on a wave diagram.

/\/\/\/\/\/\
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Wavelength (pitch)
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High frequency, high pitch Low frequency, low pitch High amplitude, loud Low amplitude, quiet

Figure 2.36 Frequency and amplitude change with the shape of the wave.

. The speed of sound
' 1 Place your fingers over the voice box o
in your throat. Now say ‘AHH’ in a deep Sound travels at 330 metres per second in air
> voice. Can you feel your throat vibrating? at 0°C. However, it travels even faster in other
= Now say ‘AHH’ in a higher voice. substances.
2 Did you notice any difference in the way - Speed of Speed of
5 your throat vibrated? LSl sound (m/s) sound (km/h)
>3l 2 Your teacher will set up a number of air (at 0 °C) 330 1188
stations around the room. Each station . -
will have an object that is capable of air (at 15°C) 342 1231
making a sound, or carrying sounds from oxygen (at 0 °C) 317 1141
one point to another. (Objects may include water (at 0 °C) 1210 5076
rulers, tuning forks, paper to roll up, reeds,
stethoscopes and bottles.) water (at 15 °C) 1450 5220
Work in a small group and try to answer lead (at 20 °C) 1200 4320
the following questlon§ for each object. copper (at 20 °C) 3500 12 600
How do you get the object to make a . -
sound? (Hint: You can strike, flick or blow!) iron (at 20 °C) 5100 18 360
For each object make a generalisation granite (at 20 °C) 6000 21600
abodut the way it vibrates and the sounds it wood (at 20 °C) about 5000 about 18 000
produces.
3 Your teacher may set up a sound Reflected wave
generator connected to a computer. On : (echo)
: Dista -
the screen you will be able to see wave ;Znsr;r;e
patterns that represent sounds.
Describe the wave patterns made by: ., Sender

a high-pitched sounds compared to
low-pitched sounds

b loud sound compared to soft
sounds.

Include drawings in your descriptions.

Figure 2.37 An echo occurs when a sound
wave is reflected off an object. If you know the Original wave
speed of sound and the time the echo takes to

return, you can calculate the distance.
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Light and sound

Light waves

Light from the sun is a type of radiation that
comes to us in the form of waves called
electromagnetic waves. Unlike sound waves,
light waves do not transfer their energy through
the particles of gases, liquids or solids. Light
waves can travel through the vacuum of space.

The various types of electromagnetic waves
are different because they have different
wavelengths.

Models for light and sound

On page 51 you used two models

to explain how sound behaves—a
theoretical particle model and an actual
spring model.

L) Suggest ways of making an actual
particle model to show how sound
travels. You might like to use marbles
or styrofoam balls attached to pieces
of string.

&
S
-
=
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Q
<

wavelength

Figure 2.38 Light is represented as a wave.

Light is just a small part of the electromagnetic
spectrum. Microwaves, infrared radiation and
X-rays are other parts.

Visible light has a wavelength of about
0.000 000 5 m, while radio waves have very long

7 Use your model to explain to other
people the properties of sound.

wavelengths of about 10 m. The radiation with the L ngise a second model to explain
shortest wavelength is gamma radiation, a very hSW light travels.

high-energy radiation that causes injury to the £/ What are the limitations of your
cells of living things. Generally, the shorter the models?

wavelength of the radiation, the higher the
energy of the waves.

short wavelength long wavelength

‘ ultraviolet ‘ visible light ‘ infrared ‘ microwaves [

il
{
B

)

radio waves

Figure 2.39 The electromagnetic spectrum. The short wavelength waves carry more energy than long wavelength ones.
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Why wear polaroids?

Polaroid is a brand name for a type of sunglasses
that reduce glare from reflected light, particularly
the light reflected from water. The lenses in these
sunglasses contain special filters called polarising
filters, which reduce the light reflected from
surfaces. How do these polarising filters work?

= RN L e

Figure 2.40 A scene taken without a polarising filter on the
camera lens (top) and the same scene taken with a polarising
filter (bottom).

Polarised light

When you flick a rope up and down, you can make
regular vertical waves in the rope. If you flick it
sideways, you can make horizontal waves.

Light rays behave like the waves in a rope. A
ray of light contains waves that vibrate vertically,
horizontally and in all planes in between. So if you
switch on a light, billions of light rays are emitted,
all vibrating in different planes.

A polarising filter is a transparent substance
that allows light waves that vibrate in only one
particular plane to
pass through.

polarising filter

A
N
vertical light ray \/\/
h .
@ Orizonty) light ray,

R
Horizontal ray is blocked.

Figure 2.41 Only the light rays that vibrate vertically are
able to pass through this polarising filter.

When light is reflected from water or wet
roads, it is often polarised; that is, the reflected
light waves are in one plane only. Most of these
reflected polarised waves vibrate horizontally. So
the lenses in polarising sunglasses contain filters
that allow only vertically polarised light through
and block the horizontal waves. This is how your
polarising sunglasses reduce glare when you are at
the beach or driving along wet roads.

Inquiry

1 Go outdoors and look at the reflections
from still water, glass, a wet surface or grass
through a polarising filter. Observe what
happens when you slowly rotate the filter.

2 Reflected light from water or glass is polarised,
but the reflected light from shiny metals is not.
Use a polarising filter to test this.

3 Hold two pairs of polarising sunglasses up
to the light, one in front of the other. Slowly
rotate one and you will find that at a certain
position no light can be seen. Why?
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Light waves and refraction

In the first section of this chapter, you learnt that
light refracts when it passes from one transparent
substance to another. This is because light slows
down as it passes from air to glass.

Light, like all types of electromagnetic
radiation, travels at incredible speed—about
300 000 000 mM/s or 3 x 108 m/s. This is about a
million times faster than the speed of sound.

No wonder you see the lightning before you hear
the thunder of a distant thunderstorm!

The speed of light in glass is 1.98 x 108 m/s
—about two-thirds of what it is in air. When light
passes from air to glass at an angle, it slows
down and bends towards the normal.

How far away is that thunderstorm?

You can use the fact that light travels nearly one
million times faster than sound in air to calculate how
far away a thunderstorm is.

It takes sound 3 seconds to travel 1 km in air. So
when you see the lightning flash, count the seconds
by saying ‘one thousand, two thousand ... then
calculate how far away the storm is.

Go to your browser
and follow links

to Lightning and
Thunder to find out
more about lightning
and thunder.

ISBN 978 1 4202 3833 4

Light and sound

How a rainbow forms

A drop of water has the same effect on light as a
prism does—it is dispersed into the spectrum of
colours. But why is violet light refracted more than
red light?

It has been found that different colours of
light have slightly different speeds in the same
substance. For example, the speed of red light in
water is 2.280 x 108 m/s, while that of violet light is
slower, at 2.255 x 108 m/s. This slight difference in
speed means that violet light bends more than red
light when it passes through a drop of water.

When sunlight hits a raindrop at a particular
angle, the white light is dispersed into the spectral
colours. These colours come out of the raindrop
at different angles. Because of this, your eye
only sees one colour from each drop (see the top
diagram). The red light in the rainbow comes from
the droplets highest in the sky and the violet light
from the droplets lowest in the sky. So red should
be on top of the rainbow and violet underneath.
Check this in the rainbow photo on page 42.

Refraction occurs

Reflection
at the surface here. e
- at the
_ White surface
light from here.
the sun

e

raindrop

Refraction also occurs
at the surface here.

Figure 2.42 How a rainbow forms.
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1 Sound cannot travel through:
wood.

fresh water.

outer space.

the ocean.

the Earth'’s crust.

Justify your answer. 8

mooOw>

2 Decide whether each of the statements below
is true or false by referring to the table of
speeds of sound on page 52. For each case,
give reasons for your decision.

a Sound travels faster through gases than
through liquids.

b  Sound travels faster through warm air than
through cold air.

¢ Sound travels at the same speed through
all gases.

d Sound travels faster through metals than
through non-metals.

3 Two waves were drawn on centimetre square
graph paper.
a  Which wave has the longer wavelength?
b What is the wavelength of wave A?

9
Wavye A
10
Wavye B
11
4 Why do you hear thunder after you see the
lightning in a far-off storm?
5 Light is one type of electromagnetic radiation. 12

Name three others.

6 Look at the electromagnetic spectrum at the
bottom of page 53.
a  Which types of radiation can be detected by
the human body?
b Which receptors do you use to detect them?
¢ Which types of radiation can be used for
communicating with other people?

56

d  Which type of radiation is commonly
referred to as heat?

Using your knowledge of sound and light,
write a paragraph outlining the similarities and
differences between them.

A combined beam of yellow and blue light
was shone onto a prism. Two separate

beams emerged from the other side. Use your
knowledge of light waves to explain why beam
B is blue.

How does the candle and drum demonstration
on page 50 show that sound is a form of
energy?

Use the particle model to explain why there is
more energy in a loud sound than in a soft one.

Design an experiment to show that light, unlike
sound, does not need a substance such as air
in which to travel.

A string telephone can be made from two

metal cans and some string. Suggest why:

a the telephone works only when the string is
stretched tight

b the telephone does not work when a third
person touches the string.

a Use a diagram to describe what the
amplitude and frequency of a sound wave
are.

b Draw a wave diagram to show the
difference between a loud sound and a
quiet sound.

¢ What does the term ‘longitudinal wave’
mean?

d What is the unit for sound?
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CHALLENGE (V»

Sam is a long way away from you and he is trying to
tell you something. He rolls up a piece of cardboard
in the shape of a cone and speaks through it. You
can now hear him. Explain in terms of sound waves
why this happens.

Suggest why you can hear sounds better when

the wind is blowing towards you than when it is
blowing away from you.

In a science-fiction movie, the goodies destroy an
enemy spacecraft in deep space with laser guns,
and they hear it explode as they fly past. What is

wrong with this scene?

The diagrams below show two different sounds.
Different sounds have different wavelengths. The
wavelength of sound is the distance between the
bands of compression of the particles.

one wavelength
| e———»|

Sound A

Sound B

Which sound has the shorter wavelength?
High-pitched sounds have shorter wavelengths
than low-pitched sounds.

Which sound has the higher pitch: A or B?

ISBN 978 1 4202 3833 4

Light and sound

Hold a ruler over a bench and flick it. It vibrates
and makes a sound. Notice how the ruler
vibrates. Increase the length of the ruler over
the bench and flick it again. Look at the way it
vibrates and listen to the pitch.

How do you think the wavelength, the speed of
vibration and the pitch of the sound are related?

The diagram below shows a ray of light passing
from air through three different transparent
substances.

air

substance
1

substance
2

substance
3

air

Does light travel faster or slower in substance 1
than in air? Give a reason for your answer.

In which substance is the speed of light closest
to that in air?

On page 50 the particle model was used to explain
how sound waves travel in air. Use the model to
explain why sound travels faster in liquids than in
gases, and even faster in solids.

A person fires a gun and hears an echo from a cliff
after 5 seconds. If the temperature is 15 °C, use the
speed of sound on page 52 to calculate how far
away the cliff is.

Suppose someone is talking about you in the next
room. When you put your ear to the wall, you can
hear what the person is saying.
Try to explain in terms of waves why you can
hear sounds through the wall but cannot see
light through it.
Which types of radiation can pass through
walls? (Hint: Refer to the electromagnetic
spectrum on page 53.)
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24 Agphcatlons of
soun

Making music

You have probably strummed a guitar,
even though you may not be able to play
one. If you look closely at the strings, you
will see that they vibrate when they make
a sound. When they are still, you hear no
sound. In the same way, vibrating strings
in pianos, harps, violins and banjos make
sounds.

Other vibrating things also make
sounds. The skin on a drum vibrates
when it is struck with a drumstick.

Investigate the effect of length, tension and
thickness of string on the pitch of sound from
a guitar.

a Look at the six strings on the guitar.

Pluck each one in turn and listen to the
pitch of the sound.

Make a generalisation about the thickness
of the string and pitch.

b Turn one of the tuning keys. This alters
the tension in the string. What happens to
the pitch of the sound when you alter the
tension in the string? Does this happen for
all the strings?

¢ What is the purpose of the frets on the

guitar? Investigate this question and write
a brief report of your findings.

yg%

tuning keys

sixth string

first string Figure 2.44 The strings

and frets on a guitar

Figure 2.43 All instruments make sound by causing a
vibration. How does each of the different instruments in this
orchestra cause a vibration?

Tissue paper vibrates when you place it over a
comb and blow through it. An empty bottle makes
a sound when you blow across its mouth because
the air inside the bottle vibrates. This is how
musical instruments such as the trumpet, tuba,
saxophone, flute and clarinet work.

Echolocation

Echolocation is the use of sound waves and echoes
to locate an object. It is used by bats to help them
navigate and locate food when flying in the dark.
Dolphins and whales also use echolocation to help
them find and target food when visibility is poor.
One use of echolocation, also known as sonar,
is in fish finders. These devices help boats locate
schools of fish and show at what depth they are.
Sound waves are sent into the water from a boat,
and are detected after reflecting off the ocean
bottom or a school of fish. This information
is used to produce a picture of the underwater
landscape. The same technique is used to map the
ocean floor. The distance or depth is calculated
using the speed of sound in water and the time
taken for the sound to return. The longer the
sound takes to return, the greater the depth.
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Figure 2.45 Sound waves travel through water
and will reflect off a school of fish back to a
detector on the boat.

i

Figure 2.46 This recreational fish finder shows the ocean They also maintain your balance when walking

floor and schools of fish.

Light and sound

Figure 2.47 The colours in this map of the Pacific Ocean floor—produced
using sonar—show the depth, from dark blue (deepest) through light blue,
green, yellow and red to white (shallowest). Some underwater volcanoes
can be seen.

The human ear

The ear is the sense organ that detects sounds.
Hearing is a very important sense in humans.
Without it, communicating with others is

very difficult. Young children learn to speak

by listening to other people speak. As well as
detecting sounds, the ear contains structures that
control your sense of balance. With these you can
tell what is up and down without using your eyes.

and running. When sound waves enter your ear,
you hear sounds. The diagram below explains how

this happens.
4 The moving bones
OUTER MIDDLE  INNER in turn send vibrations
EAR EAR EAR into the inner ear. Here

1 Sounds make
the air in the ear
canal vibrate.

2 The vibrating
air makes the
eardrum vibrate.

Figure 2.48 How the human ear works

ISBN 978 1 4202 3833 4

| [ | the different types of
vibrations are detected
by hearing receptors,
which send nerve
messages to the brain.

\
“\nerves

(to brain)

cochlea (contains
hearing receptors)

eardrum

3 The vibrating eardrum
makes tiny bones in the

middle ear bones :
ear flap middle ear move.

(pinna) (hammer, anvil,
stirrup)

/

f
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Problems with hearing

The volume of sound is measured in decibels.
Zero decibels is the quietest sound that can be
heard by the most sensitive ears. When sounds
exceed 150 decibels they are so intense that they
can cause your eardrums to break.

Cars and trucks are a source of noise pollution.
The table below shows the noise levels produced
by cars and trucks as heard by a person on the
footpath.

Source of noise | Decibel level
car travelling at 60 km/h 65
car travelling at 100 km/h 75
truck travelling at 60 km/h 100

Very few people can tolerate working in a noise
level of 70 to 100 decibels. Loud noise levels like
these have been blamed for health problems such
as high blood pressure and nervous tension.

Loud noises (85 decibels or more) for any
length of time can cause permanent damage to

Sound source

| Decibel range |

the inner ear and premature hearing loss can
result. The graph below shows how the average
person suffers a hearing loss of the high-pitched
sounds. For people who work in noisy situations,
the graph could be quite different and show a
larger hearing loss.

30
25 ,/
w /
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z
5" /
o 7715l
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©
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0
20 25 30 35 40 45 50 55 60 65 70
Age (years)
Figure 2.49  Graph of hearing loss with age

Effect on person

150 ear drum breaks
explosions, gun firing 140
siren T m away, jet take-off at 10 m 130
riveting machine 120 painful to the ear (maximum loudness of human voice)
car hornat 1m 110
rock band, noisy motor cycle, shout at 15 cm 100 very annoying (hearing damage after 8 hours)
pneumatic drill at 10 m, lawn mower 90
train at 10 m 80
city traffic, noisy party 70 annoying
noise office, school playground 60 loud
normal conversation, quiet office 50 quiet
library 40
soft whisper 3 m away 30 very quiet
20
10 faint sounds
0 sounds just able to be heard
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Deafness occurs in humans when they cannot
hear certain sounds. In hearing tests, sounds
are played into your ears and your hearing is
compared with what the ‘average’ ear can hear.

If you cannot hear the sound, you are said to have
a hearing loss. If the sound has to be increased
30 decibels before you can hear it, then you have
a 30 decibel hearing loss. Listening to loud music,
especially through headphones can cause such
hearing loss.

Loud noises or ear diseases can damage the
hearing receptors in the inner ear. Ear infections
in young children can cause damage to the
eardrum and to the tiny bones that transfer the
sounds to the inner ear. Because of this, serious
ear infections should be checked by a doctor.

Improved hearing

For thousands of years, people with hearing loss
used horns from cattle to improve their hearing.
These devices channel more sound waves into your
ear so that you hear more clearly.

Electric hearing aids were invented around
1900 and have become more efficient with the
use of electronic parts. Figure 2.50 shows how a
modern digital hearing aid works.

&

The bionic ear

Rosie is 16 years old and is completely deaf as a result
of a tumour in both ears. The tumour destroyed some
of the hearing receptors in her inner ear. Because
of this, hearing aids do not help her hear sounds.
Doctors suggested that she should consider having an
artificial listening device called a cochlear implant, or
bionic ear, inserted in her inner ear.

The cochlear implant was developed by Professor
Graeme Clark at the University of Melbourne to
help deaf people hear. The diagram shows how it
works. Today more than 80% of the world’s cochlear
implants use the device made by the Australian
company Cochlear Limited.

ISBN 978 1 4202 3833 4

Light and sound

1 Microphone picks up
sounds and converts
them to electrical signal.

:
@%

4 3 Computer chip
modifies sounds and
controls loudness.

2 Amplifier
magnifies
electrical signal.

4 Speaker converts
electrical signal back
to sounds and sends
them along the ear
canal.

Figure 2.50 How an in-the-ear hearing aid works.

microphone
(on outside speech processor
of head) Wires send

electrical signal

to electrodes.
nerves

(to brain)

Figure 2.51
The cochlear
implant

Electrodes stimulate the
nerves in the cochlea to
send messages to the brain.
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Some of the statements below are false.
Choose the false ones and rewrite them to
make them correct.

a A slowly vibrating violin string makes a
lower-pitched sound than a rapidly vibrating
one.

b  The part of the ear that detects sound is
found in the middle ear.

¢ An older person will be better able to hear
high-pitched sounds than a younger person.

d Sounds are heard when their vibrations hit
the eardrum, pass into the inner ear and
make the tiny bones vibrate.

Describe how you hear sounds.

Explain how an in-the-ear hearing aid is
different from a cochlear implant.

Astronaut Kate has a microphone on the outside
of her spacesuit. However, she cannot hear any
sounds from the moon buggy she is riding in.
Why not?

You pluck one string on a guitar and it makes a
sound. How could you cause that same string to
make a higher-pitched sound?

When you drive into the mountains or fly in an
aeroplane your ears sometimes ‘pop’. Find out
why they do this. How does chewing lollies help
this problem?

Use the information you have studied in this section
of the text to answer questions 4-8.

Estimate the decibel readings for each of the
following situations:

lunchtime in your schoolyard

inside your school bus going home
watching TV

at the beach very early in the morning
sitting in the crowd at a basketball match

What is the average hearing loss for a person who
is 35 years of age?

a  What is the unit for sound measurement?
b What are the minimum and maximum
values that can be heard by humans?

How can people who work in noisy factories
avoid damaging their hearing?

Between which hours are noisy machines not
allowed to be operated? Do you think these
times are reasonable? Give your ideas.

How does the speed of a car affect the
loudness of the sound it produces?

Explain why listening to music through
headphones at high volume for hours a day
could be dangerous?

a  Explain the term echolocation in your own
words.
b Outline one use of echolocation by people.

In which 5-year age span is the average hearing
loss greatest?

What hearing loss occurs from age 40 to 55?

L;)ok' ar: the tzble °" | Person and Hearing loss
the rig t: It shows age (decibels)
the hearing losses Emily—30 3
of five people. Max—65 18
Which person Sunil—25 15
has a hearing Jessica—50 18
loss 50% greater | Daniel—42 15

than average?

Which person has about an average hearing loss
for their age?

Which person may have had a serious middle
ear disease during childhood? Give reasons for
your answer.

Imagine you are a member of parliament and
that you are preparing noise pollution laws. What
factors would you take into account when setting
decibel levels for city and country areas? Would
some area in cities be different from others?
Explain your decision and give the maximum
decibel levels.
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Light and sound

Copy and complete these statements to make a summary of this chapter. spectrum
The missing words are on the right. dispersed
1 Reflectionisa of light and sound. Another property of light is that amplitude
it travels in incidence
2 The ‘ states that the angle of is equal to the angle of property
reflection.
refraction
3 of light occurs when a beam of light passes from one bsorb
ansorps

substance into another, e.g. from air to water. The amount of
refraction depends on the substances. subtraction

4 White light can be by a prism into the colours of the . longitudinal
5 A coloured object reflects some colours and the rest. The colour transparent
you see depends upon the colours that are reflected. decibel

6 Different colours can be made by mixing different coloured lights vacuum

).

objects and travel through gases,

(addition) or by mixing paints (

straight lines
7 Sound waves are produced by
liquids and solids.

law of reflection

vibrating
8 Lightis aform of radiation that can travel as waves through a

______.The speed of light is much greater than the speed of sound.

electromagnetic

9 The unit for the loudness of sound is the

10 Sound energy travelsin a wave.

11 On a sound wave diagram, the loudness is represented by the
of the wave.

CH-2 REVIEW

1 Arayof light hits a mirror. The path of the light 2 lanisusing a fine spray to water his seedlings.

ray after it is reflected is shown by light ray: When he sprays the water into the air, he sees
A AW. the colours of a rainbow. The rainbow is caused
B AX by the:
C AY. P A reflection of light.
D AZ B transmission of light.
C absorption of light.
AY D dispersion of light.
AX 3 Each of the drops of water in Question 2 is acting
as a:
AW A glass prism.

C plane mirror.
D

mirror concave mirror.
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4 Three parallel light rays shine through a

transparent object and are refracted as shown
below. Which shaped object will cause this
refraction?

A arectangular glass block
B aconverging lens

C adiverging lens

D a triangular glass prism

!
Ly

Three parallel light rays shine onto a converging
lens. The scale drawing below shows the results.
Each square of the grid is 5cm x 5 cm.

4
@ Q -]ﬂ\

[
lens A

A

[

Y

Y

a What is the focal length of the lens?

b Suppose lens A is replaced with another
converging lens, B. This lens has a focal
length of 25 cm. What is the shape of lens B
compared with that of lens A?

A beam of light consisting of red, green and
violet light shines on a white screen. A coloured
filter is placed over the beam. Green light is seen
on the screen.

a Which colours are being transmitted?

b Which colours are being absorbed?

¢ Infer the colour of the filter.

Which colour light is shining in your eye when
all three types of receptors in your retina are
sending messages to your brain? Explain your
answer.

A combined beam of three different coloured
lights is shone through a prism. Two of the
coloured lights are green and red. The other

coloured light is either yellow or blue. The
diagram below shows the results. If beam C is
green, work out the colour of beams A and B.
Explain your answer.

Echo sounders send sound waves through water
to determine its depth. They can also be used

to find the depth of schools of fish. Suppose a
reflected sound wave returns after 0.1 seconds,
and a second one returns after 0.2 seconds. The
fisherman believes that one echo came from a
school of fish. (The speed of sound in water at
15°C is 1450 m/s.)

e

i

=

o

Y
- -

)

wx“.

a Which echo came from the school of fish?

b How far below the ship is the school of fish?

¢ Suppose the temperature of the water

decreases with depth. How would this affect
the calculations?
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10 Label parts 1 to 8 of the ear on shown on this
diagram.

11 Draw a diagram or diagrams of sound waves and
label the following:

oD o0 T

amplitude

frequency

compression and rarefaction
longitudinal wave
wavelength

ISBN 978 1 4202 3833 4
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13

14

15

Light and sound

Correctly identify the following wave diagrams as
high pitch or low pitch.

Explain how a violin can make a low-pitch or a
high-pitch sound.

a Loud sound can be dangerous to your hearing.
At which loudness level does sound become
dangerous?

b Explain how the amount of time spent
listening to loud sounds can affect how
dangerous a sound is.

¢ Describe three ways in which you could
protect yourself from hearing damage if you
attend a Grand Prix race.

d Imagine that you have permanent hearing
loss and are finding it hard to hear. Describe
one technology that could help improve your
hearing.

Draw diagrams to compare short- and long-
sightedness. Explain how you would fix each
condition.

Check your answers
on page 307.
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Science Understanding

> describe and model the structure
of atoms in terms of the nucleus,
protons, neutrons and electrons
describe the differences between
protons, neutrons and electrons
describe the three types of radiation
released by radioactive material—
alpha and beta particles and gamma
radiation
describe and distinguish between
chemical and nuclear reactions in
terms of conservation of mass

Science Inquiry Skills

> investigate the historical development
of models of the structure of matter

> reflect on how knowledge about
nuclear fission was used to develop
the atomic bomb

IN THIS CHAPTER
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Inside the atom

Answer the questions below to find out how much you What is the significance of Einstein's equation E = mc?2
know about the structure of the atom. for nuclear reactions?

Record your answers and check them when you have What is a chain reaction?
finished the chapter. Correct your answers and rewrite 6 How does a nuclear power station produce electricity?
them once you know more about the atom. What is the difference between nuclear fission and
1 What are the three particles inside the atom? nuclear fusion?
2 Whatisa quark? What is radioactivity?
3 What is the difference between a chemical reaction How are radioactive substances used in medicine?
and a nuclear reaction? When was the first atomic bomb made?

Neubron o -

&y =
O=gy Fission

Us235 \J\Q\\

@\@
! N

ISBN 978 1 4202 3833 4 67



SW 5 Western Australian Curriculum

o 3.1 Atomic structure

(

\

N

,.»/‘

68

Until about the end of the 19th century, scientists
thought atoms were like tiny balls that could not
be split into anything smaller. But discoveries
were being made that suggested there might

be even smaller particles inside the atom. This
idea was difficult to test because nobody could
see atoms, and they certainly couldn’t see

inside them. However, from the results of their
experiments, scientists were able to form models
to represent what is inside the atom.

The plum pudding model

In 1897, an Englishman called JJ Thomson (or JJ

as he was usually called) was experimenting with
electricity in gases. He found tiny, negatively
charged particles that were much, much smaller
than atoms. These new particles were called
electrons, and scientists thought they would
probably be found inside atoms. Thomson
suggested a model for the atom that was like a
plum pudding of positive charge with negatively
charged electrons scattered through it like raisins.

Rutherford’s experiment

The next big discovery was made eight years later
by a New Zealander, Ernest Rutherford. He and
two of his students were doing an experiment at
Cambridge University in England. They were firing
positively charged particles from radioactive
radium at an extremely thin piece of gold foil in

a vacuum, as shown below. Circling the foil was a
photographic film to record any particles that hit
it. What they found was that most of the particles
went straight through the foil and ended up at A.
Some passed through but changed direction

Figure 3.1 Rutherford's
gold foil experiment

c

\beam of positively
$ charged particles

slightly, striking the film at other points, for
example B. But occasionally a particle bounced
straight back (like C).

Rutherford described his experiment like this:
‘It was quite the most incredible event that has
ever happened to me in my life. It was almost as
incredible as if you fired a 15 inch shell (40 cm in
diameter) at a piece of tissue paper and it came
back and hit you.” Thomson’s plum pudding
model didn’t fit Rutherford’s observations,
because it didn’t predict that the large positively
charged particles would bounce straight back. So
Rutherford proposed a new model in which the
positive charges in the atom were concentrated
in a small central core or nucleus. This nucleus
would have a big enough charge to repel the
positively charged particles, causing them to
bounce straight back. He inferred that most of the
particles did not bounce back because they went
through the empty space inside the gold atoms.

What Thomson's
model predicted

small positive
.«———— Charges

m spread out
- R .

S
5

What Rutherford’s
model predicted

-,
large positive

Figure 3.2 Comparing Thomson's and Rutherford's models
of the atom

A changing model

Rutherford’s model of the atom explained

where the positive charges are, but not where the
negative electrons are. Niels Bohr, a young Danish
scientist, worked with Thomson and Rutherford.
In 1913, he did some calculations that suggested
that the electrons move rapidly around the
nucleus in fixed orbits, like planets orbiting

the sun.
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ACTIVITY &

In the years that followed, scientists began
to think that the nucleus itself could be made
up of even smaller particles. They fired particles
at the nucleus and found that smaller particles
were occasionally knocked out. One of these
was the positively charged proton. The other
type of particle wasn’t affected by the charged
particles fired at it. So scientists inferred that it
had no charge, and called it a neutron. Protons
and neutrons have about the same mass, and are
almost 2000 times heavier than an electron.

Atomic structure

From all these discoveries, scientists have put
together the following picture (model) of what
is inside the atom. There are three kinds of
particles—protons, neutrons and electrons. These
are often called subatomic particles (sub means
‘under’ or ‘smaller’). The protons and neutrons
are packed together tightly in the nucleus of the
atom. The electrons are attracted to the positively
charged nucleus, and move rapidly in the area
around it.

If the atom were enlarged to the size of a
football stadium, the nucleus would be the size of
a pinhead in the centre of the field. The electrons

Mystery boxes

1 Your teacher will give you a numbered
mystery box. Each mystery box contains
an unknown object. You are to find out as
much as you can about the object, without
opening the box. You can tilt the box, shake
it, or anything else, but you must not open it
or damage it in any way.

Each time you do something with
the box, record your observations.

The idea is not so much to guess
what the object is, but to describe the
size, shape and any other properties of
the object. You can then draw it. Your
drawing is a model of the object.

How is what you have done in this
activity similar to the way scientists
found out what is inside atoms?

ISBN 978 1 4202 3833 4

Inside the atom

would be moving rapidly around the stadium,
but even at this scale they would be far too small
to see. Most of the atom is empty space.

The electrons are so small and move so rapidly
that it is impossible to say exactly where they
are at any particular time. This is why they are
sometimes shown as an electron cloud—a sort of
fuzzy area around the nucleus where the electrons
are most likely to be.

positive nucleus
containing two
protons and
two neutrons

region where two
negative electrons
are likely to be found

Figure 3.3 A model of a helium atom, with 2 protons,
2 neutrons and 2 electrons

If you have time, try another mystery box.
Your teacher may tell you what is in each
box. If so, you can compare your model with
the real thing.

2 The diagram below shows a novel way to
obtain information about an unknown object
in a box by examining the paint left on the
moveable cardboard strip.

mystery object [
stuck to wire
inside box

small hole

spray bottle containing

||. “’
| powder paint dissolved
q in water, or water-based
-

paint diluted with water

cardboard strip
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Atomic number The three different forms of hydrogen are
called isotopes (EYE-so-topes). [so means
‘equal’ or ‘the same’. These isotopes have the
same chemical properties, because they all have
the same number of protons. However, they
have different masses because their nuclei are
different. The number 1, 2 or 3 after the name

is used to tell
them apart. This
number is the
total number

of protons and
neutrons in the
nucleus. It is
called the mass

Different atoms have different numbers of protons
in their nucleus. For example, hydrogen atoms
have only one proton, but uranium atoms have

92 protons. The number of protons in an atom

is called its atomic number. The number of
electrons is the same as the number of protons.
This means that the positive and negative charges
balance each other, and the atom has no overall
charge—it is neutral.

The only thing that makes one atom different
from another is the number of particles it contains.
For example, the difference between a nitrogen
atom and an oxygen atom is that the oxygen atom
has one more proton and one more electron. You

, . . o number.
can see each atom’s atomic number in the periodic
table on the next page. Figure 3.4 Like these characters, isotopes are forms of the
Isotopes same element. They have the same chemical properties but

_ . different masses (different nuclei).
Early in the 20th century, it was found that most

naturally occurring elements contain atoms that Radioisotopes
are not all exactly the same. For example, there
are three different forms of the element hydrogen.
These are called hydrogen-1, hydrogen-2
(deuterium) and hydrogen-3 (tritium). The nucleus
of a hydrogen-1 atom contains only one proton,
but hydrogen-2 has a proton and a neutron in

its nucleus. Hydrogen-3 has a proton and two
neutrons. The table below shows the numbers of
subatomic particles in a few common isotopes.
Note that the number of protons is always the
same as the number of electrons.

If the number of neutrons is much greater than
the number of protons, the nucleus may be
unstable and break up. When this happens, a
nuclear reaction occurs and the isotope is said to
be radioactive. An isotope that is radioactive is
called a radioisotope.

Isotope models

1 Make small balls from two different
colours of plasticine to represent
protons and neutrons.

2 Make a model of hydrogen-1 by
hanging a proton inside a round
balloon. Put a small dot on the

Isotope Number | Number of | Mass | Number of
of protons | neutrons | number | electrons

(atomic
number)

&
S
-
=
-
Q
<

hydrogen-1 1 0 1 1 balloon to represent the electron.
hydrogen-2 1 1 2 1 3 Also make models of hydrogen-2
hydrogen-3* ! 2 3 ! and hydrogen-3.
CafEO”'12* 6 6 12 6 £F What is the difference between
carbon-14 6 8 14 6 the three isotopes of hydrogen?
nitrogen ! ! 1 ! 4 Using the information in the table,
oxygen 8 8 16 8 make models of the two isotopes of
gold 79 18 197 79 carbon, and the atoms of nitrogen

: and oxygen. Remember that as the
uranium-234* 92 142 234 92 atomic number increases, so does
uranium-235* 92 143 235 92 the size of the atom.
uranium-238* 92 146 238 92

*Radioactive
70 ISBN 978 1 4202 3833 4
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Use the periodic table on page 71 then answer
these questions. You may need to research the
answers to some questions.

1 a How many elements are there in the
periodic table?

b Which element is the smallest and
which is the largest? Justify your
answer.

2 Find the elements with symbols C, Ar,
Br and No. For each one write down its
name, atomic number and two other
characteristics.

3 Do you know what the element used in
these signs is called?

4 Find the information on the periodic table

that tells you how to check if an element is a
solid, liquid or gas at room temperature. Use

this information to name two solids, two
gases and two liquids.

5 Find five other elements that you have heard

of and write down their names, atomic
number, and what you know about them.

Use the key to identify the chemical families

of the periodic table.

Note that each column of the periodic table

is called a group and has a number from
1 to 18. Use this information to answer
questions 6—8.

10

a What is the name of the chemical family
in column 2?

b Identify the column number and name
of the group made up of gases only.

¢ How many chemical families are
made up of metals?

Examine the elements in the halogens

chemical family.

a  Which element is the smallest and
which is the largest?

b  Which of the elements are solids?
What are the states of the other
elements in the family?

The elements B and Si are in the metalloids

family. What characteristics might these
elements have?

Silicon

Create a mnemonic to help you remember
the first 20 elements. To do this, take the
symbols of each element and make up a
sentence or sentences that start with the
symbols as the start of each word. Here is
an example to get you started:

Happy Henry Likes Being Beside Crazy
Nerds ...

You have learnt about how elements join
together to form molecules. Look at the
periodic table and think about which of the
elements might join together, and write
down the chemical formulas of some
molecules that you know; for example:
carbon dioxide, CO».
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The Large Hadron Collider

Particle physics involves the study of subatomic
particles. We know that atoms are made

up of protons, neutrons and electrons, but

now scientists are working to develop an
understanding of the even smaller particles that
make up protons and neutrons. There are many
unanswered questions in particle physics, and
this is why the Large Hadron Collider has been
built. This giant synchrotron (SIN-krow-tron) is
near Geneva, where it spans the border between
Switzerland and France. It is a 27 km-long circular
tunnel about 100 m underground. Within this
facility, particles can be accelerated and collided,
with the resulting particles analysed to determine
their properties.

Question

1 Do research to find out what particles make up
protons and neutrons.

Two beams of particles, called hadrons—either
protons or lead ions—travel in opposite directions
in a pipe inside the tunnel, gaining energy every
lap. Trillions of particles race around this pipe,

11 245 times per second, at 99.9999991% the speed
of light. The inside of the pipe is an ultra-high
vacuum-——as empty as outer space. Using liquid
helium, the pipe also has to be cooled to -271.3 °C,
which is colder than outer space. The particle
beams are accelerated and steered by 9300 giant
electromagnets, and they collide head-on. When
these hadrons collide, they shatter into particles
even smaller than protons and neutrons. These
smaller particles are called quarks (held together
by particles called gluons), leptons and bosons.
There are 600 million collisions every second,
generating temperatures more than 100 000 times
hotter than the core of the sun!

ISBN 978 1 4202 3833 4
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Figure 3.6 The Large Hadron Collider is a
27 km-long tunnel of superconducting magnets.
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Questions

2 What is the speed of light? [s there anything
that can travel faster than light?

3 What is the core temperature of the sun?
4 What is an electromagnet?
5 Suggest why the Large Hadron Collider

experiments have to take place in a very
cold vacuum.

Special detectors record the collisions and
physicists analyse the particles. They recreate
conditions similar to those in the very early
universe, just after the Big Bang. These conditions
are too hot and energetic for the gluons to hold
the quarks together, and physicists use this

to observe the Higgs boson (the so called God
particle). The Higgs boson was theorised many
years ago, but only recently has evidence been
discovered to support this theory.

Questions

6 Who are the scientists who came up with the
idea of the Higgs boson?

7 When was evidence for the Higgs boson
discovered?

There is a much smaller synchrotron in Melbourne
that is used to study the molecular structure of
materials.

Questions

8 What research has been done at the Melbourne
synchrotron?

9 Do you think that the Large Hadron Collider
poses a safety risk¢ Explain your answer.

10 The Large Hadron Collider cost S9 billion
to build. Do you think this cost is justified?
Explain your position.

ATOM NEUTRON
electron ) —— gluon
neutron
) > quarks
proton
nucleus -
PROTON

Figure 3.7 Protons and neutrons are made of quarks held
together by gluons.

Higgs
boson

protons

Figure 3.8 The Higgs boson is formed by colliding protons.
On the left is a computer-generated image of its formation in
the Large Hadron Collider.
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What makes one atom different from another?
Name the three subatomic particles.

Copy the diagram of a tritium atom below
and add labels

for A, B,C A
and D.
D
B
©

Which of the three subatomic particles are:
in the nucleus?

moving rapidly around the nucleus?
the smallest?

positively charged?

negatively charged?

neutral?

=00 QO T o

An atom has six protons in its nucleus. How
many electrons does it have? Explain your
answer.

A lithium atom has three protons, four neutrons
and three electrons.

a What is its atomic number?

b What is its mass number?

¢ Draw a picture of it.

1 Imagine that you have shrunk to a size smaller than

that of an atom. At this size, you can wander around
inside a gold atom. It has an atomic number of 79
and a mass number of 197. Describe what you see.

Why did Rutherford change Thomson's model of the
atom?

Explain the meaning of the term isotope using the
terms atomic number and mass number.

Different isotopes of the same element react in the
same way during chemical reactions. Why?

Scientists can't see protons, neutrons and
electrons—they only infer that they exist from
the results of their experiments. What does this
statement mean?

ISBN 978 1 4202 3833 4
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Inside the atom

Copy the diagram of a boron atom below.

a Label the nucleus and the electrons.

b How many protons, neutrons and electrons
does a boron atom have?

¢ Compare the boron atom with the helium
atom on page 69. How are the two atoms
different?

a  What do the isotopes of a particular
element have in common?

b How do isotopes of a particular element
differ from each other?

9 Two atoms both have 10 neutrons in their

nuclei. One has 8 protons, the other has 9.
Are they isotopes? Why or why not?

10 What are radioisotopes?

Sir Isaac Newton once said, ‘If | have been able to
see further than others, it is because | stood on the
shoulders of giants'. Write a paragraph using the
history of the atom to explain what he meant.

The neutron was not discovered until more than
30 years after the discovery of the proton and
the electron. Why was the neutron so difficult to
detect?

When a giant star explodes, its core collapses to
form a neutron star. A matchbox full of material
from a neutron star would have a mass of millions
of tonnes. Use what you learnt about atoms to
explain this incredibly high density.
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3.2 Nuclear reactions
A chemical reaction

Figure 3.9 is a representation of the chemical
reaction that occurs when hydrogen gas burns

in air. Hydrogen molecules (H,) react with
oxygen molecules (O,) from the air to form water
molecules (H,0). Count the number of hydrogen
atoms and oxygen atoms before and after the
reaction. What do you notice?

oxygen

/molecule
% H HQH H
H 9

H reaction H

H
@H 9 @
X -
hydrogen water

molecule molecule

H

Figure 3.9 Hydrogen and oxygen react to form water.
Mass is conserved.

Conservation of mass

All the atoms present before the chemical reaction
are still there after the reaction. No atoms are
destroyed and no new atoms are formed. In other
words, the atoms are conserved. This is called

the law of conservation of mass. The molecules
break apart and rearrange themselves to form

new molecules. The hydrogen and oxygen atoms
form chemical bonds with each other by sharing
their electrons, but the nuclei of the atoms are not
affected. A new substance (water) is formed, but no
new elements—that is, no new atoms are formed.

A nuclear reaction

In this section you will learn about nuclear
reactions. For example, an atom of uranium-238
has 92 protons in its nucleus and 146 neutrons,
giving it a mass number of 238. Uranium-238 is
radioactive and its nucleus is very unstable. As a
result, two of the protons and two of the neutrons
break off to form a helium nucleus, which has

2 protons and 2 neutrons. What remains is no
longer uranium-238, because it has only 90
protons. It is the element thorium. This nuclear
reaction can be represented as follows:
oV~ “gTh + jHe

The top numbers show the total numbers of
protons and neutrons in the nuclei (the mass
numbers). The bottom numbers show the
numbers of protons (the atomic numbers), which
determine which element it is. You will notice
that the numbers of neutrons and protons are
the same on both sides of the equation. Despite
this, scientists have found that the combined
mass of the two atoms on the right is very slightly
less than the mass of the original uranium atom.
So mass has mysteriously been lost. This never
happens in a chemical reaction. It only occurs in
nuclear reactions where the nuclei are involved
in the reaction. Scientists have found that the
lost mass (m) in a nuclear reaction is converted
directly into energy (E), according to Albert
Einstein’s famous equation E = mc2.
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Figure 3.10 Albert Einstein proposed that mass can be
converted to energy.

In this equation, c is the velocity of light—a very
large number—so a tiny loss of mass in a nuclear
reaction produces a huge amount of energy. For
example, a loss of 1 gram produces 90 million
megajoules—enough energy to meet the needs of
a city of about 140 000 people for a day!
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Nuclear fission

In 1919, Ernest Rutherford fired nuclei of helium
atoms at nitrogen atoms, and occasionally oxygen
atoms were produced. This was a nuclear reaction
because it involved changes to the nuclei of the
atoms. We now know that the nucleus of the
nitrogen atom had gained a proton (and a neutron)
to become an oxygen atom. This discovery caused
much excitement among scientists. It seemed
that the dream of the alchemists of converting
common metals into gold might come true.

When neutrons were discovered in 1932,
scientists used them to bombard other atoms in
the hope of causing more nuclear reactions. At
the time, uranium was the largest atom known,
and scientists were trying to make larger atoms
by bombarding it with neutrons. Eventually
they were successful and made completely new
elements such as plutonium and americium.
However, they also discovered that the nuclei of
some atoms could be split into two smaller nuclei.
This process was called nuclear fission. Fission
simply means splitting into parts.

When a neutron collides with a uranium-235
atom, the uranium atom becomes extremely
unstable. It then splits into two smaller atoms
and three or four neutrons, and releases a huge
amount of energy.

The neutrons released collide with other
uranium nuclei, which release more neutrons.
These collide with even more nuclei, and so on.
This is called a chain reaction (see Figure 3.12).

Chain reaction

1 Arrange a set of dominoes so that each
domino that falls will knock over two others.
The more dominoes you use, the more
dramatic the effect will be.

¥ Would you say this was a controlled
chain reaction or an uncontrolled one? Why?

2 Set up the dominoes again. This time
arrange them so that when they fall, some
knock over two dominoes, some knock over
one, and some don't knock any over.

:/ What happens this time?
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Huge amounts of energy can be released in a
fraction of a second. If the chain reaction is not
controlled, there is a nuclear explosion. If the
chain reaction is controlled, the heat released can
be harnessed to generate electricity in a nuclear
power station.

heat energy
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Figure 3.11 Nuclear fission of a uranium-235 atom
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Figure 3.12 Nuclear fission of a uranium atom,
leading to a chain reaction

Is this a controlled chain reaction or an
uncontrolled one? Why?

\‘/ Of the two set-ups, which is most like
what happens when a nuclear bomb
explodes? Which is like what happens

in a nuclear power station?

3 Another way to model a chain reaction is to
use a box full of mousetraps, with two wads
of paper on each trap as shown. Then drop
a paper wad into the box.

paper wads to
represent neutrons
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(B Nuclear power stations

.0 In anuclear bomb huge amounts of energy are

released in a fraction of a second. In a power
station the chain reaction is carefully controlled,
so that the energy is released at a steady rate.

The central part of a nuclear power station is
the nuclear reactor, which contains the uranium
fuel. The reactor has control rods, made from a
material that absorbs neutrons. These control
rods can be moved in and out of the core of the
reactor. When they are pushed into the core,
they absorb a lot of neutrons, and this stops the
chain reaction. When they are pulled out, fewer
neutrons are absorbed. As a result, there are more
neutrons available, and the chain reaction speeds
up. So, by moving the control rods in and out, the
chain reaction can be controlled.

The heat produced in the reactor is taken away
by the coolant, which is usually pressurised water.
This heat is used to boil water and produce steam.
The steam then spins turbines that are connected
to electric generators. During the fission reaction,
dangerously radioactive materials are produced.
The thick concrete containment building around
the reactor stops the radiation from escaping.

There are two main isotopes of uranium—
uranium-235 and uranium-238. Only uranium-235
atoms will split, but uranium ore contains less
than 1% of this isotope. Scientists have solved this
problem by removing some of the U-238 using
a gas centrifuge to produce enriched uranium
(about 3% U-235) for use in nuclear reactors. The
uranium used in nuclear bombs must be enriched
even further (at least 20% U-235).

concrete
containment
building

Some ships and submarines are nuclear-
powered and work in much the same way as a
nuclear power station. The ships don’t need to
carry fuel oil as normal ships do, and can keep
operating for several months without refuelling.

Nuclear fusion

There is a second type of nuclear reaction called
nuclear fusion, which is the reaction that powers
the sun and other stars. It occurs when two nuclei
of deuterium or tritium (isotopes of hydrogen)
come together or fuse. This process releases huge
amounts of energy, even more than nuclear
fission does.

However, fusion needs enormous temperatures
to get it going—around 100 000 000 °C. At this
temperature, matter is in the plasma state—a
gas consisting of positive ions and fast-moving
electrons. The major problem is how to contain
the plasma, since no material known can
withstand these temperatures. So scientists have
been experimenting with ‘magnetic bottles’, in
which the plasma is contained inside invisible
magnetic fields.

So far scientists have only been able to produce
fusion for a few minutes. Much more research
and development will be necessary before fusion
power stations are possible. The promising thing
about nuclear fusion is that it produces less
radioactive waste than nuclear fission. Also, the
fuel needed is in almost unlimited supply since
deuterium (heavy hydrogen) can be extracted
from seawater.

electric
generator

steam
turbine

high pressure
hot water

control
rods

uranium
fuel rods

nuclear reactor

78

cooling water

waste heat
to environment
condenser

Figure 3.13
How a nuclear
power station
works
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Lise Meitner and nuclear fission

Lise Meitner (LEEZ-a MITE-ner) was born in
Vienna, Austria, in 1878. She was one of eight
children and her family was Jewish. She was a shy
girl. At that time girls didn’t go to high school,

so her parents paid for a personal tutor. She did
well at maths and science and loved music. She
went on to university, even though women at the
time didn’t do this. Lectures bored her but the
laboratory fascinated her, so she decided to

study physics.

Meitner started experimenting with radioactive
elements and for 30 years worked with Otto Hahn
in Berlin in Germany. In 1917, she and Hahn
discovered a new element called protactinium.
They were also hoping to discover an element
heavier than uranium.

In 1938, Hitler invaded Austria, and Meitner
was forced to flee from Germany into Sweden. This
cut her off from her laboratory and the scientists
she had been working with, but she kept in touch
by mail. Hahn and Fritz Strassman continued

Figure 3.14 Lise Meitner, a
pioneer of nuclear chemistry
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the experiments they had begun earlier with
Meitner—bombarding uranium with neutrons.
To their surprise, they found that the products of
the nuclear reactions were lighter than uranium,
not heavier.

Hahn wrote to Meitner in Sweden saying ‘it
can’t really break up into barium ... try to think
of some other possible explanation’. While in
Denmark for the Christmas holidays, she and her
nephew Otto Frisch proved that the splitting of
the uranium atom was theoretically possible. They
published their findings and called the process
‘“fission’.

Hahn and Strassman then showed by
experiment that Meitner was correct. Hahn
published his findings without listing Meitner as
a co—author, even though he had worked with her
on fission for 30 years. In 1944, he was awarded
the Nobel Prize in Chemistry, and Meitner missed
out. Hahn said he couldn’t give credit to Meitner
because of the political situation. Even in later
years, Hahn never fully acknowledged the part
that Meitner played in the discovery.

Meitner never complained about not getting
the Nobel Prize. She refused to work on the
project to develop an atomic bomb and did not
like being called ‘the mother of the atom bomb’.
When Hollywood wanted to make a movie about
her, she said that she ‘would rather walk the
length of Broadway in the nude than see herself
in a movie’.

In 1997, Lise Meitner was rewarded with
a permanent place in the periodic table. The
synthetic element with atomic number 109 was
called meitnerium (mite-NEAR-ee-um) after her.

Questions

1 Why did Lise Meitner have to flee from
Germany in 1938°

2 Why do you think Meitner wasn’t awarded
the Nobel Prize with Otto Hahn?

3 Do you think Meitner was treated fairly?
Explain.
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Explain the difference between a chemical
reaction and a nuclear reaction.

Explain in your own words the law of
conservation of mass.

What is used for fuel in a nuclear reactor?

Which subatomic particles produced during
nuclear fission are capable of causing a chain
reaction?

Use a diagram to explain the term nuclear fission.

In a chain reaction, huge quantities of energy are
released. How does this happen?

Use the diagram on page 78 to explain in your
own words how a nuclear power station works.

The photo at right shows
sulfur burning in a jar of
air (oxygen).The circles
below the photo show
the atoms and molecules
involved in this chemical
reaction. Does the
reaction obey the law of
conservation of mass?
Explain.
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The equation for the reaction between hydrogen
and oxygen (see page 64) is as follows:

2H, + 0, — 2H,0

How does this equation illustrate the law of
conservation of mass?

10

1

a  What is the function of the control rods in
a nuclear reactor?

b What would happen to a nuclear reactor if
the control rods were pulled out and then
for some reason could not be pushed
back in?

Why is a nuclear reactor enclosed in concrete?

What is the difference between fission and
fusion? Which produces more energy?

What would be the advantages and
disadvantages of using a nuclear reactor
to power a spaceship?

In 1772, the chemist Lavoisier concentrated heat

on a diamond using a large magnifying glass. The
diamond burnt away completely. Does this chemical
reaction obey the law of conservation of mass?
Explain.

Explain how both of the following statements can
be true:

* Nuclear fusion has not been used as an energy
source on Earth.

* Nuclear fusion is the most important energy
source on Earth.

How could the use of nuclear power help avoid
global warming?

Given the choice, would you prefer to live near a
coal-burning power station or a nuclear power
station? Explain your answer.

Australia’s only nuclear reactor is at Lucas Heights
in Sydney. Research to find out:

what it is used for
whether there are any safety concerns.

Research the details of how a nuclear reactor
works. Use materials such as cardboard, wire and
papier-méaché to build a model that incorporates the
information you have found. Label all the parts of
your model.
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3.3 Radioactivity

You probably know that radioactivity is
dangerous, but what exactly is radioactivity?

Uranium was discovered in 1896 and was
named after the planet Uranus. Henri Becquerel,
a French scientist, placed some crystals of a
uranium compound in a dark drawer in which he
had some photographic plates wrapped in black
paper. Sometime later when he wanted to use
the plates, he discovered they were blackened
where the crystals had been sitting on them.

To explain this, he inferred that the uranium
must have given off a type of radiation that
could pass through the black paper and affect
the photographic plates. He had discovered
radioactivity.

Becquerel knew Marie Curie and her husband
Pierre, and he suggested that they follow up
his findings. The Curies found that all uranium
compounds were radioactive. They also discovered
two more radioactive elements—radium and
polonium.

Ernest Rutherford investigated radioactivity
further. He put some radium in a hole in a block
of lead to form a beam of radiation. He then put
magnets near the beam as shown below. He
found that part of the beam was not bent, while
other parts of the beam were bent in opposite
directions. From this he inferred that the two bent

gammarays magnetic field

beta particles
(negative)

alpha particles
(positive)

magnet

radium

lead block

Figure 3.15 Rutherford's experiment detected three types
of radiation.
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beams had opposite charges. Also, the negative
beam was bent more than the positive beam, so
he inferred that the particles in it were lighter
than those in the positive beam. He inferred that
the beam that was not affected by the magnetic
field had no charge.

Types of radiation

From Rutherford’s experiment, we know that
radioactivity is made up of three different types
of radiation. Alpha particles are helium nuclei
made up of two protons and two neutrons. They
have a positive charge and move at speeds of

up to one-tenth the speed of light. They travel in
air for only a few centimetres and can be stopped
by a sheet or two of paper.

alpha
particles

iyl

VAAAEAA
AVAVRVAVAVAVAVAV A Vel
few layers  sheet of aluminium thick layer of lead
of paper foil 1mm thick or concrete

Figure 3.16 Alpha, beta and gamma radiation

Beta particles are high-speed negatively
charged electrons. They can travel a few metres
through air, but are stopped by objects such as a
sheet of aluminium or a centimetre thickness of
wood. They move at speeds up to nine-tenths the
speed of light.

Gamma rays are not particles but a type of
electromagnetic radiation, like light, UV and
X-rays. They have very high energy and can travel
kilometres through air. They can be stopped by
objects such as thick concrete blocks or 2—3 cm of
lead. Gamma rays are often released with alpha or
beta particles. Like all electromagnetic radiation,
gamma rays move at the speed of light.
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Detecting radiation

To detect radioactivity you use a Geiger counter.

[t consists of a glass tube containing a gas at

low pressure. When radiation enters the tube,

it causes ionisation, splitting gas molecules into
positive ions and negative electrons. The electrons
produce a pulse of electricity, causing the counter
to click. The faster the clicking, the higher the
level of radiation. A Geiger counter is shown on
page 66.

Using a Geiger counter
(teacher demonstration)

In this activity, your teacher will show you how
to use a Geiger counter to measure radiation
levels. You will need a Geiger counter and a
range of samples to test, e.g. white sand, black
mineral sand, piece of granite.

1 Find out how to use the Geiger counter.
If possible, switch on the audible ‘click’
S0 you can hear the count.

2 To start with, make sure the samples
are well away from the detector. Then
measure the background radiation in the
room. To do this, record the count after
1 minute. Do this three times and calculate
the average count.

3 Now place a test sample 1 cm away from

the detector. Measure and record the
radiation as before.

4 Repeat for the other samples.
f/ What is the background radiation in
your classroom?

L&] What is the radiation count for each
of the samples? Is it greater than the
background radiation?

Radioactive decay

If an isotope has an unstable nucleus, it will break
down or decay to a more stable nucleus. When this
happens it will emit radiation in the form of alpha
particles, beta particles or gamma rays.

It is impossible to predict when a particular
nucleus will decay. It could be in the next second
or the next 500 years. The decay process is
random. However, one aspect of radioactive
decay is predictable and it is called the half-life
of an isotope. This is the time taken for half of
the nuclei in a sample of the isotope to decay. No
matter how much of the isotope there is, it always
takes the same time for half of its nuclei to decay.

Half-lives of isotopes can range from more
than a billion years to less than a billionth of a
second. For example, the half-life of radioactive
carbon-14 is 5730 years. After one half-life, only
half the radioactivity remains. After two half-lives
(11 460 years), only a quarter of its radioactivity
remains. After three half-lives (17 190 years), only
an eighth of its radioactivity remains.

As a radioisotope decays, the amount of
radiation emitted decreases, and fewer unstable
nuclei remain. Isotopes with short half-lives emit
more radiation, but their radioactivity dies away
more quickly.

unstable carbon-14 nucleus
So|llool o
0o |00 0w
00 0w 0w |low
990/0Q 00| 00
\

~— beta particle stable nitrogen-14 nucleus

oy
0o

N N
1 ; 1 ; 1 ;
7 remains Z remains g remains
1 half-life 2 half-lives 3 half-lives
5730 years 11460 years 17190 years

Figure 3.17 Radioactive carbon changes to a stable nitrogen
isotope when a neutron decays to form a proton and a beta
particle is released.
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Radioactive decay model

We don't know when a particular atom in a
radioisotope will decay, but we do know that half
of the atoms will decay in a certain time. This is
like tossing a coin. You don't know whether it will
be heads or tails, but if you toss it 100 times, you
would expect about 50 heads and 50 tails.

You will need 100 coins or plastic counters
with a dot on one side, and a container with
a lid.

1 Put 100 coins or counters in the container
and mix them thoroughly.

2 Tip the coins or counters onto the bench
and remove the heads or the counters with
dots facing up. These represent the nuclei
that have decayed after one half-life.

3 Count and collect the remaining coins.
These represent the radioactive atoms
remaining.

Radioactive dating

Cosmic radiation from space is constantly
bombarding our atmosphere. When it hits nitrogen
atoms, it can change them into radioactive carbon-
14, called radiocarbon. These carbon-14 atoms
combine with oxygen to form radioactive carbon
dioxide (C + O, = CO,).

This radioactive CO, is taken in by green plants
such as trees, along with normal CO, containing
carbon-12 atoms. During photosynthesis the CO,
is converted into compounds in the tree’s tissues.
When the tree dies, the radiocarbon gradually
decays to nitrogen-14. So the amount of carbon-14
in the wood slowly decreases.

After about 5730 years, there are only half as
many carbon-14 atoms as there were when the
plant died. So, by measuring how much carbon-14
there is in an object, you can estimate how long
ago the plant from which it was made was alive.
The less carbon-14 compared with carbon-12
there is, the older the object.

Radiocarbon dating is useful for finding the
age of such things as wood, bones, shells and
objects left by early humans, for example the

ISBN 978 1 4202 3833 4

Inside the atom

Record this number in a table.

Number of Radioactive nuclei
half-lives remaining

0 100

1

2

3 ...............

4 Repeat steps 1-3 six times, recording the
number of tails or counters with no dots
left each time.

5 Plot your results with time in half-lives on
the x-axis and radioactive nuclei remaining
on the y-axis. Draw a curved line of best
fit through the plotted points.

L‘] Describe the shape of the graph and
what it tells you.

Dead Sea scrolls (about 2000 years old). In 1988,
radiocarbon dating was used to date the shroud
of Turin. This ancient piece of cloth shows marks
that some people believe were made by Christ’s
body after the crucifixion. However, the cloth was
found to be only 600-700, not 2000, years old.
After about 50 000 years the amount of
radiocarbon becomes too small to measure
accurately, so other radioisotopes are used.
For example, all rocks contain small amounts
of radioactive elements such as uranium and
potassium. These have longer half-lives than
carbon-14 and can be used to estimate the ages of
rocks and the fossils they contain.

re 3.18 The Dead Sea s¢rolls
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Figure 3.19 The shroud of Turin

Is radiation harmful?

There are many different types of radiation around
you, but it is only the high-energy radiation that
is harmful. Examples are UV radiation, X-rays,
gamma rays and cosmic rays (from space). All
these types of radiation can cause cancer. The
effects of radiation on your body depend on how
much radiation you receive.

Most of the harmful radiation comes from
the natural background radioactivity in the
Earth, mainly from the radioactive uranium and
thorium in rocks. These elements decay to release
a radioactive gas called radon into the air you
breathe. You also receive radiation from cosmic
rays from space and from the natural radiation of
your food and drink.

You cannot do anything about the natural
radiation you receive, but it is obviously important
to keep the radiation from medical and other
artificial sources to a minimum. We each receive
a dose of about 2 millisieverts every year from
natural radiation. The sievert is a unit used for
measuring radiation. At present there is an
international guideline that no member of the
public should receive more than 1 millisievert
of artificial radiation per year. A single chest
X-ray results in a dose of about 0.1 millisieverts.
Researchers, hospital staff and workers in
nuclear power stations wear special detectors
called dosimeters. These measure the amount of
radioactivity they receive.

other artificial (1%)—
coal-burning power stations,
nuclear weapons tests,
household appliances

medical (14%)

natural (85%)

Figure 3.20 Sources of radiation in Australia

Uses of radioisotopes

Radioisotopes are commonly made by placing
stable isotopes into a nuclear reactor, where
they are bombarded by neutrons. In Australia,
radioisotopes are made at the Lucas Heights
nuclear reactor in Sydney. Radioisotopes can also
be made in a cyclotron. This device accelerates
charged particles to very high speeds. These
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particles hit a target of specially prepared material
in which nuclear reactions occur and some atoms
become radioactive.

Nuclear medicine

Alpha, beta and gamma radiation is sometimes
called ionising radiation because it can ionise atoms
and molecules; that is, give them an electric
charge. These ions are more likely to become
involved in chemical reactions. In the body, these
ions may cause chemical reactions that destroy
cells, or they may cause uncontrolled cell growth,
which causes cancer.

Cancer cells are more sensitive to radiation
than normal cells, so radiation is often used to
treat cancer. In radiotherapy, a radioisotope is
placed in a shielded box with an opening through
which a beam of gamma rays emerges. The beam
is aimed at the area where the cancer is. This
ensures that the cancer cells receive a large dose,
killing most of them, while the surrounding
healthy cells receive only a small dose.

Figure 3.21 A patient
having radiotherapy

Radioisotopes with short half-lives can also be
used to diagnose the condition of internal organs,
blood vessels and bones. Radioactive tracers that
emit gamma rays are swallowed or injected, and
these tend to collect in particular parts of the
body. They can then be detected by a gamma
camera outside the body, which converts the
gamma rays to an image.
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A recent technique called PET (positron
emission tomography) can show doctors how
your body tissues and organs are working.
Radioisotopes are injected or inhaled into the
body. These radioisotopes emit positrons, which
are like electrons except that they have a positive
charge. When a positron meets an electron in an
atom in the body tissue, the particles destroy each
other and produce gamma rays. Detectors around
the patient detect these gamma rays and feed
the information into a computer. Here the exact
position of the nucleus that emitted the positron
can be calculated. By combining the information
from many separate emissions, the computer
builds up a picture of a slice of the patient’s body.

Industry

Many industrial problems can be solved using
radioisotopes. For example, small leaks in
complicated pipe systems can be traced. You
simply add a radioisotope to the liquid in the
pipe and follow its movement with a radiation
detector.

When paper is manufactured it is important
to make it the correct thickness. Beta radiation
is passed through the paper and detected on
the other side. The thicker the sheet, the less
radiation passes through it. The detector can be
linked to the rollers to automatically control the
thickness of the paper. If the amount of radiation
passing through the paper decreases, the rollers
move closer together to make a thinner sheet. A
beta source such as strontium-90 is usually used.
For plastic or metal sheets, a gamma source is
used because its radiation can pass through these
materials.

source of
beta radiation

®

rollers

[
pape‘l'r puip || sheet of paper

Y v

.;— detector

machine adjusts
pressure on rollers

'

Figure 3.22 Beta radiation is used to monitor the thickness
of paper.
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Smoke detectors

Most homes have smoke detectors installed. Older
types contain a small amount of americium-241,

a synthetic radioisotope made in nuclear reactors.
Alpha particles emitted by the americium ionise
the air and create a small electric current that
stops the alarm from sounding. If smoke enters
the detector, it absorbs the alpha particles and
cuts off the current, setting off the alarm. Newer
smoke delectors are photoelectric.

Figure 3.23
A smoke alarm

americium-241

L

\ alpha particles
‘absorbed by
smoke

electric circuit
containing battery
and alarm

Agriculture

To investigate the effect of fertiliser on plants,
the fertiliser is ‘labelled’ with a beta-emitting
radioisotope and injected into the soil around the
plant. The fertiliser is absorbed by the plant and
its path in the plant can be traced by a detector.
In this way, you can find out how plants use
fertilisers and which fertiliser is the best to use.

Another use of radioisotopes is the control of
insects without using chemical insecticides. Male
insects are sterilised with radiation before they
hatch. They are then released into an infected
area. When they mate with females, no offspring
are produced. In this way, the insect pests in the
area can be greatly reduced.

detector traces
path of isotope

radioisotope
is added to
soil or water

Figure 3.24 Tagging fertiliser with a radioisotope allows us
to see how it is absorbed in a plant.

Irradiation

Radiation is widely used to sterilise medical and
surgical equipment by killing all bacteria and
other micro-organisms so that they cannot infect
patients. For example, disposable syringes are
sealed in plastic and the package is then exposed
to gamma rays from a cobalt-60 source. This
process is called irradiation.

Irradiation can also be used to preserve food
because it kills the bacteria that cause the food to
spoil. Food that has been irradiated keeps longer
than food that hasn’t.
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Figure 3.25 This food irradiation machine uses gamma rays to kill bacteria and pathogens in oysters.

When food is irradiated, it does not become
radioactive. Astronauts eat food preserved by
irradiation. However, the radiation may destroy
vitamins in the food and produce unwanted
chemicals. For this reason, many people are at
present not convinced that food irradiation is
a good idea.

Environmental monitoring

Radioisotopes can be used to monitor the
movement of materials in the environment.

Figure 3.26 Ridioactive gold is used to monitor sewage movement.

current flow
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For example, radioactive gold-198 is used to
monitor the flow of sewage from pipes off
the coast near Sydney. The movement of the
radioisotope is easily traced by using a radiation
detector, as shown in Figure 3.26.
Radioisotopes can also be used to track the
movement of sand and silt. Suppose the sand
along a beach is disappearing and you want to
know where it is going. You simply add a small
amount of radioactive tracer to the sand and
follow its path with a detector.

87



W 5 Western Australian Curriculum

S
f—
=
-
(&)
<<

88

Forensic analysis

By bombarding a sample with neutrons in a
nuclear reactor, the atoms in the sample can

be made radioactive and then identified. This
technique is used in forensic analysis to analyse
material gathered at crime scenes. For example,
residue from the skin of a person believed to have
fired a gun can be analysed for the presence of
metals such as lead.

In one famous case, forensic scientists used
this technique to investigate a few strands of
Napoleon Bonaparte’s hair, 140 years after
he died. They found arsenic in the last few
centimetres of each hair. From this they inferred
that he may have been poisoned. However, he may
have taken arsenic as a medicine, or he may have
absorbed arsenic from the wallpaper in his house.

Figure 3.27 Radioactivity can be
used in forensic analysis.

Problem solving

When radioisotopes are used, it is important to
choose the right one. If the half-life is too short,
the radioisotope may cease its activity before
the job is complete. But because the radiation
could be dangerous, you don't want the half-life
to be longer than is necessary. Alpha radiation is
most dangerous inside the human body because
it is the most ionising. Outside the body gamma
radiation is most dangerous because it is so
penetrating, even though it is the least ionising.

For each problem below decide:
+ how you would use a radioisotope
to solve the problem
+ which radioisotope you would use, and why.
You can use any of the isotopes in the table
opposite.

1 Underground pipelines sometimes spring
leaks that are hard to find. It is expensive
and impractical to dig up large sections
of pipeline trying to find the leak. How can
these leaks be located?

2 You are a hospital consultant specialising
in the treatment of breathing problems.
You suspect that one of your patients has
a blockage in an air passage in one of his
lungs. How can you check? (X-rays are
unsuitable.)

3 An agricultural chemist has developed a
new herbicide that is intended to attack only
broad-leaf weeds and not be absorbed at
harmful levels by grain crops. How can she
test that the herbicide works in the way she
wants it to?

4 A council engineer wants to check the
compactness of the road materials used
on a new road. How can he do this?

Isotope | Type of radiation | Half-life
polonium-210 | alpha 138 days
phosphorus-32 | beta 14 days
technetium-99 | gamma 6 hours
sodium-24 beta and gamma 15 hours
cobalt-60 gamma 5 years
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The story of the atomic bomb

In 1938, a year before the start of World War 1I,
many people feared that Hitler would build an
atomic bomb. However, because Hitler was
persecuting Jewish scientists, many of them

fled to the United States. One such scientist was
Albert Einstein. He gave up his opposition to
war and urged then president Franklin Roosevelt
to develop an atomic bomb before Hitler did.
Eventually Roosevelt agreed and the Manhattan
Project was set up to build an atomic bomb.

The Manhattan Project was carried out in
extreme secrecy, even though by 1945 the project
had nearly 40 laboratories that employed about
20 000 people. Among these people were some of
the greatest scientists who have ever lived. First
the scientists had to enrich the uranium to make
it suitable for bomb making. They also had to
build nuclear reactors to make plutonium.

To make a fission bomb, there must be enough
uranium or plutonium to keep the chain reaction
going. This is called the critical mass. There must
also be enough fast-moving neutrons to start the
reaction. There are two explosions that occur. The
first explosion is that of a conventional explosive,
which forces two masses of uranium or plutonium
together to make a critical mass. This explosion
then triggers the chain reaction that causes the
nuclear explosion.

On 16 July 1945, after six years of research and
development, the first atomic bomb was tested
in the desert of New Mexico. It vaporised the
metal tower supporting it, and all the desert sand
within a distance of 700 m was turned into glass.
Some of the scientists, including Einstein, were
worried about the power of the bomb and wanted
the project stopped. However, on 6 August 1945,
a four-tonne uranium bomb nicknamed Little Boy
was detonated over the city of Hiroshima in Japan,
resulting in 66 000 instantaneous deaths. Total
vaporisation from the blast measured 800 m in
diameter, and total destruction was over 1.6 km.
Three days later, a plutonium bomb named

ISBN 978 1 4202 3833 4

Inside the atom

Figure 3.28 d 3
The atomic bom

explodes over
Nagasaki, 1945.

-

Fat Man was detonated over Nagasaki, Killing
another 39 000 people. On 15 August, the Japanese
surrended and World War II was over.

Rain that follows the explosion of an atomic
bomb is heavily contaminated with radioactive
particles, and many survivors of the initial blasts
eventually died due to radioactive poisoning. Those
who didn’t die suffered severe burns, nausea,
vomiting, fatigue, diarrhoea and hair loss. Others
passed on leukaemia to their children.

Question

In 1954, a year before his death, Einstein said

to his old friend Linus Pauling, ‘T made one

great mistake in my life ... when I signed the
letter to President Roosevelt recommending

that atom bombs be made; but there was some
justification—the danger that the Germans would
make them’. Do you agree that Einstein made a
mistake? Justify your answer.
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for the mass to decrease to 1g? Show this
information on a graph.

Copy and complete this table. 7 a Whatis the danger of using radioisotopes
to kill cancer cells?
Type of - Distance | Can be b Why do you think gamma radiation is used
radiation | Whatis it? travelled | stopped to treat cancers inside the body, but beta
i air by .. radiation is used to treat skin cancers?
alpha helium nuclei . .
8 To treat a patient with a cancerous tumour, a
beta doctor chooses strontium-90, a beta source
gamma with a half-life of 28 years. Should he inject the
patient with this or should he use it externally?
Technetium-99 decays by emitting gamma Explain your answer.
rays, and has a half-life of 6 hours. If you have ) o
100 g of technetium-99 now, how much will be 9 Why '? AL radlatlgp |.'ather thqn beta
e radiation used for sterilising dressings?
a 6 hours? 10 There is a mining operation upstream from a
b 12 hours? town. The residents want to know if any of the
¢ 24 hours? waste products from the mine are reaching the
You have 64 g of a radioisotope with a half-life BT HO.W could they use a radioisotope to
of 5 days. How much will be left after 5 days? check this?
After 10 days? How many days will it take 11 The manager of a breakfast cereal factory

wants to make sure the packets are filled to the
correct level. Draw a labelled diagram showing

4 If the half-life of carbon-14 is 5730 years, about how this could be done using a radioisotope.

what fraction of the original radioactive carbon- 12 Figure 3.29 shows how radioisotopes for use
14 would you expect to find in: in medicine and industry are packaged for

a an Aboriginal boomerang 11000 years old? transport by air from Sydney to other parts of
b ahuman skull 23 000 years old? Australia. Describe the safety features.

5 The graph below shows the radioactive decay 13 A beta particle emitter is not suitable for use
curve for a radioisotope. in a smoke alarm (page 86). Why not?
a How long did it take for the radioactivity to
fall below 3 counts/second?

b What is the half-life of the radioisotope? strong

plastic

bucket
\

radioisotope packed inside
lead pot with plastic coating

styrofoam to
fit around pot

\

=
N

O
|

w
|

Radioactivity (counts/second)
o
|

o

4 6 8 10 12
Time (min)

o
N

6 Would an alpha particle emitter be suitable for
measuring the thickness of cardboard in a factory

manufacturing cardboard boxes? Explain. Figure 3.29 Packaging for radioactive isotope transport
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CHALLENGE (V»

An electric field is set up between two charged
plates as shown, and the alpha, beta and gamma
radiation from a radioactive radium source passes
into the electric field. Some of the radiation is
attracted to the positive plate, some to the negative
plate and some is unaffected and passes straight
through.

radium
source positive plate

Y

negative plate

Which type of radiation is attracted to the
positive plate? Explain your answer.

Which radiation is attracted to the negative
plate? Why?

Which radiation passes through the electric field
unaffected? Why?

Sources of alpha particles are not usually regarded
as dangerous unless they are breathed in or taken
in with food. Why is this?

Suggest a way of storing a radioisotope that emits
only beta particles.

You have designed a building that is radiation-
proof. How could you test that it works?

The radioactivity count rate for a sample of a
radioisotope fell from 800 to 100 counts/min

in 15 hours. What is the half-life of the
radioisotope? Explain your working.

The table below shows the radiation count from a
radioisotope over a period of 40 minutes.

Inside the atom

What is the half-life of the radioisotope?

Predict how long it would take for the count to
reach 10.

How could an agricultural researcher use a

radioisotope to find out whether most of the

fertiliser spread on a paddock is ending up in the
food the cattle eat or whether it is being washed
into a creek and wasted.

Tom used a Geiger counter to measure the
radiation 1 cm away from three different radioactive
sources. He also measured the radiation when he
placed sheets of various materials between the

source and the detector of the Geiger counter.
He then repeated his measurements with two

unknown sources.
All his results are counts per minute, and he

found that the background radiation at 1 cm
was 20 counts/min.

Source P0-210 | Sr-90 | Co-60 A B
Radiation alpha | beta | gamma

type

No 198 | 5152 2119 | 523 | 2728
shielding

2 sheets of 28 | 4796 2092 | 461 | 2492
paper

1 sheet of 26 | 2704 2046 | 210 969
plastic

1 sheet of 23 | 2137 1993 | 156 635
aluminium

1 sheet of 20 22 1773 80 22
lead

Time 0 5 110[15]20|25|30| 35|40
(min)

Count | 152 |115| 87 | 66 | 50 | 38 | 29 | 22 | 17

Plot a line graph to display the data.

How long does it take for the count to drop from
100 to 50 counts?

How long does it take for the count to drop from
50 to 25 counts?

ISBN 978 1 4202 3833 4

Which source was the most radioactive?
Which type of shielding was the most effective
at stopping radiation?
Did the sheet of lead stop all the radiation from
the Po-210 source? Explain.
Suggest why the sheet of lead didn’t stop all the
gamma radiation.

Use Tom'’s data to infer which type of radiation
was released by the two unknowns—A and B.
Explain your answers fully.
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( ’\; -‘— Copy and complete these statements to make a summary of this chapter. radioisotopes
7 e The missing words are on the right. beta
n 1 Atoms are composed of a positively charged surrounded by fusion
< negatively charged . Inside the nucleus are (positive electrons
Ll charge) and neutrons (no charge).
[em) gamma
— 2 Isotopes are atoms that have the same number of protons and
electrons, but different numbers of nucleus
3 Nuclear energy is produced by splitting the nuclei of large atoms such halt-life
as uranium-235. This is called nuclear medicine
4 Nuclear occurs when small atoms such as hydrogen join neutrons
together. This process occurs in the and produces huge amounts fission
of energy.
protons
5 materials are those in which the nucleus of the atom breaks nuclei
down and radiation is given off. There are three types of nuclear
radiation: alpha and particles and radiation. radioactive
6 The rate at which the radiation is given off is measured by the ) sun

This is the time taken for half of the in a sample to decay.

7 Isotopes that are radioactive are called . They have many uses,
especially in , industry and radioactive dating.

..........

CH-3 REVIEW

1 Ifanatom has 9 protons and 11 neutrons, then 3 The half-life of a radioisotope is:
the number of electrons around the nucleus is: A the time it takes for half of it to decay.
A 2. B the time before it starts to give off radiation.
B 9. C when it has only half of its life left.
C 11. D the same for all radioisotopes.
D 2o0.

4 A common use for the carbon-14 radioisotope is:
A cancer therapy.
B detecting thyroid disease.
C asafuel in nuclear power stations.
D finding the age of ancient objects.

2 What happens when an unstable nucleus
breaks down?
A Electrons are forced into the nucleus.
B Particles and energy leave the nucleus.
C Two nuclei join together.

5 Name the particles that are found in an atom.
D Huge amounts of energy are needed.

State what their charge is and where they are
found in the atom.
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Inside the atom

6 Name the three types of radiation shown in the 9 When using a radioisotope to measure the
diagram below. thickness of cardboard, why is it important to
use a source of beta radiation rather than alpha
thin sheet of  thick block radiation?

aluminium of lead

10 A barium isotope has a half-life of 6 minutes.
If there are 800 g of barium now, how much will
there be in half an hour from now?

11 There is a leak in a nuclear reactor and
strontium-90 is released into the surrounding
countryside, which is used for farming. Two
months later, breastfed babies are found to have

Figure 3.30 How far different types of radiation can penetrate small amounts of strontium-90 in their bodies.

Explain how this could have happened.

7 a What is the difference between nuclear
fission and nuclear fusion?
b Why has it been possible to use both fission
and fusion in bombs, but only fission in
nuclear reactors?

12 Radiation is more destructive to cells that are
dividing and growing rapidly than it is to normal
cells.

a How can this be an advantage?
b How can it be a problem?

8 Three different isotopes of helium are shown

below.
helium-2 electron
- proton
helium-4
- neutron
helium-5
a What do the numbers 2, 4 and 5 indicate?
b How are the three isotopes similar?
¢ How are they different? ;
d Which isotope would you expect to be Figure 3.31 Cancer cells (orange) invading normal skin cells
radioactive? Why? (green)

Check your answers
on page 308. g
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Science Understanding

> describe the energy changes that
occur in a simple electric circuit

> investigate factors such as
conductivity that affect the transfer of
energy through an electric circuit
investigate the differences between
series and parallel circuits
describe how the discovery of
conducting plastics has led to the
development of new technologies

Science Inquiry Skills

> write a generalisation about the types
of materials that conduct and do not
conduct electricity
connect up and investigate simple
electric circuits
use your knowledge of electric
circuits to invent a useful electrical
device

IN THIS CHAPTER
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Introducing electric circuits C H

In this photo at the Franklin Institute in Philadelphia,
USA, a person sits in a cage which is being struck by a
massive electrical discharge. The giant Van de Graaff
generator (the columns and spheres behind the cage)
builds up electrical charge which jumps through the air
and hits the cage. The voltage produced can reach as
much as 2.5 million volts—your home electricity is only
240 volts.

The cage is designed so that no electrical
discharges will reach inside. What do you think the
cage would be made of? Explain why.

The lightning hits the cage, but why doesn't the
lightning reach the person inside? Where does the
electricity go after hitting the cage?

Do you think a cage like this could protect sensitive
electrical equipment from lightning strikes?
Explain.

Can you think of any other uses for a cage like this?

é This is an example of static electricity. Do you know
' > any other examples?

\@ GET STARTED: EXPLORE
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41 Electric charges

You have probably experienced static electricity.
Maybe by rubbing your feet on the carpet, jumping
on a trampoline, brushing your hair or going down
a slide. Maybe you have even seen sparks when
pulling a woollen jumper over your head. If so,
you probably noticed that your hair began to stand
up, you felt a tingling sensation and when you
touched something or somebody you got a little
electric shock.

Electric charges can build up on objects that
are rubbed together, due to the friction between
them. This build-up of electric charges on objects
is called static electricity, because the charges stay
on the object. They are stationary.

Figure 4.1 Static electricity can be caused by rubbing a
balloon on your hair.

Ao (/=1 Electric charges

Aim
To make and investigate electric charges.

Risk assessment and planning

This investigation can be done only on dry
days. Also, make sure everything (including
your hands) is grease-free. Wash the equipment
in soapy water and dry it thoroughly. You may
need to warm some equipment in an oven.
Read through the four parts. Note that Part B

is a teacher demonstration.

PART A

Materials
2 balloons and string

Method
1 Blow up a balloon and tie it.
2 Rub the balloon on a jumper or woollen

cloth. Hold the balloon against a wall,
then let it go. What happens?

3 Charge a second balloon in the same way.
What happens when you hang the two charged
balloons close together?

PART B

If your school has a Van de Graaff generator,

your teacher may demonstrate how it is able to
generate a static electric charge on its dome. You
may even be able to make your hair stand on end.




PART C

Materials

piece of fur or silk plastic rod

Method

Rub the plastic rod vigorously with fur or silk and
bring it near (but not touching) a trickle of water.

charged rod

Introducing electric circuits

2 Rub an ebonite rod (the black one) with wool
and place it on the Blu-Tack. Bring the wool
near one end of the rod. Try the other end
as well.

0 Record your observations.
3 Take the ebonite rod off the watch glass. Rub
a perspex rod (the clear one) with silk, place

it on the watch glass, and bring the silk near
one end.

)
£/ Record your observations.

4 Rub an ebonite rod with wool and place it on

tap the watch glass. Rub a second ebonite rod with
wool and bring it near one end of the rod on the
watch glass. Repeat the test, but this time use
two perspex rods rubbed with silk.

5 Repeat step 4 but this time bring a charged

trickle of — 1 = sink perspex rod up to a charged ebonite rod, and
water vice versa.
-y
£/ Record the results for steps4and Sina
£’ Describe what happens. data table as shown below.
Lﬂf Predict what will happen if you do touch
the water with the rod. Give a reason for your LG L] ERatnappened
prediction. Now try it. ebonite with ebonite with
wool wool
PART D perspex with | perspex with
silk silk
Materials — ;
ebonite with perspex with
* 2 perspex rods + watch glass wool silk
2 ebonite rods + Blu-Tack
piece of wool or fur cooking oil perspex with | ebonite with
piece of silk - tile silk wool
Method
1 Put a watch glass on top of a drop of Discussion
oil on a tile. Place a small amount of Blu-Tack 1 Shannon tried to do the tests by placing the

on either side of the watch glass, as shown. rods on the desk top instead of on a watch
glass. She saw nothing happen. Suggest a

. wool reason for this.
ebonite rod

BluTack A 2 Do both the charged rods behave in the same
4 way? Explain your answer.
watch g|ass Conc|usi0n
drop of ol Write a generalisation to explain the results of
, /— tile your tests with charged rods.
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Attraction and repulsion

You have seen that rods rubbed with different
types of cloth can move one another by non-
contact forces. But why do electric charges
sometimes attract and sometimes repel?

Let’s hypothesise that an electric force is
something like a magnetic force—another type
of non-contact force. With magnets, two like
poles repel each other, while two unlike poles
attract.

So if two perspex rods rubbed with silk
repel each other, they have the same electric
charge on them. Similarly, two ebonite rods
rubbed with wool repel each other, so they also
have the same charge. However, a perspex rod
rubbed with silk and an ebonite rod rubbed with
wool attract each other, so they have opposite
charges.

A magnet can attract some unmagnetised
metals, so you might also expect that a charged
rod can attract some uncharged objects.

There are three laws that describe
electric forces.

1 Charged objects attract uncharged objects.
For example, a charged plastic rod will attract
small pieces of paper or a stream of water
(as in Investigation 4.1 Part C).
Like charges repel each other. It does not matter
whether they are both positive or both negative.

3 Unlike charges attract each other.

98

¢ &

Benjamin Franklin

The great American scientist Benjamin
Franklin was the first person to explain
successfully the charging of an object by
rubbing. He suggested that the two types of
charge could be called positive and negative.
He inferred that there was an ‘electric
fluid’ that could be moved from one object,
to another. If this electric fluid was added to
an object, then it gained a positive charge.
If electric fluid was removed, then the
object developed a negative charge.
Franklin’s ideas were useful for explaining
electric charges, but other observations do
not support his inferences about an electric
fluid. Scientists now use a different
explanation (see the next page).

Benjamin Franklin is famous for flying
a kite in a thunderstorm—an extremely
dangerous thing to do. When lightning W
struck the kite, electricity flowed down e =
the string to a key. Luckily he survived. 3 =
Find out more online. o=
=< O
Ll
/
Inside atoms

Inside atoms there is a small central nucleus,
which is positively charged. It contains protons,
which are positively charged, and neutrons, which
are neutral (no charge). Moving around the nucleus
are electrons, which are negatively charged. If
there are equal numbers of protons and electrons,
the charges balance each other and the whole
atom is uncharged (neutral).

If some electrons are removed from an atom,
it becomes positively charged. If extra electrons
are added, the atom becomes negatively charged.
When the number of positively charged atoms in
an object just balances the number of negatively
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charged atoms, the whole object is uncharged. But
if the numbers become unequal, then the object
has an electric charge.

positive protons
(and neutrons)
in nucleus

negative electrons
surrounding nucleus

Figure 4.3 A picture of an atom. It is neutral, with
no overall charge.

Explaining electric charges

What happens when you rub a perspex rod with
a silk cloth? The frictional forces of the rubbing
cause electrons to be removed from atoms on
the surface of the rod and to become attached
to atoms on the silk. This leaves the rod with

a positive charge and the silk with a negative
charge.

A different type of cloth may give electrons
to the rod and make it negatively charged. This
cloth will, of course, then have a
positive charge.

Electrons
move
this way...

Figure 4.4
Electrons build up
on the silk cloth

when rubbed with
a perspex rod.

+ ... and the cloth
has an excess of
negative charges.

... so the rod
has an excess
of positive
charges.
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In the case of rubbing a balloon on a woollen
jumper, electrons rub off the jumper onto the
balloon. When the balloon is held to the wall it
attracts positive charges, which make it stick to
the wall as shown in Figure 4.5.

L
!

I+ 1+ I+ I+ I+ I+
I+ 1+ I+ 1+ I+ 1+

I+ 1+ 1+ 1+ 1+
(G 6 Ao T 6 B I )

1+

<

+ 0+

a
+

I+
I+

I+
1

Figure 4.5 A balloon can stick to the wall when
negatively charged.
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Everyday static electricity

The tingle you get when you walk across a
synthetic carpet and then touch something
metallic is due to static electricity. The friction
between your shoes and the carpet causes your
body to become charged. When you touch a metal
object, the static electricity is discharged (allowed
to escape). As the electricity flows across your
skin, you feel a slight electric shock.

Flying an airplane causes friction between
particles in the air and the metal plane. This
causes charge to build up on the plane. During
World War I, pilots landing small rubber-tyred
aircraft often received a powerful shock when
they stepped onto the ground. Today aircraft
have special tyres that have metal in them. This
lets the static electricity pass harmlessly to the
ground when they land and prevents shocks and
electrical problems.

The rapid movement of drops of water in
thunderclouds can cause a separation of positive
and negative charges. The tops of the clouds
normally become positive, and the bottoms
negative. If these charges become big enough,
electrons can jump from one part of the cloud
to another, causing a spark. The air is heated so
much it glows, producing lightning. The intense
heat also makes the air expand suddenly,
causing the loud noise of thunder. Lightning can
also spark to the ground, or to other clouds.

Figure 4.6 Lightning can spark within a large cloud,
from a cloud to the ground, or from cloud to cloud.

What to do in a thunderstorm

Each year in Australia lightning claims up to 10
lives and causes over 100 injuries. Many of these
injuries happen when people use telephones during
thunderstorms.

If you are caught outdoors in a
thunderstorm:

Seek shelter in a hard-top vehicle or solid building.
If swimming or surfing, leave the water
immediately.

If in a boat, go ashore to shelter as soon as

possible.

Never shelter under trees.

Don’t use a mobile phone.

Don't handle fishing rods, umbrellas or golf clubs.
Stay away from metal poles, wire fences, sheet
metal, clothes lines etc.

Don't ride a horse or bike, or drive an open vehicle.
If you are in a car, park away from trees and power
lines. Close the windows and avoid touching metal
parts of the car.

If caught in the open, crouch down with your feet
together.

Figure 4.7 Lightning strikes
the lightning conductor on the
Q1 tower on the Gold Coast.
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Applications of static electricity

cotton gowns
(not nylon)

Operating theatres

In operating theatres the sudden movement
of blankets, clothes or equipment can
produce electrostatic sparks. (Electrostatic
means ‘relating to static electricity’.) These
sparks are very dangerous because of the
large amount of oxygen in the air and other
flammable gases used to anaesthetise the
patient. Many precautions are therefore
taken to make sure static charges do not
build up anywhere.

patient is
earthed

image to be copied (face down)

cartridge
containing
toner powder

-)

= /h +

printed image

heated rollers

Powder coating

When objects are powder—coated, they

are charged so they will attract the powder.
This gives a much more even coating than
other methods of spraying, and the powder
reaches all parts of the object’s surface.
However, great care has to be taken to keep
dust particles out of the air, or they too
will be attracted onto the object’s charged
surface.

ISBN 978 1 4202 3833 4

trolley wheels
made from
antistatic rubber

Introducing electric circuits

. .
= S equipment
conducting tiles on floor earthed
by chains

shoes are antistatic
and conducting

Photocopiers

Photocopiers work by an electrostatic
process. The main part of the machine is a
rotating light-sensitive drum onto which
the image of the document is projected.
The positively charged paper attracts the
negatively charged toner from the drum,
forming an image. The paper then passes
between heated rollers that fuse (melt) the
toner onto the surface of the paper.
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Why do you sometimes notice a crackling
noise when you take off your clothes?

If a rod is rubbed with nylon cloth and the rod
becomes positively charged, what charge will
be on the nylon?

You may have been zapped as you touched the
door handle when getting out of a car. Suggest
how the car becomes electrically charged.

What type of charge is on:
a an electron?
b the nucleus of an atom?

a  Give two examples where static
electricity is a nuisance.
b  Give two examples where it is useful.

In your own words, describe what causes
lightning.

Some tall buildings and tall chimneys have
lightning rods on top of them. What purpose
does it serve?

A piece of plastic held in your hand can be
electrified by rubbing it with a cloth, but it is

Five different rods (A, B, C, D, E) were given an
electric charge by rubbing them with two different
cloths. The rods were then tested in pairs to see
whether they repelled or attracted. A attracted

C and C attracted E. A repelled D and B repelled

E. Predict what will happen if you bring D and E
together and B and C together.

The photo below shows a light plane being
refuelled. Suggest why there is a wire between
the fuel hose and the plane.

10

11

12

impossible to electrify a piece of metal in
the same way. Why?

A suspended, positively charged rod has a
second rod brought near to it. What is the
charge—positive, negative or no charge—
on the second rod if it:
a repels the suspended rod?
b attracts the suspended rod

(two answers)?

Look at the labels on the cartoon of the

operating theatre on the previous page.

a The equipment and the patient are
earthed. What does this mean?

b What does the word conducting mean?

¢ What does antistatic mean?

Have you noticed that computer and TV
screens become dustier than the things
around them? Suggest a reason for this.

Explain ways in which static electricity and
magnetism are similar. In your answer use
the terms non-contact force and force field.

1

You have been asked to solve the problem of
the two sides of a plastic bag sticking together.

a Why do you think this problem occurs?

b Design an experiment to show how the
sides stick together.

¢ Suggest experiments you could try to
overcome the problem.

Which type of carpet is most likely to give you
an electric shock when you walk about on it?
Design and carry out an experiment to find out.

In a very dark room, rub a spare fluorescent
tube with wool, fur or clear plastic wrap. Can
you see it glow?

Bring a charged rod near the smoke from a
burning mosquito coil. What happens?
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4.2 Electric currents

Static electricity is electricity that is stationary.
If, somehow, this electricity can be made to move,

(")g'ﬁ /
Aim
To investigate different ways of connecting a
torch battery and bulb.

PART A

Materials

1.5 volt torch battery without holder
torch bulb (2.5 volt) without holder
+ 2 connecting wires

Risk assessment and planning
Read through Part A and describe to your

partner what you have to do. Your partner can
then describe Part B to you.

Method

1 Use the battery and one connecting wire to
make the bulb light.

ﬁ Draw a diagram of how you connected the
battery and bulb.

2 Seeif you can find at least one other way of
making the bulb light.

e
./ Draw diagrams of any ways that you
discover.

Lﬂf What special places must be touched on
the bulb for it to light?

2
L/ What special places must be touched on
the battery?

3 Can you make the bulb light using two
connecting wires?
2
£/ Draw diagrams of your set-ups.

ISBN 978 1 4202 3833 4
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you have current electricity or an electric current.
A torch battery provides the energy to drive the
current. When the battery is connected by wires to
a bulb, electrons flow to light up the bulb.

Simple electric circuits

PART B

Materials

1.5 volt torch battery with holder (or power pack)
+ torch bulb (2.5 volt) with holder
+ 3 connecting wires with alligator clips

switch

Method

1 Use the holders and the three connecting wires
to connect the battery and bulb as shown.

2 Make the bulb go on and off by touching the
alligator clips together.

3 Now connect the switch into the circuit as
shown. Switch the bulb on and off.

2,
£/ Does it make any difference if you reverse
the connections to the battery?
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What is a circuit?

In Investigation 4.2 you should have noticed these

things:

1 Both ends of the battery must be connected
to the bulb before it will light. These metal
connection points are called terminals. The top
of the battery is positive @ and the bottom is
negative @.

2 The bulb has to be connected in two special
places. The metal side of the bulb is one
terminal, and the bottom is the other. They
are both the same. There is no positive or
negative.

3 For the bulb to light, there has to be a closed
path (or circuit) joining the battery and the
bulb. This is called an electric circuit. When
there is a gap in the circuit, the light is off.

A switch lets you open and close the circuit.

Current

An electric current can be compared to water

flowing through pipes. The battery is like a water

pump—it gives energy to the electrons just as

the pump forces the water through the pipes

(see Figure 4.9).

2 The electrons
flow through the

connecting wire
and into the bulb.

1 The battery provides
the energy to push the
electrons away from
the @ terminal.

— +

3 The electrons flow through
the thin wire inside the bulb.
Some of their energy is used
to make the bulb glow. They
then flow back to the battery
through the © terminal.

Figure 4.8 This shows how a battery lights a bulb.

A water meter measures how many litres of
water are flowing through a pipe each second. In
an electric circuit, the electric current or number
of electrons passing each second is measured
using an ammeter (AM-eat-er). An ammeter
measures electric current in amperes (abbreviation
amps, symbol A) or milliamps (1000 mA =1A).

Voltage

Voltage is a bit like the pressure in the pipes. It
is a measure of how much energy can be given to
the moving electrons in a circuit. It is measured
in volts (V) using a voltmeter. A torch battery has
1.5 volts. A 6 volt battery can push a larger current
around the same circuit.

.. fountain

/
D — /
Figure 4.9 An electric current flowing from a battery through
a bulb can be compared to water flowing in pipes.

water in pipes

Conductors and insulators

If one of the connecting wires in Investigation 4.2
was replaced by a piece of string, the light bulb
obviously would not glow. String does not let
electricity through and is called an insulator.

A substance such as wire that does let electricity
through is called a conductor.

(o)

Check out this

Circuit Construction Kit
to see a simulation for
constructing electric
circuits.

EXPLORE
ONLINE &
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<°>b\ Does it conduct?

Aim Connect

To test various substances to see how well they
conduct electricity.

Materials

1.5 volt battery and holder (or power pack)
torch bulb and holder

ammeter or multimeter

4 connecting wires

variety of objects, e.g. paperclip, plastic and
glass rods, nail, coin, carbon rod, copper rod,

matchstick, rubber band, aluminium foil, strip of

paper, piece of string

Risk assessment and planning

Discuss the investigation with your teacher.
You may use a 6 volt battery or a power pack
instead of the 1.5 volt battery.
Look at the ammeter. The red or + terminal
must be connected to the *+ terminal of the
battery.
+ Suggest why you use an ammeter in this
investigation.
Draw up a data table like the one shown.
List at least 10 objects in the left-hand
column. Write down what material each
object is made of.

Object Material | Does bulb | Ammeter
reading (mA)

paperclip | steel
stirring rod | glass

Method

1

Set up a circuit as shown. Ask your teacher to
check your circuit before you go on to step 2.

ﬁ Record whether the bulb glows.

Ldf Record the ammeter reading. (This tells you
how much current passes through the object.)

4 Test each of the other objects.
ﬁ Record the results in your data table.

5 Isyour skin a conductor or an insulator? Does it
make any difference if your skin is wet or dry?

Discussion

1 Which materials are good conductors of
electricity? How do you know?

2 Which materials are poor conductors
(insulators)?

3 Use the ammeter readings to decide which
one of the materials is the best conductor.

4 Why is it that some materials did not cause
the bulb to glow, yet gave a reading on the
ammeter?

5 Is air a conductor or an insulator? How do
you know?

6 How could you test whether water is a
conductor or an insulator?

2 Touch the two alligator clips together. Observe
Z%at happens to the F)ulb. . Conclusion
Record the electric current reading on the How are the materials that conduct electricity
ammeter. similar? Write a generalisation about the types
3 Connect one of the objects between the of materials that conduct and do not conduct

alligator clips.
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More on conductors and insulators

All metals are conductors, while most non-metals
are insulators.

Conductors Insulators
carbon plastic
salt water glass
acids cloth
silver paper
copper wood
gold rubber
aluminium air

Insulators are very important in the supply and
use of electricity. The poles that carry electricity
from power stations to cities need insulators
to stop electricity from escaping to the ground
(Figure 4.11). The handles of screwdrivers and
pliers are often coated with plastic insulation.

The casings of electric plugs, sockets and switches
are all made from plastic.

An electric current is a flow of electrons. So a
conductor is a material through which electrons
can flow.

Figure 4.11

The insulators on
power lines are made
of glass or porcelain.
The conducting wires
are made of aluminium
and steel.

-
—~
-
—
-
—
—
—
—
-
/

Conductor

current
flows

electrons held only loosely
by positive nuclei

" CONDUCTOR.

Insulator

no
current /
flows | @.@ @/®

electrons held tightly
by positive nuclei

INSULA'T'OR

Figure 4.10 Electrons in a conductor are free to move, but
not in an insulator.

A metal consists of an arrangement of positive
nuclei in a ‘sea’ of electrons. These electrons are
not strongly attracted to any one nucleus. So,
when the metal is connected to a battery, the
electrons can move easily through the metal to
produce a current.

ISBN 978 1 4202 3833 4



In an insulator, the electrons are held tightly
by the positive charges. Because of this, the
electrons cannot move, and no electric current
can flow when the insulator is connected to a
battery.

If you charge an insulator such as a plastic rod
by rubbing, the charge stays on the surface of the
insulator. But the insulator slowly loses its charge
to the air. The charge is also lost quickly if you
touch the insulator with your hand. This process
allows the charge to flow to the ground, and is
called earthing. You cannot charge a conductor by
rubbing. Any charge you produce flows through
the conductor to the ground immediately.

Resistance

When an electric current moves through a
conductor, there is always some electrical
resistance to the current. This is because of the
level of attraction of the electrons to the positive
nuclei of the atoms in the conductor.

High resistance | Low resistance

Strong attraction of
electrons to positive nuclei.

Weak attraction of electrons
to positive nuclei.

Electrons do not move as
easily.

Electrons move more easily.

More energy is lost as
electrons are pushed
through the conductor.

Less energy is lost as
electrons are pushed
through the conductor.

More heat is produced. Less heat is produced.

1Tl Caki i

Introducing electric circuits

As the electrons are pushed through a
conductor, they lose some of their energy as heat.
This waste heat can be a nuisance; for example,
computers get hot when used. However, the waste
heat is sometimes useful. For example, because
nichrome wire has a fairly high resistance, it
is used to make the heating elements in many
electrical appliances used around the home. It is
usually coiled to take up less space.

In electric power lines, there is always loss
of energy due to the resistance of the metal in
the wires. For this reason, scientists are trying
to make cheap superconductors, which offer no
resistance to the flow of electricity. The use of
such materials would save billions of dollars.

Superconductors are also used in maglev
trains. These trains float above the tracks
supported by the non-contact forces between
large electromagnets.

heating fan

element

Figure 4.12 This hair dryer contains a
nichrome wire heating element.

TR

S ——— -

Figure 4.13 The chilled superconductor (bottom) is acting like a magnet. It repels the magnet (top), making it hover in the air
above the superconductor.

ISBN 978 1 4202 3833 4
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Conducting plastics

Plastics are insulators—they don’t
usually conduct electricity. However, in
the mid-1970s three scientists discovered
a plastic that was somewhere between

an insulator and a conductor.

A Japanese scientist, Hideki Shirakawa,
was trying to make a plastic called
polyacetylene. By accident he added 100 times
as much catalyst as he intended, and a shiny
metallic-looking film appeared on the inside
of his reaction vessel. At about the same time
two other scientists, Alan MacDiarmid and Alan
Heeger, were experimenting with metallic films
at the University of Pennsylvania in the United
States. MacDiarmid and Shirakawa met by chance
during a coffee-break at a seminar in Tokyo.
When MacDiarmid heard about Shirakawa’s
accidental discovery, he invited him to work with
him in his laboratory in the United States.

MacDiarmid, Heeger and Shirakawa did many
experiments and found that if they exposed the
polyacetylene to bromine vapour, its electrical
conductivity increased by a factor of 10 million!
They immediately published their discovery of a
conducting plastic, and in 2000 they were jointly
awarded the Nobel Prize in Chemistry.

In 2011, a team led by Paul Meredith and Ben
Powell from the University of New South Wales
discovered a technique for producing a conducting
plastic that is completely flexible. It is easy to
produce and still acts like a plastic, but has a
high conductivity just like metals. Until this
point conducting plastics were expensive, hard
to produce and had many problems. This new
technology has already led to the production of
low-cost flexible thermometers, and could lead
to flexible touch screens and e-paper. Conductive
polymers are already used in fuel cells, computer
displays and microsurgical tools, and are now
being used in the field of biomaterials and
biosensors.

Figure 4.14
Flexible conducting plastics
could lead to lightweight, flexible
and unbreakable touch-screen devices.

Conducting plastics could also be used to make
solar cells in a continuous roll. These are cheaper
and more versatile than the present silicon-based
solar cells. The solar cell plastic can also be made
into fabric to make clothes that can convert light
into electricity.

Other applications of conducting plastics that
are available are:

» rechargeable plastic batteries for use in
portable electronic equipment

- windows that you can darken during the day by
passing a small electric current through them

« antistatic material for use in offices and
operating theatres, where it is important to
avoid a build-up of static electricity.

Questions

1 What is the important development in
science described on this page?

2 What new technologies have been developed
as a result of this development in science?

3 Which of these technologies do you think
has the most potential for the future?
Explain your answer.
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Copy and complete the following sentences.

a A path for electricity is called a .

b A lets you open and close a circuit.

¢ Moving electrons in a wire are called an
electric

d An is an instrument used to
measure electric current.
The unit for electric current is the

f ____ isameasure of the energy given
to the electrons in a circuit.

g Substances that do not allow an electric
current to flow through them are called

h  Metals are because they allow an
electric current to pass through them.

i Opposition to the flow of currentin a
circuit is called

j  If the resistance in a circuit is increased, the

current

In which of these circuits will the bulb glow?
For the other circuits, explain why the bulb
won't glow.

=y

Into what two forms of energy is electrical
energy changed in a light bulb?

Which battery can supply the most energy to
electrons in a circuit: 1.5 volt, 6 volt or 9 volt?
Why?

ISBN 978 1 4202 3833 4
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Lisa connected a bulb to a battery. The wires
were connected properly, but the bulb did not

glow. What could be wrong (two possibilities)?

Explain in your own words the difference
between an insulator and a conductor of
electricity.

Why are electrical connecting wires covered
with plastic?

This ammeter measures current in two
different ranges: 0 to 1A and 0 to 10 A.

a Whatis the reading if the 0-10 A range
(top) is used?

b What is the reading if the 0—1 A range
(bottom) is used?

9 Ngoc tested how well different types of
pencil ‘lead’ of the same length and thickness
conduct electricity. His results are shown in
the table below:

Naad’ Electric current
Type of ‘lead (amperes)
4H 0.03
HB 0.10
3B 0.70

a  Which type of ‘lead’ has the greatest
resistance?

b Pencil ‘leads’ contain graphite, which
is a conductor. Which type of pencil
‘lead’ would you infer contains the most
graphite?

10 Why is it safer to wear shoes than to go

barefoot in an electrical storm?
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1 Explain why the battery in a torch eventually goes
flat.

2 When you push down the switch, the torch
produces a beam of light. Explain in detail how this
happens.

handle = switch
plastic
case
< glass

3 What do you think is the most likely cause of the
following?

a Your radio starts to get quieter and quieter.

Turning up the volume doesn't seem to help
much.

b Your torch is very bright but suddenly goes out.
¢ Your CD player stops working, but when you tap
on the case it works again.

4 A company produces an all-metal electric kettle,
but the government bans its sale. Suggest why it
was banned.

1 Find out whether tap water will conduct an
electric current. Set up the circuit shown, using
a conductivity kit. You could also test rainwater,
distilled water and salt water.

conductivity
kit

water

5 Explain why the element in a toaster becomes red-
hot, while the wires connecting the toaster to the
mains power supply remain cool.

6 One of the things that ‘lie-detectors’ measure is
skin resistance. Lying is supposed to make you
sweat. How do you think this lie-detector works?

\ T never done nothin'... honest!

7 Why don't the materials that conduct current
electricity hold static electricity?

8 Using what you know about resistance, explain why
a long wire has more resistance than a short one,
and why a thin wire has more resistance than a
thick one.

2 Make your own switch. Here are some designs.
Try out your switch in a circuit.

uncoated
paperclip

thumbtack

springy steel

M’@;

clothes peg thumbtacks

e
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4 .3 Electric circuits

Circuit diagrams

Look at the two circuits in Figure 4.15. They look
different, but they are actually the same.

If you wanted to tell someone how to set up this
circuit, you might confuse them if you drew these
sketches. Also, drawing diagrams like these takes
time. So electricians have decided on a simple way
to draw electric circuits with a symbol for each
component (part). These symbols are listed below.

The wires in a circuit are drawn straight and at
right angles. For example, the circuit on the right
can be drawn as shown. This is called a circuit
diagram.

Electrical symbols

connecting wire

% light bulb
You may see the older
symbol for a light bulb

drawn like this:

—
—iF

—{——}+—or J\/\/\/—

battery (The long thin stroke
is positive and the short fat
stroke is negative.)

power pack
(variable power supply)

resistor

_./._

switch open

switch closed

4@* ammeter

—— %
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@ circuit diagram ®

Figure 4.15 How to draw a circuit diagram

Series and parallel circuits

The parts of a circuit can be arranged in two
different ways. Take, for example, two torch
bulbs. They can be connected one after the other
as shown in Figure 4.16. This is called a series
connection. Note that there is only one path for
the electric current to flow, and the current is the
same everywhere in the circuit. As you connect
more bulbs in series, the current decreases, and
the bulbs don’t glow as brightly.

series circuit

Lo e g

Figure 4.16 A series circuit
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Many electrical appliances use several
batteries connected in series. When you put in
the batteries, the positive terminal of one battery
must touch the negative terminal of the next.

For example, a 3 volt toy usually has two 1.5 volt
batteries arranged in series as shown in the
cartoon.

Click...whirrr..who?
' What? Hmm... must have
% dozed off for a bit.

Two bulbs can also be connected side by side.
This is called a parallel connection. Look at
Figure 4.17. At A, the electric current splits and
follows two different paths. The electrons flowing
through each bulb get the full push from the
cell—they don’t share it as in a series circuit.

As a result, each bulb glows as brightly as if it
was the only bulb in the circuit. A master switch
can be used to turn off both bulbs together, or
separate switches can be used to turn each bulb
off independently.

—_ master switch

parallel circuit

Figure 4.17 A parallel circuit

Sometimes it is not easy to tell whether the
components of a circuit are connected in series or
in parallel. However, if you can trace the complete
circuit using one finger, then the components are
connected in series. Those parts of a circuit that
branch and where you have to use more than one
finger are connected in parallel. Note that a circuit
may contain a mixture of series and parallel
connections (Figure 4.18).

L /

1

&

Figure 4.18 Bulbs 2 and 3 are in parallel, but they are in
series with bulb 1, the switch and the battery.

In Investigation 4.4, you can investigate series
and parallel circuits for yourself.
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6&1\ Series and parallel circuits

Aim
To investigate series and parallel circuits.

Materials

two 1.5V batteries and holders (or power pack)
3 torch bulbs and holders

* 6 connecting wires

* ammeter or multimeter

PART A

Method

1 Connect up a circuit with a battery, a switch
and one bulb. Close the switch and observe the
brightness of the glow of the bulb.

2 Connect a second bulb in series with the first
bulb, as shown below.

—

ﬁ Does each bulb glow as brightly as the
single bulb in step 1?

Unscrew one of the bulbs from its socket.
-
£/ Record what happens.

3 Repeat step 2 with three bulbs.

4 Connect up a second circuit with the two bulbs
in parallel, as shown in the next column.

ISBN 978 1 4202 3833 4

Risk assessment and planning

Carefully read through the instructions for
the three parts.

To which terminal of the battery do you
connect the positive (+) terminal of the
ammeter?

L&/ In which two-bulb circuit do the bulbs glow
more brightly? Suggest a reason for this.

What happens if you unscrew one of the
bulbs in the parallel circuit?

Add a third bulb in parallel with the other two.
What happens?

Discussion

1

What is the effect of increasing the number of
bulbs in series in a circuit?

If one bulb in a series circuit blows, the others
also go out. Why?

Describe the effect of adding more bulbs in
parallel in a circuit.

When one bulb in a parallel circuit fails, the
others continue to operate. Why?

Parallel circuits are used in the electrical wiring
of a house. Suggest reasons for this. @
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PART B

Inquiry: Can you make the bulb glow more brightly
by adding a second battery?

Experiment to find out whether you should add the
second battery in series or in parallel.

\7 Write a brief report of your findings.

~
Notes for Part B
1 When connecting batteries in series, you must
connect the positive of one to the negative of
the other, as shown.

2 When connecting
batteries in parallel,
you must connect the
positive of one to the
positive of the other.

Copy and complete the sentences by selecting

the correct words to describe the circuit below.

a Inthis circuit the electricity has
(one / two) paths to follow.

b This circuit is (open / closed).

¢ If bulb A went out while the switch was
closed, bulb B would (stay on / go out).

d If more bulbs were added to the circuit,
each bulb would glow (more / less)
brightly.

e If the circuit had only one bulb, it would
glow (more / less) brightly.

f  The bulbs are connected in
(series / parallel).

PART C

Inquiry: How can you use an ammeter to find out
whether the current is the same in all parts of a
series and a parallel circuit?

Discuss the research question in a group and
design an experiment. Check it with your teacher
before you start.

Don't forget to connect the positive terminal of the
ammeter to the positive terminal of the battery or
power pack, as in the circuit below.

/"7 Write a report of what you find.

+II_ co

I r v L 4

2 Answer these questions about the circuit
below.

a How many paths can the electric
current follow?

b Does the current have to pass through
bulb A for bulb B to glow?

¢ If bulb B blew
would bulb A
continue
to glow?

d  What would
happen if you
added a third
bulb in parallel?
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3 Write out a list of the equipment needed to set
up circuit A. Do the same for circuit B.

N,

X
1y

4 Draw a circuit diagram for each of these
circuits.

ISBN 978 1 4202 3833 4
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What voltages are being used in these two
electrical appliances?

Torch

Battery compartment of radio

top row
1.5 VOLT wiffg wgP|
D SIZE
f\/H ) H )
connecting wires bottom row

Draw a circuit diagram that has:

a two batteries and a bulb in series

b one battery and two bulbs in series

¢ two batteries in parallel and a bulb in
series

d two batteries in parallel and two bulbs
in series

e apower pack and a string of eight
decorative bulbs in parallel.

Draw a circuit using two batteries and two

bulbs that makes the bulbs glow most brightly.

In the circuit diagram below, what happens to

each of the bulbs A, B and C when you:
a close switch 1?

b then close switch 2?

¢ then open switch 3?

/l/r( 3

9 Give two reasons why lights in parallel are

better than lights in series.
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Draw a circuit diagram with a battery, three lights
and three switches so that each switch turns on
only one light. Where would you place a fourth
switch that could switch all three lights on and off
(that is, a master switch)?

Consider the two circuits below. The resistor in the
circuit is a piece of nichrome wire like that used in
kettle elements. If the nichrome wire has a greater
resistance than a light bulb, which of the three
identical bulbs (A, B or C) will have the dimmest
glow? Explain your answer.

The bulbs in this circuit are both dimly lit when the
switches are open. Predict what will happen when:

switch 1 is closed (two things)
switch 2 is closed as well.

Predict what will happen if you connect a 1.5 volt
torch bulb in a circuit that is powered by a 12 volt
battery and turn on the switch. The only other circuit
components are the connecting wires and the
switch. Explain your answer.

Below is the circuit diagram for a caravan.

\ \'

\6

5 E F

How is adding an ammeter (very low resistance) to
a circuit different from adding a light bulb or electric

motor?

~— X

Which switches do you need to close so that
only one light stays on?

Which lights are on when switches 1, 4 and
6 only are closed?

Are lights A and B in series or in parallel with
each other?

How would you connect six 1.5 volt torch cells
to give a voltage of:

9 volts?
6 volts?
4.5 volts?
Draw circuit diagrams. You must use all six cells.

(Hint: Two 1.5 volt cells in parallel have a total
voltage of 1.5 volts.)

Design a circuit with one battery, four switches and
a bulb so that the light comes on when any one

of the switches is closed. Draw a circuit diagram.
(This circuit could be used to light the inside

of a car with four doors. Opening a door closes

a switch.)
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im  EXPERIMENT 4.1

Your invention

Aim
To use what you have learnt in this chapter to invent
a useful electrical device.

Method

1 Study the two inventions on the right. Explain to
another student how one of them works.
Your partner will explain to you how the other
one works.

2 Use your imagination to design your own
invention, or use the ideas below.

+ a battery tester

*+ acircuit in which you can switch a light on in
one place and turn it off somewhere else

+ aburglar alarm in which a bell rings, a light
flashes or a trapdoor opens to catch the burglar

« amodel house in which you can turn the lights
on and off independently

+ an alarm to warn you of strong wind

+ adevice to warn you when a water tank is
about to overflow

+ an alarm clock using a candle

+ an electric maze

+ away of dimming a light (Hint: A long wire
has more resistance than a short one.)

+ apinball machine (Hint: A rolling metal ball
could be used to close a switch.)

3 Draw a sketch of your design before you start.
Try to draw a circuit diagram too.

4 Make a list of the things you will need to make
your invention.

5 Check your design with your teacher, and then go
ahead and make it. (You may be able to work on
your invention at home.)

6 Prepare areport of your invention for the rest of
the class. Make sure you report any problems, as
well as your successes. Other students may be
able to suggest ways of improving your design.

(If your invention is good enough, you may be able
to enter it in a science contest.)

Traffic lights

&

RX—

switch

Wiper glasses

wires to battery

electric .
and switch on belt

motor

L-shaped
aluminium
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Copy and complete these statements to make a summary of this chapter. energy
The missing words are on the right.

ammeter
1 Objects can be given an electric by rubbing. Gaining electrons voltage
makes an object negatively charged, and losing electrons makes it insulators
positively charged.
) ) ) circuit
2 Like charges each other, while unlike charges each other. el
paralle
3 Electric current will flow only if it has a continuous path or
electrons
4 Electric current is a flow of . It is measured in amperes, using an repel
. L conductors
5 Batteries supply the to push electrons around a circuit.
is a measure of how much energy can be given to the moving electrons attract
in a circuit. It is measured in volts. charge

offer little resistance to the flow of electricity.
deal of resistance.

offer a great

7 A series circuit has only one conducting path for electrons, whereas a
circuit has two or more alternative paths.

CH-4 REVIEW

1 What happens to two charged rods held near 4 Look at the diagrams below.
each other if they have: a Which is the correct way to put two batteries
a the same charge? in a torch?
b opposite charges? b Are the batteries connected in series or in
parallel?

2 What charge is left on a material if it has been
rubbed and:
a loses electrons?
b gains electrons?

3 Which of the following are conductors and which
are insulators?

copper

plastic

steel

air

wood

salt water

-~ DO QO T o
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5 Consider the circuits below.

L
—

A B

X

[
&
&

a How will the brightness of the bulbs in
circuit B compare with the bulb in circuit A?
Why?

b How bright will the bulbs in circuit C be
compared with the bulb in circuit A? Why?

¢ Without changing the number of bulbs, how
could you make the brightness of the bulbs
in circuit B the same as the bulb in circuit A?
Draw a diagram of the new circuit.

6 Consider the circuit below.

B C
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When switch 1 is closed and switch 2 is open:
A none of the bulbs lights up.
B only bulb A lights up.

C bulb A and bulb B light up.
D all the bulbs light up.

7 Explain why you sometimes get an electric shock
when you walk on a nylon carpet and then touch
something made of metal.

8 Design a circuit with a cell, a switch and a bulb,
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