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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.
[t 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
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.

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.

ISBN 978 14202 3828 0



Using ScienceWorld

), L —_—

N } Making oxygen

=
Ti sk g gt et £

Mot for writlag the mathod

1 1ae 0 o e o g i

Mt - oo

P L T—
e

SW' 8 Westem Asstraiiae Grriesion

- UERERE Which filter?

= SremeeAnest /s v b B30 vty b WA reasthes md o e bil) WS
pon e
w0 vt kb o 0
ot bas e ot o
it v
e pratdems o te smhved
T compasn the rva e 1 Bt PR webht
5 W g g -
ot e e e 13 41 3wt B iy

b w1 1es et T bt v

Wi pope

o g I 1 T e A b St
A e paaer Bhees s o2 st 2w g

Lats 2genineit

Bice fow
Lortoen ot b S e ey 2 S 4 ot
- e

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 throughout
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 Each chapter ends with a Main ideas cloze exercise to test

to create, invent and inquire students’ understanding of the key chapter concepts through

into concepts learnt throughout comprehension.

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

vi ISBN 978 1 4202 3828 0



Foreword W.8

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 3828 0
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§® Links to the Western Australian Curriculum

This scope and sequence provides an overview of how ScienceWorld 8 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 and Science Inquiry

Skills strands.

Abbreviations:

BS: Biological Sciences

CS: Chemical Sciences

ESS: Earth and Space Sciences
PS: Physical Sciences

ScienceWorld 8

Chapter & Unit titles

Science Understanding

Elaborations

1 Let’s experiment

1.1 What is science?

Science Inquiry Skills

1.2 Experimenting

Science Inquiry Skills

1.3 Solving problems

Science Inquiry Skills

2 Solids, liquids and ga

Ses

2.1 Properties of matter

CS: Properties of the different states of matter
can be explained in terms of the motion and
arrangement of particles (ACSSU157)

2.2 Solid—liquid—gas

CS: Properties of the different states of matter
can be explained in terms of the motion and
arrangement of particles (ACSSU157)

+ modelling the arrangement of particles in solids, liquids
and gases

+ using the particle model to explain observed phenomena
linking the energy of particles to temperature changes

2.3 Using the particle
theory

CS: Properties of the different states of matter
can be explained in terms of the motion and
arrangement of particles (ACSSU157)

+ modelling the arrangement of particles in solids, liquids
and gases

+ using the particle model to explain observed phenomena
linking the energy of particles to temperature changes

3 Introducing energy

3.1 What is energy?

PS: Energy appears in different forms, including
movement (kinetic energy), heat and potential
energy, and energy transformations and transfers
cause change within systems (ACSSU155)

3.2 Forms of energy

PS: Energy appears in different forms, including
movement (kinetic energy), heat and potential
energy, and energy transformations and transfers
cause change within systems (ACSSU155)

+ recognising that kinetic energy is the energy possessed
by moving bodies

+ recognising that potential energy is stored energy, such as
gravitational, chemical and elastic energy

+ using flow diagrams to illustrate changes between
different forms of energy

« investigating different forms of energy in terms of the
effects they cause, such as gravitational potential causing
objects to fall and heat energy transferred between
materials that have a different temperature

viii

ISBN 978 1 4202 3828 0
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3.3 Energy comes—
energy goes

PS: Energy appears in different forms, including
movement (kinetic energy), heat and potential
energy, and energy transformations and transfers
cause change within systems (ACSSU155)

+ recognising that kinetic energy is the energy possessed

by moving bodies

+ recognising that potential energy is stored energy, such as

gravitational, chemical and elastic energy

+ recognising that heat energy is often produced as a

by-product of energy transfer, such as brakes on a car and
light globes

+ using flow diagrams to illustrate changes between

different forms of energy

4 Cells of life

4.1 Cells

BS: Cells are the basic units of living things;
they have specialised structures and functions
(ACSSU149)

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

+ examining a variety of cells using a light microscope,

by digital technology or by viewing a simulation

« distinguishing plant cells from animal or fungal cells
« identifying structures within cells and describing their

function

+ recognising that some organisms consist of a single cell
+ examining the specialised cells and tissues involved in

structure and function of particular organs

4.2 Cell processes

BS: Cells are the basic units of living things;
they have specialised structures and functions
(ACSSU149)

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

+ examining a variety of cells using a light microscope,

by digital technology or by viewing a simulation

« distinguishing plant cells from animal or fungal cells
+ identifying structures within cells and describing their

function

+ examining the specialised cells and tissues involved in

structure and function of particular organs

4.3 Investigating cells

BS: Cells are the basic units of living things;
they have specialised structures and functions
(ACSSU149)

5 Elements and compounds

5.7 Atoms and molecules

CS: Differences between elements, compounds
and mixtures can be described at a particle level
(ACSSU152)

+ modelling the arrangement of particles in elements and

compounds

5.2 Elements and
compounds

CS: Differences between elements, compounds
and mixtures can be described at a particle level
(ACSSU152)

+ modelling the arrangement of particles in elements and

compounds

+ recognising that elements and simple compounds can be

represented by symbols and formulas

5.3 Making and breaking
compounds

CS: Differences between elements, compounds
and mixtures can be described at a particle level
(ACSSU152)

CS: Chemical change involves substances
reacting to form new substances (ACSSU225)

+ modelling the arrangement of particles in elements and

compounds

+ recognising that elements and simple compounds can be

represented by symbols and formulas

+ identifying evidence that a chemical change has taken

place

« investigating simple reactions such as combining

elements to make a compound

ISBN 978 1 4202 3828 0
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6 Heat energy

6.1 Heat and temperature

PS: Energy appears in different forms, including
movement (kinetic energy), heat and potential
energy, and energy transformations and transfers
cause change within systems (ACSSU155)

6.2 Heat transfer

PS: Energy appears in different forms, including
movement (kinetic energy), heat and potential
energy, and energy transformations and transfers
cause change within systems (ACSSU155)

using flow diagrams to illustrate changes between
different forms of energy

* investigating different forms of energy in terms of the

effects they cause, such as gravitational potential causing
objects to fall and heat energy transferred between
materials that have a different temperature

recognising that heat energy is often produced as a
by-product of energy transfer, such as brakes on a car and
light globes

6.3 Exploring heat

PS: Energy appears in different forms, including
movement (kinetic energy), heat and potential
energy, and energy transformations and transfers
cause change within systems (ACSSU155)

investigating different forms of energy in terms of the
effects they cause, such as gravitational potential causing
objects to fall and heat energy transferred between
materials that have a different temperature

recognising that heat energy is often produced as a
by-product of energy transfer, such as brakes on a car and
light globes

7 The human body

7.1 How muscles work

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

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

describing the structure of each organ in a system and
relating its function to the overall function of the system

7.2 Digestion

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

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

+ describing the structure of each organ in a system and

relating its function to the overall function of the system
identifying the organs and overall function of a system of
a multicellular organism in supporting life processes

7.3 Body systems

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

+ examining the specialised cells and tissues involved in

structure and function of particular organs

describing the structure of each organ in a system and
relating its function to the overall function of the system
identifying the organs and overall function of a system of
a multicellular organism in supporting life processes

8 Chemical reactions

8.1 Physical and
chemical properties

CS: Chemical change involves substances
reacting to form new substances (ACSSU225)

identifying the differences between chemical and physical
changes

8.2 What is a chemical
reaction?

CS: Chemical change involves substances
reacting to form new substances (ACSSU225)

identifying the differences between chemical and physical
changes

identifying evidence that a chemical change has taken
place

investigating simple reactions such as combining
elements to make a compound

8.3 Some common gases

CS: Chemical change involves substances
reacting to form new substances (ACSSU225)

investigating simple reactions such as combining
elements to make a compound

recognising that the chemical properties of a substance,
for example its flammability and ability to corrode, will
affect its use

ISBN 978 1 4202 3828 0
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9 Growth and reproduction

9.1 Growth

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

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

9.2 Reproduction

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

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

+ describing the structure of each organ in a system and

relating its function to the overall function of the system
identifying the organs and overall function of a system of
a multicellular organism in supporting life processes
comparing reproductive systems of organisms

comparing similar systems in different organisms such as
digestive systems in herbivores and carnivores, respirator
systems in fish and mammals

9.3 Reproduction and
survival

BS: Multi-cellular organisms contain systems
of organs carrying out specialised functions
that enable them to survive and reproduce
(ACSSU150)

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

+ describing the structure of each organ in a system and

relating its function to the overall function of the system
identifying the organs and overall function of a system of
a multicellular organism in supporting life processes
comparing reproductive systems of organisms

10 The rock cycle

10.1 Rocks from fire

ESS: Sedimentary, igneous and metamorphic
rocks contain minerals and are formed by
processes that occur within Earth over a variety
of timescales (ACSSU153)

recognising that rocks are a collection of different
minerals

+ considering the role of forces and energy in the formation

of different types of rocks and minerals
recognising that some rocks and minerals, such as ores,
provide valuable resources

10.2 Weathering and ESS: Sedimentary, igneous and metamorphic + recognising that rocks are a collection of different
erosion rocks contain minerals and are formed by minerals
processes that occur within Earth over a variety considering the role of forces and energy in the formation
of timescales (ACSSU153) of different types of rocks and minerals
identifying a range of common rock types using a key
based on observable physical and chemical properties
10.3 The rock cycle ESS: Sedimentary, igneous and metamorphic recognising the stages in the formation of igneous,

rocks contain minerals and are formed by
processes that occur within Earth over a variety
of timescales (ACSSU153)

metamorphic and sedimentary rocks, including
indications of timescales involved

+ considering the role of forces and energy in the formation

of different types of rocks and minerals
identifying a range of common rock types using a key
based on observable physical and chemical properties

ISBN 978 1 4202 3828 0
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N Risk assessment and planning

The best part of science is doing investigations
. and experiments.

Flick through the book and find:

+ where you learn how to design
experiments (in Chapter 1)
where you make some common gases
in the laboratory (in Chapter 2)
where you learn how to use a
microscope (in Chapter 6)
in which chapter you learn how to
make soap.

To get the most out of the investigations, you
must be well prepared, and you must consider
safety issues. This is why most investigations in
this book have a Risk assessment and planning
at the beginning. The first one is on page 14.
Before you start an investigation you should
follow these steps:

1 Read the investigation carefully and study the
diagrams. Make sure you know the aim of the
investigation—that is, why you are doing it.

Make sure you know exactly what you will be
doing. You will be working in a group most of
the time so you will need to sort out who will
be doing what.

You need to know which materials you will be
using. You will also need to know how to use
the equipment.

You usually need to prepare a data table in
which to record your results. Sometimes
the textbook shows you how to do this and
sometimes you have to design it yourselves.

Experiments are open-ended investigations
where you have to design your own tests to
answer a question or solve a problem. Have
a quick look at these:

p.6 How much weight will a paper bridge
support?

p. 145 Which type of material keeps you
warmest in winter?

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
b

6 You will of course need to discuss your design
with your teacher before you start.

There are risks involved in doing investigations
and experiments, but you can reduce the risks to
yourself and others if you follow simple safety
procedures.

Make sure you can answer these questions:
+  What are the safety rules for the
laboratory?

What safety procedures are necessary
when you see these symbols?

\ ~
% (2 =
) )

: -
a | Flammable b | Toxic c |Corrosive

What special precautions are necessary
when you use a Bunsen burner?

When should you use 2

safety glasses? @

SAFETY GLASSES
MUST BE WORN

What should you do if you get a
chemical in your eyes or on your skin?

Here's all the [| Why don't you do
equipment we [ | the experiment?
need. Tll time it.

Yeah, and T
can record
the data.

ISBN 978 1 4202 3828 0
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E 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 8 there are approximately 110 activities.
When an activity is 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.

The Pinnacles

The cover of this book shows
the Pinnacles, which are located
near the town of Cervantes, in
the Nambung National Park,
200 km north of Perth. These
strange limestone formations
are thought to have been formed
from the residue of seashells,
which have been broken down
over time by the processes of
erosion (see Chapter 10). The
area is home to lots of native
Western Australian animal
species, such as Western grey
kangaroos, bobtails and black
cockatoos.

ISBN 978 1 4202 3828 0 1



Science Understanding

> discuss the work of Australian
scientists in solving problems

Science Inquiry Skills

> identify variables to be changed,
measured or controlled for a fair test
> draw line graphs, with the independent
variable on the horizontal axis
and the dependent variable on the
vertical axis
use experiments to test hypotheses
and modify them if necessary
evaluate an experiment and suggest
ways of improving it
work individually or in a group to
choose and do a science research
project

IN THIS CHAPTER
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\@ GET STARTED: EXPLORE

Imagine you are out on a school excursion exploring a

local ecosystem, and you discover that some oil has been
released into the local waterway. You collect a sample, and
now you want to find out what caused the pollution so it can
be avoided in the future.

1 Make a list of observations about the water sample and
the local area, in order to collect information about the
pollution.

ISBN 978 1 4202 3828 0
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4

Let's experiment H 1

Make a list of all the possible ways the oil could have
leaked and made its way into the water.

For each possible way the oil could have got there,
discuss how you could test or work out whether that's
what actually occurred.

Suggest ways to avoid this type of pollution in the
future.
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1.1 What is science? Generalising

Generalising is where you write a statement that

Finding out why oil was released into your local seems true in most cases after you have made
waterway involves asking questions, testing these many observations. Since there may be exceptions
questions to see what answers they bring up and, to a generalisation, words like ‘most’ and ‘many’
if you have still not uncovered the reason, asking are often used.
more questions and doing more tests. Often a generalisation links two different
Science is all about asking questions, testing, factors. For example, when a painter generalises
asking more questions and doing more tests. that ‘the warmer the day the faster the paint
Science is a way of finding out how or why things dries’, they’re linking drying time to temperature.
happen.

You learnt in ScienceWorld 7 that an
experiment is a well thought-out test. The
test has a series of steps involving several
different skills as shown below.

Observing

Observing is when you use your senses

to find out as much as you can about an
object or event. Observations can lead to
two different types of description. One is
recorded in words, and is called qualitative
(QUAL-i-tate-ive) observation. Other
observations involve taking measurements.
These are called quantitative (QUANT-i-
tate-ive) observations. Both observations
are called data.

Recording

Recording is when you write down your data.
You often record this in a data table.

Inferring

Inferring is trying to explain your
observations. For example, to explain why
there was oil in the local waterway you might
say that it leaked from the storage drums

of a nearby factory. This inference may not
be correct, but it could be tested by making
further observations.

Predicting

Predicting is the process of making a
forecast of what a future observation will be.
Predictions are based on your observations

and what you already know. Figure 1.1 Scientists perform a variety of tasks that require them to
use different skills.

4 ISBN 978 1 4202 3828 0



Investigations and
experiments

In ScienceWorld 7 you did some laboratory
investigations such as filtering and distilling,
measuring temperature and testing for gases. In
this chapter you will be doing experiments where
you have to design tests to answer questions or
solve problems.

Let's experiment

What’s the difference between an investigation >
and an experiment? The terms mean much the ~ %l/f
same thing. Both involve carefully planned
laboratory or field work. However, an experiment
is based on solving a problem or answering a
question.

Experiments involve designing tests, observing
and recording data, then writing full reports. The
Skillbuilder below shows you how to write up a
report.

Figure 1.2 Scientists must make observations and record their findings.

{:} Writing reports
e

Areport is organised using seven headings.

TITLE A very brief description of the
investigation, your name and the date.

AIM You say why you did the
investigation—sometimes this is a
question.

MATERIALS  VYou list the equipment and chemicals you

used in the investigation.

METHOD You say what you did in the investigation
in numbered steps. Whenever possible,
include a large, neat diagram of the
apparatus.

RESULTS You record the data. Data include

qualitative observations (words) and

ISBN 978 1 4202 3828 0

measurements (numbers). Usually these

are recorded in a data table. This makes

the data easier to read.

You try to explain your results, and list any

problems that you experienced. You might

also explain how you could improve the
investigation.

CONCLUSION You answer the question posed in the
aim. Often your conclusion will contain a
generalisation—a statement that seems
true in most cases. For example, a student
investigating paper bridges concluded:
The more folds the paper bridge has, the
more weight it can support.

DISCUSSION
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im  EXPERIMENT 1.1

Paper bridges

Suppose you suspend a piece of A4 paper between two blocks. How much mass will the paper support?
None, you say! Well, look at the paper bridge in the photo.

The paper has been folded many times. It is a
paper bridge and it can support a container with
stones in it.

The problem to be solved

If we increase the number of folds in a piece of
paper, will it support more mass?

Your task is to work in a small group to design
an experiment that will answer this question.

Designing your experiment

1 Discuss what tests you will do to answer the
question.

2 Make a list of the equipment you will need.

3 Discuss how you are going to record your
observations. Will you make quantitative
observations?

4 When you and your teacher are happy with your
plan, get started.

Writing your report

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

2 Your discussion should contain an inference
that tries to explain your observations.

3 Your conclusion should contain a generalisation
that links mass and the folds in the paper.

4 You might like to take a digital photo of your
set-up and include it in your report.

Extending the experiment

You might like to extend your experiment by
testing these predictions:

1 Two layers of folded paper will support twice the
mass supported by a single piece of paper.

2 Heavier paper will support more mass than
ordinary paper.

3 Dry paper is much stronger than damp paper.
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Use the following words to complete the
sentences below.
A generalisation ...

Predicting ...
An experiment ...

a is a scientific test.

b is a statement that is true in most
cases.

is saying what might happen in the

future.

For each statement below say whether it is an

observation, an inference, a prediction or

a generalisation.

a Ittends to rain more in winter than in
summer.

b  She must have eaten something that
doesn’t agree with her.

¢ There should be a full moon next week.
The leaves on this plant are turning yellow.

e That colourless liquid must be an acid.

Heidi dropped a ball from two different heights and
measured how high it bounced each time. She used
her data to draw a graph.

70 /

60

50

40

30

Bounce height (cm)

20

10

50 100
Drop height (cm)

Predict how high the ball will bounce if she
drops it from 75 cm.

ISBN 978 1 4202 3828 0

Let's experiment

3 You placed a young mouse in a cage with

dishes containing three different foods.
After observing the mouse for 30 minutes
you noticed that it had eaten nothing. What
inferences could you make from this?

Cameron has a mouse in a cage. The mouse
has an exercise wheel with a counter on it.
Cameron wrote down the counter reading each
morning, but the bottom of his results sheet
has been torn off.
a Predict what the counter reading for

day 4 should be (approximately).
b  Explain how you made this prediction.

day counter reading
1 49
2 100
3 152
J \/\

Predict the bounce height for a drop height of
150 cm.

Mick peeled a banana for lunch and left it in his bag
when he went to play soccer. Later he discovered
that the banana had turned brown and soft.

Pose a question based on Mick’s observations.
Suggest an inference that tries to answer this
question.

Ask other students in your group these questions:

* Will it rain tomorrow?

* Will it be a full moon tonight?

*+ How fast can you swim 50 metres freestyle?

Decide whether the answers they gave you
are predictions (based on observations and
knowledge), or just guesses.

What information would you need to turn the
guesses into proper predictions?
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1.2 Experimenting

In the paper bridges experiment, you tried to find
out if the number of folds in the paper affected
the mass the paper could support. Was your
experiment a fair test? Did you consider the other
factors that might have affected the result?

Controlling variables

There are other factors that could have affected
the results of your paper bridge experiment. Look
at the photos.

Figure 1.4 The containers have different shapes. The paper
bridge supports the rectangular container better than it supports
the circular one.

There are at least three factors that could affect
the results of this experiment:
1 the number of folds in the paper
2 the distance between the supports
3 the shape of the mass container.

These factors that could change the results of
an experiment are called variables.

You should test only one variable at a time. If
you want to increase the number of folds in the
paper, then you must keep the other two variables
the same: use the same type of container, and
keep the length of the bridge the same. This is
then called a fair test.

The test becomes a fair test when you control
the variables. You keep all the variables the same,

Figure 1.3 One paper bridge is longer than the other. The
shorter bridge can support more mass.

except one.
' You can make a pendulum by suspending £’} Which variables
a steel nut on a paperclip tied by cotton to a metal  will we need to keep W%
~Sal clamp and stand. the same? ]
- Suppose your group wants to find out whether /% How will we
2 the mass of a pendulum makes any dlff_erence measure the swing
=3 to the time it takes to do a complete swing (from  time?
M start back to start again). i
<L Do the experiment,

Use the questions below to design an
experiment that will test the statement above.

if you have time.

f/ What are the variables in this experiment? U

f} Which variables will we purposely change? Qﬁ

8 ISBN 978 1 4202 3828 0



Let's experiment

TeSting a thOtheSiS Based on his results he made this generalisation.

A hypothesis (high-POTH-e-sis) is a :

.. . | can generalise that the
generalisation that can be tested. It explains a set HHings made of metal
of observations or gives a possible answer to a are magnetic.
question. Note that the plural of hypothesis is That’'s wmy Wypothesis.
hypotheses (high-POTH-e-sees). An example of a /
hypothesis is given on this page.

e

Rosco recorded his observations of the
effect of a magnet on various materials.

Material Magnetic (v)
tested Non-magnetic (X)
nail v
. From this generalisation he was able to make a
iece of glass
P g X prediction that could be tested.
wooden pencil X
knife v If my hypothesis is
: correct, | predict that a
paperclip v pin, a one dollar coin

and a piece of
aluminium foil will be
attracted to a magnet.

NS

He looked through his results.

The nail, knife and
paperclip are attracted
to the magnet, and they
are all made of metal.

o~ =

Rosco experimented further. Because his
prediction turned out to be wrong, he had to
modify (change) his hypothesis.

only the pin is attracted
to the magnet.
I'll have to modify my
hypothesis.
THings made of iron and
steel are maguetic.
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2G2S Which filter?

In ScienceWorld 7 you learnt how to filter muddy
water. In this experiment you will design tests
to see whether folding a filter paper in different
ways has any effect on the time it takes to filter
muddy water.

The problem to be solved

To compare the time it takes to filter muddy water
using filter papers folded in different ways. If you
can't remember how to fold a filter paper normally,
check with you teacher. Follow the instructions
below for making a fluted (folded many times)
filter paper.

Designing the experiment

1 Work in a small group and discuss the tests
you will do.

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

4 Make a list of the safety precautions you will
take.

5 Which variables will you control? Which
variable are you going to change?

6 Discuss how you are going to record your
observations.

7 When you and your teacher are happy with
your plan, get started.

Writing your report

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

2 Your discussion should contain an inference
that tries to explain your observations.

3 Do your results support your hypothesis? If not,
write a better hypothesis.

Extending the experiment

You might like to test this prediction: A sixteen-fold
fluted filter paper filters twice as fast as an eight-
fold one.

Making a fluted filter paper

Fold here.

Fold into quarters ...

more times.

... then fold two

Unfold the
filter paper.

Adjust the folds so that
the filter paper forms an
eight-pointed star.
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Graphing

Aline graph is a way of displaying
data so that it can be interpreted
easily. It may be a straight line or
a curved line. A line graph shows
you the relationship between two
variables.

Look at this data from the
side of a milk carton. The data
was obtained by storing milk
at various temperatures and
recording the average time
before it ‘went off’.

Drawing graphs

30

axis and the vertical axis.

2 On aline graph, the dependent variable is

plotted on the vertical axis. The independent g | ;i;'cal
variable is plotted on the horizontal axis. Label
the horizontal axis ‘Temperature (°C)'. Label .
the vertical axis ‘Time (days)'.
3 Select suitable scales for the two axes so that
the graph fills most of the page. 6
4 Look at the first pair of m
numbers in the data table. FR— _§ 5 1
lizel = valfi)able °
temperature  4°C E 4 T
time 9 days =
In pencil, mark the point where the grid lines 3 |

meet with a small neat cross. Then do the
same with the other pairs of numbers.

5 By looking at the four crosses you have drawn,
you can see that this graph is a curved line.
Use a pencil to draw a smooth curve through 1
the crosses, as shown. (This may take some
practice.) Don't join the crosses with straight 0 > i E

lines.

1 On a piece of graph paper draw the horizontal

WHEN WILL LAST
STOREDAT /~ "\ AT LEAST
4°C 9 DAYS
6°C 5 DAYS
10°C 2 DAYS

1 DAY

16°C Q

KEEP REFRIGERATED,
STORE BELOW 4°C.
CONTENTS WILL THEN
KEEP AT LEAST UNTIL
USE-BY DATE.

o] | HEsSREEENEL

Let's experiment

Independent and
dependent variables é’ 3‘
The temperature was changed =
on purpose. It is called the Ij
independent variable, because i
you can select any value for it.

The number of days the milk

lasted is called the dependent

variable, because it depends

on the temperature. All other

variables, e.g. brand of milk

and type of container, were

controlled (kept the same).

title for graph

smooth pencil line
through points

horizontal axis

6 Finally, write a title for the graph at the top.

This tells others what the graph is about.

ISBN 978 1 4202 3828 0
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Temperature (°C)

independent

variable
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Use the graph on the previous page to answer 3 Describe in your own words what the shape
these questions. of the graph tells you about the relationship
1 How long does milk last when stored (link) between the temperature of the milk

at 8°C? and how long it lasts.
2 A carton of milk lasted 1% days. At what 4 Complete this hypothesis. The lower the
temperature was it probably stored? temperature ...

@

Making milk safe

Elaine Perriman is a food technologist.
She works in the laboratory of a country
milk factory that makes a range of full
fat, reduced fat and skim milks, cream
and flavoured milks.

She routinely samples the
pasteurised milk from the factory and
tests for the presence of disease-causing
bacteria. In this way she can tell that
the pasteurisation process is working
correctly.

She also samples the raw milk that
comes in from dairy farms to make
sure there are no antibiotics in the
milk. When farmers treat sick cows
with antibiotics, the antibiotics pass
into the milk. Some people are allergic
to certain antibiotics, so it is Elaine’s
responsibility to make sure that the raw
milk does not contain antibiotics.

Milk is a very important food in
most people’s lives. Most states have
milk factories, but 61% of all the milk
produced in Australia comes from
Victoria.

12 ISBN 9781 4202 3828 0
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Experimenting

Food poisoning

The Browns were on holidays when Mr Brown and the
two children, Ryan and Lia, became ill. Mrs Brown took
them to the hospital where they saw Dr Singh.

Mr Brown, who had a recurring stomach ulcer,
complained of pains in the stomach. Ryan had been sick
in the car and was badly sunburnt because he hadn't put
on any sunscreen that morning. Lia said she was dizzy
and had a headache. Mrs Brown was worried because
Lia had been stung by a bee earlier in the day.

Dr Singh listened to the Browns' problems and made
notes. He also asked a lot of questions, including what
they had eaten that day. Mrs Brown didn't think that had
anything to do with the fact that all three of them were
sick, but she told the doctor they had fish at a café on the
beach. Mrs Brown didn't have any—just a salad.

Dr Singh thought their symptoms were like those of
several other patients he had seen. He suspected food
poisoning from the fish they had eaten for lunch. He
ordered several tests on the Browns and on samples of
fish from the café. When he got the tests back it was
fairly obvious that they did have food poisoning.

Copy and complete the table below to show how
Dr Singh used science skills to solve the problem.

Let's experiment

Rice flow

Lachlan saw his little sister pouring rice through a funnel.
He wondered whether the size of the hole in the funnel
makes any difference to how fast the rice flows out. So
he designed an experiment with a paper cone, as shown
below. He used scissors to cut a bit off the bottom of
the cone to make different-sized holes. For each cone he
used the same amount of rice, and measured the time
for it to flow through. Here are his results.

paper Add rice.
cone +

0Omm 10 20 30

measure
hole diameter

rice flowing through

Science skills What Dr Singh did

Identify the problem

Make observations

Diameter of Time taken (seconds)
hole (mm) Trial 1 Trial 2 Trial 3
4 38 41 39
6 28 24 26
8 18 16 16
10 11 9 11
12 5 4 5

3 Make a hypothesis 1 Which variable did Lachlan purposely change?

2 Which variable did he measure?

3 Which was the independent variable and which was
the dependent variable?

4 List two variables that Lachlan controlled.

5 Use graph paper to draw a line graph of Lachlan’s
results.

6 Write a generalisation that Lachlan could use as a
conclusion for his experiment.

4 Test the hypothesis

5 Make a conclusion
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Aim
To write and test a hypothesis about how

temperature affects the time it takes an antacid
tablet to dissolve in water.

Materials

beaker, e.g. 250 mL

thermometer

stopwatch or watch with a second hand
+ 4 antacid tablets, e.g. Alka-Seltzer

+ hot water (from hot tap)
+ ice water
sheet of graph paper

Note: Clear aspirin
tablets can be used

instead of Alka-Seltzer. ‘

Risk assessment and planning

1 Write down your hypothesis about how you
think temperature affects dissolving time.
(Base your hypothesis on your previous
experience of making hot and cold drinks or
doing the washing up.)

Prepare a data table like the one below in
which to record your results.

Temperature Time to
(°c) dissolve
(seconds)

Ice water

Room
temperature

Warm water

Hot water

\7 Write down all the variables that could
affect the dissolving time. Which variables
WLII you need to keep the same?

{_J Make a list of any safety issues.

Method

1 Fill the beaker with water from the tap.
Use the thermometer to measure the
temperature of the water.
:l/ Record this temperature in your data table.

14

Dissolving time

Drop in an antacid tablet. Do not stir. Time how
long it takes for the tablet to dissolve; that is,
how long before it disappears completely.

-\7 Record this time in your data table.

Repeat steps 1 and 2 for the other
temperatures. Remember to control the
variables you listed in the Risk assessment
and planning.

\‘/ Record your results.

Plot a graph with water temperature on the
horizontal axis and dissolving time on the
vertical axis. Draw a smooth curve through
the four crosses. This line shows how the
dissolving time depends on the temperature
of the water.

Write a report of the investigation using the
usual headings.

Discussion

1

Which is the independent variable, and which is
the dependent variable in this experiment?

What does your graph tell you about the
relationship between temperature and
dissolving time?

Do your results support (agree with) your
hypothesis from the Risk assessment
and planning? If not, write a better hypothesis.
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Rebecca, Alistair and lan compared the
hardness of three different types of wood.
They did this by measuring how far a dart went
into the wood, as shown below. Was this a

fair test? If not, explain how the test could be
improved.

%ca
E; Alistair

lan

What are the variables that affect how long it
takes you to get to school?

You have three different powders. You want to

find out which one dissolves most rapidly in

water.

a  Which variables will you need to control in
your test?

b Which variable will you purposely change?

¢ What will you measure?

Which of the following are inferences and

which are hypotheses?

a This piece of iron must be a magnet.

b All things fall towards the Earth because of
gravity.

¢ Plants grow more in summer than in winter.

d | think the wet road caused this accident.

Justify your answers (explain why they are
inferences or hypotheses).

Dan used a decibel meter to measure the noise
given off by a car travelling at different speeds.
a Design a data table for Dan'’s results.
b Which measurement is the independent
variable? Which is the dependent
variable?

ISBN 978 1 4202 3828 0

Let's experiment

Paul's parents measured his height every year,

starting when he was two. They recorded these

measurements on a graph.

a How old was Paul when he was 100 cm
tall?

b  Predict how tall he will be when he is eight.

¢ Can you predict how tall he will be when he
is 20? Explain.

120 1
— 1104
£
©
= 100 1
o
©
T 90/
80 : - :
2 4 6 8

Age

Rebecca and Megan want to test whose bike
has better brakes. Design a fair test for them.
Remember, when designing fair tests you:
change something
measure something
+  keep everything else the same.

Ace planted two bean seeds in each of four
pots of soil. Every three days he added water to
the pots as shown below.

Pot 1 no water

Pot 2 10 mL of water
Pot 3 20 mL of water
Pot 4 40 mL of water

o

Write a hypothesis for Ace's experiment.
b Why did he plant two bean seeds in each
pot and not just one?

15
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CHALLENGE (00 E
O

The following questions refer to Investigation 1.1 Use the graph below to answer the following
Dissolving time on page 14. questions.

Suppose you wrote Antacid tablets dissolve What is the graph about?

faster in hot water for your hypothesis. What Which is the independent variable?

would you need to do to test this hypothesis? Which is the dependent variable?

Use the graph you drew to predict how long a By what amount do the numbers on the

tablet would take to dissolve in water at vertical axis increase?

35°C. How much mass does each small grid line

What temperature would the water need to be on the vertical axis represent?

for a tablet to dissolve in exactly 1 minute? By what amount do the numbers on the
A group of students was investigating the growth horizontal axis increase?
of seedlings. They measured the average height of What was the mass of the baby at birth?
the seedlings every day. When did the baby reach a mass of

Draw a graph of their data. D

What was the baby’s mass at the end of

L ;
Is the graph a straight line or a curve? the seventh week?

Tmmitn) || e S:(ELZ%;NSCh week did the baby’s mass
0 0
1 1.0 A Baby’s mass
2 2.1
3 2.6
4 3.8 5000 1
5 5.0
6 5.8
4500 A
Mark and Dylan used a datalogger and temperature g
probe to find out how quickly the temperature of © 4000
ice changed as it was heated. They obtained the %
data list below on their calculator screen. T
, . S 3500
Draw a graph to display their results. 3
Use the graph to find out approximately
how long it took the melted ice to reach a 3000 A
temperature of 70 °C.
What was the approximate temperature of the 2500
heated ice after 3 minutes? 0 > a p P 0
Time (min) | Temperature (°C) Time (weeks)
0 0 Inquiry
2 5 Use the ideas from Investigation 1.1 on page 14 to
4 30 design an experiment to test the effect of stirring
6 75 on dissolving time.
8 93
10 98
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1.3 Solving problems

Josh is playing a computer game in which he has
to find the buried treasure. He is using his science
skills to solve this problem.

Read carefully through the six steps on this
page. Note that at Step 6 you should be prepared
to change your hypothesis if necessary. You
cannot ignore some data or change it to fit in
with what you think should happen. Also, not all
problems are easy to solve. And you may have to
do many experiments.

In Investigation 1.2 you can try to solve a

STEP 1: THE PROBLEM
ttow do | find the Widden treasure?

problem yourself. ’

STEP 2: HYPOTHESIS
This could be the answer to the problem.
If it is, what predictions can | make?

Try other tests ’
| can't tell whether
the results agree with STEP 3: TEST

my hypothesis. ttow can | test my Mypothesis?
| must be careful to control variables.

.4

STEP 4: RESULTS Back to the
Record wmy observations. beginning!
’ My results don't agree
with my Hypothesis.
STEP 5: CHECK HYPOTHESIS | need to modify it.
Interpret the data.

4

STEP 6: THINK AGAIN

¥

My results agree
with my hypothesis.
BINGO!!

What else can |
predict?
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:D INVESTIGATION 1.2

Stopping distance

Aim
To investigate the variables that affect

the distance it takes a moving vehicle to
stop (stopping distance).

Method

Step 1: The problem

0 Form a group with other students
and make a list of all the variables you
think may affect a moving vehicle’s
stopping distance.

Step 2: Hypothesis

ﬁ Decide which one of the variables
from Step 1 you are going to test.

O Write a hypothesis that says how this variable
will affect the stopping distance.
(Make sure your hypothesis is testable.)

O Using your hypothesis, write a prediction you
can test. (See Step 4 on page 9 for an example.)

Step 3: Test (experiment)

In your group, decide what equipment you will
need to test your prediction. For the vehicle you
could use a toy car or truck. Or you could build
one out of Lego or a similar building kit. To get
the vehicle moving you could run it down a ramp.

O Write a brief plan for your experiment.
Remember to control all variables except the
one you are purposely changing. Show your plan,
including a risk assessment, to your teacher.

Step 4: Results

Do your experiment. You may need to do some
trial runs before making any measurements.

0 Record all your results in a data table. Which
is the independent variable and which is the
dependent variable?

You may want to display your results on a graph.

(This would be useful for showing to the rest of
the class.)

Repeating the measurement

If you repeat a measurement of the stopping
distance, you will probably get a slightly
different value. This is because there are some
variables you cannot control, e.g. whether the

vehicle runs straight or not. For this reason it
is a good idea to do each measurement three
times and calculate the average.

The more measurements you make, the
more reliable the average will be, but three
measurements are usually enough.

Step 5: Check hypothesis

Do your results support your hypothesis? That is,
was your prediction in Step 2 correct?

-
U Write a conclusion, giving an answer to the
question you investigated.

Which variables did other groups investigate?
What did they find? How do their results compare
with yours?

Step 6: Think again
How accurate do you think your results are? Can
you think of ways to improve your experiment?

-2
U Write a report of your experiment using the
usual headings.

18

ISBN 978 1 4202 3828 0



Let's experiment

i=  EXPERIMENT 1.3

Science at work

It is fun to solve everyday problems by
experimenting. Choose one or more of the
problems below or think of your own problem.

In designing your experiment, use the six steps in
investigating that you used in Investigation 1.2,
starting with a hypothesis you can test.

PROBLEM A

What sorts of liquids flow through the funnel most
easily? Liquids you could try are water, glycerine,
cooking oil, sugary water ...

thistle
funnel

stopwatch

plastic e
tubing

dropper-

PROBLEM B

Does the shape of a boat's hull affect its speed?

stopwatch

blocked section of drain

PROBLEM C

Which colour cloth is the coolest in summer?
Which is the warmest in winter?

no cloth
(control)

PROBLEM D

Florists say that a vase of flowers will last longer
if the stems of the flowers are crushed and if you
add a little sugar to the water. Do these variables
really affect the life of the flowers?

ISBN 978 1 4202 3828 0
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Doing a project

Any of the problems on the previous page would
make a good student research project. Here are
the steps you need to follow in doing a project.

1 Choose a topic

Pick something you are interested in. There

are project ideas in some of the Challenges
and Explore activities in this book, and many of
the experiments can be extended into projects.
Check the websites on this page to see what
other students have done. Make sure your ideas
are feasible. Are there experiments you can do
on this topic? Can you get the equipment and
materials you need? Can you finish it in the
time available? Talk with other people about
your ideas.

2 Plan your project

Write a brief outline of what you plan to do and
discuss it with your teacher before you start.
4:" —_ 4

N

\

D

3 Doit

Use the skills you have learnt in this chapter to
carry out your project. Put your notes straight
into a special project logbook so that they are
not lost. It is important to record your failures as
well as your successes. After each experiment
ask yourself What would happen if ... ? then try it.
Repeat your experiments to make sure you
always get the same results, and be prepared to
change your ideas in light of your results, as you
may not always get the answers you expect.

4 Prepare a report

This may be a written summary, a poster display,
a short talk using overhead transparencies or an
interactive presentation. The websites below give
information if you want to enter your project in a
science contest.

B
£

Check out these websites for
ideas.

72

BHP Billiton Science Awards
The site includes what you can
win, entry requirements and
details of last year’s winners.

Science Talent Search
(Science Teachers’ Association
of Western Australia)

CREST

CREST stands for Creativity
in Science and Technology.
The site contains many ideas
for projects and videos of past
projects.

CSIRO Double Helix
This site has links to other sites
and ideas for projects.

EXPLORE ONLINE

Figure 1.5 Michael Morris won a BHP Billiton
Science Award when he was in Year 8 for
investigating ways of controlling house dust
mites with tea tree oil. He has since gone on to
win other awards for his science projects.
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Scientists are ordinary people who solve problems

using the skills you have learnt in this chapter.
Over the years scientists have made many

important discoveries that affect our daily lives.

Five of these are described on the following

pages. Select at least one of these and answer the

questions about it.

Stomach ulcers

In 2005, Professor Barry Marshall and Dr Robin
Warren from Western Australia won the Nobel
Prize in Physiology or Medicine. Marshall and
Warren discovered that stomach ulcers are a result
of bacteria, not stress, spicy foods or too much
acid. This means they can be cured by antibiotics.
A stomach ulcer is a break in the tissue lining of
the stomach, an organ in the digestive system that

breaks down food in a mechanical and chemical way.

Stomach ulcers are painful.

Marshall used himself as a ‘human guinea pig’
to test his hypothesis, as it wasn't feasible to use
laboratory animals such as guinea pigs. He did
this by injecting himself with the bacteria he
believed caused stomach ulcers, and then used

antibiotics to ‘cure’ himself. Due to the success of his
experiment, it is now common practice for doctors to

prescribe antibiotics for stomach ulcers instead of
patients taking antacids for the rest of their lives.

Questions
1 What experimental method did Marshall use?

2 Describe what Marshall’s hypothesis was in regard
to curing stomach ulcers.

3 Was Marshall able to control the variables in his
experiment? Explain.

ISBN 978 1 4202 3828 0
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Dung beetles

Cattle were introduced to Australia over 200 years
ago. We now have a problem of too much cattle dung.
It covers grazing land and flies breed in it. George
Bornemissza, who came to Australia from Hungary,
started studying the problem in 1951. He found that
Australia has dung beetles that can break down the
dung of native animals such as kangaroos. However,
very few of these beetles can break down cattle dung.
He therefore suggested bringing dung beetles from
other parts of the world to Australia.

The first of these beetles were released in 1967,
and today dung beetles are well established in some
areas. However, they have not spread far enough,
and flies are still a problem throughout Australia.
Scientists from CSIRO, Australia's largest scientific
research organisation, are therefore still working on
the problem.

Questions
1 Why is cattle dung such a problem?

2 Why was it necessary to introduce dung beetles to
Australia when there were some here already?

3 How can the spread of dung beetles throughout
Australia reduce the number of flies?

4 Suggest a plan to spread dung beetles more evenly
across Australia.

5 What precautions must be taken when a foreign
animal or plant is planned to be introduced
to this country?
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Twin lambs

Dr Helen Newton Turner was experimenting with
the breeding of sheep. In 1951, someone sent her
some ewes that produced twins much more often

than usual. She knew that twin lambs were rare, and
wondered whether she could use the ewes to breed

whole flocks of sheep that produce twins more
often. She therefore set up a series of experiments
with ewes that had produced twins, and rams that
had been twins. At the same time, she did similar
experiments with single-bearing ewes mated with
single-born rams.

Her results showed that ‘twinned’ parents
produced three times the number of sets of twin
lambs as the ‘single’ parents. She then worked
with a farmer near Cooma (NSW) and, by 1972, his
merino flock was producing 210 lambs each year
for every 100 ewes!

The sheep industry has benefited enormously
from Dr Turner’s work.

Questions
1 Why do sheep farmers like twin lambs?

2 What is meant by ‘twinned’ parents and ‘single’
parents for sheep?

3 How did Dr Turner control the variables in her
sheep breeding experiments?

Medicines from frogs

Dr Michael Tyler from the University of Adelaide
has been studying frogs for over 50 years. The
secretions produced by the skin of frogs contain
many different chemicals. Some of these are
toxic, but others have been found to be useful as
medicines. For example, scientists have recently
isolated a pain-killer 200 times more powerful
than morphine.

Dr Tyler wanted to find a way of extracting the
secretions from the frogs without harming them.
One day he was having acupuncture for a headache.
The acupuncturist inserted needles in his skin
and passed a small electric current through him,
causing his skin muscles to twitch slightly. This
caused him to wonder whether frogs would release
their secretions when their skin muscles were
twitched using a small electric current.

Back in his laboratory Dr Tyler found that his
idea worked, without harming the frog and without
using needles. From a single ‘milking’ he could
obtain up to 100 milligrams of secretions. He
found that these secretions contain as many as
70 different chemicals. The secretions kill many
different bacteria, fungi and viruses, and
his recent work has been to find out which
secretions kill which organisms.

Questions

1 Dr Tyler discovered a new laboratory technique.
What is it?

2 He repeated his tests several times. Why do you
think he did this?

3 Suggest how he could find out which of the
70 chemicals in the secretions kills a particular
virus.

4 Suppose he identifies the virus-killing chemical.
What do you think he should do next?

Figure 1.6 Dr Tyler with
one of his frogs
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Rabbit plague

Thomas Austin liked to go shooting at the weekends.
So, in 1859, he imported 24 rabbits from England to his
property near Geelong in Victoria. A female rabbit can
produce 40-50 young in one year, and with few natural
enemies there was soon a plague of rabbits. In one
year Tom Austin shot over 14 000, and within 20 years
or so the rabbits had spread to almost all parts of
Australia. Fences didn’t seem to keep them out. They
ate every blade of grass and stripped the bushes they
could reach, turning once green areas into deserts.
Many of Australia’s wallabies and native rodents
became extinct or endangered.

In 1919, a Brazilian scientist said he knew about a
virus called myxoma which infected rabbits and gave
them a disease called myxomatosis (MIX-o-mat-toe-
sis). However, the Australian government ignored his
advice because people were making lots of money
selling rabbit meat and using the fur to make hats.

By the 1940s, the rabbit plague was out of control and

Figure 1.7 The aerial view of a large rabbit warren shows the
destruction rabbits can cause to the land.

ISBN 978 1 4202 3828 0
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Jean MacNamara, an Australian expert on viruses,
eventually convinced CSIRO to try the myxoma virus.
At first CSIRO scientists couldn't get the virus to
spread, but they found that it spread more quickly in
wet weather, because the disease is carried from one
rabbit to another by mosquitoes, which breed when it
is wet.

Myxomatosis killed up to 80% of the rabbits in most
of Australia and as a result beef and wool production
increased. However, as the years passed the virus
became less effective. So in 1991, the CSIRO found
another weapon against the rabbits—the calicivirus
(cal-LEE-sea-virus), which doesn't need mosquitoes to
spread it. It was released in 1996 and one year later
about 100 million of Australia’s 300 million rabbits
had died. For the first time in living memory there was
lush vegetation across the Nullarbor Plain and in the
Simpson Desert.

Questions

1 Why was the rabbit plague such a disaster for
sheep and cattle farmers, and for native plants and
animals?

N

The rabbit plague resulted in severe soil erosion,
with soil washed away during heavy rain. Why did this
happen?

3 Suggest why the Australian government was reluctant
to introduce the myxoma virus into Australia.

&4

Figure 1.8

This 1938 photo from South Australia shows the
rabbit population explosion.
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When you are doing an experiment, what is
the usual order for the following?

a check hypothesis d results

b hypothesis e test

¢ predict f think again

Which of the following are true, and which are

false?

a Anexperiment is a test containing a series
of steps used to solve problems.

b Hypotheses are always correct.

¢ Scientists don't know the answers to some
questions.

d Inan experiment all variables must be kept
the same.

e You should ignore data that does not
agree with your hypothesis.

f A good hypothesis allows you to make
predictions.

a  When you write a report of an experiment,
what should the section headed ‘Aim'’ tell
the reader?

b What should the conclusion of a report
tell you?

¢ Under which heading would you describe
how you carried out the experiment?

Sometimes you have to modify a hypothesis.
When would you need to do this?

While cooking on the barbecue Tammy was
annoyed by all the insects that were attracted
to the light. Then she remembered reading
that insects are less attracted to yellow

light. Use the steps on page 17 to design an
experiment to test Tammy’s idea. Discuss
your design with others.

An oil company claims you get more
kilometres per litre from their petrol. They say
this is because of an additive called Z. How
could you test this claim?

A group of students wrapped a drink can

(can A) in four layers of aluminium foil each

0.25 mm thick. They wrapped an identical

can (can B) in a single layer of foil Tmm thick.

They filled both cans with hot water and

recorded the temperature of each can every

2 minutes for 10 minutes. (The data table

is shown below.)

a What hypothesis were the students
testing?

b Look at the students’ data and decide
whether it supports their hypothesis.

¢ Write a conclusion for the experiment.

Times (minutes) Can A (°C) Can B (°C)
0 90 90
2 87 87
4 85 84
6 84 82
8 84 80
10 83 78
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Refer to the websites in the Explore online links
to complete the following activities.

1 What does CSIRO stand for? If there is a
branch of CSIRO in your city or town, see
if you can find out what scientists do there.
Your teacher may be able to arrange a visit or
a scientist may visit your school to talk with
you. Visit the CSIRO website.

2014 AUSTRALIAN MUSEUM CELEBRATING

EUREKA PRIZES 29

Figure 1.9 Dr Mark
Talbot, a CSIRO scientist,
won the New Scientist
Eureka Prize for Science
Photography in 2014 for his
amazing images of seeds
using a scanning electron
microscope.

Figure 1.10 Dr Mark Talbot
took this image of a grain
of pollen from an acacia
flower. This pollen grain is
approximately 50 microns
long (about half the width of
a human hair).

2 Join a science club such as CSIRO’s

Double Helix Science Club. Visit their
website. Perhaps your teacher could help you
set up a club at school.

During the next few weeks check newspapers
and magazines and collect articles about new
discoveries in science and technology. You can
also check out the latest science news at these
websites:

Science Daily

New Scientist

Cosmos magazine

CNN Technology

Use a library to find out about the life and
work of one particular scientist. Once you
have collected your information, prepare

a three minute talk to the class about your
scientist. You may like to use the plan below.
Name of scientist:

Dates born (and died):

Country of birth:

Details of work:

Any other interesting information:

The Encyclopedia of Australian Science site
has information on more than 3000 Australian
scientists.

EXPLORE ONLINE {2}
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Copy and complete these statements to make a summary of this chapter.
The missing words are on the right.

1 is a way of finding answers to questions by doing experiments.

2 Solving by doing experiments involves using skills such as
observing, inferring, predicting and :

3 A is something which can change the results of an
experiment.

4 In an experiment you purposely change one variable and keep all the
rest the . This process is called variables.

5 A is a generalisation that explains a set of observations or

gives a possible answer to a question.

6 Hypotheses can be tested by doing
modified to explain further observations.

7 A is a way of displaying data. It can also be used to show the
between two variables.

. If necessary they can be

CH+1 REVIEW

same
generalising
variable
hypothesis
relationship
problems
experiments
science
graph
controlling

o

What name is given to a generalisation that a A Drop both balls from the same height and
scientist can test? see which ball bounces higher.

A experiment B Hit the balls against a wall and see how

B hypothesis far each bounces off the wall.

C inference C Throw the balls against the floor and see
D observation how high they bounce.

Lim is checking the burning of a candle. He finds

D See which ball can be squeezed the most.

that after 2 hours, one-quarter of the candle has 4 Tamika tested a number of substances to see
burnt. Predict how long it will take the whole whether or not they conduct electricity (allow an
candle to burn. electric current to pass through them). She also
A 1hour noted whether the substances were metals or
B 2 hours non-metals. Her results are shown below.
C 4 hours -
Metal or Does it conduct
W e Sl non-metal? electricity?
Sally and Bonita both bought the same kind of sulfur non-metal X
rubber ball. Sally said: My ball will bounce better zinc metal v
than yours. Bonita answered: ’d like to see you copper metal v
prove that. What should they do to find out which iodine non-metal X
ball bounces better? lead metal v/
phosphorus [ non-metal X
steel metal v
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a Use Tamika’s results to write down two
specific observations about steel.

b Write a hypothesis about metals and
non-metals and electricity.

Tamika tested two more substances:

Metal or Does it conduct
Substance non-metal? electricity?
carbon non-metal v
tin metal v

¢ Do these results support your hypothesis?
If not, modify it.

The amount of salt that will dissolve in
100 mL of water is called its solubility. This
solubility was measured at different
temperatures and the results graphed.

600

Solubility 400
/100 mL
(g )200

0

20 40 60 80
Temperature (°C)

Which of the following statements best

describes this graph?

A As the temperature changes the solubility
stays the same.

B As the temperature increases the solubility
decreases.

C As the temperature increases the solubility
increases slowly.

D As the temperature increases so does the
solubility, slowly at first, then more quickly.

The graph above right is from a TV news weather

report. It shows the amount of UVB radiation

received on a particular day.

a Atwhat time did the UVB radiation reach its
peak?

b During what times of the day was the UVB
reading in the very high range?

¢ In which range was the UVB reading at
10.30 am?

ISBN 978 1 4202 3828 0
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d How could you explain the dip in the graph
around 12 noon?

high
moderate
2 3 4

8 9 10 M 12 1
Time of day

Intensity of UVB

You see this advertisement on TV.

You decide to do an experiment to see if Sudso is
in fact better than other washing powders.

a Write a brief plan for your experiment.

b Which variables will you need to control?

¢ Which variable will you purposely change?

d Which variable will you measure?

Check your answers
on page 255.
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IN THIS CHAPTER

Science Understanding

>

>

model the arrangement and motion of
particles in solids, liquids and gases
give examples of how energy is either
taken in or given out during a change
of state

use the particle model to explain
various properties of matter, e.g.

air pressure and expansion and
contraction

use the internet and other resources
to investigate the historical
development of the atomic theory

Science Inquiry Skills

>

measure, record and graph the
temperature as ice is melted and

water is boiled

write inferences to explain various
properties of matter in terms of the
particle theory

-

i =
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Solids, liquids and gases

\@ GET STARTED: QUESTION

N

Use the photo of Antarctica to answer these questions. 4 Can you change the shape of solids, liquids and

1 ~Which of the things in this photo are solids, liquids or gases?

gases? 5 Can you compress a solid; that is, squeeze it into a
2 Whatis the term used to describe: smaller volume?

a ice turning into liquid water? 6 What do solids, liquids and gases all have in

b liquid water turning into ice? common?

¢ liquid water turning into gas (steam)?

3 Water can change state; that is, turn from one state
such as liquid to another state such as a solid or gas.
a Can all other substances do the same?
b Canthese changes be reversed?
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2.1 Properties of
matter

What is matter?

Everything around you is made up of matter—the
desk, your shirt, the water in a swimming pool,
the hair on your head, even the air you breathe.
Most matter can be classified into one of three
main groups: solids, liquids and gases. These are
usually called the three states of matter.

Solids, liquids and gases have two important
properties—they all have mass and they all take up
space. To find the mass, you use a balance. To find
the amount of space occupied by something, you
measure its volume. So all matter has mass and
occupies space.

Solids

Solids include such things as steel girders, this
book, and most of the objects you can see. They all
have mass and occupy space. The shape of most
solids cannot easily be changed, and nor can their
volume. Powders are also solids but their shape
can be changed.

Liquids

Water, juice and oil are all examples of matter in
liquid form, and they all have mass. The volume

of a quantity of liquid does not change, but its
shape can. For example, pour some juice from a
carton into a glass. The volume of the juice doesn’t
change, but its shape does. And if the juice is spilt,
it has another shape.

Gases

The air around us is a gas. In fact, it is a mixture
of gases, mainly nitrogen and oxygen. Other
common gases are helium and carbon dioxide. All
these gases have mass and occupy space. Gases
do not have a fixed shape or volume. A gas fills its
container, no matter what the shape or size of the
container. For example, helium gas fills a metal
gas cylinder. The gas can be let out through the
tap to fill balloons of various shapes and sizes. If
the balloon bursts, the gas will escape and spread
out into the air. Gases can also be compressed
(squeezed into a smaller volume, like the helium
in the cylinder). You cannot do this with liquids
and solids.

30

Figure 2.1 The volume of a quantity of liquid does not change,
but its shape may. A liquid will take the shape of its container.

Figure 2.2 Gases do not have a fixed shape or volume.
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Solids, liquids and gases

1 Crumple a tissue, and fit it tightly into the
bottom of a glass. Push the glass, mouth
down, into a large container of water until
most of the glass is underwater.

£ What do you observe?
Pull the glass out of the water and check tissue
whether the tissue is wet.

e
£/ Write an inference to explain your
observations. ~—|

2 Use a balloon and an electronic balance to
test whether air has mass. Design your test WEIED N
carefully!

3 Place your finger over the end of a syringe
containing air. Try to push the plunger in.

'& .
£/ Can air be compressed?

Ay

S
-
=
-
(&)
<<

glass

Draw some water into the syringe.
g3
£/ Can water be compressed?

4 To summarise what you know about solids,
liquids and gases, copy the table below.
Complete it by puttinga v/ ora X in
each box.

Properties of matter

State of :
matter Have mass Fixed Can be
volume compressed
solids v
liquids v

gases v
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Density

An important property of matter is its density.
Which is heavier: a kilogram of feathers or a
kilogram of gold? The answer is neither—they
both have the same mass. The difference is that a
1kg bar of gold would be about the size of a Mars
bar, while 1 kg of feathers would fill a very large
pillow. The mass of the gold is packed into a much
smaller volume than the feathers. A small volume
of gold has a large mass. We say that gold is much
more dense than feathers.

| don't care if they
DO weigh the same.
I'm not swapping!

Figure 2.3 Gold is more dense than feathers.

Similarly, iron is denser than wood. Suppose
you have a 1 cm cube of iron and a 1 cm cube of
wood. Both cubes take up the same amount of
space, so they both have the same volume
(1 cubic centimetre). However, their masses are
very different. The iron cube has more mass

* larger mass
« high density

Table of densities (g/cm3)

helium gas 0.00018

air 0.0013

carbon dioxide gas 0.002 o
polystyrene foam 0.1 g
cork 0.2 =
pine wood 0.4 'g
petrol 0.7 o
polythene plastic 0.9

ice 0.9

water 1.0

packed into 1 cubic centimetre. The density of
iron is therefore greater than the density of

wood. Density is how much mass is packed into a
measured volume. [t is usually measured in grams
per cubic centimetre (g/cm3).

The table at the top of the page shows the
densities of some common substances. Notice
that the density of water is 1 g/cm3, and that gases
are much less dense than solids and liquids.

» smaller mass
+ low density

Figure 2.4 Two objects of the same volume with different densities. The denser object will have the greater mass.
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Solids, liquids and gases

EUREKA!
My volume

&)/ equals the volume
of water I displace.

Measuring density

To find the density of something, you must first
measure its mass and volume. You then divide the
mass by the volume to find the density.

mass (g)

m
densit /cm3 = —4m8 ———  or d = e IR
v (o ) volume (cm3) 174 TR oy At el )

Example 1: Find the density of a block of
aluminium with a mass of 13.5 grams and a
volume of 5cm3. W)

Solution: Since we know the mass (m) and é’?‘/’ ‘ﬁ&

volume (V) we can use the formula to calculate the
density (d).

B5¢g Figure 2.5 One way to measure your volume

—ﬂ:
d= v 5 cm3

(density 2.7 g/cm3) sinks. Fruit and vegetables

2.7 gfcm3 sometimes float and sometimes sink. For those
that float, the lower their density the more they
stick out above the water. You can try this at home
with a bowl of water.

Example 2: A block of wood is5cm x3cm x 1cm in
size. Calculate the density if the mass is 9 grams.

Solution: First we need to calculate the volume Humans, like most animals, float in water, but
using the dimensions. only just. This is because we are mostly water.
V' =length x width x height However, we have a layer of fat under our skin,

=5x3x1 and this has a lower density than water. There are

=15cm3 also air spaces, such as lungs, inside our bodies.
Now we can calculate the density. Sharks are unusual in that they are denser'than

m 9 water. If they don’t keep swimming they sink to @
d= v~ = Ee the bottom. L
= 0.6g/cm3

Measuring the volume of a regular solid such
as a cube is easy, but how would you measure
the volume of an irregularly shaped object such
as your body? The secret is to drop the object
into water and measure the volume of water it
displaces (pushes out). This method was
discovered by Archimedes in Greece in about
250 Bce. In Investigation 2.1 you can use this
method to find the density of a small object.

. .y Why don't we stop here , )
Floating and sinking for a bit and give these | Lt's fempting, Shazza, but

Anything will float in water if its density is equal surfers a scare? we have to keep swimming.
to or less than the density of water, that is
1g/cm3. For example, a piece of pine wood (density Figure 2.6 Anything will float in water if its density is equal
0.4 g/cm3) floats in water, but a piece of granite to or less than the density of water.
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S Measuring density

Aim £} Record the water level
To measure the density of two different objects. in the cylinder with the

object completely

Materlals under water (V2).
+ measuring cylinder, 100 mL
+ balance

piece of wire

2 small objects—one that floats (e.g. wooden
cube) and one that sinks (e.g. marble)

N

Risk assessment and planning 4 Take the object out of the cylinder,
and repeat steps 2 and 3 for the
other object.

TTTTTTTTTTITITITTITITITTTT

:7 Read the six steps carefully and draw up
a data table like the one below.

)

-
£/ Record the water level for the second object.

e
L/ Make a list of any safety issues.

5 Calculate the volume of each object by
subtracting the initial volume of water (V1)

Method
) ) from the final volume (V2).
1 Using the balance, find the mass of each object. ™ )
Check with your teacher if you have forgotten L7 Record your results in the data table.
how to do this. (Note: 1 millilitre = 1 cubic centimetre.)

e
£ J Record the masses in the data table below. volume of object = V5 - V;

2 About half fill the measuring cylinder with water.

It is best if you fill it to a set mark, say 60 mL. 6 Calculate the density of each object using
Make sure the bottom of the meniscus (the the formula:
curved water surface) is )
exactly on the mark. -~ v density = mass of object (g)
L&/ Record this volume of object (cm3)
initial volume Give your answer to the nearest 0.1 gram per
(V1) in the data / cubic centimetre.
table.
Discussion
1 Compare your results with those found by other
() LI students. If they are different, suggest possible
reasons.

3 Holding the cylinder at an angle, carefully

slide in the first object. If it floats, you will have 2 Which object is denser?

to hold it under the water with a piece 3 Suggest another way of finding the volumes of

of wire, as shown. the objects. Try it, and check your results.

Object Mass (g) Initial volume of Final volume of | Volume of object V; - Density
water, V; (mL) water, V3 (mL) Vi (cm3) (g/cm3)
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Solids, liquids and gases

Figure 2.7 Gold is used in its natural state in jewellery.

Using materials

All the materials around us are taken from or
made from the Earth’s natural resources. For
example, we use cotton, wood and rubber from
plants, and wool, leather and silk from animals.
We breathe the air and extract various gases from
it, such as oxygen, nitrogen and argon. We use the
rocks of the Earth and extract metals such as iron,
copper and gold, and other useful materials such
as coal, oil and limestone. We eat seafood from
the oceans and extract salt from sea water.

Some of these materials we use in their
natural state. For example, a gold nugget can be
made into jewellery and wool can be woven into
clothing. Often we process these materials to
improve or alter their properties. For example, we
may treat the wool to make it shrink-resistant,
and we grind up corn to make flour, which we use
to make bread. These are processed materials.

Over the years, however, we have made many
totally new materials. For example, 2000 years
ago the Chinese discovered how to make paper
from wood. In recent times, we have made an
incredible range of materials such as concrete,

ISBN 978 1 4202 3828 O

glass, plastics, paints and pesticides. These
materials do not occur naturally and are said
to be synthetic.

Synthetic materials

The properties of a material determine what it
can be used for. Wool is used for winter clothes
because it keeps your body heat in. Aircraft are
made of aluminium metal because it is light.
Copper is used to make electric wires because it is
a good conductor of electricity, and because it can
be shaped to form wire. Drills are sometimes
diamond-tipped, because diamond is much harder
than most other substances.

Synthetic materials are continually being
developed with special properties to do particular
jobs. Here are four examples.

1 Since 1996, Australia’s banknotes have been
made from polypropylene plastic. These last
longer than paper notes, stay cleaner and are
very difficult to counterfeit. They can also
be recycled to make compost bins, plumbing
fittings and other useful household and
industrial products.
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2 In 1999, CSIRO developed a new sunscreen
called Sunsorb. It is similar to zinc cream, but
because the powder it is made from is so fine,
it is virtually invisible.

3 If you break open a disposable nappy, you will
find a white powder called WaterSorb. It forms
a gel when water is added to it. It can soak up
a large volume of urine, keeping the baby’s
bottom dry. It is also used to prevent pot
plants drying out.

4 Polystyrene packing beads are being
replaced by beads made from wheat or corn
starch. This makes sense because wheat and
corn are renewable, unlike polystyrene, which
is made from oil and is non-renewable. These
beads cause less damage to the environment
since they form a suspension in water and are
biodegradable.

Figure 2.8 Corn starch packing beads are biodegradable.
For this activity you will need some
peanut-shaped starch packing beads.

L7 How many starch packing beads do you
think will ‘disappear’ in two teaspoons of water?

To test this, add one starch bead at a time,
stirring well to form a suspension. Observe how
the beads change and how the water changes.

ﬁ Could you get the beads back again? How?
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Check out some of the websites below.

The secret of the dispesable nappy

This site has an experiment to test the
superabsorbent powder in a disposable nappy.

Reserve Bank of Australia

This site has information on the famous
Australians on our banknotes, how the notes
are made and recycled, and how to detect
counterfeit notes.

Try searching under the names of some of the
newer synthetic materials, e.g. Kevlar, Mylar,
Nomex, silica gel, Teflon, Tyvek. Keep notes
on the properties and uses of each material you
research.

EXPLORE ONLINE {2}

Figure 2.9 Silica gel is a porous form of silicon dioxide
(common sand), which can absorb water.
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1 Inwhich state would a substance be if it had:
a no fixed volume?
b afixed volume and shape?
¢ afixed volume but took the shape of
its container?

2 Each of the cartoons below illustrates at least
one property of matter. Which shows that a:
a solid has a fixed shape?
b liquid can be made to have any shape?
¢ gas can be compressed?
d gas does not have a fixed volume?

'@

pt 1y lum

3 a How many kilograms are there in
2000g, 100000 g, 1530 g?
b How many grams are there in 2 kg,
Y2 kg, 6.7 kg?
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4 Look at the data table below.

Mass (g) Volume (cm3)
object A 39 6
object B 54 20
object C 6 5

a  Which object has the greatest mass?
b Which object has the greatest density?

5 Look at the diagrams below. Suppose you keep
your finger over the end of the syringe, starting
in position A. You push in the plunger to B, then
pull it back to C.

In which position is the air in the syringe most
dense? Explain your choice.

A B C

8 0
LT

It is easier to float in sea water than in fresh
water. Use your knowledge of density and the
table of densities on page 32 to explain this.

A balloon filled with helium rises when you let
it go. A balloon filled with carbon dioxide sinks.
Explain the difference.

In each of these pairs, which is the object, and
which is the material it is made from?

Describe the properties of each substance that
make the object useful. Record your answers
in a table with three columns.

a window / glass

styrofoam / coffee cup

plastic / ruler

aircraft / aluminium

banknote / polypropylene plastic

oD QO T

®
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9 Classify the following materials as natural, 10 Make a table listing the properties of the four
processed or synthetic: synthetic materials described on pages 35-36.
concrete  milk petrol 11 What is the difference between a renewable
flour natural gas  soft drink material and a non-renewable one? Give
marble nylon superphosphate examples.
marijuana  oxygen uranium

1 Many people incorrectly say that lead is heavier 7 Suggest some uses for a plastic that dissolves

than steel. What should they really say? in water.

2 Which properties allow you to distinguish between & The balloons in the photo are made of a material

the substances in each of the following pairs? called Mylar. They are filled with helium gas and

a steel and aluminium stay inflated for months. Suggest which properties
b lemonade and water of Mylar make it suitable for use in these special

¢ saltand sugar balloons.

d wood and plastic

e polystyrene and starch packing beads

3 Which of the following would you use to make the
base for a stand-up sign outside a shop—concrete,
aluminium or gold? Explain your answer in terms of
the properties of the three substances.

4 a A piece of copper has a mass of 50 grams
and a volume of 5.6 cm3. What is its density?
b Another piece of copper has a volume of
7cm3. What is its mass?
5 Arectangular block of wood has sides 8 cm by
4.cm by 5cm. It has a mass of 120 grams.

a What is its density?
b Would this block of wood float in water?

6 What is the mass of air in a room measuring
10m x 5m x 3 m if the density of air is
1.3kg/m3?

1 One-third fill a glass vial with
glycerine. Carefully pour an
equal volume of coloured water
down the inside of the vial so that
it flows gently onto the glycerine,
as shown. Drop a small piece of
perspex into the vial. Observe
what happens, and try to explain
it in terms of density.

2 Does a fresh hen’s egg sink
or float in water? Try it.
Now add salt to the water,
while stirring carefully, and
observe what happens.
Explain your observation.

glass vial

A rotten egg floats in fresh
water. Suggest why.

coloured water

glycerine
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2.2 Solid-liquid-gas
Changing states

The three different states of matter can be
changed from one to another by adding or
removing heat. These changes are called changes
of state.

If you heat a solid, it will form a liquid. For
example, ice melts to produce liquid water.
Metals such as iron and gold also melt if you
heat them enough.

Heating also causes evaporation of liquids
to produce gases. For example, when water is

heated, it evaporates to form water vapour, which

is a gas. The hotter the water gets, the quicker it

evaporates. When bubbles of water vapour appear

in the water, it is said to be boiling. The water
vapour forms quicker, and is now called steam.
This occurs at 100°C, the boiling point of water.
Water can evaporate at any temperature, but
boiling occurs only at the boiling point.

Cooling causes gases to condense and form
liquids. For example, steam is invisible, but
when it meets cooler air, it forms a cloud. This
is because the steam condenses to form tiny
droplets of water. A similar thing happens in the
bathroom when you have a hot shower. Some of
the hot water evaporates and changes into water
vapour. Because the air in the bathroom is cooler,
the water vapour condenses to form tiny drops of
water that float in the air and ‘fog up’ the mirror.
Similarly, as water from the Earth’s surface
evaporates, it forms water vapour. As this water
vapour rises, it becomes cooler and may condense
to form clouds and perhaps rain.

Cooling also causes water to freeze or solidify.
This occurs naturally when snow and hail form.
We use the same process to make ice blocks and
ice-cream. Molten metal can be poured into
moulds to solidify into various shapes (see
Figure 2.10).

Some solids do not change to a liquid when
they are heated. Instead, they turn straight into
a gas in a process called sublimation. For example,
‘dry ice’ is solid carbon dioxide. When it sits on
the bench it soon warms up and changes directly
into gaseous carbon dioxide, which is invisible.
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Energy in and out

&

Another way to look at changes of state is to think
of the three states of matter as rungs on an energy
ladder. To change state by climbing up the ladder,
energy must be added to the matter—it must be
heated. To change state by going down the ladder,
energy must be taken from the matter—it must be
cooled.

Figure 2.10 Solid gold melts at about 1000 °C. The liquid
gold can then be poured into moulds.

Figure 2.11 Dry ice sublimes, turning from a solid
directly to a gas.
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The particle theory

More than 2000 years ago in ancient Greece, a
philosopher called Democritus suggested this
hypothesis: All matter, living and non-living, is made
of tiny particles too small to be seen. His idea was
that if you kept cutting something into smaller
and smaller pieces, you would eventually come
to the smallest possible particles—the building
blocks of matter. He used the word atomos (which
in Greek means ‘cannot be divided’) to describe
these tiniest particles. This is where the word
‘atom’ comes from. You will learn more about
atoms in Chapter 5.

Since then scientists have done many tests
with matter, and the results have always agreed
with Democritus’s hypothesis. A hypothesis that
is supported by many experimental results is
called a theory. So the hypothesis that matter is
made up of tiny particles too small to see is now
called the particle theory of matter.

This particle theory can be used to explain the
properties of solids, liquids and gases.

sublimation

L
>

BEm ENERGY IN (heating)‘

<@ (5u11000) 100 ADYINT

Figure 2.12 The energy ladder

The particle theory of matter

1 All matter is made up of tiny particles too small
to see.
There are spaces between the particles.
There are attractive forces between particles.
The weaker these forces are, the further apart the
particles are.
The particles are always moving.
At high temperatures the particles move faster
than they do at low temperatures.

Figure 2.13 Ice makes you feel cold because it is absorbing Figure 2.14 All matter in the universe is made up of
your heat energy, which is used to make the ice melt. particles.
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The particles in a solid (e.g. steel) are packed tightly
in a fixed pattern. There are strong forces called
chemical bonds holding them together, so they
cannot leave their positions. The only movements
they make are tiny vibrations to and fro.

We cannot see these invisible particles, but we
can use a model. For example, we can represent
the particles by the students in your class. When
everyone is sitting down, very close together with
shoulders touching, the class is a model for a solid.

The word ‘model’ has a special meaning in
science. It is a way of representing something that
is too small to be seen, or too large or complicated
to be studied easily. A model is not the real thing.
[t is only a representation that helps you
understand or explain something.

I

LIQUIDS

Solids, liquids and gases

GASES

The particles in a gas (e.g. air) are far
apart, and they move about very quickly.
There are still attractive forces between
them but they are very weak. The particles
collide with each other and the walls

of the container, and bounce off in all
directions.

When the lesson is over, students go in
many different directions. Some may stay
in the room, while others go to different
parts of the school. When this happens
the class is a model for gas.

The particles in a liquid (e.g. water)
can move about and slide past each
other. They are still close together
but are not in a fixed pattern. The
forces (bonds) that hold them
together are weaker than those in
a solid.
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When the students are moving
about busily doing practical work,
the class is a model for a liquid.
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ACTIVITY Q

N

Make a model for matter by putting some
ball bearings in a flat dish or box.

£’} What do the ball bearings represent?
What does the dish or box represent?

./ Draw the arrangement of the ball
bearings.

£’} What state of matter does this represent?

Shake the dish gently so that the ball
bearings move about.

.7 Describe the new arrangement of ball
bearings.

£’} What state of matter does this represent?
Shake the dish vigorously.

.7 Describe the new arrangement. What
state of matter does it represent?

Your teacher may demonstrate this model using
a dish on an overhead projector.

A fourth state of matter

N

Teacher note: It is possible to buy special
magnetic marbles for this activity.

Scientists are experimenting with plasmas as

We are familiar with the three states of matter we
find on Earth—solids, liquids and gases. However,
there is a fourth state of matter called plasma,
which makes up 99% of the universe. Plasma
consists of charged particles that are even further
apart than the particles in a gas. You don’t see
much plasma on Earth because it requires very
high temperatures. However, the sun is made of
plasma, as are all the stars.

Lightning is a type of plasma that occurs
naturally on Earth. You may have seen a plasma
sphere in a science centre. The glass sphere
contains a gas at a very low pressure and when
very high voltage passes through it, it glows and
looks like ‘bottled lightning’. Plasmas also occur
in neon signs and fluorescent bulbs.

Because the particles in a plasma are charged,
they are affected by a magnetic field. Loops of
plasma erupt from the surface of the sun and
follow the curved magnetic field of the sun.

hot as 100 million degrees. They are trying to
make a fusion reaction that produces energy as the

sun does. They use powerful o—m——
electromagnets to create a To find @
‘magnetic bottle’ to contain out more :
the super-hot plasma. about Nryrr
plasmas, g =
Figure 2.15 go to 3 -
A plasma ball Amazing [ =
plasmas. E o
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Explaining melting

We can use the particle theory to explain changes
of state. When a solid is heated, its particles gain
more energy and vibrate more. This makes the
solid expand—get bigger. At the melting point,
the particles vibrate so much that they break
away from their positions. When this happens,
the solid becomes a liquid.

In a solid the
particles are
packed in a
fixed pattern.

The particles
vibrate more.

heat at melting
point

Figure 2.16 The particle theory can be used to explain the
melting of a solid.
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Explaining boiling

When a liquid is heated, its particles have more
energy and move faster. They bump into each
other more energetically and bounce further
apart. This makes the liquid expand. At the
boiling point, the particles have enough energy
to break the bonds holding them together. They
break away from the liquid and form a gas.

At low temperatures, the
particles in the liquid move
slowly.

heat

As the liquid gets hotter,
the particles move more
quickly. Some have
enough energy to break
the bonds holding them
together and escape

©
= "y,
N

(evaporate).
heat at
boiling
point
O////,,/ ’ s 11y,
. O \O

At the boiling point, all
the particles have enough
energy to evaporate.

Figure 2.17 The particle theory can be used to explain the
boiling and evaporation of a liquid.
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Set up the apparatus shown on the right and
observe carefully what happens.

‘& .
£/ Where does evaporation occur?
ﬁ Where does condensation occur?

ﬁ Where does water exist in a:
a solid state?
b liquid state?
¢ gaseous state?

O\ ¢
O@.\
Aim
To measure and graph the temperature
as ice melts to water and then boils.

Materials

small beaker, e.g. 250 mL
crushed ice

+ thermometer (=10 to 110 °C) or
datalogger and temperature probe
burner, tripod, gauze and heatproof mat
stopwatch
stirring rod
retort stand and clamp

Bunsen burner

ice cubes —- /Watch glass

beaker —

gauze mat

\,

(or hotplate)

\

tripod

Melting and boiling

Method

1
2

+ stopper with hole to hold thermometer in clamp

+ graph paper

Risk assessment and planning
Read through the Method.

+  What safety precautions will be necessary?

«  Which is the independent variable and

which is the dependent variable? How do
you know which is which?
4&/ Design a data table with columns for the
two variables to be measured.

Set up the apparatus as shown.

Half-fill the beaker with crushed ice and
measure its temperature. (Remember to wait
until the reading is steady.)

2
L J Record the temperature of the ice in your
data table.

Light the burner and adjust it to a medium
flame. Put it under the beaker and immediately
start timing.

Measure the temperature every minute. Use the
stirring rod to stir gently before each reading.
Continue your measurements until the water
has been boiling for 3 or 4 minutes.

ﬁ Record the data in the data table.

Graph your results or print them from the
datalogger.

Discussion

What caused the ice to melt?

What did you notice about the temperature as
the ice melted?

What did you notice about the temperature as
the water boiled?
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4 Your graph has two flat sections joined by
a slope. What does it mean where the graph
is flat? On the graph, mark when the ice is
melting. Also mark when the water is boiling.

stopper
with hole

::" thermometer 5 Use your graph to find the temperature of the

stirring rod ) X
water 10 minutes after you started heating.

6 Predict the temperature of the water
(=) BB crushed ice 10 minutes after it started to boil.

7 The temperature did not increase while the

SAFETY BLASSES ice was melting and while the water was
MUSTBE WORN boiling—even though there was a constant
supply of energy from the burner. Use the
particle model to explain where that energy
was going.

1 Why did Democritus use the Greek word
atomos to describe invisible particles of
matter? (See page 40.)

2 How did Democritus explain the difference
between a solid and a liquid?

3 Did the ancient Greeks do scientific
experiments? Explain.

4 We know very little about Democritus and his
ideas. Suggest a reason for this.

5 When did people start doing proper scientific
experiments?

6 What experiments were done by Dalton

and other scientists around 18007

What was Dalton’s atomic theory?

Figure 2.18 Democritus Figure 2.19 John Dalton
(de-MOK-rit-us) was a Greek  (1766-1844) turned 7

philosopher who lived from Democritus’s idea into a Once you have finished your research, share your
460 to 357 BCE. He had the  scientific theory. There is more  findings with the class. Then use what you have

idea that everything is made  about Dalton on page 109. found out to discuss these final questions

of atoms.

8 Why was Dalton able to convert Democritus’s
Use the internet and other resources to research idea into a scientific theory? Why did this
the following questions about Democritus and process take more than 2000 years<
Dalton. You could search under ‘atomic theory 9 Do you think the atomic theory has changed
history’. Do this individually or in a group. since the time of Dalton? Explain.
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Copy the diagram below. Put one word in each
box and on each arrow to summarise what you
know about changes of state.

LIQUID -

Complete these sentences.

a The melting point of ice is the temperature
when it changes from a toa

b The melting point of ice is °C.

¢ The boiling point of water is the temperature
when it changes from a toa

d The boiling point of water is C.

Choose from the words solid, liquid or gas to
say what type of substance will be formed
when a:

a gascondenses

b liquid freezes

¢ solid melts

d liquid boils.

Write your answers in complete sentences.

Name the change of state that occurs when:

a dew forms on the grass

b abottle of perfume is opened and can be
smelt on the other side of the room

¢ apuddle of water on the road disappears
when the sun shines

d moth balls placed in a suitcase of clothes
are gone after a few months

e lava flows from a volcano and slowly forms
arock called basalt.

The table below lists five changes of state.
For each change decide whether heating or
cooling is needed. Copy the table and tick the
correct columns.

Changes of state Heating Cooling

solid to liquid

liquid to gas

gas to liquid

liquid to solid

ol | T o

solid to gas

Which of the following statements are true
and which are false? Rewrite the false ones
to make them correct.
a Melting occurs when a solid changes to
a liquid.
All matter consists of particles.
¢ Tochange a liquid to a gas, you have to
cool it.
d Solids have a definite shape because
their particles are free to move around.
e Water can evaporate at any temperature.
f  If water boils for a long time, its
temperature rises above 100 °C.
Condense is the opposite of evaporate.
The particles of a gas are so far apart that
they do not attract each other at all.
i The particles of a solid do not move.

=5 Q

a In which state do the particles move
fastest?

b In which state are the particles closest
together?

¢ In which state are the particles close
together but not arranged in a regular
pattern?

d In which state of matter are the bonds
between particles greatest?

a What is the boiling point of nitrogen?

b In which state of matter does nitrogen
exist at room temperature?

¢ Liquid nitrogen is sometimes used to
make ice-cream. Why does liquid nitrogen
cause cream to freeze?
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Luigi wears glasses. He finds it hard to see when
he enters a hot steamy bathroom. Use what you
have learnt in this chapter to explain this.

If gases and liquids are both made of particles, why
are their properties so different? Explain your answer in
terms of particles and bonds.

Answer these questions in complete sentences.
How can you make the particles in a solid move
faster?
What are the particles doing if a liquid is evaporating?
What can happen to a gas if its particles slow down?

When you cook food in a saucepan with the lid on, you
might notice water on the inside of the lid. Why is this?
Use your knowledge of the particle theory to explain
each change in the diagrams below.

)
o)

’ﬂ.g =

) 8]

s) oot

o
>
O

The graph below shows the change in temperature
over time as wax is heated.

100+ D
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Which part of the graph shows that a change of
state is taking place?

What is the melting point of the wax?

What is the state of the wax during the first

10 minutes of heating?

What is the state of the wax between C and D?
In which part of the graph are the bonds
between the wax particles greatest?

Hexane is used as an industrial solvent. It has a
melting point of =94 °C and a boiling point of 69 °C.

Is hexane a solid, a liquid or a gas at room
temperature (20 °C)?

If hexane is heated to 90 °C, would you expect
it to be a solid, a liquid or a gas?

Which would evaporate more quickly: water in a
flat tray, or water in an open bottle? Explain your
answer in terms of the particle theory.

Why do clothes dry faster on a windy day than
on a calm day?

Angie wanted to keep her yoghurt cool, so she
put it in a jar with some ice and screwed the lid
on tightly. When she went to put it in her locker
15 minutes later, she saw that the outside of the
jar was quite wet.

Everyone had a go at explaining what had
happened (see the cartoon).

Whose inference do you agree with? Why?
Can you suggest a better inference?

Dry ice is sometimes used to create fog and mist
on stage. If carbon dioxide is invisible, how can
you see the dry ice fog?

On a hot day you perspire (sweat). As this
perspiration evaporates it cools you. Use the particle
theory to explain how evaporation produces cooling.

Water from Water in
—— the ice has come || theair Eoldnisshcomles
The jar | through the jar. | | sticks to fhrough fhe glass
the glass. and turns to water.

must have
leaked. |
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2.3 Using the particle
theory

We have used the particle theory to explain solids,
liquids and gases, and how they can change from
one state to another. In this section we will use it
to explain some other properties of matter.

Diffusion

If someone opens a bottle of perfume in the
middle of the classroom, you soon smell it in
other parts of the room. The fragrance spreads

A Put a beaker on a sheet of white paper and
half fill it with water. Let it stand for a while
to let the water become perfectly still. Use
a pair of tweezers to drop a single crystal of
potassium permanganate (Condy'’s crystals)
down a drinking straw as shown. Then leave
the dish undisturbed overnight.

4 Explain what you observed in terms of
the theory of particles.

potassium
permanganate )

crystal \

™~ tweezers

Tdrinking straw

<~ beaker

—Ft— water
we paper

through the air in all directions. This gradual
mixing of substances is called diffusion.

Let’s explain how perfume diffuses. When
the lid is on, the gas particles remain inside
the bottle. When the lid is taken off, the liquid
perfume evaporates easily. As there are only
weak forces between the particles, the particles
can spread out, moving away from the crowded
bottle to places where there are fewer particles of
perfume. Eventually the particles spread evenly
throughout the air in the room.

2

Figure 2.20 Diffusion

B This activity involves the poisonous gas
nitrogen dioxide and can only be done as a
teacher demonstration in a fume cupboard.

Place a few pieces of copper in a small
beaker. Pour a few drops of concentrated
nitric acid on the copper and immediately
cover the beaker with a larger beaker, as
shown.

f} Observe what happens to the brown

gas. (It helps to put a piece of white
cardboard or paper behind the beakers.)

%
ardboard

C

Use a
fume
cupboard.

copper +
nitric acid
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As you saw in the activity on the previous in the crystal. This causes some particles to leave
page, when a crystal of potassium permanganate the crystal and move into the spaces among
is placed in water, the water slowly turns the water particles, as shown below. This is the
purple. Both the crystal and the water are made process of dissolving. As the particles continue to
of particles. As water is in the liquid state, its move, they diffuse throughout the water and the
particles are moving and bump into the particles purple colour spreads evenly.
The water particles are Particles leave Because the particles are all
continuously moving. the crystal. moving, they become evenly
mixed.
Q00 8I0000
P8R8
0029030503
0008309 SO
o20aRe e
o3

crystal

Figure 2.21 Diffusion of potassium permanganate in water

Your teacher may demonstrate the following
activities. For each activity, predict what you
think will happen, then observe what happens
and finally explain what happened.

A Using a ball and ring apparatus (or other
metal shapes), put the ball through the ring.
Then heat the ball strongly and try to put it
through the ring again.

@ What do you predict will happen if you X
heat the ring and try again? Try it. v

B Fill a flask with coloured water and fit a
stopper with a piece of glass tubing through
it. The coloured water in the tube should glass tube —»
reach just above the stopper. Mark this
level with a marking pen. Put the flask in a
container of hot water for a few minutes. el ]
Now put it in a container of cold water. water

ﬁ How could you use this apparatus to
measure temperature?

C Put a balloon over the mouth of a flask.
Heat the flask gently using a Bunsen burner.
e
£/ Write a generalisation to explain the results
of all three activities.

hot water
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Expansion and contraction

As you saw in the activity, solids, liquids and gases
all expand (get larger) when they are heated. That
is, they occupy more space. Similarly, when they
are cooled they contract (get smaller) and occupy
less space.

In solids, the particles vibrate in fixed
positions. As the solid is heated, the particles
absorb energy, vibrate more violently and start to
bump into each other. This causes them to move
further apart so that they have more room for
their violent vibrations. As a result, the solid as
a whole expands. When the solid is cooled, the
particles lose energy. The particles slow down
again and occupy less space (contract).

Expansion and contraction of liquids and gases
can be explained in a similar way.

Qg0 o000

0000999
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(expansion) (contraction)
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Figure 2.22

In the cool balloon the air particles move
slowly. In the warm balloon the faster-moving particles hit
the walls of the balloon more violently, pushing them out and
causing the balloon to expand.

Air pressure

When Rhys pulls into the service station, he
discovers his car has a flat tyre. What keeps the
tyre inflated is air pressure. The invisible particles
of air are only tiny but they move very rapidly—
about the speed of a rifle bullet. These tiny bullets
bombarding the walls of the tyre cause the air
pressure. What has happened to the flat tyre is
that some of the air has escaped and there are
not enough particles to give the pressure needed
to keep the tyre inflated. Rhys gets the tyre fixed
and pumps it up with compressed air. Now the air
pressure is back to normal.

Figure 2.23 A flat tyre contains few air particles and the air
pressure is low. An inflated tyre contains many air particles
and the pressure is high.

[t is a hot day and Rhys drives non-stop for
two hours to get to the beach. When he checks
the tyre pressure, he finds it has gone up. There
can’t be any more air particles in the tyre. What
has happened is that friction between the tyre
and the road has caused the air inside the tyre
to heat up. This means the particles have more
energy and are moving faster and hitting the
walls of the tyre harder. Hence the air pressure is
higher. When the tyre cools down, the particles
will lose energy and slow down, and the pressure
will return to normal.

You have seen how the particle theory can
be used to explain changes of state, diffusion,
expansion and contraction, and air pressure. You
can now try to explain some other properties of
matter for yourself.
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For each observation below write an inference
to answer the question in terms of the particle
theory. Draw a model to explain what is
happening to the invisible particles.

1 Observation: Lead is four times denser than
aluminium.

Question: How can you explain this?

2 Observation: When you add a teaspoon of
sugar to a glass of water and stir, the sugar
disappears.

Question: Explain what happens.

3 Observation: You can pour water from one
container to another, but honey is much
harder to pour, especially when it has been
in the fridge.

Question: How can you explain this?

4 Observation: Crystals have a definite shape,
with straight edges and sharp corners. For
example, salt crystals are cubes, and quartz
crystals (below) are
like pointed columns.

Question: How can

you explain these
different shapes?
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Solids, liquids and gases

5 Observation: Hold your finger over the end of

a bicycle pump and push in the plunger. Let
go of the plunger and it moves back to where
it came from.

Question: What pushed the plunger back?

Observation: Make a soap
film on a frame like the one
shown below. Pull the thread to
stretch the film. When you release the
thread the film contracts, pulling back
the thin wire.

Question: Why does this happen?
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Copy and complete these statements to make a summary of this chapter.
The missing words are on the right.

1 Matter has

and takes up space (its

)-

2 There are three common of matter on Earth: solids, liquids

and gases.
3 is how much mass is packed into a measured volume.
4 Materials may be natural, processed or . What you use a

material for depends on its

5 Matter can be changed from one state to another when is

added or removed.

6 The particle of matter states that all matter is made of
particles too small to see. These particles:
* have between them
. each other
+ are constantly
+ move faster as the temperature increases.

----------

CH-2 REVIEW

density
attract
spaces
heat energy
moving
states
volume
synthetic
mass
properties

theory

1 The statement All matter is made of particles is: 3 A substance has no fixed shape. From this

A an observation.
B an inference. substance is a:

C a prediction. A gas.

D a generalisation. B solid or liquid.
C liquid or gas.

2 Copy the diagrams below and label them by D solid or gas

replacing the letters (A—G) with one of these

information it would be correct to say that the

words: condensation, evaporation, gas, liquid, 4 Give three examples of how the use of a

melting, solid, solidification.
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substance depends on its properties.
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5 Mercury is a liquid with a density of 14 g/cm3. Use
the table below to find something that would
sink in water but float in mercury.

Table of densities (g/cm3)
aluminium 2.7
lead 11.3
platinum 21.5
polystyrene foam 0.1
petrol 0.7
water 1.0

6 Archimedes was asked to find out if the crown
belonging to the king of Syracuse (in ancient
Greece) was made of pure gold. The king thought
some silver might have been added to reduce
the amount of gold needed. Archimedes decided
to use his knowledge of density to solve the
problem. He found the volume and mass of
the crown. He also found the mass of an equal
volume of pure gold. Here are his results.

volume of crown = 100 cm3
mass of crown = 1500 g
mass of 100 cm3 of pure gold =1930¢g

a What is the density of pure gold in g/cm3?
What was the density of the crown?
¢ Was the crown made of pure gold?

7 Write a paragraph describing the advantages and
disadvantages of plastic, paper and
cotton canvas for making supermarket bags.
In your answer use these words: processed,
non-renewable, renewable and synthetic.
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Solids, liquids and gases

Questions 8 and 9 refer to the following list of some
of the possible properties of particles.

9

Rate of movement

A vibrating or moving very slowly
B moving around freely but slowly
C moving freely and rapidly

Spaces between particles

D veryclose together, almost touching
E fairly close together

F wide spaces between them

Forces between particles

G very strong bonds

H held together to some extent but free
to move around

I veryweak bonds

a Aluminium is a solid. Which three
properties listed above would probably be true
of its particles?

b Ozone is a gas. Which three properties
would probably be true of its particles?

¢ Petrol is a liquid. Which three properties
would probably be true of its particles?

d Steel cannot easily be compressed. Which
description in Spaces between particles would
best explain this?

e Diamond is a very hard substance. Which two
properties above would best explain this?

f Property E in the above list can sometimes
be changed to property F by:

A heating the substance.

B cooling the substance.

C putting it in another container.
D compressing the substance.

Use the particle theory to answer each of the

following questions.

a Why do gases have much lower densities
than solids and liquids?

b Why do gases condense to form liquids when
cooled?

Check your answers
on page 256.
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Science Understanding

recognise that potential energy is
stored energy, such as gravitational,
chemical and elastic energy
recognise that kinetic energy is the
energy possessed by moving bodies
describe how energy can be
transferred from one object to another
and transformed from one form to
another

use energy chains to show changes
between different forms of energy
investigate energy transformation in
everyday devices, including where
energy is wasted as heat
participate in an inquiry to decide
whether a nuclear power station
should be built

describe some energy sources

Science Inquiry Skills

use a model to understand energy

IN THIS CHAPTER

Introducing
energy
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.3
Introducing energy

\@ GET STARTED: IMAGINE

You have probably heard the word ‘energy’ and used it many Where does your energy come from? Where
times. But what does it really mean? In this activity you are does it go?
going to work in a small group to brainstorm what you know S

Will you have more energy at the bottom of the
about energy.

swing or at the top?

1 Sitinagroup of four to six people and have a large piece 4  Imagine you are about to drive this solar car.
of paper and pen ready. One person can write down S

everything as you go.

What does your group know about energy? Everyone
should try to give at least one idea. If you are having the car move. Describe the steps or changes the
trouble getting started, try one of these: energy goes through to get the wheels and the
> Think of a sentence with the word ‘energy’ in it. car moving.

> Draw something with lots of energy. Can energy be stored? Explain how this car can
> List what we use energy for. store energy.

> List different types of energy. Does this solar car waste any energy? If so,
Imagine you are the gymnast on the left. explain how you think that happens.

> What is going to happen to your energy as you start
to move from this position?

Where does the energy to run this car come
from?

The energy collected by the solar panels makes
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T . unless it is supplied with petrol. Petrol provides

3'1 What 1S energy? energy that the engine uses to do work. When
you pedal a bicycle, the energy comes from the

muscles in your body, and your muscles get their
energy from the food you eat. If you have a higher
intake of energy than you need, then the extra
energy is stored in your body as fat. However, a
diet inadequate in energy will lead to a thin and
unhealthy body.

If you use a torch for a long time, the light gradually
gets dimmer and dimmer until the torch no longer
shines. We say the batteries are ‘flat’—they have
run out of energy. In a similar way, you can’t pedal
a bicycle or dig in the garden for too long because
your body runs low on energy. If you don’t eat
food, your body becomes weaker and weaker.
This is why we say that food gives us energy.
Everything around us depends on energy. Plants
need energy from the sun to make food. Cars
depend on the energy stored in petrol. Energy is
used in homes, offices and industry to run all sorts
of machines. Tt is used for lighting and heating our
homes, and for cooking and storing food.
Obviously energy is very important to us, but
you probably found in Getting started that it is
difficult to say exactly what it is. It is easier to say
what energy can do. If you have a lot of energy,
then you can do a lot of work. You do work when
you use a force to move something. Energy is the

ability to do work. Figure 3.2 The bicycle and the motorbike both need energy
to move them.

Energy and work

The more energy something has, the more work Measuring energy
it can do. A gale-force 100 km/h wind has more
energy than a gentle 10 km/h breeze. It can
therefore do more work; for example, turning
windmills or ripping off roofs. Also, a raised
sledgehammer has more energy and can do more
work than an ordinary hammer, because it is
heavier (has more mass).

Anything that does work must have a supply
of energy. A motorbike will not keep running

Let's see who can bang /
their nail in the fastest.

In talking about how much energy something has, it is
important to have a unit for measuring energy. In the
same way that the litre is the unit for measuring volume,
energy has a unit called the joule (J). This unit was
named after a British scientist called James Joule. You
use 1joule of energy to lift a 100-gram mass 1 metre.
Because a joule is only a small amount of energy, it is
common to use kilojoules (kJ) and megajoules (MJ).

1 kilojoule = 1000 joules
1megajoule = 1000000 joules

The table on page 58 shows you how much energy
is involved in various everyday activities.

To find how much energy is stored in food, you can
turn it into heat and measure what that heat can do.
In Investigation 3.1 you will burn some food to do that.
Of course, there are no fires burning inside you. The
food combines with oxygen in your cells in the
chemical reaction called respiration, and heat energy
is released.

Figure 3.1 Heavier objects can do more work.
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é’h\ Energy from food

Aim
To find out how much energy is released
when a small piece of food burns.

: SAFETY GLASSES
Materials MUST BE WORN

+ small piece of food, e.g. Nutri-Grain or
Tiny Teddy

* Bunsen burner

+ wire to make holder

+  small test tube

+ thermometer

* measuring cylinder

+ stand and clamp

Teacher note:

When selecting foods,

remember some students

may be allergic to
\burning peanuts.

Risk assessment and planning

Read through the investigation, then
describe to your partners what you have to

do, measure and record.
What data will you need to record?
What safety precautions will be necessary?

Method

1 Use the measuring cylinder to measure exactly
10 mL of water into the small test tube.

2 Clamp the test tube as shown.

3 \7 Use the thermometer to measure the initial
temperature of the water.

4 Use the wire to make a holder for the piece of
food.

5 Light the Bunsen burner, then put the food in the
flame. As soon as it catches fire, hold it about
2 cm under the test tube.

6 \7 When the food stops burning, stir the water
gently with the thermometer, and measure the
final temperature.

7 If you have time, repeat the experiment with
other foods such as potato crisps, nuts, bread,
rice, spaghetti.
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thermometer
4
)
2cm
v
piece of food wire

holder

Discussion

1

By how many degrees did the temperature of
the water increase?

It takes 4.2 joules to raise the temperature of
1 mL of water by 1°C. So, to calculate the heat
energy gained by 10 mL of water, multiply the
temperature rise by 42. Your answer will then
be in joules.

Do you think all the energy from the burning
food went into heating up the water in the test
tube? Explain.

Were there any problems with the investigation?
If so, suggest how these problems could be
fixed.
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1 For each of the following words, write a 6 a Where does the energy needed to start
sentence to show that you understand its a car come from?
scientific meaning. b If you leave the lights on while your car is
force work energy parked for a few hours, you may have

trouble starting it. Why?

. . >
e 7 Ina science lab, Alex and Holly are doing an

3 Why can a cricket ball do more work than a experiment on the chemical energy stored in
golf ball moving at the same speed? foods. Look carefully at the illustration. List
4 How many joules are there in a: at least five things they are doing that are

unsafe.

a kilojoule?
b megajoule?

5 Use the table below to answer these
questions.

a How much energy does the average
person get from the food they eat in a
day?

b How many kilojoules of energy does a
burning match produce?

¢ Which has more energy stored in it—a car
battery or 1 litre of petrol?

d Isthere enough energy stored in a car
battery to boil a kettle of water?

Energy involved in everyday
activities (in kilojoules)

Energy produced by a burning match 10 8 Why do you puff and pant after running
quickly or exercising?

E in by eati hocolate biscuit 300
ETgy you gain by eating a chocotate biscdl 9 In Get started on page 55, a student said that

Energy needed to boil a kettle of water 700 whenever a change occurs, energy is involved.
Energy you use in walking 5 km 1000 For example, a kettle boils when you supply

heat energy. Give as many examples as you
Electrical energy stored in a car battery 2000 can to illustrate this idea.

Energy used during one day’s hard work 7000

Average energy gained from the food you
eat in a day 11000

Electrical energy used by a family home
each day 80000

Energy stored in 5 litres of petrol 160 000

Energy made by a power station every
second 2000000
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3.2 Forms of energy

There are many different forms (types) of energy.

Kinetic energy

Any moving object has kinetic (kin-ET-ic)
energy. When you run, you have kinetic energy. A
moving train has a large amount of kinetic energy.
The kinetic energy of the strong winds in a cyclone
or tornado can cause a lot of damage. As a moving
object slows down, it loses kinetic energy. When it
stops, it has no kinetic energy.

The amount of kinetic energy an object has
depends on its speed. The faster the object moves,
the more kinetic energy it has. For example, a
cricket ball bowled by a fast bowler has more
kinetic energy than one bowled by a spin bowler.

Kinetic energy also depends on the mass of the
moving object. The larger the mass, the greater
its kinetic energy. A cyclist and a bus may be

Figure 3.3 The winds in cyclones and tornadoes have
huge amounts of kinetic energy.
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travelling at the same speed, but the bus has
much more kinetic energy because it has greater
mass.

Gravitational potential energy

Much of the energy around us is stored energy.

We notice it only when it changes to other forms.
[t has the potential to do work, so stored energy is
called potential energy. For example, the stored
energy that something has when it is high up is
called gravitational potential energy. This energy
is there ready to be used because of the pull of
gravity. When you are at the top of a slide, you
have gravitational potential energy—you have
the potential to slide to the bottom. The heavier
you are, and the higher the slide, the more

potential energy you have. As you slide down, this

gravitational energy is changed to kinetic energy.
Energy can easily change back and forth between
potential and kinetic.

Figure 3.4 At the top of a roller-coaster you have lots of
gravitational potential energy.
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/% Elastic potential energy

.0 When you jump on a trampoline, what pushes you
—_into the air? Try to visualise what happens

(n) in slow motion. The trampoline consists of a frame

" with a flexible mat attached by springs. When you
land on the mat, it moves down, stretching the
springs and storing energy called elastic potential
energy in them. As the stretched springs return
to their original size and shape, they release their
stored energy. The mat is pulled back up, and you
are thrown into the air.

A wind-up toy stores elastic potential energy.

So does a stretched elastic band. The more it is
stretched, the more elastic energy the band has,
and the more work it can do.

Figure 3.5 The elastic energy
stored in the stretched trampoline
springs throws you into the air.

Make a motormouse as shown.

Step 1
Thread a rubber band

Step 2

Put a piece of broken

Step 3
At the other end, put a

through the cotton reel.

rubber band

match through one end of
the rubber band. Tape the
match to the reel so it will

washer over the rubber
band, then put a pencil
through the rubber band.

ACTIVITY &y

large
cotton
reel

not move.

broken
match

To make it go, simply wind up the pencil until
the rubber band is tightly twisted. Then put the
motormouse on the floor, with the pencil still in
place, and let it go.

/7 What type of energy does the motormouse
have when you let it go?

£ What type of energy did it have before you
let it go?

60

nylon or metal
washer

Y Energy is needed to wind up the
motormouse. Where did this energy come from?

:/' Investigate the relationship between the
number of turns of the pencil and the distance
the motormouse travels.
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Chemical energy Sound energy
Energy is stored in chemicals as chemical energy. Sound is a form of Kinetic energy caused by

When fuels such as wood and petrol are burned, vibrating objects. It travels from place to place as

this stored energy is released as heat and light. sound waves. The louder the sound is, the more

Foods also contain chemical energy that can be energy it has, and the more work it can do by

used by our bodies. vibrating things such as your eardrums.

Heat energy

Heat is a form of energy that hot objects have.
If heat energy is taken away from an object, it
becomes cooler. This is what happens in
refrigerators and in air-conditioned rooms.

Light energy

Burning chemicals, very hot objects and stars all
release light energy. It travels through space in
waves (as do radio and TV waves, microwaves and
ultraviolet waves). Light energy from the sun,
called solar energy, is used by plants to make their

Figure 3.6 Cyclists need to eat during a long race to

keep up their energy store. food.

Nuclear energy Electrical energy

Energy is also stored inside atoms as nuclear Electrical energy is widely used because it is
energy. It can be released from some atoms easily transmitted by wires to the place where it
(e.g. uranium atoms) in nuclear power stations. is needed. It can be changed into other forms of

energy by the many electrical devices that have
been invented. It can also be stored in batteries as

Figure 3.7 Nuclear .
! chemical energy.

energy stored in
hydrogen atoms is the
source of the sun’s

heat
energy energy
kinetic
energy

Figure 3.8 Electrical energy is very useful because you can
easily convert it into other forms of energy. Four different
energy converters are shown here.
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Energy changes

Energy can be transferred from one object to
another. In golf, a ball at rest is made to move by
a moving golf club. Some of the kinetic energy of
the club is transferred to the ball.

The club has
kinetic energy,
but the ball
has none

Some of the
kinetic energy
of the club
has been
transferred

to the ball

Figure 3.9 The golf club transfers kinetic energy to the ball.

Another everyday energy transfer occurs when

you heat water on a stove. Heat is transferred from

the gas flame or the electrical heating element to
the water, causing it to boil.

Energy can also be converted or transformed
from one form into another. For example, if you
rub your hands together, they become warm. You
have converted the kinetic energy of your moving
hands into heat energy. You can describe this
change with an arrow, as shown in Figure 3.10.

Sometimes more than one form of energy is
produced when an energy change occurs. A candle
is designed to convert stored chemical energy
into light, but some of the stored energy becomes
heat. When you use an electric drill, not all of the

electrical energy is converted to the kinetic energy
of the drill. Some is lost as sound energy and some

as heat energy (the drill becomes hot).

62

Figure 3.10 Rubbing
your hands together

converts kinetic energy
into heat energy. :

KINETIC
ENERGY

!

HEAT
ENERGY

CHEMICAL ENERGY

LIGHT ENERGY

HEAT ENERGY

Figure 3.11 The
energy conversions
that occur when a
candle burns

'p‘;,. : r .
i Figure 3.12 Can you describe the energy changes
¢ in this bike as it goes downhill? What happens to
| the energy when the brakes are applied?

2%
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Aim
To observe the energy

changes that occurin a
variety of situations.

Introducing energy

Observing energy changes

Risk assessment and planning

Discuss the safety issues for each part of the investigation.
- .
/_J Draw up a data table like the one shown below. For

each part, you will record the energy conversion(s) that
occur, and any energy transfer(s) from one place to another
without an energy conversion. (You may need to discuss
this with others.)

Part Observations

Energy conversion(s)
that occurred

Energy transfer(s)
that occurred

PART A

Materials

+ piece of magnesium ribbon 1-2cm long
pair of metal tongs
Bunsen burner
heatproof mat

- Warning: Do not look directly at the
burning magnesium. Look to one
side. The light is very bright and

\could damage your eyes.

SAFETY GLASSES
MUST BE WORN

magnesium _, A3
ribbon

Method

Light the burner. Use the tongs to hold the
magnesium in the flame until it starts to burn.
Then take it out of the flame and hold it over the
heatproof mat.

ISBN 978 1 4202 3828 0

PART B

Materials

+  6-volt battery
3 connecting wires with alligator clips
heatproof mat
few strands of steel wool
switch

steel yvool

switch

k Do not leave the switch on. )

Method

Use the wires to connect the battery and switch as
shown. Put the steel wool on the heatproof mat.

Connect the wires to it. Press down the switch for
a few seconds. Observe what happens. @
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PART C

Materials
+ piece of nichrome wire or iron wire about
50cm long

+ 2 pieces of copper wire about 50 cm long
«  multimeter

«  Bunsen burner

+ beaker of crushed ice

Method

Sandpaper the ends of the copper wires, then

twist the ends of the three wires together tightly

as shown. Connect the ends of the copper wires
to the terminals of the multimeter. (The multimeter
detects small electric currents.) Put one junction in
the crushed ice and heat the other junction until it
gets red hot. Observe the multimeter carefully.

What you have made here is called a thermocouple.

It is used to measure temperatures in ovens and
furnaces.

multimeter

copper /
__— wire

nichrome
wire

crushed
ice

Be careful not to touch the hot wires. )

PART D

Materials

+ solar cell kit (consisting of several solar cells
connected to an electric motor, preferably fitted
with a propeller)

electric motor

solar cells

Method

Place the solar cell kit in bright sunshine. What
happens if you cover all or some of the solar cells?

PART E

Materials

* beaker of water
+ tuning fork

tuning fork

Method

Strike the forked end of the tuning fork gently on
the heel of your shoe (not on the bench). Hold the
fork near your ear. Strike the fork again, but this
time look closely at the prongs.

Strike the fork a third time, and touch the
surface of the water in the beaker with the
vibrating prongs.

ISBN 978 1 4202 3828 0



Copy and complete each of these sentences.
a A moving object has energy.

b  Energy that is stored is called
¢ A boulder rolling downhill is losing
energy, but gaining

energy.

energy.

d Burning a piece of coal changes
potential energy into and
energy.

e Springs can
released later.

energy, which can be

Make two columns, one headed ‘Kinetic energy’
and the other ‘Potential energy’. Place each of
the following in the correct column.

a an archery bow ready to shoot an arrow

b arunning high-jumper just before

leaving the ground

a jet plane at the point of take-off

at the top of your bounce on a trampoline
a spring-loaded popgun

a child’s swing at its highest point

a child’s swing at its lowest point

Q = 0o a O

What are the two types of potential energy?

The two rocks below have the same mass.
Which one has more potential energy? Why?

A

What is the difference between an energy
transfer and an energy conversion? Give
examples.

What form(s) of energy do the following have?

a diver standing at the top of a tower
a bent ruler

a block of chocolate

a burning log

a glowing firefly

a lightning flash
ocean waves

a slice of bread

a TV set (turned on)

- =a 0 O 0 T o
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j awarm pizza
k the water in a waterfall
I awound-up toy

7 Pair up these lists correctly in your notebook.
Object Main energy conversions
battery electrical to sound

electric motor

electrical to light and sound

lift going up chemical to kinetic

solar cell chemical to heat and light
radio nuclear to electrical

TV chemical to electrical to light
torch light to electrical

car chemical to electrical
campfire electrical to kinetic

nuclear power
station

8

9

electrical to kinetic to
gravitational

Maria connected a coil of wire to a milli-
ammeter, as shown. When she pushed a
magnet quickly into the coil, the ammeter
showed that there was an electric current
flowing. When she stopped moving the
magnet, no current flowed. Write a sentence
describing what happened in terms of
energy changes.

Go back to Get started on page 55. How have
your ideas about energy changed after working
through this chapter?
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Copy and complete the table below.

CHALLENGE (V» E
O

Energy used | Energy converter Energy
produced
light globe
electric fan

petrol engine
kinetic - electrical
torch cell

steam engine

atomic bomb
electrical _ heat
slingshot or catapult kinetic
waterwheel
kinetic R sound

What energy changes are being described in each
of the following? Use arrows as in Figure 3.10 and
Figure 3.11 on page 62.

The wind blew hard, turning the windmill noisily
as it pumped the water from deep underground
into the trough.

At the flick of a switch, the washing machine
started turning and churning the clothes.

‘.. two, one, zero. The rocket belched fire and

smoke, the ground shook and, with a deafening

roar, the rocket left the launch pad.

The lightning flashed and the thunder crashed.

The gum tree was split right down the middle.
List at least three different things in which
chemical energy is stored.

Into what forms of energy does the human body
convert the chemical energy in food?

If a neon street light converts 300 J of
electrical energy into 200 J of heat energy and
90 J of light energy, how much sound energy is
produced? (Assume these are the only energy
conversions that occur.)

Give an example of something that has:

gravitational energy due to its high position
elastic energy because it has been stretched
chemical energy.
In each case, explain how the energy can be used
to produce movement.

How could you demonstrate that sound is a form
of kinetic energy?

Draw a cartoon of a jack-in-the-box. Discuss with
another student how potential energy is involved,
and how this energy changes when the lid is
opened. Write a caption to describe your cartoon in
energy terms.

What is the source of energy for an electric car?
What energy conversion occurs when the car is
moving? Does the car waste any energy?
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Q EXPLO RE 3 To make a windmill you will need two empty soft-
drink cans, a wire coathanger, scissors and pliers.

Carefully cut the bottom 4 cm off a soft-drink
can (A). Cut the top rim off a second can (B). Cut
strips 2 cm wide to within 2 cm of the bottom of
can B.

1 Build a mousetrap racer as shown. To make it go,
simply wind the string around the axle by turning
the rear wheels. Then put it on the floor and
release it. What energy changes occur?

trapper arm

Put the base of can B into can A, then fold back
the strips to form vanes, as shown in the photo
below. Make a hole in the middle of the base of
both cans. Put the coathanger wire through this
hole and bend it as shown.

Wrap string
around axle.
Find some moving air and watch it spin. Can you

modify it to make it work better?

To find out more on mousetrap racers.
follow the links to Mousetrap racers.

/

2 Make a working model of a waterwheel as shown
below. In this device, the gravitational energy of
the water is changed to kinetic energy, which is
then transferred to the spinning wheel.

plastic
| — blades
knitting styrofoam
needle wheel
plastic soft-

\>\ /< /) drinkbottle with
holes in bottom
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3.3 Energy comes—
energy goes

Wasted energy

When we use energy, it often changes from one
form to another. For example, the cyclist in
Figure 3.14 is using the chemical energy stored in
his muscles to pedal his bike. So chemical energy
is converted into useful kinetic energy. But as
he pedals he gets hot. So some of his energy is
wasted as heat energy. These energy changes can
be shown with an energy arrow. The thickness
of the arrow shows roughly how much energy is
converted into the different types.

Sometimes one energy change follows another.
The series of steps is called an energy chain.

kinetic energy
|

For example, the energy chain for a moving car

has three steps:

1 The stored chemical energy of the petrol is
converted into heat energy when the petrol is
burnt in the car’s engine.

2 Some of this heat energy is converted into
kinetic energy of the moving engine parts.

3 This kinetic energy is then transferred through
the gears to the wheels.

The energy chain is not 100% efficient, since
each step in the chain involves some loss of
energy. Friction between the moving parts of the
engine produces heat. This heat is transferred to
the air around the car. Also, as the engine parts
move, they produce sound energy. Therefore,
not all the stored energy in the petrol is used to
make the car’s wheels turn. In fact, engineers
have calculated that if you start with 100 joules of
chemical energy, you end up with only 25 joules
of kinetic energy. The other 75 joules is wasted as
heat and sound.

Note that the total amount of energy you end up
with is the same as the amount you started with.
The 75 joules of waste heat and sound from the car
is not useful, because it cannot be used again. All
energy converters waste energy like this—usually
as heat. The longer the energy chain, the more
energy that is wasted.

waste heat
and sound
75 J

oy ofar 25,

Figure 3.15 Energy chain engP;yn;ifoarled ’
and energy arrow for a car i hetrol

heat energy
released
as petrol burns

kinetic energy
of wheels and
car

»
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Energy efficiency

The efficiency of an energy converter is the
percentage of the input energy that is turned into
useful energy:

useful energy

—— x 100
input energy

efficiency =

For example, the efficiency of a car is about
25%. Because there is always some waste energy,
the efficiency of an energy converter is always less
than 100%.

@LG MICROWAVE OVEN

| MODEL NO.  : MS-263MCE
INPUT : 230/240V~50Hz, 1300W

= QUTPUT  : 2450MHz, 900W

C nNos

= -

Figure 3.16 This label from a microwave oven shows that
for every 1300 watts of electricity (1300 joules per second),
the oven produces only 900 watts of heat. It is therefore 69%
efficient.

Aim
To find out what happens to the heat energy
as a container of hot water cools down.

Materials

2 L ice-cream container or similar
250 mL beaker or similar
« 2 thermometers
+ boiling water
+ graph paper
+ stopwatch

Teacher note:

You could use a
datalogger with
temperature probes.

ISBN 978 1 4202 3828 0
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Conservation of energy

You have looked at examples of how energy is
converted from one form to another. After
thousands of such observations, scientists
decided that there is a special rule or law that
describes energy changes.

The law of conservation of energy says that
energy cannot be made or destroyed—it can only

be converted from one form to another.

This means that the universe always has the
same amount of energy, even though this energy
is constantly being converted from one form to
another and being transferred from one place to
another.

To help you understand the law of conservation
of energy, think about a board game such as
Monopoly, where money can be used for buying
and selling. The money is transferred between
players and the bank, but the total amount is
always the same. At the end of the game, if all
the players add up their cash, the total should
be the same as at the beginning, although it will
be distributed differently. The same applies to
energy. It moves around and changes its form,
but the total amount is always the same.

Where does the energy go?

Risk assessment and planning

Read through steps 1-6 so that you know
exactly what you have to do.
You will need to do steps 2—-4 quickly.

\‘/ Make a list of any risks for this activity.

\7 Design and draw up a suitable data table
to record your results. You will be measuring
the temperature inside and outside a beaker
of hot water every minute for at least

15 minutes.
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Method

-
1 U Use one of the thermometers to measure
the temperature of the air (room temperature).

2 Put the beaker in the ice-cream container as
shown below. Add 200 mL of hot water to the
beaker—be careful not to burn yourself.

3 Pour 1500 mL of
cold water into the
ice-cream container.

hot cold
water water
U |
ice-cream i

container

4 Place one thermometer in the beaker and the
other in the ice-cream container. Start the
stopwatch and measure the temperature inside
and outside the beaker.

2
£ J Record these temperatures in your data
table (for time = 0).

5 Measure the inside and outside temperatures
every minute, using the thermometers to stir the
water gently. (Don't take the thermometers out
of the water.)

0 Keep taking temperatures for 15-20 minutes.

6 Plot both sets of results on a graph of
temperature (vertical axis) versus time
(horizontal axis). Draw a smooth curve for

Where does energy
come from?

We use a lot of stored energy every day. We
get food from the shops, petrol from the
service station, and electricity through power
lines. But where does the energy in these
things come from in the first place? The sun
is the source of all of this energy on Earth.

Figure 3.17 The main source of energy
on the Earth is the sun, producing food and
supplying the energy we use every day.

70

each set of points. (The curve doesn't have to
go through each point—as long as it shows the
general trend of the results.)

Label the two curves and draw a third line on
your graph to represent room temperature
during the experiment.

Discussion

1

Copy and complete the following summary.

As the temperature of the water in the beaker
decreased, the temperature in the ice-cream

container . The water in the beaker
energy, while the water in the ice-cream
container ____ ____.

Which is the independent variable, and which
is the dependent variable?

Calculate how much heat energy the water in
the beaker lost (volume of water in mL x rise in
temperature).

Calculate how much heat energy the water in
the ice-cream container gained.

Are the two amounts of heat energy the same?
If not, explain why they are different.

Describe the transfer of heat energy in this
experiment. Do you think that the total amount
of energy changed? Explain.

On your graph, look at the curve for the water
inside the beaker. The curve is steep to start
with, then levels out. Suggest a reason for this.

Predict what would happen to the temperatures
inside and outside the beaker if you continued
this experiment for an hour or more.




Green plants use the sun’s energy to make
food (chemical energy) through the process of
photosynthesis. Animals that eat these plants use
most of the energy for their body activities and
store the rest. This means that all animals that eat
plants and/or other consumer animals are using
stored energy that originally came from the sun.

Most of our electricity in Western Australia
comes from power stations that burn coal or
gas to produce steam. This steam is used to turn
generators that produce electricity. The petrol
we use in our cars is produced from oil, and we
also use natural gas for heating and cooking. Coal,
oil and natural gas are called fossil fuels because
they were formed from plant and animal remains,
which originally gained their energy from the sun.

Even most renewable energy comes from the
sun. [t can come directly as solar energy, but even
wind energy is the result of the sun heating the
atmosphere and causing wind.

unused
energy
(light and

energy used by plants
heat)

chemical energy
stored in plants
(photosynthesis)
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Renewable or non-renewable?

There is a major problem in using fossil fuels as a
source of energy. They are non-renewable. They
have taken millions of years to form from energy
that came originally from the sun. Yet once they
have been burnt in our cars or in power stations,
they are gone forever. This is why we say they are
non-renewable. The process of obtaining energy
from fossil fuels is also very inefficient, as shown
below. In fact, there is more energy reaching the
Earth in 10 days of sunlight than in all the fossil
fuels on Earth!

It makes much better sense to use renewable
energy sources like those you learned about in
ScienceWorld 7. We now have the technology to
capture the sun’s energy directly for our use.

For example, solar cells are used to provide
power supply systems for remote and rural areas.
Hydro-electricity and wind power are other
renewable energy sources.

heat energy wasted

as coal formed waste heat energy

coal burnt .
electrical energy

coal-burning
power station

Figure 3.18 An energy arrow showing how the electrical energy we use came initially from solar energy.

Notice how much energy is wasted at each step.

ISBN 978 1 4202 3828 0
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How coal was formed

When geologists examine the fossilised plants

in coal, they find that these remains come from
plants that no longer exist on Earth. They infer
that these plants probably grew in moist, warm
swampy forests about the time dinosaurs roamed
the Earth. This suggests that present coal deposits
probably formed from ancient plants that existed
millions of years ago.

Over a period of time, the climate changed
and the plants in these forests died, leaving
layers of decaying wood and other plant material.
Sediments such as sand and mud were then
deposited on top of the old forests, trapping the
plant material.

As more and more sediments were deposited,
the weight of these layers forced out much of the
water and gases from the plant material, making
it richer in carbon. Thus began the slow change
over millions of years from wood to coal.

swampy
forest

remains
of rotting
forest

layers of
sediments

old forest

weight of sediments

layer of
coal forms

Figure 3.19 Formation of coal

How oil was formed

Geologists infer that oil was formed from
microscopic plants and animals that died and then
settled to the bottom of shallow seas and lakes.

The remains of these marine organisms were
quickly covered by sand and mud. After being
buried by thick sediments and subjected to heat
and pressure over millions of years, biochemical
processes formed crude oil, various gases and
water. At the same time, the sediments hardened
to form rock.

Once formed, the oil and natural gas slowly
seeped towards the Earth’s surface through
porous rocks such as sandstone, which soak up
the oil like a sponge. Sometimes the oil and gas
were trapped (often under pressure) beneath a
layer of non-porous rock such as shale, through
which they could not escape. To extract the oil
and gas, a pipe has to be drilled down through the
rocks above.

<::] sea

layer of dead
marine life

{_1sand

other layers layer of mud

containing
droplets of ail,
water and gases

sand
rocks raised above
non-porous sea IeVel and fOlded
rock - ground
level

: -
A ~um——— o
\\ water

—<—— porous rock

Figure 3.20 Formation of oil
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Nuclear power station inquiry

Imagine there is a proposal to build Australia’s
first nuclear power station at Cockburn Sound
near Rockingham, south of Perth. There are
individuals and groups who have many different
viewpoints on this proposal. So a public inquiry
is to be held in Rockingham to discuss the new
power station, and to vote on whether it should be
given the go-ahead.

For the inquiry, the class will be divided into
seven different groups:

For—three groups are in favour of the nuclear

power station.

Against—another three groups are against the

power station.

Undecided—the rest of the class is undecided

and it is their job to develop a set of questions

to ask the speakers before they vote.

Each of the groups is to prepare a 3-minute
speech for the inquiry, using the brief notes in
the box. You will need to do research to fill out
the details of your argument for or against the
proposal. You will also need to elect a speaker to
present the case prepared by your group.

A chairperson will organise the inquiry and
keep order. You will start
with a speaker from the
‘for’ side, then one from the
‘against’ side, and so on. The
undecided group will be given
time to ask their questions.
Finally, each of the members
of the undecided group
will vote for or against the
power station, based on the
arguments presented by the
groups.

ISBN 978 1 4202 3828 0
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FOR AGAINST
Federal government Australian Conservation
Australia must reduce its Foundation (ACF)

greenhouse gas emissions,
and nuclear power stations
don't produce carbon
dioxide as coal-burning
power stations do.

Nuclear wastes are
radioactive for thousands
of years and the nuclear
industry does not have a
long-term storage plan.

Australian Nuclear

Science and Technology
Organisation (ANSTO)
Coal-burning power stations
produce sulfur dioxide gas
and ash containing toxic
heavy metals. Nuclear
power stations don't.

Australian Council of
Trade Unions (ACTU)

Any accident at the power
station is likely to release
dangerous radiation,

and there is a risk of
earthquakes like the one
that occurred in Japan in
2011.

Economists

Australia has huge reserves
of uranium, and nuclear
power could be produced
at a competitive price. The
use of nuclear power would
also reduce the cost of an
emissions trading scheme.

People for a nuclear-free
Australia (PNFA)

Instead of funding a
nuclear power station, the
government should be
encouraging the use of
renewable energy sources
such as wind and solar.
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1 Suppose you wind up a toy car and let it go. Explain in your own words how the petrol used
a  Where did the energy needed to wind up in cars came originally from energy from the sun.
the toy come from?
b Where has this energy
gone when the toy
stops moving?

(=)

7 Ahot water system is 65% efficient. If it is
supplied with 3000 joules of electrical energy,
how much heat energy does it produce?

8 To charge a battery you have to supply energy.
But you never get as much energy from the
battery as you use to charge it. Why is this?

spring

9 The diagram below shows the energy changes in
2 When using a hacksaw to cut a piece of a coal-burning power station.
metal, the blade and the metal both become a Draw an energy arrow to describe what
hot. Explain in energy terms why this happens in the power station.
happens. b How many joules of heat are lost to the
3 Classify the following energy sources as enqunment ISl G 190 RIS @ ]
renewable or non-renewable: coal, diesel fuel, chemical energy stored in f[he szl
LPG gas, ocean waves, the sun, uranium, ¢ A sm'aII eI @ eI} 5 (95 whep the
i e kinetic energy of th.e turbo-generator is
converted to electrical energy. Infer how
4 Copy the boxes and complete the two energy this energy is lost.
chains below. d  What is the efficiency of the turbo-generator?
e What is the overall efficiency of the power
station?
1f00 joules
of chemical
energy

e

()
“20 joules of waste heat
I:l energy (chimneys)
| —>| |< |:| 80 joules of
kinetic energy

44 joules of waste heat
energy (cooling water)

5 Draw an energy chain that shows the energy
changes from the sun to the woman.

A
I
B /
I |—>| |
L H+
generator

36 joules of 35 joules of
kinetic energy electrical energy
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CHALLENGE (V»

1 Here are the efficiencies of five energy converters:

torch battery 90%
solar cell 25%
electric motor 60%
filament light bulb 10%
fluorescent light 20%
LED light bulb 80%

a Draw a bar graph to display this data.

b Draw a table that shows for each of the five
energy converters the type of:
* input energy

* output energy
+ wasted energy.

¢ Why is it cheaper to light schools with fluorescent
lights than with filament light bulbs?

2 What form of energy does a frictional force usually
produce?

3 Peter burnt his finger on a frypan. He immediately
put his burnt finger in some crushed ice. Explain in
energy terms what happened when he:

a burnt his finger
b put his finger in the ice.

4 Two cars collide head-on. What happens to the
kinetic energy that each car had before the crash?

5 Machines that have moving parts can be made to
run more efficiently. Use examples to explain how
this can be done.

Introducing energy

6 This diagram shows someone’s idea of a perpetual

motion machine (a device that once started needs
no more energy to keep going). Explain why

it cannot supply electricity to the
house.

hydro-electric
power station

State the law of conservation of energy. lllustrate
your answer by describing the energy changes
that occur when a fireworks rocket takes off and
explodes high in the air, emitting coloured balls of
light as the remaining pieces fall to the ground.

Write a story (approximately a page) about ‘The
year the sun stopped shining’.

Look at the diagram below. Draw an energy chain
tracing the energy changes from the sun to the
energy user on the left.

electric whipper
shipper

a

ISBN 978 1 4202 3828 0
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Copy and complete these statements to make a summary of this chapter.
The missing words are on the right.

1 is the ability to do work. It is measured in
2

().
energy is the energy an object has because of its movement.
Potential energy is energy.

3 There are many different
and sound.

of energy; for example, light, heat,

4 Energy can be from one object to another, and it can be
from one form to another.

5 When an energy change occurs, some energy is always wasted as

6 The law of
destroyed.

of energy says that energy cannot be made or

7 All forms of energy (including fossil fuels) can be traced back
tothe sunusingenergy .

energy sources such as solar energy can be replaced as they
are used. Non-renewable sources such as cannot be replaced
when they are used.

..........

CH-3 REVIEW

heat
chains
energy
kinetic
stored
converted
electricity
renewable
forms

coal and oil
transferred
joules

conservation

o

The electricity you use in your home is a form of 3 Which would require most energy?

energy that came originally from: A riding a bicycle on level ground

A electricity in thunderstorms. B riding a bicycle up a hill

B coal C walking

C the potential energy of water stored in dams. D doing your homework

D the sun. 4 Which of the following involves a transfer of

Which one of the following is false? energy from one object to another, rather than a

A If an object has energy, it can do work. change in the form of the energy?

B A raised object has potential energy. A Hot tea poured into a cup makes the cup hot.

C Energy can appear from nowhere and also B A hydro-electric power station uses
disappear. running water to generate electricity.

D When you hit something, you are C The tyres of a moving car become hot.
transferring energy. D Oilis burnt to heat a room.
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5 a Inwhich position does the roller-coaster 9 Bree found this data for Australia’s energy use.
car have the most gravitational potential
energy? Energy source S
b In which position does it have the most of total

kinetic energy? coal 41.8

oil 33.8

B natural gas 19.6

z hydro-electricity 1.1

wood, bagasse and other renewables 3.7

2o A1)

1

a Draw a pie chart to display this data.
Which fossil fuels are used in Australia?®

¢ What percentage of Australia’s energy use is
from renewable sources?

d Use a dictionary to find out what bagasse is.

10 Write an energy chain to describe the energy
changes that occur in a hydro-electric power
station (shown below).

6 For every 100 joules of energy used by an electric
light bulb, you get only about 5 joules of light
energy.

a What happens to the other 95 joules of
energy?
b What is the efficiency of the light bulb?

dam

electric generator

7 Arockis held above a concrete path and
dropped. Copy and complete the energy chain
below, by putting the correct energy forms in the
two empty boxes.

turbine

river

11 A ball bounces because the kinetic energy it
has when it hits a surface changes to elastic
potential energy as the ball is pushed slightly out

KINETIC of shape. This elastic energy then changes back
to kinetic energy as the ball leaves the surface.
l \ Design an experiment to compare the efficiency
with which different types of ball change their
HEAT kinetic energy into elastic potential energy when
they bounce.

8 David said that electrical energy is made in
power stations. s he correct? Explain using the
law of conservation of energy.

Check your answers
on page 257.
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Science Understanding

> examine a variety of cells using a
microscope

> describe the structure of cells and the
functions of the parts of cells

> explain how the structure of a cell
relates to its function in tissues and
organs

> describe how cell respiration provides
the energy for many cell functions

> use a model to explain how
substances enter and leave cells

> make choices and present arguments
about the benefits and ethics of stem
cell research

Science Inquiry Skills

> design experiments to investigate
cells and their functions

o
L
[
o
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L
o
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L
[
=

78 ISBN 978 1 4202 3828 0



Cells of life

\@@ GET STARTED: EXPLORE

> Imagine you are using a magnifying glass to look at
a tiny insect on a stick. The magnifying glass has x2
on it. What does this mean?
Another magnifying glass has x4 on it. How is this
different from the first one? What will you see if you
look at the insect with this magnifying glass?
The organisms.in this photo live in freshwater ponds
and creeks. What'does the x100 mean on the photo?
Can you think of a'way to find out how big these
organisms are?
If you looked at pond water without a magnifying
glass, do you think you would be able to see these
organisms?
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41 Cells

Cells are the building blocks of all organisms.
Your body contains over 3 billion of them. Most
cells are very small and can be seen only with a
microscope. However, some cells, such as birds’
eggs, are large enough to be seen with your eye.
The ostrich egg is one of the largest single cells.

Unicellular organisms

Some organisms are unicellular. These single
cells are complete organisms. The photo below
shows microscopic organisms called euglena
(you-GLEEN-a), which live in fresh water and
contain chlorophyll to make their own food by
photosynthesis (foe-toe-SIN-thu-sis).

Figure 4.1

Euglena live in freshwater lakes and ponds. Long,
whip-like ‘hairs’ called flagella at one end of the cell help it
move through the water.

Multicellular organisms

Multicellular organisms contain many different
types of cells and each type of cell is specialised.
This means that each type of cell has a different
job to do in the organism. For example, in
humans, red blood cells carry oxygen, muscle
cells contract and relax to move bones and organs,
nerve cells conduct nerve messages, and stomach
lining cells make substances that help in the
digestion of foods.

Figure 4.2 Red blood cells are specialised cells that carry
oxygen around your body.

Figure 4.3 Nerve cells have an irregular shape. They carry
nerve messages throughout your body.

ACTIVITY &

The photos of the cells on this page are
many times larger than the actual size
of the cells. Each photo shows the
number of times that the cell has been
magnified. For example, the x200 on the
euglena photo means that the cells have
been magnified 200 times. You can use
this information to find the actual sizes
of the cells.

Measure an average-sized euglena
cell with your ruler. Then divide this by
200 (the magnification) and give your
answer in millimetres.

Use this method to find the sizes
of the other cells in the photos.
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Using a microscope

In this chapter you will be using a microscope to view
different types of cells.

Parts of the microscope

Study the diagram below which shows the parts of a
microscope. Your microscope may be slightly different

from this one. However, the basic parts will be the same.

If you are in doubt, ask your teacher for advice.

eyepiece lens —

body tube

stage clips \

focusing knobs —

coarse
adjustment

fine adjustment

base

ISBN 978 1 4202 3828 0
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Setting up a microscope

1

_ D> P

Rotate the objective lenses until the low power lens
clicks into position directly above the hole in the stage.
(The low power objective lens is usually the shortest
one, and has the lowest number stamped on it, e.g. x4.)
Place a hair on a microscope slide and put it on the
stage.

Looking from the side, turn the
coarse focusing knob to move
the lens very close to the slide.
Now look through the
eyepiece lens and
move the objective
lens away from the
slide until the hair
is in focus.

Rotate the higher power objective
lens into place. (You might need to
use the fine focus knob to make the
image clearer.)

objective
lenses

stage

light source
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What x10 means

A microscope magnifies things. Each lens of a
microscope has its magnifying power marked on it.
Look at the eyepiece lens. You may see the
number x10. This means that this lens magnifies
things to 10 times their original size. The objective

lenses are marked in the same way.

The total magnifying power of the microscope is
found by multiplying the power of the eyepiece lens
by the power of the objective lens. If the eyepiece
is x10 and the objective lens is x10, then the
microscope will magnify the object 100 times.

Making a wet-mount slide

1 Place a drop of water in the middle of a
microscope slide.

2 Cutout a small lower case ‘e from a
piece of newspaper and place it on the
drop of water on the slide. Cover the ‘e’ with
another drop of water.

3 Place the edge of the cover-slip on the edge
of the drop of water, and lean it on a pencil,
as shown.

4 Lower the pencil slowly and let the cover-
slip fall flat on the slide. (This stops air
bubbles forming under the cover-slip.)
You should do this a few times to master
the skill. Show your slide to your teacher.

5

Observing prepared slides

Your teacher will give you a microscope slide containing
some cells for you to practise your microscope technique.

Observe the shapes and features of the cells.

Questions

1 A microscope has a x4 eyepiece and a x10
objective lens. What is the total magnification of the
microscope?

2 When focusing, why do you turn the focusing knob so
that the objective lens moves away from the slide?

3 Ahairis 0.005 mm wide. How wide would it be if you
looked at it with the lenses in Question 1?

Place the slide on the stage and observe
the letter under low power.

f} Record your observations. Is the ‘e’ the
right way up? Move the slide to the left.
Which way does the ‘€ move when viewed
through the lens?

Questions

1

2

Suppose you place the number ‘5" under the
microscope. Draw what you would expect to
see through the lenses. Explain your drawing.

A cellis 0.01 mm long and 0.02 mm wide.
How big would it be if you viewed it under a
microscope with a x10 eyepiece lens and x4
objective lens?
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Cell structure

The cells of living things vary in shape and
function, but they do have features in common.

All cells are surrounded by a thin covering
called a cell membrane, which acts like a fence
controlling the movement of substances into and
out of the cell. The cell membrane also helps to
hold the cell together and to give it shape.

The round, dark-coloured structure in
the cells in the photos below is the nucleus
(NEW-klee-us). This controls all the cell’s
activities, and without it the cell eventually dies.

The inside of cells is filled with the jelly-like
cytoplasm (SIGH-toe-plaz-um). This is where
many chemical reactions take place. The
cytoplasm also contains many other small bodies

Animal cells

These cells are from the inside lining of a human
cheek. The diagram below will help you interpret
the photo.

x1200 B T

" Y .
N 5o 4y P 5
\ W g S Ll s
‘.‘\ s e Vien >
et R A Y
- - \
ﬁ\\ -’ Lok o &
R LTI 5
\:.\-\ ".. / e .?s Ko /
Lo ° "ot Pl
. ' ” .
» “1_..“ ’ X [ . 4
B S
N AR Y (e »
\ ."': \ ‘g“‘
™

nucleus
cell
membrane

cytoplasm

Figure 4.4 Animal cells
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and structures called organelles (OR-gan-els).
These help to keep the cell functioning correctly.

How are plant cells different from animal cells?
Plant cells have a cell wall on the outside of the
cell membrane. This is a thick, tough layer that
protects the softer parts inside the cell and also
provides stiffness that helps support the plant.

Plant cells also contain large liquid-filled
spaces called vacuoles (VAK-you-oles) in which
water and dissolved substances are stored. Some
animal cells have small vacuoles, but most have
none at all. Inside the cytoplasm of plant cells
there are organelles called chloroplasts. These
contain the green pigment chlorophyll, which is
needed for photosynthesis. Photosynthesis occurs
in the chloroplasts.

Plant cells

These cells are from the leaf of a plant. The diagram
below will help you interpret the photo.

cell wall

cell

memb
7

> vacuole
/ cytoplasm
chloroplasts
nucleus

Figure 4.5 Plant cells
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Yeast

Luke is a baker. He makes different kinds of bread
with the help of a unicellular organism called
yeast.

When making bread, Luke adds the basic
ingredients—flour, sugar, water and yeast—and
mixes them together to form dough. The dough is
then left for a while in a warm place. During this
time, the yeast cells grow and multiply rapidly
using the sugar as a food.

Yeast cells get the energy needed for growth
and reproduction by breaking down the sugar.
Carbon dioxide and alcohol are produced as waste
products. This process is called fermentation.

glucose —» carbon dioxide + alcohol

The carbon dioxide gas given off by the yeasts
causes the bread to rise and makes the holes in
the bread. When the bread is baked, the heat of
the oven quickly evaporates the alcohol from
the dough.

{:} Drawing cells

84

In the next investigation you will be using the microscope to
observe some animal and plant cells. In these observations,
you should include drawings in your report.

How to draw cells

1 Always use a sharp HB pencil, and have a clean
eraser handy.

2 The cells you see under the microscope are fairly
complicated. Try to keep your drawings as simple
as possible.

3 Choose two or three cells to draw. Draw the lines and
shapes. Don't shade or colour the drawing.

4 Make the drawing as large as possible. Include only the
structures you can identify. Label these structures.
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Figure 4.6 Yeast is used to make bread rise.
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Cells of life

6&1\ Observing cells

Aim
To use a microscope to observe plant and animal
cells.

Materials

microscope
4 microscope slides and cover-slips
piece of onion

+ methylene blue stain

- freshwater plant (e.g. elodea)

small pieces of apple, mince meat, raw chicken

moss, potato, spirogyra, duckweed etc.

Risk assessment and planning

Carefully read through Parts A, B and C,
and make a list of the materials you will
need for each part.

Ask a partner to describe what they are
going to do in Part A. Then you describe
what you are going to do in Part B.

PART A

Method
1 Remove one layer from the onion. Then peel a

small piece of the very thin skin from inside the

layer.

2 Put adrop of water on a slide then place the
piece of onion skin on the drop. Add another
drop of water on top of the onion
skin. Then add a cover-slip
as shown below.

onion skin

{ NN \ drop of
\\\ \//l\water

N

3 Repeat steps 1 and 2 with a second slide,
but instead of adding water, add one drop of
methylene blue stain. Then place a cover-slip
over the onion skin.

ISBN 978 1 4202 3828 0

4 Observe both slides under low power, then

under higher power.
o

£/ Record the differences between the two
slides. In which one are the cells more easily
observed? Which parts of the cell can you
eisily see?
£/ Draw two or three stained cells. Label the
cell wall, the nucleus and the cytoplasm.

Figure 4.7 Stained onion cells

PART B

Method

1 Tear a small leaf from the top of the freshwater
plant.

2 Prepare a slide as you did for the onion skin,
but this time use the leaf. (You can use a drop of
water or the methylene blue stain if you wish.)

3 Observe the leaf under low power, then under
higher power.

L&/ Use the photo of the plant cells on page 83
to help you identify the round chloroplasts, the
cell wall, the nucleus and the cytoplasm.

L&} Draw a labelled diagram of what you
observe. How do these cells compare
with the onion cells from Part A? @

85



SW 8Western Australian Curriculum

PART C Other cells

Method

1 For this part you will look at cells in apple,
mince meat, chicken, moss, potato, spirogyra,
duckweed etc.

2 Place a small amount of material on the end of
a toothpick. Scrape it onto a slide.

3 Add a drop of water and a cover-slip. You can
add a drop of stain if you wish.

Z/ Observe the cells. Draw and label two or
three of the cells.

Discussion
1 Why is a stain used when observing cells?

2 What general shape are the onion cells? Do
other types of cells also have a regular shape?
Do other cells have the same shape as onion
cells?

Video microscope: Your teacher may
connect a camera to a microscope to show
you different types of cells.

Bacteria

Bacteria are unicellular organisms and have a
much simpler cell structure than animal and
plant cells. A bacteria cell is usually smaller than
other cells, ranging in size from 0.0005 mm
to 0.003 mm; most animal and plant cells are
from 0.005 mm to 0.02 mm in diameter!

Bacteria have a cell well, but lack a nucleus and

organelles. Many bacteria have a hair-like structure

protruding from them, which is called a flagellum.

Questions

1 Millimetres (mm) can be broken down into
smaller units called micrometres (um).
One micrometre is equal to one-thousandth
of a millimetre. Use this information to
calculate the diameter of bacteria, animal
and plant cells in micrometres.

2 Compare the structure of bacteria cells with
plant and animal cells.

3 Suggest why bacterial cells have a flagellum.

o,

Follow the links to Bacteria. Use the
websites to find out what different
bacteria look like, where they’re found,
what they eat and how they move.

)

cytoplasm

—flagellum

DNA

cell membrane

Figure 4.8 Bacteria cells
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Cells, tissues and organs

Unicellular organisms such as euglena contain
all the structures necessary to exist on their own
and be independent from other cells. However,
the cells in large, multicellular organisms are
generally specialised, and therefore need to work
together with other cells for the survival of the
organism. For example, a single cheek cell cannot
exist on its own for very long and will die after a
short time outside the body.

Cells of the same type are generally found
together in tissues. A tissue is a group of similar
cells organised to do a particular job. For example,
the muscle tissue in the wall of your stomach and
gut is made from muscle cells. The nerve tissue
in your brain and spinal cord is made from
nerve cells.

In multicellular organisms, various tissues
are arranged into a structure called an organ.

An organ is a collection of specialised tissues
that has a particular function. For example, a leaf
whose main function is to make food contains
photosynthetic tissue, transport tissue, support
tissue and lining tissue.

Cells of life
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Figure 4.9 Many cells of the same kind combine to form
tissues in the body.

Photosynthetic tissue

The cells in this
tissue contain many
chloroplasts and are
generally found
underneath the top
surface of the leaf.

Transport tissue

These cells form the
tubes that carry water
up from the roots,
and nutrients from
the leaves to other
parts of the plant.

Lining tissue

The cells in this tissue
act as a ‘skin’ for the
leaf. They are flat and
have a waxy coating to
stop the leaf from
losing water.

Support tissue

The cells in this tissue
have an irregular
shape and act like a
framework to support
the leaf and help form
its shape.

Figure 4.10 The leaf is an organ with many different tissues working together.
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You will need a microscope and slide, some
prepared slides of various tissues, some clear
nail polish and a leaf.

A Looking at tissues

Set up a microscope and ask your teacher for a
prepared slide of a tissue.

Draw a sketch of the cells in a small section
of the tissue (about six to 10 cells).

Ly Write down the name of the tissue (this
will be written on the slide).

>=
-
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B Observing the cells on a leaf’s surface

Brush some nail polish on the underside of a
leaf, so that it covers an area about the size of a
20-cent piece. Let it dry for a few minutes.

Peel the dried nail polish from the leaf and look
at it under a microscope. You will see a copy of
the surface cells on the leaf.

The stomach is an organ whose function is to
break down (digest) food. It contains glandular
tissue that produces substances that chemically
break down foods, muscle tissue that churns the
food, and connective tissue that holds the other
tissues together.

from the mouth

stomach

stomach cut
open to show

Alternatively you can try and peel off the top layer
of cells, stain them and view them under the
microscope.

/7 You will also see cells that form holes or
pores in the surface of the leaf. Find out from the
library what these pores are called. What is their
function? You can see an image of the cells in
the leaf surface on page 78.

Connective tissue

This tissue is found between
other tissues and helps to
hold these tissues together.

Muscle tissue

The cells in this
tissue contract and
relax, thus helping
to mix and move
the digesting food
in the stomach.

to small lining
intestine
Gland tissue
Figure 4.11 The tissues in the stomach have a number of functions. The cells in this tissue make

Cells in the gland tissue make chemicals that help digest foods, and
muscle tissue moves the stomach to help mix the food.

88

substances that help break
down the food in the stomach.
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Draw up a table similar to the one below and
list the features of plant and animal cells so
you can compare them. One feature has been
done for you.

Plant cells Animal cells

Have a nucleus Have a nucleus

A microscope lens has x10 marked on it. What
does this mean?

Copy the drawing of a cell below into your
notebook. Use the information in the table
above to determine whether it is a plant cell or
an animal cell, then label the cell.

1

4 Describe the function of each of the five parts

of the cell in Question 3.

A microscope has two eyepiece lenses, x4 and x10,
and three objective lenses, x4, x10 and x40.

What combination of lenses gives a x160
magnifying power?

What are the lowest and highest magnifying
powers of the microscope?

A specimen was photographed using the x10 and
x10 lenses. On the photo the specimen measured
to be 55mm in diameter. What is the actual size of
the specimen?

ISBN 978 1 4202 3828 0
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5 Copy the following sentences into your

notebook, then complete them using the words

you have learnt in this section.

a Organisms are made of building blocks
called

b Cells in large organisms are called

cells, because they perform a

particular function.

¢ The lens that you look through at the top of
a microscope is called the

d Organelles are found in the of a
cell.

e Chloroplasts are organelles that contain

Explain the difference between a tissue and
an organ. Give an example and use the words
cells and function in your answer.

On page 80, the word multicellular was used.
Explain what this word means.

Look at the diagram of the leaf on page 87.

Make an inference for each of the following

observations.

a Thelining cells are very flat and fit together
like tiles.

b There are many chloroplasts in the
food-making cells.

¢ There are holes or pores in the underside
of the leaf.

d The cells in the support tissue fit together
like trusses in a house frame.

You are an illustrator for a Year 8 science
textbook. Try to explain, using labelled
drawings, how to make a wet-mount slide.

What does the letter ‘F look like through a
microscope?

Through a microscope you observe a
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