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It's an exciting time to be in education.

We are embarking on a journey that unites two significant
educational initiatives: the implementation of the NSW
Syllabus for the Australian Curriculum and the ever-
increasing use of technology in our students’ educational
experience.

Pearson Australia is pleased to introduce their solution for
the NSW Science Syllabus: PEARSON science NEW SOUTH
WALES. It has been written from the ground up for the
Australian Curriculum and developed specifically for the
NSW Syllabus, and has been tested in focus groups and
trialled in classrooms throughout Australia.

Whether you choose to use a printed book or a digital
delivery medium, the PEARSON Science NEW SOUTH WALES
series can provide the content that you and your students
need.

We hope you enjoy the journey you are about to take as
much as we have enjoyed preparing for it. We look forward
to working with you to implement the NSW Syllabus for
the Australian Curriculum and to helping you manage your
digital aspirations.

We would like to thank our authors for their extraordinary
dedication and their contribution to the development of
this project.

The reason for colour
change in chameleons

is not fully understood.
Latest studies indicate that
chameleons use colour
change for communication.
Other suggestions include
camouflage and reacting to
temperature changes.
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Written from the ground up for the Australian Curriculum
and developed specifically for the NSW Science Syllabus for
the Australian Curriculum, the student book acts as a guide
for both student and teacher.

* Developed specifically for the NSW Science Syllabus
* Utilises an inquiry approach throughout

* The content is presented in a range of contexts within the
PEARSON science PEARSON sclence 1
AB. T W : interrelated strands of Knowledge and Understanding and
: Working Scientifically.

Activity Book

The activity book is a write-in resource designed to enrich
students’ skills by providing a variety of activities and
questions to reinforce learning outcomes.

—

- - . > * Supports and extends the student book

PEARSON v PEARSON

* Caters for a range of learning styles.

Teacher Companion

The teacher companion makes lesson preparation easy by
combining full-colour textbook pages with teaching strategies,
ideas for class activities and fully worked solutions.

* Ties the entire Pearson Science New South Wales
package together

PEARSON science PEARSON science PEARSON science

SB. B. C. | B | - Includes all answers to the student and activity book.

EAL/D Activity Book

The EAL/D activity book incorporates tailored language and
vocabulary support for English as an Additional Language or
Dialect (EAL/D) learners. With activities matching page-for-
page, the EAL/D activity book can be used alongside the
standard activity book.
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Pearson eBook 3.0
Any device, every school.

Pearson eBook 3.0 lets you use your student book online
or offline on any device: PC or Mac, Android tablet

or iPad, or interactive whiteboard. Pearson eBook 3.0
retains the integrity of the printed page while offering
linked interactive activities that will engage your students
at school and at home.

Pearson Assess New South Wales
Better results in every class.

Create, assign and review tests. Pearson Assess New
South Wales allows you to quickly build tests on any topic
within Pearson Science New South Wales. Teachers can
assign tests and students can create tests for their own
revision on any device: PC or Mac, Android tablet or iPad.

ProductLink

Additional digital teacher resources are available free when
you purchase Pearson Science New South Wales. To
access, visit www.pearsonplaces.com.au and log in. Click on

‘Toolkit’, then select ‘ProductLink’ and browse to your title.

PearsonDigital

Browse and buy at pearson.com.au.
Access your content at pearsonplaces.com.au.

We believe in learning.

Professional Learning, Training
and Development

Did you know that Pearson also offer teachers a

diverse range of professional learning programs? We

are dedicated to supporting your implementation of
Pearson Science New South Wales, but it doesn’t stop
there. We offer specific training for the NSW Syllabus
for the Australian Curriculum and beyond, in the form of
workshops, conferences and seminars.

Find out more about Pearson Professional Learning at
www.pearson.com.au/pl

Customised Content

We believe in learning for all kinds of people, delivered in
a personal style. Pearson Custom is an exciting initiative
that allows you to customise the content you teach with.
Schools can be involved in choosing resources specifically
tailored to their school or year level. Speak to your
Pearson Sales Consultant to find out more.

All kinds of learning for all kinds of people,

delivered in a personal style.

Because wherever learning flourishes, so do people.
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How to use this book

PEARSON science NEW SOUTH WALES 7

Student Book

PEARSON SCience NEW SOUTH WALES 7
has been designed for Stage 4 of the NSW Science
Syllabus for the Australian Curriculum. It includes
content and activities that cover all learning
outcomes within the interrelated strands of
Knowledge and Understanding, and Working
Scientifically. The content is presented through

a range of contexts to engage students and assist
them to make connections between science and
their lives.

Chapter opening page
The chapter opener engages students

through questions that get them thinking
about the content and concepts to come.

D Properties of substances

The key ideas reflect the syllabus
content relevant to the chapter.

Look who is using
science

Careers pages spread
throughout the book look
at careers that involve
and use science.

6.1 Whatis classification?

Unit opening

Each chapter is divided into
self-contained units. The unit opener
includes an introduction that places
the material to come in a meaningful
context.

Photos and illustrations

Stunning and relevant photos and
illustrations are clearly referenced from
within the text to assist stu dents to
understand the idea being developed.

X PEARSON science NEW SOUTH WALES

Additional syllabus content is clearly identified and
carefully placed in the flow of core content. Learning
Across the Curriculum content is addressed through-
out the series and indicated using icons.

PEARSON ScCience NEW SOUTH WALES 7 is
designed for an inquiry approach to science learning.
Its engaging design, unambiguous features and clear
easy-to-understand language make this a valuable
resource for students of all interests and abilities.

Inquiry-based activities using everyday
materials assist students to understand
key concepts under development.

These can be used as a focus or context
for the unit.

Icons indicate whether an activity is
suitable to be done at home or requires
teacher supervision.

Skill builder

Key skills are outlined in clear steps to
support science learning.

Worked example

Worked examples of problems and
techniques assist students to master and
practise key skills.

4 1.25x1000= 1250

Addmitional content

Additional syllabus content is clearly
identified using shading and icons.

Technology and mad
resources
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SciFile
SciFiles include quirky information to
students.

5 Chapter review

© Q@M

Thinking scientifically

Unit review

Each unit finishes with a set of
questions and activities organised
under the headings of Bloom’s
Taxonomy of Cognitive Processes. To
further students’ understanding of
the intent of a question and level of
explanation expected, bolded verbs
are used throughout. A list of all verbs
~ and their meanings can be found on
page xii.

The final heading is ‘Inquiring’ These questions challenge
students to use their inquiry skills to research additional
syllabus content and to go beyond the unit content.

Practical investigations

Practical investigations are placed

at the end of each unit. Practical
investigation icons appear throughout
the units to indicate suggested times

for practical work.
A Student-design icon indicates that
an activity includes student input and (
design.

Safety boxes highlight significant hazards.

A safety glasses icon reminds students when appropriate to

wear safety glasses.

Learning Across

LEARNING ACROSS
E CURRICU

Chapter review

Each chapter finishes with a set of
questions and activities organised
under the headings of Bloom’s

Taxonomy of Cognitive Processes.

Thinking scientifically

Following the Chapter review are
Thinking scientifically style questions
relevant to that chapter. These test
students’ science and interpretive
skills.

Glossary

Every chapter concludes with an
illustrated glossary that engages
students and provides a ready
reference for the key terms of the
chapter.

Activity Book icon

This icon indicates a related Activity
Book worksheet that enhances or
extends this area.

LUM

the Curriculum

Learning Across the Curriculum
content is addressed throughout
the Student Book using icons and
in Learning Across the Curriculum
spreads. A full list of Learning
Across the Curriculum icons can

Go to icon

Go to icons are used to make important
links to relevant content within the
student book and to the next student
bookin a stage.

be found on page xiii.

The
PEARSON
science

NSW 7
package

Don't forget the other PEARSON SCience NEW SOUTH WALES 7
package components that will help engage and excite students in science:
e Activity Book e EAL/D Activity Book ¢ eBook 3.0 e Teacher Companion

® Pearson Assess New South Wales




The verbs below, based on Bloom’s Taxonomy, appear in bold text throughout this book. The verbs help students know the level of
response required for a question. The verbs in black are consistent with the key verbs used in NSW syllabuses and examinations. The
verbs shown in blue in this list may also feature throughout the book and are provided for additional support to teachers and students.

Remembering

enter Place data into a computer program by key
strokes or copying from a digital source, e.g.
CD, DVD, USB storage device

label Add annotations to a diagram or drawing

list Write down phrases or items only without
further explanation

name Present remembered ideas, facts or experiences

present Provide information for consideration

recall Present remembered ideas, facts or experiences

record Store information and observations for later

specify State in detail

state Provide information without further explanation

Understanding

account Account for—state reasons for, report on. Give
an account of —narrate a series of events or
transactions

calculate Ascertain/determine from given facts, figures or
information (simply repeating calculations that
are set out in the text)

clarify Make clear or plain

construct Prepare or devise something, such as a key or
diagram

define State meaning and identify essential qualities

describe Provide characteristics and features

determine Find out the size or extent, either by using an
equation, counting, estimating, or similar method

discuss Identify issues and provide points for and/or
against

draw Use a pencil to produce a likeness onto a page,
or sketch to provide a representation or view

explain Provide a sequence to make the relationships
between things evident; provide why and/or how

extract Choose relevant and/or appropriate details

gather Collect items from different sources

PEARSON science NEW SOUTH WALES

modify Change in form or amount in some way

outline Sketch in general terms; indicate the main features

predict Suggest what may happen based on available
information

produce Provide

propose Put forward for consideration or action

rank Place in order of size, age, or as instructed

recount Retell a series of events

summarise | Express, concisely, the relevant details

write Compose or construct a sentence that explains

a feature

Applying

apply Use, utilise, employ in a particular situation

calculate Ascertain/determine from given facts, figures or
information

demonstrate | Show by example

examine Inquire into

identify Recognise and name

use Employ for some purpose

analyse Identify components and the relationship
between them; draw out and relate implications

calculate Ascertain/determine from given facts, figures or
information (requiring more manipulation than
simply applying the maths)

classify Arrange or include in classes/categories

compare Show how things are similar or different

contrast Show how things are different or opposite

critically Add a degree or level of accuracy, depth,

(analyse/ knowledge and understanding, logic,

evaluate) questioning, reflection and quality to (analyse/
evaluate)

discuss Identify issues and provide points for and/or

against




distinguish | Recognise or note/indicate as being distinct or
different from; to note differences between

infer Recognise and explain patterns and meaning
and relationships

interpret Draw meaning from

research Investigate through literature or practical

investigation

appreciate | Make a judgement about the value of

assess Make a judgement of value, quality, outcomes,
results or size

conclude Come to a judgement or result based on the
reasoning or arguments that you present

critically Add a degree or level of accuracy, depth,

(analyse/ knowledge and understanding, logic,

evaluate) questioning, reflection and quality to (analyse/
evaluate)

deduce Draw conclusions

evaluate Make a judgement based on criteria; determine

the value of

extrapolate

Infer from what is known

justify Support using an argument or conclusion

propose Put forward (for example a point of view, idea,
argument, suggestion) for consideration or
action

recommend | Provide reasons in favour

select Choose one or more items, features, objects

construct Make; build; put together items or arguments
design Provide steps for an experiment or procedure
investigate | Plan, inquire into and draw conclusions about
synthesise | Put together various elements to make a whole

Learning Across

the Curriculum

NSW Syllabus Learning Across the Curriculum content is
addressed throughout the series and is identified using the
following icons.

Learning Across the Curriculum icons

Aboriginal and Torres Strait Islander histories
and cultures

Asia and Australia’s engagement with Asia

Civics and citizenship

Critical and creative thinking

Difference and diversity

Ethical understanding

Information and communication technology
capability

Intercultural understanding

Literacy

Numeracy

Personal and social capability

Sustainability

Work and enterprise




SCIENCE
TAKES YOU
PLACES

SCIENCE
TEACHER

My name is
Sarah Peng and
I am a science
teacher at a state secondary school.

Like many scientists, | have
always been curious about how
the things around me work. It
was natural, then, that | moved
into the sciences. At university

| specialised in biology and
chemistry, and | soon discovered
that the best way to share my
passion and enthusiasm was to
become a science teacher. So,
here | am today!

In my role as a teacher | help

my students develop a better
understanding of the world
around them, and show them

the skills that enable them to
investigate it safely and explore

it scientifically. Teaching always
brings its challenges and rewards,
but overall | really enjoy seeing
my students get excited about
science and become confident in
their skills and their understanding
of the subject.
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PERSONAL
TRAINER

My name is Rebecca 0’Sullivan
and I'm a gym instructor at one
of the gyms run by the YMCA.

In health consultations and
re-assessments, | take
measurements to determine

a person’s fitness. | take their
blood pressure and heart

rate to see the health of their
cardiovascular system and
measure their height and weight
to determine if a member is at
an ideal weight for their height.
| also measure the thickness
of their arms, chest, waist,
hips and thighs so that | can
compare their size at the next
re-assessment. The member is

CHEF

My name is Joe Spataro and
I'm the head chef and owner
of a restaurant.

As a chef | invent new dishes,
but as head chef I’'m also
responsible for the efficient
running of the kitchen. This
includes looking after the safety
of everyone who works in the
kitchen. Like laboratories,
kitchens can be extremely
dangerous places. We work
with knives, hot stoves and
ovens, and pots of boiling
water and oils that can scald

Look who is using science

also taken through an aerobic
fitness test to determine the
volume of oxygen pumped to
the muscles during exercise.
All these measurements then
allow me to write up a suitable
exercise program for the
member. In my own way, | am
a scientist who tests the fitness
of people. My laboratory is the
health consultation room.

or burn. | also need to ensure
that the kitchen is kept clean
and tidy and that foodstuffs are
stored at the right temperatures
and away from cleaning
chemicals. In this way, a
kitchen is like a laboratory. It is
where | experiment but it also
has risks.
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1 Working scientifically

Have you ever
wondered...

e why science is taught in schools?

¢ why scientists run experiments?

e why laboratories have rules?

After completing this chapter students should be able to: » -

¢ jdentify suitable equipment, e construct and use graphs, keys, e summarise information from
including safety equipment models, diagrams, tables and different sources
'and dl.glta'l technologies for an spreadsheets e draw conclusions and produce
investigation e design investigations including inferences

e record information and findings experiments and research ) i
accurately and honestly R iy A Ables to be ADDITIONAL S

¢ record observations and controlled, measured and ¢ investigate how science has
measurements using appropriate changed developed through teamwork
units across different branches, such

¢ evaluate different strategies for
¢ describe safety guidelines for an solving problems
investigation

as in space exploration and
resource management.

¢ identify improvements to a
method




1.1 A subject called science

Scientists study the world around them
to find out how it works. They investigate
the living world of animals, plants, bugs
and micro-organisms, and they
investigate the planet and environments
they live on and in. They investigate the
physical world of substances like plastics
and metals, and chemicals like water and
acids. They investigate forms of energy

i such as heat, light and sound. They even

. study things that are out of this world,

' like other planets stars and galaxies.

?"f\ X S \PSabve 7

sc.lenc,e 4 fun

Cool sounds

Can you hear down a string?

Collect this ...

¢ |ength of string (about 75 cm)

e metal spoons (teaspoon, dessertspoon,
soupspoon, tablespoon)

Do this .

1 Loop the string around the handle of one of the
spoons so that the spoon is about halfway down
the string.

2 Hang the spoon by the string and place each
end of the string against your ears like a doctor’s
stethoscope.

Science is important

The world is very complex and is becoming more
complex every day. New technology is constantly
developing and new issues are constantly hitting the
headlines. For example, HD televisions, Blu-ray, smart
phones and tablet computers were not common ten
years ago. Laptop computers, mobile phones, email and
the internet are only a little older. Likewise the issues of

climate change were not heard of until relatively recently.
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3 Gently sway back and
forth so that the spoon
swings. Allow the back
of the spoon to gently
hit a table or bench.

4 Repeat with the other
spoons.

Record this ...
Describe what happened.

=

Explain how this activity can be considered to be
science.

Developments in science have also caused argument
and debate. Cloning, the use of stem cells to repair
damage in the body, and genetically modified food have
all developed from scientific discovery. Society has split
into those who support the use of these new discoveries
and those who don't. Climate change, and what we as
humans should do to control it, has also split society
into those who believe that it is happening and those



who don'’t. There is even debate among those who do
believe it is happening: some believe that it is caused by
human activity, while others believe it could be part of
a natural cycle. Whatever its cause, glaciers like the one
in Figure 1.1.1 are melting at a higher-than-normal rate.
Older issues, such as whether nuclear power should be
used in Australia, are being debated again because of
our increasing energy needs. As a future adult and voter
you will need an understanding of science to help you
decide what we should do about these issues and any
new issues that arise. To make good decisions about our
future, you will need an understanding of science.

The branches of science

The subject of science covers many different areas,
ranging from acids to aardvarks, electricity to emus,
rats to rocks, Venus to viruses, and much, much more.
Science covers so many different areas that it must be

split into different branches or disciplines, some of
which are shown in Figure 1.1.2. Scientists tend to work
in one particular branch of science. This allows them to
explore it in detail and develop a deep understanding
of it without being distracted by what is going on in the
other branches.

Astronomy is the science of the
planets, stars and the universe.

Ecology is the science of how living
things affect each other and the
environment in which they live.

Ecologists study ecology.

Physics is the science

of forces and energy.
7\

Physicists study physics.

Climate change: do we believe the evidence that
temperatures are rising because of human activity
or do we reject it based on other evidence?

Chemistry is the science of materials,
chemicals and chemical reactions
and how they might be used.

7AY
Chemists study chemistry.

Biology is the science of living
things like animals, plants,
microscopic bacteria and viruses.

7\
Biologists study biology.

‘ Geology is the science of
_ rocks, the Earth, earthquakes,
volcanoes and fossils.

Psychology is the science of how
and why we behave the way we do.

74
Psychologists study psychology.

The main branches of science



Sub-branches of science

The branches of science are so broad that they are

split into smaller sub-branches. For example, geology
covers so much material that a geologist would find

it impossible to study it all. Instead geologists tend to
specialise by working in a sub-branch like petrology
(the study of rocks), palaeontology (fossils), vulcanology
(volcanoes) or seismology (earthquakes).

Teamwork

Science requires teamwork. In the laboratory, you will
frequently work as part of a team, particularly when
doing experiments or research. Everyone is good at
something and not as good at something else. Working
in a team allows you to pool everyone’s talents. Scientists

usually work in teams too. As Figure 1.1.4 shows, some
teams have only a few members.

Likewise, there are so many types of living things that
biologists specialise in the study of only one type of living
thing, such as animals (zoologists study zoology), plants
(botanists study botany) or germs (microbiologists study
microbiology). Even sub-branches are sometimes too

big. For example, zoology covers so many different types
of animals that it is split into smaller sub-branches such

as insects (entomologists study entomology), spiders
(arachnologists study arachnology) and fish (ichthyologists
study ichthyology), as shown in Figure 1.1.3.

The many branches of science

There are lots of other very specific sub-
branches of science. Some are teuthology (the

Everyone is good at something and not as
good at something else. By working as part of
a team, scientists can share their skills.

study of octopuses), mycology (the study of
fungi), chiropterology (the study of bats),
carpology (the study of fruits and seeds) and
oology (the study of eggs).

Branches Some sub-branches
—— Astronomy
— Microbiology (germs, bacteria, viruses)
——— Biology Botany (plants)
. Zoology (animals) Entomology (insects)
———— Chemistry L Arachnology (spiders)
Ichthyology (fish)
Science — Ecology
—— Seismology (earthquakes)
Geology ———— Palaeontology (fossils)
——— Vulcanology (volcanoes)
——— Petrology (rocks)
———— Psychology
——— Acoustics (sound)
———— Physics Optics (light)
- Mechanics
The branches of science are split into smaller sub-branches. = | = |
s Prac1 Prac2
Some of these are then split into even smaller sub-branches. p.8 p.9
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Some common tasks

All scientists carry out the same basic tasks regardless
of what team they are part of or which branch or sub-
branch of science they investigate. All scientists:

* make observations and measurements

¢ make inferences and predictions about what is
happening and what might happen in the future

e analyse their measurements, construct tables and keys,
plot graphs, make calculations and look for patterns

¢ make models to help them understand what is
happening

* classify objects into groups of similar things.

€D unite.1

o
Teamwork across different
branches

To solve bigger problems, bigger teams with a range

of skills from different branches and sub-branches of
science are required. For example, there are fewer than
500 mountain pygmy-possums (Burramys parvus)

left in NSW. The species is classified as endangered
and scientists are working to prevent it from

becoming extinct. The possum lives in the mountains of
the Kosciuszko National Park. In summer and autumn it
eats Bogong moths, beetles, millipedes and spiders, and
sometimes the seeds of plants. In winter, it hibernates,
sleeping under a cover of snow that insulates it from the
freezing cold. You can see it in Figure 1.1.5.

To protect the possum, scientists need to find out

why their numbers are falling. This research needs a
variety of different skills that only come from being part
of a team made up of scientists working in different
branches of science (Figure 1.1.6).

The mountain pygmy-possum is endangered in
NSW. Scientists are working to make sure it
doesn’t become extinct.

Ecologists need to find out whether
the possums are being affected

by the area being divided up into
smaller and smaller parts by the
local ski industry.

Zoologists determined that
foxes and feral cats were
eating the possums.

Botanists need to find out whether
bushfires are damaging the plants
whose seeds the possums eat.

Chemists need to confirm
whether the levels of arsenic in
local Bogong moths and possum
faeces is consistent with natural
background levels or caused by
chemicals used on farms.

Climate scientists need to find out

Big problems require teamwork across
different branches of science

whether less snow and a higher
snowline will affect the possum’s
survival.

ADDITIONAL A
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SCIENCE AND THE LAW

The observations that scientists gather
and the conclusions they make form the

basis of many of the laws and regulations

that we all must follow every day.
FTr s A

& (/17/

For example, scientific evidence on car and bike
crashes has led to speed limits, and laws that
make us wear seat belts in cars and helmets
when riding a bike or motorbike (Figure 1.1.7).

In a similar way, scientific evidence on bushfires
has led to laws determining days of total fire ban
and the types of houses that are built in areas of
high bushfire risk.

Scientific evidence has also been used to form
laws and regulations that:

make car manufacturers include airbags, crumple
zones and crash-resistant fuel tanks

control the type of houses built in areas at risk of
floods or cyclones

determine which drugs should be illegal, which
should be available on prescription and which can
be bought at the supermarket

control the additives that can be put in food
control how long food can be sold for (‘use by’
and ‘best before’ dates)

determine unsafe levels of sound, chemicals and
dust for workers

control the type and amount of pollutants that can
be released into rivers, soil and the atmosphere
preserve animals, plants and landscapes at risk of
being lost forever.

science

N al e

Laws make you wear a bike helmet becaus
science has shown that helmets can protect
you from serious head and brain injury.

Sometimes, scientific evidence leads to changes in
global laws. For example, chemicals called
chlorofluorocarbons were destroying the ozone
layer, putting us all at greater risk of skin cancer.
Governments across the world have since banned
the use of chlorofluorocarbons in everyday
products like deodorants and hair sprays and in
fridges. Similar laws will be required to limit the
release of carbon dioxide to minimise global
climate change.

REVIEW

1 Name the chemicals banned across the world
that were destroying the ozone layer.

Since 1971, wearing seatbelts in cars has
been compulsory by law in NSW. List the sort
of scientific evidence that led to this law.

Different drugs are treated differently by the
law. Propose a reason why.

Propose a reason why laws now determine the
type of houses that are allowed to be

built in areas at risk of cyclones or
bushfires.




Remembering

1 Name:
a devices that have only been around in the last
ten years
b ascientific issue that has arisen in the last ten
years.

2 List seven important branches of science.

3 List four sub-branches for each of:

a biology

b geology

¢ physics.
Understanding

4 Explain why everyone needs to have an
understanding of science.

5 Abiologist usually specialises in one sub-branch of
biology. Explain why.

Applying

6 Identify the branch (or branches) of science being
investigated in the science4fun on page 2.

7 Identify the branches of science that are being
studied below.

a Amanda is measuring the amount of pollution
in a lake.

b Sarah is making a video of a volcano erupting.
¢ Brian is studying the movement of the planets.
d Yangis measuring the speed of sound.

e Joeis testing what an acid does to metal.

8 For each of the following investigations, identify the
branch and sub-branch that is being studied.

a Abdulis counting how many eggs a cockroach
has laid.

b Hon is studying the crystals embedded in a rock.

¢ Travis is investigating how light bends as it
passes through glass.

d Lisais photographing the bones of a dinosaur.

e Francesca is measuring the growth of a seedling.

Analysing

9 Compare the similarities and differences between
the types of work done by a detective and a scientist.

10 Refer to the contents pages (pages v—vi) and classify
each of the chapters as biology, chemistry, physics,
geology or astronomy (space).

Evaluating =3

11 Some branches of science cover two or more other
branches. Propose what two branches of science are
studied in biochemistry.

Inquiring

1 Find more information about the mountain pygmy-
possum. Find details such as how and where it lives,
its food, breeding cycle, average life expectancy and
predators.

Present your findings as a poster that shows how
its survival is being affected by changes to its
environment.

ADDITIONAL h 4

2 Space exploration and resource management are
two areas in which new discoveries have been
made only through teams of scientists working
together from different branches of science.

a Investigate the website of the Department of
Natural Resources of NSW to:
e state what resource management is
¢ list different types of resource management

e list the branches of science that might be
involved.

b Investigate the NASA website to find the
branches of science that might be involved in
space exploration.

Present your findings as a series of dot ~ [ee [
points.

ADDITIONAL y %
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1.1 Practical investigations

o Potato sprouts

Purpose
To determine if plants respond to light.

Materials
¢ old potato (with sprouts)
* handful of potting mix

¢ 1 cardboard box (such as a shoe box or cereal box) or
cardboard to make one

e 2 pieces of cardboard

¢ sticky-tape

e scissors

Method

1 Adapt your cardboard box so that it has a lid like a
shoebox. This may require taping up its original lid
and cutting out a new one.

2 Puncture a small hole in one end of the box and
expand it until it is 1 to 2 cm in diameter.

3 Cut three or four small cardboard ‘walls’. Tape them
into your box so that light cannot get to the potato
directly, as shown in Figure 1.1.8.

4 Make a ‘bed’ of potting mix at the other end of the
box and nestle your potato in it. Point one of the
potato sprouts towards the hole.

5 Inyour workbook, construct a diagram showing the
arrangement of the potato, ‘walls’ and light-hole.

6 Put the lid back on the box and make sure no light
can get in around it. If you think light can enter, tape
another piece of cardboard on top. Do not tape over

the light-hole.

7 Put the box in a sunny place where it won't be
touched. Point the light-hole towards the Sun.

8 In every science class over the next month, carefully
open the lid. Adapt your original diagram by using a
different coloured pen, pencil or highlighter to show
what has happened.

science

cardboard box

hole
1-2.cm
diameter

Figure
1.1.8

Results

Construct a diagram of the box, potato and objects and
use different coloured pens, pencils or highlighters to
show how the potato changes over the month.

Practical review

1 a Identify which branch of science this
experiment belongs to.

b  Justify your choice.

2 Identify which statement below best summarises
what you learned from this experiment.

a Potatoes need potting mix to survive.

b Potatoes are what chips are made from.
c Potatoes are plants.
d

Potatoes have shoots that grow towards the
light.




6Blowing up balloons

In the laboratory, you will need to follow safety
instructions and instructions on how to run
experiments.

Purpose
To follow instructions to blow up a balloon.

¢ 1.25 L soft drink bottle and cap
e balloon
e drawing pin

Procedure

1 Dangle the balloon inside the soft drink bottle.
Secure it by stretching its mouth over the mouth of
the bottle as shown in Figure 1.1.9.

2

2 Try to blow the balloon up. Record what happens.

3 Use the drawing pin to make a hole in the wall of the
bottle near its base.

soft-drink bottle

Try to blow up the balloon again. While keeping your
mouth on the bottle, cover the pinhole with your
finger. Record what you see.

5 Remove your finger. Record what you see.

6 Blow up the balloon again and cover the pinhole

with a finger.

7 Pour water into the blown-up balloon. Remove your
Materials finger and record what you see.
e up to 500 mL water
Results

Record all your observations in your workbook.

Practical review

1 Assess how well you followed the instructions for

this prac.

Propose a reason why:

a it was almost impossible to blow up the balloon
without the pinhole.

b the pinhole allowed the balloon to inflate.
¢ ablocked pinhole kept the balloon inflated.

d water rushed out of the balloon when your
finger was removed from the pinhole.

water

~/block hole
with finger

small hole




1.2 The laboratory

The laboratory is where scientists carry out experiments
and make observations and measurements. The type of
laboratory used by different scientists depends on what
they are studying. For many, the laboratory is outdoors.
For others, it is a room specially fitted for their
experiments. Whatever laboratory and whatever branch

- of science they work in, scientists use equipment and
follow strict rules regarding safety. As a beginner
scientist, so will you.

Different laboratories for
different scientists

A scientist works in a laboratory. Laboratories are
where scientists run most of their experiments and
make most of their observations, measurements and
discoveries. Your idea of a laboratory is probably a large
room equipped with Bunsen burners, sinks, glassware,
balances and chemicals and occupied by people

in white coats and safety glasses. This is the type of
laboratory that chemists tend to work in and the type
of laboratory that you will eventually work in at school.
It might look something like Figure 1.2.1.

To most of us, the laboratory is a place full of
Bunsen burners, glassware and people in white
coats.
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Different scientists have very different ideas about what a
laboratory is. For marine biologists, the laboratory could
be a coral reef. The laboratory of a zoologist might be a
rainforest, and a laptop computer and video camera
could be their most important equipment. The laboratory
of an astronomer will be wherever their telescope is
mounted. Figure 1.2.2 shows a palaeontologist at work in
his laboratory. Scientists like him will usually have
another laboratory in which they can test the samples
they collected outdoors. For example, an ecologist might
collect samples of polluted water from a creek but then
analyse them back in their other laboratory.

For palaeontologists, the laboratory could be
the site at which a dinosaur skeleton has been
found. Their equipment is likely to be a spade

and brushes to clear the soil away from around @

the bones. Sturdy boots, overalls and perhaps
a hat will be far more important to them than
white coats.

filter funnel

safety glasses

Equipment

Tools and equipment are a necessary part of most jobs.
A builder uses power drills and saws, nail guns and
measuring tapes, while a chef uses ovens, pots and pans,
sieves and measuring spoons. Scientists use equipment
too, to help them carry out experiments and to help
them describe what they observe more accurately.

Each branch of science uses its own specific tools and
equipment. An astronomer will not see much without

a telescope, and a microbiologist needs a microscope
to see bacteria that are invisible to the naked eye.
Physicists need ammeters and voltmeters to measure
electrical current, and ecologists need pH meters to
determine how acidic creek water is. However, there

is a set of equipment common to most laboratories,
including the ones at school.

Glassware

Glassware such as beakers, conical flasks, test-tubes and
watch-glasses allows you to mix and heat chemicals.
Most glassware in the laboratory is made of Pyrex, a
special type of glass that is less likely than normal glass
to crack when it is heated or cooled. Some common
pieces of equipment are shown in Figure 1.2.3.

Beakers and conical flasks usually have markings

up their sides, but the markings only indicate rough
volumes. You would use a measuring cylinder to measure
more accurate volumes. Volume is normally measured

in the laboratory in millilitres (unit symbol mL). Larger
volumes are measured in litres (unit symbol L).

Equipment commonly used in the laboratory

test-tubes

=
=)

e test-tube rack
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beaker =
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_ _ e
———
- measuring
watch- glass conical flask cylinder



Reading a meniscus

A meniscus is the curved shape formed by the
surface of a liquid where it contacts another
surface. The meniscus is easy to see when the
liquid is in a tube such as a measuring cylinder.
Sometimes the meniscus curves upwards and
sometimes it curves downwards. This could
make measuring volumes a little difficult.
Figure 1.2.4 shows how scientists measure the
volume when a meniscus is present.

Measure from
the top of the
meniscus if it
curves upwards.

Measure from
the bottom of
the meniscus if it

curves downwards.

The surface of a liquid in a
measuring cylinder forms a curve
called a meniscus.

Balances

The beam balances, electronic balances and spring
balances shown in Figure 1.2.5 can all be used to
measure the mass of an object. Mass is a measure of
how much matter there is in an object.

In the laboratory, mass is usually measured in grams
(unit symbol g) or kilograms (kg).

Different balances can be used to measure
the mass of an object. Mass is sometimes
incorrectly called weight.
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Heating equipment

Hotplates and Bunsen burners are some of the most
important and dangerous pieces of equipment that you
will use in the school laboratory. Both get extremely hot
and so can burn you seriously if you use them incorrectly.

Parts of the Bunsen burner

Figure 1.2.6 shows the parts of the Bunsen burner. The
collar controls the amount of air that enters the burner
and controls the heat and colour of the flame. If you shut
the airhole, very little air is able to mix with the gas. The
gas does not burn well and it produces a pale yellow
flame that is easily visible and relatively cool. This is
shown in Figure 1.2.7. For these reasons, the yellow
flame is called the safety flame. It is also a dirty flame,
because it leaves a layer of black carbon soot on
anything that is heated in it.

The Bunsen burner Pra1c71 |
| P

Prac2 | |
| p.18 |

barrel

gas hose

airhole (gas jet inside)

base

If you open the airhole, then a lot of air will enter. The
gas will burn efficiently with no smoke, and will be
extremely hot (about 1500°C). This flame is noisy. It has
a blue colour and is sometimes difficult to see. At the
very base of the flame, there is a small cone of unburnt
gas. As Figure 1.2.7 shows, the hottest part of the flame is
just above this cone.

S spring
1 balance
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The yellow flame is called ~ ~ _

the safety flame. It is: Clay triangle: used to

¢ relatively cool support a crucible
o dirty

* highly visible. Crucible and lid: used to
burn small samples of solid
hottest

Evaporating dish: used to evaporate
part of ;
flame off the solvent from a solution,
leaving crystals behind

The blue flame is:
cone of e hot

r
unburnt = A e clean y. A\ 22
gas ' 5 @it e Tongs and pegs: allow you

to pick up hot objects

Bench mat: used to
protect the bench

Gauze mat: used to
spread the heat

The yellow flame is easy to see and relatively
cool. The blue flame is much hotter and almost
invisible. This makes it much more dangerous.

Other equipment used for heating Retort stand, bosshead Tripod: used to hold

A kitchen stove isn’t very useful unless you have frying and clamps: used to hold beakers above the flame
pans, saucepans, tongs and stirring spoons to help other equipment

you cook the food safely. A Bunsen burner also needs
additional equipment to help you heat objects and
to keep you safe. Some of this equipment is shown in
Figure 1.2.8.

The hotplate and Bunsen burner
need additional equipment to make
them useful.

Figure
1.2.8

Heating a test-tube

Test-tubes can spit out their contents if you
heat them incorrectly. They can also break.

1 Use a peg or test-tube holder to hold the
test-tube near its open end.

2 Point the opening of the test-tube away
from everyone, including yourself.

3 Heat the bottom gently, moving it back
and forth through the flame as shown in
Figure 1.2.9.

Never leave a test-tube in the
one spot in a flame for too long.




Drawing equipment

Scientists do not draw equipment realistically but as
simple two-dimensional (2D) line-drawings, ‘splitting’ the
equipment down the middle to show its cross-section.

Figure 1.2.10 shows how scientists draw some of the
most common equipment used in the laboratory.

Y

filter paper test-tube beaker conical flask
and funnel
*ﬂ

— 1

Bunsen burner tripod and gauze mat retort stand,
bosshead

and clamp

Scientists draw scientific equipment
as simple, two-dimensional cross-
sections.

Figure
1.2.10

Safety

Science can be fun. Experiments are part of that fun,
but they can also be very dangerous. Hotplates and
Bunsen burners can burn, and Bunsen flames can

set clothes or hair on fire. Acids are corrosive and can
burn badly, especially if splashed into your eyes. Many
other chemicals are toxic and are poisonous if you sniff
or taste them. Broken glassware can cut, and small
fragments can easily enter your eyes.

Safety rules

The laboratory can be dangerous, but it can be safe if we
all follow some simple rules. Although each school, each
laboratory and each teacher will have their own set of
rules that you must follow, some rules are common to all
laboratories:

e Always follow instructions from your teacher or
laboratory technician.

e Move about the lab in a safe way. Do not run, push
or shove.

* Always wear safety glasses when using chemicals.

PEARSON science NEW SOUTH WALES

¢ Do not eat, taste, drink or sniff anything in the lab.

* Treat all glassware with care.

* Make sure that test-tubes cannot roll off a bench
when not in use.

e Always tell your teacher if you break something or if
you are unsure about what to do.

e Turn on the tap before placing any glassware under it.
Otherwise the water might crack the glass of whatever
you are holding.

Your teacher and school will give you a list of any other

rules that you need to follow in your laboratory.

Other rules apply when you are heating something:

e Always tie back long hair; otherwise it’s a fire risk.

* When you need to leave a Bunsen burner on, turn it
to a visible yellow safety flame.

e Only use matches to light Bunsen burners.

e Always use tongs to pick up objects that have been
heated.

¢ When you are heating a test-tube, ensure that it is
pointed away from everyone (including you).

e Hotplates and Bunsen burners, tripods and gauze
mats remain hot for a long time. Allow them to cool
before you pack them away:.

Safety in the laboratory is really just common

sense. If something has the potential to hurt

someone then don't do it!

Your local experts

If you are confused about equipment, safety, or what
you are supposed to do in a laboratory, then there are
usually two experts you can turn to:

* Your science teacher is trained in science and has
probably specialised in one particular branch of
science, such as biology, chemistry or physics.

* Your laboratory technician (lab tech) will usually
be found working behind the scenes in a science
department. He or she may come into your laboratory
to help your science teacher out, especially if an
experiment is particularly dangerous. Your lab tech
is trained in safety, the laboratory, its equipment and
chemicals.



Remembering

1 Name an essential piece of equipment for:
a amicrobiologist
b anastronomer.

2 Name the special type of glass from which most
laboratory glassware is made.

3 Specify the temperature that a Bunsen burner flame
can reach.

4 List four dangers that you will meet in the
laboratory.

5 Name the two experts you can turn to in the
laboratory.

Understanding

6 Define the term cross-section.

7 a The markings on beakers and conical flasks
cannot be used to measure out volumes
accurately. Explain why.

b Name the piece of equipment used to measure
volumes accurately.

8 Alllaboratories are different. Explain how.

9 Avyellow flame will burn you if you are careless, but
itis called the safety flame. Explain why.

10 a Explain how heating a test-tube can be
dangerous.
b  Outline how to safely heat a test-tube.

Applying

11 Identify the volumes indicated in Figure 1.2.11.

a B b|=—
= =30
=200 =20

— 10 — 10

12 Identify whether the following observations would
be made of a yellow Bunsen burner flame or a blue

Bunsen burner flame:
a dirty

b noisy

¢ almost invisible
d extremely hot

e closed airhole.

13 Identify what the students in Figure 1.2.12 are doing
right or are doing wrong.

o
b

Working scientifically 1 5




Analysing

14 Assess what the following safety signs are saying.

15 Compare a beaker with a conical flask.

Evaluating

16 In the laboratory, propose a way you could:
a protect your eyes
b avoid slipping while moving around.

17 Propose reasons why:

a youshould light a match before you turn on the
gas to the Bunsen burner

b long hair should be tied back when you are
using the Bunsen burner

¢ eating and drinking is banned in the laboratory

d youshould turn a Bunsen burner to a yellow
flame if you need to leave it.

Creating

18 You are using a Bunsen burner to heat water in a
beaker. Construct a scientific diagram to show how
your equipment looks.

19 Construct a sign that warns people that Bunsen
burners are hot. Your sign must be in two colours
only and use no words.

Inquiring

1 Fire blankets, eyewashes and fume hoods are
common safety equipment in the laboratory.
For each, find:

e animage

e whatitis used for

* howitisused

e itslocation in your science laboratory.

science

Present your research as a plan of the laboratory
with attached images and descriptions.

Research the person named Bunsen, after whom the
burner was named.

¢ TFind his full name, dates and locations of birth
and death.

e Determine what he had to do with the burner.

Present your findings on an A4 sheet. Only include
relevant information.

\L

INQUIRY

Fake wounds

Can you fake an injury?

Collect this...

small ball of coloured dough from your teacher
e small amount of bright red food dye

¢ knife or bamboo skewer

e small twigs, cotton wool and bandages

Do this...
1 Pat your lump of dough until it is flat.

2 Pat it onto your skin and blend it in to your skin
by squashing its edges down with your fingers.

3 Use the skewer or the blunt edge of a knife to
make a fake ‘cut’ in the surface of the dough.
Be careful when handling the knife —get
supervision from an adult.

4 Make the wound look more realistic by
inserting a small twig into the ‘cut’ and by
dribbling some red food dye into it.

5 Use paper towelling, cotton wool or bandages
to disguise the edges of the dough.

Record this...

Describe what the cut looked like. Did it look
realistic?

Explain what you should do if someone really
cuts themselves in the laboratory.




1.2 Practical investigations

€ The Bunsen burner

Purpose Results
To light a Bunsen burner and produce a yellow flame Record all your observations in your results table.

and a blue flame.
Airhole Was the Flame Other
flame colour observations

Materials

noisy or

e Bunsen burner,

bench mat and matches e Closed
e pin SAFETY Half-closed
Tie long hair back so it
Procedure won't get in the flame. Open

Copy the table in the results
section into your workbook.

Whenever you are

not using the Bunsen
burner, set its flame to
Part A: Lighting the yellow so that you can
Bunsen burner see it.

Equipment will be hot,
so let it cool before
packing it away.

Practical review

1 Propose a reason why the airhole should be closed
when you light a Bunsen burner.

2 Describe what happened to the match in the barrel

1 Follow the instructions in
of the Bunsen burner.

the skill builder to light a

Bunsen burner. 3 Explain your observations.
)
2 Turn the collar to open
and shut the airhole. Observe what colour flames are
duced. : "
produce Lighting the Bunsen burner
3 Turn off the Bunsen burner and allow it to cool. )

1 Place the Bunsen burner on a heatproof

Part B: Unburnt gas bench mat and connect it to the gas jet.

[N)

Turn the collar of the Bunsen burner so that

4 Push a pin through the wood near the top of an unlit
the airhole is completely closed.

match. Balance the match on the top of the Bunsen
burner so that the match head is in the centre of its 3 Light a match.

barrel. 4 Turn on the gas at the gas tap.

5 Light the Bunsen burner as usual and quickly turn
it to a blue flame. Figure 1.2.13 shows the correct
set-up.

5 Hold the lit match about 1cm over the top
of the barrel.

6 If the match blows out then immediately
turn the gas off and start again.

7 When lit, the Bunsen burner should
produce a bright yellow flame.

8 To obtain a blue flame, turn the collar so

unburnt . .
pi,\ gas that the airhole is opened.
9 This sometimes causes the flame to blow
match out. If it does, turn off the Bunsen burner

and follow the steps above to light it again.
Then, to obtain a blue flame, adjust the
airhole so that it is not completely open.

Bunsen—
burner

Working scientifically 1 7




1.2 Practical investigations

N
dl nvestigating the flame
Purpose 4 Set the flame to blue and repeat step 3.
To determine which flame is hot, which is cool, which is 5 Carefully draw diagrams of any heat markings that
dirty and which is clean. you see.
Hypothesis Part B: Clean or dirty?
Which flame do you think will be hotter and which 6 With tongs, hold the small piece of porcelain in a
do you think will be cleaner — a blue flame or a yellow blue flame and record your observations.
? . . L
ﬂame. Before you go any further with this investigation, 7 Set the flame to yellow and repeat step 6.
write a hypothesis in your workbook.
. Practical review
Materials
e Bunsen burner 1 The wire of the gauze mat will glow red if it is really
bench mat an d, matches — hot. Identify which flame (yellow or blue) made the
o wire glow red.
e old, ‘bald’ gauze mat SAFETY
. o - ) 2 Describe the markings caused by the blue flame.
e small piece of broken Tie long hair back so it
white porcelain won't get in the flame. 3 State where the flame was the hottest and where it
e tongs Whenever you are was the ‘coolest.
not using the Bunsen 4 Compare what happened to the porcelain in the
Procedure burner, set its flame to yellow flame and the blue flame.
yellow so that you can
Part A: Hot or cool? see it. 5 Identify which flame could be called ‘dirty’.
1 Set up and light the Equipment will be hot, 6 State whether this was the hot flame or the cool
Bunsen burner. so let it cool before flame.
packing it away. . . o
2 Setit to a yellow flame. — 7 a Construct a conclusion for your investigation.
3 With tongs, hold the b  Assess whether your hypothesis was supported
. . . or not.
gauze mat vertically in the flame so that it touches
the top of the burner as shown in Figure 1.2.14.
Figure
1.2.14
N J

science




1.3 Experiments

Scientists carry out experiments to find out something
about the world around them or to test a little bit of it. They
record their observations and measurements and analyse
them so that patterns and trends become clear. They can
then make a logical inference about what happened and
why. Inferences lead to predictions of what might happen
in the future or in experiments under different conditions.

——_

A

...

AV,
! =

R

science 4 fun

Magic candles ¥ ~ } A

Can you relight a candle from a distance? & o

Collect this...

e candle

e saucer or Petri dish
e matches

Do this...

1 Stand the candle upright on the saucer or Petri
dish. Melt a little of its base to help it stick.

2 Light the candle and use all your senses except
taste to make as many different observations as
possible. (Michael Faraday, a nineteenth century
scientist, made 53!)

3 Gently blow the candle out and attempt to relight Reco-rd this...
it by moving a lit match down the smoke trail as Describe what happened.

Candles, matches and
hot wax can burn, so
avoid touching the

hot parts.

shown. Explain why you think this happened.



Practical investigations

An experiment or practical investigation is a test on

a small part of the world around us. It might test the
temperatures at which different metals melt, or it might
test how Bogong moths know when to migrate to the
alpine regions of New South Wales and Victoria. It might
test the intelligence of dolphins, how to make building
materials fireproof, why some people are allergic to
peanuts, why solar eclipses occur, or how chocolate can
be made even tastier.

Scientists either design their own experiments or follow
the instructions of other scientists who have performed
them already. You will be doing this too. You will be given
instructions for most practical activities, but some will
require you and your group to plan and carry out your
own investigations.

Observations and
measurements

Although scientists use all of their five senses to make
observations, sight is probably the sense that gives
them the most information. This is the sense being used
in Figure 1.3.1. Scientists make either qualitative or
quantitative observations.

The main sense a scientist uses is sight. They
will also use hearing, smell, taste and touch,
although often it will be far too dangerous to
use some of these.

PEARSON science NEW SOUTH WALES

Qualitative observations

Qualitative observations are descriptive. They are
recorded as diagrams or written down in words.
Qualitative observations would be

made about the noise a bird
makes, the colour of its
feathers, what it eats, and
how it acts throughout
the day. The
appearance of shaving
foam and the shape of
a crab are qualitative
observations too, as

is the taste of the
food in Figure 1.3.2.

The look, smell and taste of pizza
are qualitative observations.

Quantitative observations

Describing a day as hot (a qualitative observation)
doesn’t really give an idea of how hot it is. There is no
uncertainty about how hot the day is if you specify the
temperature it reached: 43°C is hot in anyone’s language!
Measurements like this are quantitative observations.
They are written as numbers and allow scientists to be
more detailed and accurate in their observations.
Distance, mass, time, temperature and volume are
quantitative observations, since all can be written as
numbers. For example, chips come in 200 gram bags,
cans of soft drink hold 375 mL, water boils at 100°C, and
it takes 60 minutes to fly from Melbourne to Sydney, a
distance of 881 km.

Sometimes an optical illusion like the one shown

in Figure 1.3.3 will trick your senses into making
qualitative observations that are incorrect.
Measurement will usually indicate whether your senses
were correct or not.

1.5 1.6 Prac1
p-25



An optical illusion makes the floors (orange) of this building in Melbourne’s Docklands look as if they are at
sloping at different angles. Measurement of the distance between the floors proves that they are all horizontal.

Moonface!

The Moon often looks huge as it rises in the east
but it is really just the same size as when it is
somewhere else in the sky. Check this out by
holding your hand out and using your fingers to
measure its width as it moves across the sky.

An optical illusion causes the
Moon to look huge when it rises.

Units

Measurements are useless unless the units of
measurement are included. Scientists use units from
the metric system for their measurements.

e Distances, lengths and heights are measured in
millimetres (unit symbol mm), centimetres (cm),
metres (m) or kilometres (km).

e Small masses are measured in grams (g). Heavier
masses are measured in kilograms (kg) or tonnes (t).

e Volume is measured in millilitres (mL) or litres (L).

Other non-metric units are used as well. For example:

e time is measured in seconds (s), minutes (min) or
hours (h)

e temperature is measured in degrees Celsius (°C).

The above units together form a system of units called

Systeme international d'unités (otherwise known as

SI units). Each unit has its own symbol and there is a

correct way of writing each symbol. For example, the

symbol for millilitres is mL and not ML (which means a

million litres). Likewise, the symbol for kilograms is kg,

not Kg, KG or kgs.



Taking accurate
measurements

Measurements are only worthwhile if they are accurate
and they are recorded accurately and honestly. So that
your measurements are as accurate as possible, make
sure that:

e everyone in your laboratory team takes their own
measurement. You can then calculate the average of
everyone’s values.

* you keep your eye level with the measurement (as in
Figure 1.3.5)

e the measuring device starts at zero.

Mistakes are often made when measurements are recorded

but you can avoid this if you take enough care. Reduce the

chance of recording measurements wrongly by:

* writing down measurements (with their units) as
soon as you take them. Do not try to remember
measurements.

 avoiding fractions like 3 or ; in measurements. Use
decimals instead. 9.5kg is fine, 93 kg is not.

* making sure that everyone in the group has a copy of
the results before you leave the laboratory.

Prac2
p. 26
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Keep your eyes
level with your
measurement.

—

Inferring and predicting

From your observations and measurements, you can
sometimes make an inference, or logical explanation,
about what happened and why it happened. You may
then be able to predict how it could work in the future
or if the experiment was run in a different way.

PEARSON science NEW SOUTH WALES

A prediction must be logical and must be based on the
observations you made in your experiments. Every day
you make observations, inferences and predictions,
probably without even knowing it!

Observation: ~ Everyone is packing up.
Inference: It must be nearing the end of the lesson.
Prediction: The bell will ring soon.

In science, you might start with an observation from an
experiment:

Observation: ~ Cubes of sugar dissolve in tea faster when
they are broken into smaller pieces.

Inference: Smaller pieces mix better with the
water than larger lumps, making them
dissolve faster.

Prediction: If the sugar is crushed even finer, then

it will dissolve even faster.

|INQUIRY

Milk swirls

Is there a better way to record some
observations?

Collect this ...

e full cream milk

e food dyes (assorted colours)

e liquid dishwashing detergent

e shallow plate with flat bottom (such as a bread
plate or dinner plate)

Do this ...
1 Pour enough milk into the plate until it is 5 mm
to 10 mm deep.

2 Place a single drop of food dye anywhere into
the milk. Place single drops of other colours

elsewhere.

3 Place 1 or 2 drops of detergent into the centre
of the plate.

Record this ...

Describe in words what happened.

Explain why it is sometimes difficult to produce a
written record of what happened in an experiment.



Remembering

1 List your five senses.

2 List three observations about each of the following:
a acandle
b molten (melted) candle wax
¢ acandle flame
d

the smoke from a candle that has been blown
out.

3 State the measurements shown in each of the
measuring devices in Figure 1.3.6.

a E b

40 =
=
30 4
3
20 2
c d
100 L 200
0 300

4 State what is wrong with the way these
measurements have been recorded.
a The mass of amouse = 1507 g.
b The car was travelling at 100.
¢ Afull bottle of soft drink contained 1.25 mL.

5 State which of the abbreviations below are
correct for these units:

a gram
A gm B gms
C G D g
b kilogram
A Kkilo B kg
C Kg D KG
¢ millimetre
A mms B mm
C Mm D mL
d litre
A It B mL
C lit D L
e minutes
A min B m
C mins D ms
Understanding

6 Explain what advantages quantitative observations
have over qualitative observations.

7 Give an example to explain how optical illusions can
lead you to make faulty observations.

Applying

8 Identify the best metric unit to use to measure

the length of:
a abull-ant
b thelength of a cricket field

C

the distance between Brisbane and Sydney.

9 Identify the best SI unit to measure the:

O Q0 T O

mass of a mouse

time it takes to sneeze
temperature of a sick dog
mass of a person

volume of a swimming pool.

10 Below is an observation, an inference and a
prediction. Identify which is which.

The colours of a felt-tip pen ran when they
got wet.

Washing should get the stain of a felt-tip pen out
of my shirt.

The inks used in a felt-tip pen can dissolve in
water.
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11 Sometimes it is too dangerous to use some of our
senses. Identify which senses you would and would
not use in the following investigations and complete
the table.

Activity Senses that would be

safe to use

The sense that would give Senses that would be

Testing a new rat poison

you the most information unsafe to use

Testing whether minced steak is
OK to eat or is ‘off’

Testing the lava flowing from a
volcano

Testing how dangerous an acid is

Testing whether tomatoes are ripe

Analysing

12 Classify the following observations as qualitative or
quantitative.
a The night was dark.
b It took 15 minutes to walk to school.

13 The following are statements about the gas
you breathe out. Classify each statement as an
observation, an inference or a prediction.
a It’s hot, moist, colourless and clear.
b It’s carbon dioxide.
¢ It’s one of the chemicals produced by chemical
reactions in your body.

d If gas stops coming out, then you will soon be
dead.

Evaluating

14 When a candle is snuffed out, a trail of smoke rises
from it. This smoke is unburnt gas. Propose how this
trail of unburnt gas can be used to relight the candle.

15 In the science4fun on page 22, detergent gathered
together the fat in the milk, causing the liquid to
swirl around. This pattern is nearly impossible to
describe in words. Propose a better way of recording
what happened.

24 science

16 Look at the images in Figure 1.3.7.

/
a <
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/\

a Assess whether the main lines in diagram a are
the same length or not.

b Assess whether the main lines in diagram b are
parallel to each other.

¢ Usearuler to check whether you were correct or
not.

Inquiring

1 Use the internet to find and save images and
video of optical illusions such as the Zolner illusion.

2 Research the history of the metric system.
Summarise your main findings as ten dot points.




1.3 Practical investigations

d Hot, hotter, hottest

Materials

ice N,
warm water )

Purpose
To compare qualitative with quantitative measurements.

Hypothesis

Which do you think will be more accurate in measuring
temperature — your hands or a thermometer? Before you
go any further with this investigation, write a hypothesis
in your workbook.

SAFETY \BB

Do not use ‘t\
boiling water.

4 x 250 mL beakers or
identical tubs

thermometer

Procedure
1

Copy the table from the Results section into your
workbook.

Fill four beakers and arrange them as shown in
Figure 1.3.8.

Immerse (place) your left hand in the beaker
containing cold water and your right hand in the
beaker containing warm water. Leave your hands in
the water for 30 seconds or so.

Remove your hands and put each hand into a beaker
containing tap water.

Leave them there for 30 seconds or so. Does the water
feel the same to both hands, or does one feel hotter?

In your table, rate what the temperature of the water

cold water tap water

2

in each beaker felt like — very hot, hot, cool or cold.

7 Use the thermometer to measure the actual
water temperature of each beaker. Record the
temperatures in your table.

Results

Copy out the table below into your workbook.

What it felt like Actual

temperature

Beaker

(very hot, hot,
cool, cold) (°C)

Water—ice mixture

Tap water 1

Tap water 2

Warm water

S—S S —

Practical review

1 Identify the quantitative observations you made in
this activity.

2 Identify your qualitative observations.

3 State whether your qualitative observations agreed
with your quantitative ones.

4 a Construct a conclusion for your investigation.

b Assess whether your hypothesis was supported
or not.




1.3 Practical investigations

6Taking measurements

Purpose
To observe that not everyone takes the same
measurement.

Materials

e access to a range of equipment that shows different
quantities (such as a 250 mL beaker, 100 mL conical
flask or a 100 mL measuring cylinder containing
different quantities of water, a beam or electronic
balance with a mass on it, a sheet of paper with a
ruler to measure its length)

e A4 sheet of paper next to each piece of equipment

Procedure
Move around the laboratory and read the measurement
for each piece of equipment.

Results
1 Construct a table similar to the one below in your
workbook.
Name of Measurement Units
equipment

2 Record your measurement in the table and on the
paper next to each piece of equipment.

3 After you finish, check all the measurements written
on the pieces of paper and determine if they are all
exactly the same.

Practical review

1 Everyone in a team will take slightly different
measurements, even when measuring exactly the
same thing. Propose reasons why.

2 Describe a way of using all the results on the paper
to obtain an even better result.

STUDENT DESIGN

When measuring is difficult

Purpose
To develop ways of taking measurements.

Materials

e small box of Smarties or

M&Ms -
e stack of A4 paper o
(recycled is OK) SA" ETY
A Risk Assessment
* ruler is required for this
e watch or timer investigation.

I
Procedure

1 Design three small experiments that will measure the:

e mass of a Smartie or M&M without using any
weighing device

¢ thickness of a single sheet of A4 paper with a
normal ruler

e time it takes for your heart to do one heartbeat.

2 Write your procedure in your workbook.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Results
Record every measurement you take and every

calculation you make.
Practical review
1 List any problems that you had in this investigation.

2 Assess how well your procedure worked for
measuring each of the items.

3 Propose other ways of measuring these quantities.

science




1.4 Communicating

Broken whispers
Can a group communicate a piece of
information accurately without writing
it down?

Do this...
1 Asaclass orin a group, sit around in a circle.

2 One of you is to construct a short story that
takes no more than two sentences to tell.

3 The story is to be passed on around your
group by one person whispering it very quietly
to another.

4. Compare the original story with the story that
it ended up being.

Record this...

Describe what happened.
Explain why you think this happened.

It’s not worthwhile running
an experiment unless you
have some way of

-~ communicating what you
find out to other scientists.
Scientists write a scientific
report to explain how they
ran an experiment, what
they measured and how
they interpreted the results.
Tables and graphs help to
display patterns in their
measurements.

Tables

Measurements and observations are easier to read and
analyse if they are displayed in tables. Tables also make
trends (patterns) in the measurements more obvious.
Each column in a table needs to have a clear heading
that includes the units in which each measurement has
been taken.

Computer programs such as Excel allow you to produce
an electronic table on a computer. This type of table is
known as a spreadsheet.

Graphs

A graph shows trends in measurements even more
clearly than tables do. The type of graph you draw
depends on the types of observations you make.

Bar and column graphs

Some observations fall into discrete groupings. This
means that all the observations can be sorted into
categories and counted. Animals, for example, fall into
discrete groupings like kangaroos, ants, cockatoos and
sharks. Other observations that have discrete values are
makes of cars (such as Holden, Toyota, Ford, Mazda),



sports (netball, football, golf, tennis), building materials
(timber, brick, concrete, glass) and the sex of people
(male or female).

Bar and column graphs are used when you have a set
of observations that are discrete, such as the data in the
table below. These discrete values are displayed on one
of the axes of the graph while numbers are displayed
on the other axis, as shown in Figure 1.4.1. Axes are the
horizontal and vertical lines ‘framing’ the graph.

Cause of spinal injury ‘ Average number injured
per year

Car crashes 164

Falls 136

Sports 24

Surfing 20

Diving 20

V¥

Column graph
180

160
140
120
100
80
60
40
20
0
Bar graph
Diving
Surfing
Sports
Falls
Car
crashes

100 120 140 160 180
Number mjured per year

Number injured per year

Car

crashes
Falls
Sports

There are five main causes of injuries to the
spine. These two graphs indicate how many
Australians are injured on average per year.
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Pie graphs

Discrete groupings are also used to construct pie graphs
or sector graphs. A pie graph shows the proportions of
each grouping within a total. In a pie graph, the whole
pie represents 100%, half the pie represents 50% and a
quarter-pie represents 25%. As an example, Figure 1.4.2
shows the percentages of different animals living in a
nature reserve.

Wallabies
17%

Lizards
29%

Possums
9%

Birds
10%

Insects
29%

Spiders
6%

This pie graph shows the proportions of each
animal in a nature reserve and not their real
numbers.

Line graphs

Measurements involve numbers that are not discrete but
continuous. This means that if you choose two numbers,
then you can always find other numbers in between
them. For example, between 10 and 20 you will find the
numbers 11, 12, 13, 14 and so on. Between them are even
more numbers such as 11.4, 12.7 and 13.576362. Therefore
measurements vary continuously. Continuous variation
is shown in the height of humans. Imagine measuring

the height of every student and teacher in your school.
There would be a spread of heights from short to tall with
most heights represented in between. Length, mass, time,
volume and temperature measurements are continuous.

Line graphs require two sets of measurements that show
continuous variation. This is shown in Figure 1.4.3.

Once you have plotted all the points on a line graph, do
not connect up the points dot-to-dot. Instead, draw a
straight line or a smooth curve roughly through the centre
of the points you have plotted. A straight line like this is
called a line of best fit while the curve is called a curve of
best fit. These ‘best fits’ clearly show patterns that might
exist in the measurements you took in the experiment.
An example is shown in

Figure 1.4.4. Prac1 Prac2 1.8
p. 32 p- 33



Age of mouse (days) | Mass (g)
0 5
2 15
4 22
6 25
8 27
10 28
A '
30
o/.
25 / —
C 20
7
©
=
15 0
10
5
0 2 4 6 8 10
Age (days)
Line graphs need two sets of numbers to plot.
100
o
L
o
=}
s
[0]
Q
=
ko
0

1 2 3 4 5 6 7 8 9 10
Time (min)

A line of best fit is drawn roughly through the
middle of all the points. In this way, the line of

Scientific reports

Scientific reports are used by scientists to communicate
to other scientists how they performed an experiment
and what they found out in it. If you set out your report
clearly and logically, then other scientists will be able to
repeat your experiment.

best fit shows the trend or pattern in the graph.

Purpose

The purpose or aim is what you wanted to do in an
experiment or practical activity, what you wanted to
show or wanted to prove.

Hypothesis

You probably have some idea of what might happen in
an experiment even before you start it. This ‘educated
guess’ is called your hypothesis. A hypothesis is an
inference based on what you already know. A hypothesis
is not always included in a scientific report.

Materials

This is a list of all the important equipment, chemicals
and materials that you used. If equipment comes in
different sizes, then make sure you include the size you
used (for example, 250 mL beaker).

Procedure

The procedure or method is a detailed list of what you
did in the experiment. You must include what quantities
were used (for example, 5g, 2 spatula loads or 10mL),
and the exact order in which the steps of the experiment
were performed. A diagram of the experiment is a useful
way of showing what you did.

Results

Results include all your observations and all your
measurements, preferably displayed in a table. This is
also where you include graphs and calculations.

Discussion or analysis

Include in your discussion or analysis:

e an explanation about what you think your results
showed about the experiment

¢ what you have found about the experiment from
other sources such as textbooks, the internet or
encyclopaedias

e adescription of any problems you had with the
experiment and what you did to overcome them.

Most investigations will have a set of questions that will
guide you through your discussion.

Conclusion

Your conclusion needs to summarise what you have
found out in the experiment. The conclusion should be
short and must relate to the purpose.



1.4 Unit review

R emem b e ri n g represents the results in the table.

1 Recall the main sections of a scientific report by Type of pets | Percentage (%)
matching the following terms with their definitions: Dogs 50
Purpose instructions Cats o5
Hypothesi h

ypothesis the end Fish 13
Materials aim
Birds 12
Procedure analysis
Discussion equipment
Conclusion educated guess

2 List the things that should be included in the
following sections of a scientific report:
a materials
b procedure
¢ discussion.

Understanding

3 Explain why scientists would want to read what
others have found out in experiments.

Applying
4 Adrian ran an experiment in which he tested how
much sugar would dissolve in a hot cup of tea.

| I
| !

Identify the best conclusion for his experiment. 7 Use the key below to identify the term that best
A The experiment was fun. describes the trend shown in each of the line graphs
B Ilearnta lot from the experiment about sugar in Figure 1.4.5.
dissolving in hot tea. A constant B increasing
C 3teaspoons of sugar were able to be dissolved C decreasing D no trend shown

in a hot cup of tea.

D Tea tastes better when there is sugar dissolved
init.
5 Identify whether a column/bar, sector or line graph AR
would best show the following results.
a The top speeds of different makes of cars b c

b The temperature of a room throughout a

winter’s day ‘/ <
¢ The types of animal with different numbers of legs . x
d The percentages of your classmates who were x ok X x
born in Australia and overseas * *
e Your height as you get older d e L

6 Identify which of the graphs A-D best
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Analysing

8 Draw simple sketches to contrast a column graph
with a:
a bargraph
b sector graph
¢ line graph.

Evaluating

9 Propose reasons why a message sent around a room
via whispers often ends up very wrong.

Creating

10 Construct an appropriate conclusion for the
following aims.
a To testif fishing line is stronger than string
b  To prove that water boils at 100°C

¢ To determine how much water a sponge can
hold

11 Construct a table for the poorly recorded results
shown in Figure 1.4.6.

Date. 18 June

ialcolm Pearsoh

remperature 47 ST art 45

1 40
380 a‘rﬁ‘ M/”Vl.g

35”
30° @ 4

At5 =26

Findl T19C

Figure
1.4.6

12 Bridie noted the speedometer reading every
5 seconds as her mum’s car accelerated. At the start,
the speed was 0 km/h. The speed was 20 km/h after
5 seconds, then 30, 50, 60 and 80 every 5 seconds after.
a Construct a table to display her results.
b  Construct a line graph to show her results.

Inquiring

Scientists around the world eagerly awaited the landing
of the Mars Polar Lander (shown in Figure 1.4.7) in 1999.
One important mission of the lander was to search

for water. However, after descending into the Martian
atmosphere, the lander was never heard from again. Find:
e when it was launched from Earth

e what its mission on Mars was to be

e when it crashed

e what caused it to crash.

Present your research as four short paragraphs, one
paragraph answering each dot point.

An artist’s impression of what the landing of the
Mars Polar Lander should have looked like.
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1.4 Practical investigations

N
dSpaghettl predictions
0.7
Purpose "
. 0.6 O
To use a graph to predict unknown measurements.
0.5
Materials /
e 4lengths of dry spaghetti 504
2 o
e beam balance or electronic balance < 03 -
e 30 cmruler (with 1 mm markings)
0.2
Procedure
0.1
1 Break three lengths of spaghetti into three pieces o/
each so that you end up with nine different lengths. 0
2 Measure the length and mass of each piece of 10 20 30 40 50 60
A . Length (mm)
spaghetti. Figure
1.4.8
Results
1 Record the lengths and masses you measure in a 3 You only had nine lengths of spaghetti and there
table like that shown below. were lots of other lengths that you could not
measure. Mark on your graph a length that you did
Length (mm) not measure.
4 Use the graph to estimate the mass of this length.
5 Snap your final length of spaghetti at the length you
2 Use this information to plot a line graph. Draw a chose in step 3 and measure its mass.
straight line so th.at it passes roughly th}rough the . 6 Compare its mass with your prediction in step 4.
centre of your points. An example of a line of best fit
is shown in Figure 1.4.8. Practical review
1 Explain why a line of best fit is better than joining
points dot-to-dot.
2 Construct a conclusion about the link between
mass and length of spaghetti.
N\ J
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STUDENT DESIGN

Hot drinks cooling

Purpose
To compare the rates at which different cups of hot
drink cool.

Hypothesis

Which do you think will cool faster — a cup of tea or
coffee, one with milk or one without, a cup or a mug, a
large cup or a small cup? Before you go any further with
this investigation, write a hypothesis in your workbook.

Materials

To be selected by

students. = S——
S AIFIETY

Procedure SAFETY

A Risk Assessment
is required for this
investigation.

1 Design an experiment
that will compare the
cooling rates of:

e cups, mugs and
beakers

e tea, coffee and drinking chocolate
e teaor coffee with and without milk and sugar

e different volumes of drink.
2 Write your procedure in your workbook.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Hints

Only test one thing at a time. For example, test the
cooling in a cup, mug and beaker but keep everything
else the same (such as drink volume and type of drink).

Results

1 Record all your temperatures in a results table
similar to the following.

Time (min) Cup of tea | Beaker of Mug of

coffee drinking
chocolate

0 (at the start)

1

2
3
4

2 Plot the results of each drink as a line graph on a
similar grid to that shown in Figure 1.4.9.

40
35
30
g 25
g Mug of
T 20 drinking
‘é_ chocolate
@ 15
Cup of tea
10
5 Beaker of
coffee
0
1 2 3 4 5

Time (min)

Figure

1.4.9

Practical review

1 Describe the trend or pattern that each graph
showed. Was it increasing, decreasing, constant,
unpredictable?

2 Identify which drink cooled the:
a fastest
b slowest.

3 List as many factors as you can to explain why the
drinks cooled at different rates.

4 Propose improvements that could be made to your
experiment.

5 a Construct a conclusion for your investigation.

b Assess whether your hypothesis was supported
or not.




1.5 Planning your own investigation

\NQU\R\’

science 4 fun

No-leak bags
What happens when you stab a plastic
bag full of water?

Collect this...

* water

e 1 zip-lock plastic bag

* pencils

e pencil sharpener

e access to a sink or bucket

Do this...

1 Sharpen the pencils so that their tips form a
very sharp point.

PEARSON science NEW SOUTH WALES

In most practlcal act|V|t|es you will
be given a detailed set of
instructions. Sometimes you will

need to plan your own investigation

and decide what equipment and
substances you use and how you
intend to run the activity. Whatever
you do in an experiment, you will
need to run a fair test.

2 Three-quarters
fill the plastic bag
with water, and
Zip it shut.

3 Hold the plastic
bag above a sink
or bucket (or work
outside).

4. Stab the bag fast with a pencil so that the tip
comes out the other side.

5 Repeat with the other pencils.

Record this...
Describe what happened.
Explain why you think this happened.



Identifying variables

Many different factors influence what happens in

an experiment. In science, these factors are known

as variables. Think of the time it takes someone to

run 100 metres. The time taken will depend on many
variables, such as the age, weight and fitness of the
runner, the shoes being worn, the direction of the wind
and whether the surface was grass, concrete or sand.

Any experiment that you carry out must be a fair test.

To be fair, you should change only one variable at a time.

Otherwise you won't be able to work out what variable
caused any change. All the other variables must be
controlled, being kept exactly the same.

In any experiment you should be able to identify the:

* dependent variable: this is what you are trying to
measure. It depends on all the other variables. For the

100-metre run, the dependent variable is the time taken.

¢ independent variable: this is the variable
that you want to test and is what the
dependent variable depends on.
Change this and what you are trying
to measure will probably change
too. For the 100-metre run, you might
choose to test the surface run on, and so this would
be the independent variable.

e controlled variables: these are all the other variables
that you don’t want to test right now.
These are kept constant. In the
100-metre run, you are testing
the surface, so every other
variable needs to be kept the .
same. The age, fitness and :
weight of the runner, the type of
shoes they are wearing and the
wind direction would
all need to be kept
constant.

The type of ball and the
surface it is dropped

onto are two variables

that will affect the height to
which the ball bounces.

Figure 1.5.1 shows a ball bouncing on a racquet. When
a ball is dropped onto a surface such as a racquet,
many variables influence the height the ball bounces
back to. The height of a bounce (bounce height) is

the dependent variable because it depends on other
(independent) variables. Just a few of these are the:

* type of ball that is being bounced

* type of surface it is being bounced on

e height the ball drops from (drop height).

Let’s say you decide to test how the drop height of a ball
affects the bounce height. Your variables are therefore:

e dependent variable: bounce height. This is what you
are measuring and will be the basis of your aim.

e independent variable: drop height. This is what you
are changing.

e controlled variables: the type of ball and surface.
These must be kept the same throughout the
experiment.

Your purpose therefore would be: To test how drop

height affects bounce height.

Developing a hypothesis

Think about what is likely to happen in the experiment.
Write down what you think might logically happen. This
is your hypothesis. For the ball-drop experiment, your
hypothesis might be: I think that increasing the drop
height will increase the height the ball bounces to.

Developing your procedure

Your procedure must test the effect of only the
independent variable you chose earlier. All other
variables must be kept the same. In this ball-bounce
experiment, you need to test one type of ball (such as a
tennis ball) and one type of surface (for example, onto

a concrete path). The only thing you can change is the
height from which you drop the ball. Figure 1.5.2 on
page 36 shows how this might be done. If you want to
change another variable, then you need to run a new and
separate experiment. Before you start, think about the
heights you might drop the ball from and the results you
might obtain.



250 cm [@\

200 cm

150 cm

100 cm

50cm

ground

Try to test five or more different heights and
make sure they are not too close to each other.
Anything less than five measurements and
measurements that are too close make patterns
difficult to see.

Putting your results in
a table

Here you are measuring drop height and bounce height.
An appropriate results table would look like the one
shown in Table 1.5.1.

Table 1.5.1 Results table

Drop height cm | Bounce height (cm)

0 0
50 30
100 62
150 95
200 120
250 148
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Plotting a graph
When plotting a graph, you first need to decide which

type of graph you are to plot. Line graphs are used when
you have two sets of continuous measurements.

The results from the ball-drop experiment have two sets
of numbers and so a line graph is the most appropriate
graph to plot. It might look like the one in Figure 1.5.3.
In this example, a column, bar or pie graph would make
no sense.

Bar graphs are used when one set of results is discrete.
For example, bar graphs would be a good way of
showing the way bounce height changed when the type
of ball or type of surface was changed.

200

150 /

Bounce height (cm)

|

50 100 150 200 250
Drop height (cm)

Two sets of measurements require a line graph.

Your conclusion

Your conclusion must answer the purpose or aim of
your experiment. Depending on what you tested, an
appropriate purpose and conclusion would be:

Purpose: To test what increasing drop height does to
bounce height.

Conclusion: Increasing drop height

causes bounce height to increase. 1.9 et
P-



Remembering

1 Recall variables by matching the different terms
with their definitions.

Dependent variable Kept the same

Independent variable =~ Changed during the
experiment

Controlled variable What you are measuring

2 Inthe science4fun activity on page 34, sharp pencils
were stabbed into a plastic bag full of water. For this
activity, state:

a anaim
b ahypothesis.

3 Listvariables that are likely to affect the:
a amount of sugar that will dissolve in a cup

of tea
b number of visitors to a swimming pool
¢ growth of a plant
d time taken to cook a potato
e number of times you go to the toilet in a day.
Understanding

4 Explain why only one variable should be changed in
any single experiment.

5 Explain why you should try to collect five or more
results in an experiment.

6 Georgie heard an old tale that if you want an
avocado to ripen quickly, then it should be placed
in a brown paper bag with a banana. She thought
this sounded weird and wanted to see if it was true.
Describe in detail how she could test if the tale was
true or not.

Applying

7 Identify which of the following sets of drop
heights would give the best idea of what happens
when drop height is increased.

A 10 mm, 20 mm, 30 mm, 40 mm, 50 mm
B 5cm, 10 cm, 15cm, 20 cm, 25 cm

C 50cm, 100 cm, 150 cm, 200 cm, 250 cm
D 10m,20m,30m, 40 m, 50 m

8 Identify likely aims that would have led to these

conclusions.

a Tennis balls bounced best on concrete. They did
not bounce as well on short grass and bounced
poorly on long grass.

b  Superballs bounced best, followed in order by
tennis balls and volleyballs. Squash balls were
the worst bouncers.

9 Identify the variables that are likely to affect the amount
of detergent froth produced when washing the dishes.

Evaluating

10 Bob ran an experiment on bouncing balls and
recorded the following results.

Surface Drop Bounce
height (cm) | height (cm)
Tennis Sand 30 1
Squash Concrete 300 30
Golf Gravel 100 b5
Volleyball Grass 50 10

On the basis of his results, he claimed that squash
balls bounced better than tennis balls.

a State the dependent variable that Bob tested.

b Identify how many variables Bob changed
during the experiment.

c Assess whether the experiment was a fair test.

d Do you agree with Bob’s conclusion? Justify your
answer.

Creating

11 For the experiment in question 9 or 10, design an
experiment that would test a single variable.

Inquiring

Scientific investigations are regularly reported in the
newspaper, on websites and in scientific magazines
such as Cosmos and Scientific American. Find an article
that discusses a scientific investigation and:

e give the names of the scientists involved
e summarise what they found out.
Present your information in whichever way you choose.
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1.5 Practical investigations

STUDENT DESIGN

Planning your own investigation

Purpose
To design and run an experiment that tests a single
variable.

Materials
Choose your own, depending 4 %\

on your choice of topic. \\
SAFETY \Q
ARisk Assessment \&b
is required for this
investigation.

Procedure

1 List the variables that are

likely to affect the:

* bounce height ofa
ball

¢ amount of sugar that can be dissolved in a cup
of tea

e adhesive strength of sticky-tape

e stretch of an elastic band or another elastic
material such as stockings

e strength of paper.

2 Choose ONE of the above topics and design an
experiment that will test ONE of its variables. In
your workbook, write a hypothesis that describes
what you expect when you change that variable. For
example, ‘We expect that a tennis ball will bounce
higher than a soccer ball when dropped from the
same height.’

3 Write your procedure in your workbook.

4 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Results

Construct a table and a graph (column, bar or line
graph) to display your results.

Practical review

1 a Construct a conclusion for your investigation.

b  Assess whether your hypothesis was supported
or not.

2 Construct a scientific report describing what you
did in your prac. In it, you should include a:
a table of results
b graph.
3 Identify other variables that would affect your
experiment.

science




1 Chapter review

Remembering
1 Name the branch of science that studies:

a living things
b chemicals
¢ forces and energy
d themind
e the Earth
f space
g the environment.

2 State two metric units commonly used for:

a distance
b volume
C mass.

3 State which abbreviation is correct for these units.
a degrees Celsius

A degC B deg
C °C D C

b seconds
A sec B secs
C S D s

4 State one qualitative and one quantitative
observation for each of:

a acan of soft drink
b yourself.

Understanding

5 Define the following terms:
a meniscus
b cross-section
¢ hypothesis
d variable.

6 Describe the features of a safety flame.

7 Explain why the senses of taste and smell are rarely
used in science.

Applying

8 Identify the equipment in these jumbled words.

a kaeber
b aluspat
¢ burccile
9 Identify the best SI unit to measure the: (N |

a time to run the 100 m sprint
b massofacar
¢ volume of water in a sink.

10 Identify which of the following statements are
observations, which are inferences and which are
predictions.

¢ One Olympian is bigger than the other.
e The bigger Olympian will win the event.

*  One will lift a heavier weight than the other will.

11 Identify the best type of graph (bar, column, pie or
line) from the clues below.
a It shows percentages.
b It has two sets of measurements.

¢ It has discrete groups along its bottom,
horizontal axis.

d It has discrete groups along its vertical axis.

Analysing

12 Classify the following observations as qualitative or
quantitative.

a The cow went ‘moo.

b The car was travelling at 60 km/h.
¢ The Swans won by 25 points.

d The Sea Eagles won by a lot.

Evaluating

13 Propose reasons why the Bunsen burner gas must
be turned on after the match is lit.

14 a Determine whether you can or cannot answer
the questions on page 1 at the start of this
chapter.

b Assess how well you understand the material
presented in this chapter.

Creating

15 Use following ten key words to construct a visual
summary of the information presented in this chapter.

laboratory equipment

experiment safety

observations measurements —)
units quantitative 1.10
variables qualitative —




Thinking scientifically

The Three Bears returned home and found someone had been eating their porridge. Being scientific bears, they
were interested in how fast different-sized bowls cooled. They filled them with hot porridge and measured the
temperature every minute. Their results are shown in the table.

Time (min) Temperature of Papa Bear’s Temperature of Mama Bear’s Temperature of Baby Bear’s
porridge (°C) porridge (°C) porridge (°C)
1 585 48 50
2 39 48
3 45 31 30
4 40 20
5 35 18 10
Q1 Identify which bowl cooled the fastest. Q3 Identify which of the following variables

are unlikely to have much effect on the

A Papa Bear’s cooling of the porridge.

B Mama Bear’s
C Baby Bear’s
D Not enough information to decide

A size of bowl

B amount of porridge

C amount of sugar in porridge

Mama Bear then sketched line graphs to show D starting temperature of porridge

what was happening. These are shown below.

Q4 Baby Bear misread his thermometer once.
Identify which of his readings is probably wrong.
A 50°C
B 48°C
C 30°C
D 20°C

B Q5 Papa Bear forgot to read his thermometer

once. Identify the most likely missing temperature.
o A 31°C

B 53°C

C 50°C
D D 18°C

Temperature (°C)

Time (min) Q6 Mama Bear also forgot to read her
thermometer. Identify the most likely missing

Q2 Identify which of the above graphs temperature.

most likely represents: A 30°C

a Papa Bear’s bowl B 24°C
b Mama Bear’s bowl C 20°C
C Baby Bear’s bowl. D 18°C
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Unit 1.1

Astronomy: the study of space
Biology: the study of living things

Branches: sub-groups of science. Also known as
disciplines

Chemistry: the study of chemicals and their reactions

Disciplines: sub-groups of science. Also known as

branches
Psychology

AR

Ecology: the study of the
environment

Geology: the study of Earth

Physics: the study of forces
and energy

Psychology: the study of
behaviour

Unit 1.2

Bunsen burner: used in the laboratory

: Bunsen
to provide heat

burner
Cross-section: split down the

middle
Hotplate: heating device

Laboratory: where a scientist
works

Mass: amount of matter

Meniscus: curved surface of
liquids in narrow tubes

Safety flame: yellow flame

Toxic: poisonous

Unit 1.3

Experiment: a scientific test

Inference: logical explanation

Observation: what is seen, heard, smelt, felt, tasted
Practical investigation: experiment

Prediction: what might happen

Qualitative observations: observations in words only

Quantitative observations: measurements including
numbers

Unit 1.4

Aim: what you are trying to do

Analysis: looking for trends in the results

Bar graph: used when one set of observations is

discrete. Bars are horizontal

Column graph

el

Line graph

Procedure: tells how you did the experiment

Column graph: used when one
set of observations is discrete.
Columns are vertical

Conclusion: what you have
found out

Discussion: analysis
Hypothesis: educated guess

Line graph: used when there
are two sets of continuous
measurements

Method: tells how you did the
experiment

Pie graph: used to show
proportions. Also known as a
sector graph

Purpose: aim

Results: the measurements and observations made in
an experiment

Sector graph: used to show proportions. Also known as
a pie graph

Unit 1.5

Controlled variables: held constant throughout an
experiment

Dependent variable: will change naturally as you
change the other variables

Fair test: changing only one variable at a time

Independent variable: what you change in an
experiment

Variables: factors that influence an experiment



Properties of substances

Have you ever
wondered...

why solids, liquids and
gases appear so different?

¢ why clothes dry even
when it’s not hot?

¢ why you breathe out fog
on a cold morning?

e why icebergs float?

After completing this chapter students éhould be able to:

¢ describe matter in terms of e explain density in terms of the ¢ investigate how the chemical
particles particle model properties of a substance affect

outline how particle movement is identify the benefits and its use

related to energy limitations of using models to explain how gas pressure is
explain solids, liquids and gases related to the frequency of

use the particle model to predict : e
particle collisions

what happens when different

states of matter are heated or outline historical developments
cooled that have advanced our
research how Aboriginal and understanding of the particle
Torres Strait Islander peoples use model.

the physical properties of natural

materials in everyday life

explain how the physical
properties of matter change
during changes of state

e
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2.1 Physical and chemical properties

There are millions of
different substances in
the world. Each can be
identified by its properties.
Properties describe a
substance and how it
acts. They include its
appearance, what it does
when heated or cooled,
and how it reacts with
other substances.

N
science 4 fun

Physical properties

You can probably tell which objects and substances
around you are solid, liquid or gas by the way they look
Collect this ... and act. What you see are physical properties. Testing a
substance for its physical properties doesn’t destroy the
substance, or change it into anything new.

What is foam?

Is shaving foam a solid, a liquid or a gas?

e can of shaving foam

e plate (not paper)

¢ small mass (such as a 50c coin or a pebble) Some of the most useful physical properties of a
substance are:

E)o g:qulrta blob of shaving foam onto the plate. e whether it’s a solid, liciuid or gas at room temperature
What does it look like? Does the foam flow or (normally taken as 25°C)
change shape without being pushed around?  the temperatures at which the substance freezes or

2 Place the small mass on the top of the foam. boils (known as its freezing point and boiling point)
Does it stay there or does it sink? e its appearance (such as its colour and texture, the shape

3 Squirt another blob of foam onto the plate. of any crystals within it and whether it is shiny or dull)
Put the plate into a cupboard so that it won’t « its density (how heavy it is compared to other

be touched. Leave it there overnight. What

substances of the same size
does the foam look like the next day? )

e how hard or brittle the substance is (whether it is

Record this ... easily scratched or whether it crumbles)

Describe what happened e whether the substance dissolves in different liquids

k lubili
Explain why you think it happened. ( novtn‘l as solubility) o .
e its ability to let heat or electricity pass through it

(known as its thermal and electrical conductivity).




Solids, liquids and gases

Substances exist in either solid, liquid or
gaseous form. These forms are known as
the states (or phases) of matter.

different physical properties. Think of
the van in Figure 2.1.1. The bodies of “H ™S a

cars and vans only change shape when ‘ l
they are in an accident or when they are

broken up to be recycled. Also solids

cannot be compressed (squashed to

make them smaller). Try to compress a sugar cube

No teardrops!

The shapes of raindrops change as they change size. None of
them looks like the teardrops shown in the weather report!

and it might crumble, but the volume of sugar is Liquids:

exactly the same as it was before. The fact that solids ¢ have fixed size and volume

do not change shape or size allows them to be used to e are able to flow

build structures. * take the shape of the bottom >

of the container they are in
Liquids are similar to solids in that they don’'t change « are incompressible (not able

their size and are incompressible (unable to be to be compressed).
compressed or squashed). They differ from solids in =
that they can flow and change shape. Think of orange
juice: it splashes about and can be poured from one
container into another, taking on a new shape as shown
in Figure 2.1.2. The ability of liquids to squeeze along
pipes and hoses without changing volume allows them

to be used in hydraulic (powered by liquid) systems
such as car brakes.

Liquids always flow to take up the shape of
their container.

Gases are often invisible and many have no odour
(smell). Water vapour is a gas that is invisible because

it is colourless and its particles are spread too far apart
for the gas to be seen. However, you can feel water
vapour since it gives air its humidity. There is a lot of
water vapour in the air on a humid day, making you feel
sweaty and sticky. Figure 2.1.3 shows a mixture of gases
that does have a smell.

Solids:

¢ have a fixed shape

* have fixed size and volume
e cannot be compressed (pushed in to make it smaller)
e will usually sink when placed in liquids of the same material.

Gases differ from solids and liquids in that they can be

The bodies of cars and vans are solid. They compressed. This property allows gases to be squeezed
don’t change shape or size unless they are in into small volumes such as barbecue gas cylinders. It

an accident or they are crushed to be recycled. also makes them useful in the gas struts or shock
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absorbers found in the suspension of bikes and cars. A C h em ic a I p ro pe rtie S

bump compresses the gas in the struts, softening the
impact of the bump. The gas then expands once more,
pushing the strut back to its original shape.

Chemical properties describe how a substance reacts
with other substances. A new substance is formed in
the process, often with very different properties. For
example, iron rusts because it combines with oxygen
and water. Iron is grey, hard and often shiny, while the
rust it forms is red-orange, flaky and brittle. Likewise,

Gases: paper burns and dynamite explodes, leaving behind ash
e are often colourless and invisible (you may be

able to detect their smell) and smoke.
* will spread out to take the shape of the container Chemical properties that are worthwhile knowing about
* have no fixed shape or volume are whether a substance:

e can be compressed (pushed in to make them

. . .
take up a smaller amount of space). burns or explodes in oxygen (this is known as

combustion)

¢ rusts or corrodes (known as corrosion) or is
corrosion-resistant

* isan acid like vinegar or a base like bicarbonate of
soda or neither (this is measured by its pH)

e reacts quickly or slowly with other chemicals (this is
known as the rate of reaction). Explosions like the one
in Figure 2.1.5 have a very fast rate of reaction.

Perfume, smells, vapours and fumes are all
gases. This image shows the gaseous perfume
rising from a rose.

The fourth state

There is a fourth state of matter but it is very rare
on Earth. Plasma is a gas-like state that only
exists at temperatures above 6000°C, making it
common on stars but not here.

On Earth, plasma is

found wherever high- The chemical properties of LPG and petrol
voltage sparks are cause them to explode when there is plenty of
generated such as oxygen and a flame or spark to start it off.

lightning bolts or in
this plasma sphere.



Choosing the right
substance

The different properties of substances affect how they
are used. For example, the frame of a skyscraper needs
to be solid and strong and so is commonly made out of
steel. Shopping bags are made of plastic, paper or fabric
because they need to be cheap, light, strong and flexible.
Likewise, takeaway food containers are often made of
polystyrene because it’s light and keeps the heat in.

Sometimes liquids or gases will be a better choice than
solids. For example, car brakes only work because liquid
is pumped through tubes to activate them, while a gas
(air) is used to keep a jumping castle in shape. Imagine
if the jumping castle shown in Figure 2.1.6 was filled
with lead!

The walls and floor of a jumping castle need to
be solid and strong but also smooth and
flexible. Inside is a gas (air) that can compress
when you jump on it but which will expand as
soon as you jump to another spot.

\L

The mass of a gas 5 Balance the ruler so that it hangs parallel to the

Does gas have mass? floor. Do this by sliding the middle string along
9 ' the ruler until you find the balance point.

Collect this... 6 Puncture one of the balloons with the needle and
observe what happens.

2 balloons
3 lengths of string (each about 30 cm long) table

book

e 1m ruler
¢ needle (sharp enough to burst a balloon)
|~ string
Do this...
1 Inflate both balloons until they are roughly the Ry
same size.

2 Tie their ends and tie a piece of string to the top
of each balloon.

3 Tie one balloon to one end of the ruler and the
other balloon to the other end as shown in the
diagram. Use the ruler markings to make sure
that the strings are the same distance from the
ends of the ruler.

4 Tie the third string to the middle of the ruler and
hang the ruler from the edge of a table.

Record this...
Describe what happened.
Explain why you think this happened.
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ADDITIONAL

LEARNING ACROSS

THE CURRICULUM

SUSTAINABILITY

BIODEGRADABILITY

Leave a sandwich in your schoolbag
and a few days later you'll be left
with a mess of rotting, smelly goo.

This happens because microscopic bacteria
cause chemical reactions that break down
substances in the sandwich into simpler
substances like sugar, water and carbon dioxide.
However, the cling wrap or plastic container
holding the sandwich is unlikely to have changed.
The chemical properties of the bread, lettuce and
tomato caused them to rot, while the chemical
properties of the cling wrap or plastic gave them
rot-resistance.

BIODEGRADABLE

Substances are classified as being
biodegradable if bacteria or fungi break them
down. Fruit, vegetables, flowers, wood, twigs

and leaves are biodegradable since they all

break down quickly. This is why they are put

into composts: they break down, forming simple
substances that can then be used to fertilise other
plants. The mould on the strawberry in Figure
2.1.7 shows that it is biodegradable. Animals are
biodegradable because bacteria quickly break
them down into simpler substances once they die.

Anything made of natural, living substances
(or from substances that once lived) is usually
biodegradable too:

paper and cardboard (made from wood)
cotton, hessian, linen fabrics (made from plants)

woollen fabrics (the ‘hair’ of animals like sheep
and goats)

soaps (made from natural fats and oils).

Rot and mould are signs that a
substance is biodegradable.

NON-BIODEGRADABLE

Non-biodegradable substances eventually break
down but often take hundreds of years to do so.
Non-biodegradable substances have structures
that bacteria and fungi cannot pull apart. Even
though most plastics are made from a long-dead
natural substance (crude oil), their structures

are too different from the structures of living
substances for them to be biodegradable. Other
non-biodegradable substances are:

polyethylene cling wrap (used to wrap
sandwiches)

most plastic shopping bags

wrappers (used for lollies, chocolate bars and
ice-creams)

polystyrene (used for takeaway food)

house paints

glass (used for soft-drink and sauce bottles)

metal cans (used for soft-drinks and canned
spaghetti).

Anything made from these substances remains
in the environment as rubbish and pollution for
many, many years. They might crush, break or rip
into smaller pieces, but their chemicals are still
there polluting the environment for a long time.
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Most plastics are non-biodegradable but
many can now be recycled. This reduces
waste and stops their chemicals from
polluting the environment.

Figure
2.1.8

WHAT CAN WE DO?

Most non-biodegradable substances can be

burnt but they release toxic (poisonous) fumes
and smoke unless the fire happens in special
incinerators at extremely high temperatures. Some
(like glass bottles and plastics like PET) are able
to be recycled (Figure 2.1.8). However, most non-
biodegradable substances are simply thrown out.
To minimise the impact of non-biodegradable
substances on the environment, we all need to:

¢ use biodegradable packaging whenever
possible, and buy food with no packaging or
wrapped in paper or cardboard

recycle or dispose of non-biodegradable
packaging in bins, so that it will not end up on
the street, rivers and oceans where it may
catch and tangle fish, dolphins and birds like
the one in Figure 2.1.9

recycle glass, PET bottles and other plastics
wherever possible

re-use plastic shopping bags or use paper or
re-useable cloth bags instead.

Scientists have developed biodegradable plastics
from plant-based substances but these plastics
are more expensive than similar oil-based plastics.
They can’t be recycled and cannot be used for
long-term packaging. For these reasons, their use
is not yet widespread.

science

Most plastic bags are non-biodegradable
and so they don’t rot away. If they get
washed into rivers and the ocean, wildlife
like this bird can get caught up in them
and can die.

REVIEW
1

List four biodegradable and four non-
biodegradable substances.

Describe the evidence that shows that fruit
and cardboard are biodegradable.

A log in the forest grows mushroom-like fungi
onit.

a Use this information to classify the log as
biodegradable or non-biodegradable.

Predict what will be left of the log after
10 years.

Classify faeces (poo) as biodegradable
or non-biodegradable.




Remembering

1 State an alternative term for states of matter.

2 List the three states of matter commonly found on
Earth.

3 State whether the following are solids, liquids or

gases.
a asugar cube
b ink
c air

4 List the different states in which different
substances exist in the following mixtures.
a soft drink
b chicken curry
¢ mud

5 List two physical properties and one chemical
property of a sheet of paper.

6 Shaving foam cannot be classified as a solid or a
liquid because it has some of the physical properties
of both. List the physical properties of shaving foam
that could be used to classify it as:

a asolid
b aliquid.
Understanding

7 a Explain why plasma is usually found in stars but
rarely on Earth.

b Describe the conditions on Earth that are
required for plasma to form.

8 Define the terms:

a compressed
b incompressible
¢ odour.

9 Explain how the compressibility of gases makes
them ideal for using in shock absorbers in the
suspension of cars and bikes.

10 a State what causes humidity.
b Describe what a humid day feels like.

Applying
11 Itis easier to list the physical properties of a

substance than its chemical properties. Use an
example to explain why.

Analysing

12 Each of the following substances displays some
properties of both liquids and solids. Analyse the
properties of each substance and use them to
classify it as solid or liquid.

a sand

b toothpaste

¢ hair gel
Evaluating |

13 Inspect the apparatus shown in the science4fun
activity on page 46. Two balloons full of air are
balancing on a metre ruler.

a Predict what will happen when one of the
balloons is punctured.

b Justify your prediction.

14 Liquids flow to take up the shape of their container
but on a surface they sometimes form small droplets
instead. Propose a reason why the liquid doesn’t
spread across the surface.

Inquiring
b

Aboriginal and Torres Strait Islander peoples have |
long used the physical properties of the natural
materials around them to create items used in their
everyday life. Research some of these materials. Some
you might look at are:

e waxes and resins used as glues

e saps, barks, oils, leaves and fruit used for bush
medicine

e bark, timber, leaves and fronds used for utensils,
shelter and housing

e plant fibres and animal sinews used for string and rope

e stones, bones, shells, teeth, branches and roots used
for tools, weapons and utensils

¢ stalks and leaves used for weaving baskets.
Whatever materials you research, find:

* animage or video of the material being used

e how their physical properties makes them ideal for
their particular uses

e whether the use of the material was restricted to a
particular region or is/was used Australia-wide.

Present your research as a PowerPoint presentation. |
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2.1 Practical investigations

@ slime

Purpose Procedure
To make slime and observe its properties. 1 Use the measuring cylinder to measure out 10 mL
of borax solution.
Materials 2 Use the disposable medicine measuring cup to
Note: PVA tends to measure out 25 mL of PVA glue.
change consistency = __ ” 3 Pour the PVA into a disposable plastic cup, using the
depending on the brand [ icy-pole stick to scrape out the last bits.
chosen and its age. The SAFETY
quantities of PVA and Borax may irritate if 4 Addafew drops offood dye to the PVA.
borax shown below may itis inhaled or it gets 5 Pour the borax solution, all at once, into the cup
need to be altered slightly into th.e eyesoron containing the PVA and food dye. Stir thoroughly
depending on the brand of the skin. Wear safety with the icy-pole stick.
glasses and rubber

PVA used. gloves at all times. 6 Empty out the slime and rinse it gently under a
* 10 mL 4-6% borax — slow-running tap.

solution 7 Test your slime to find:
* 25mLPVAglue e ifit can be rolled into a ball
e afewdrops of food dye e what happens when it is stretched

« eye dropper/Pasteur pipette * whether it flows to take the shape of a container

« disposable medicine measuring cup * whathappens when itis dropped.

* 10 mL measuring cylinder Results

*  2disposable plastic cups Record your results in a table like that shown below.

e icy-pole stick
e disposable rubber gloves Practical review
1 List the physical properties of your slime.

2 Use the physical properties of solids and liquids to
classify your slime as solid or liquid.

3 Justify your classification.

Investigation Observation Is this property more like that of a

solid or a liquid?

Can slime be rolled into a ball?

What happens when slime is stretched?

Does slime flow to take the shape of its
container?

What happens when a ball of slime is
dropped?
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STUDENT DESIGN

OOobIeck

Oobleck is an easy-to-make slimy goo.

Purpose
To find a recipe for oobleck and then to make some.

Materials
To be selected by students.

Procedure A —
SAFETY W}
A Risk Assessment’ g\
is required for this
investigation.

1 Search the internet to
find recipes or videos
that show how to make
oobleck. Print or save
the recipe and save any
video you find.

2 Summarise the main points of the recipe or video
and write them in your workbook as your procedure.

3 Before you start making your oobleck, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

The Oobleck of Dr Seuss

In the book Bartholomew and the Oobleck by Dr
Seuss, a king is so bored with ordinary weather
that he instructs his wizard to create something
new. A green goo called oobleck soon falls from
the sky, gumming up the whole kingdom!

4 Once you have made your oobleck, test it by:
e hitting it with your fist (or prodding it with your
finger if you have only a small amount)
* slowly lower your hand (or a finger) into it
e quickly remove your hand (or finger) from it.

¢ running the tests that were performed on slime
in Prac 1.

Results
Record your results in a table like that used in Prac 1.

Practical review

1 List the properties of your oobleck that belong to:
a liquids
b solids.

2 Oobleck is classified as a ‘non-Newtonian’ fluid.
Use the properties found in this investigation to
describe a non-Newtonian fluid.

Running on wet sand

The wet sand at the edge of the sea has many of
the physical properties of a solid and a liquid.
Run across the sand and it firms up and becomes
more solid under your feet. However, walk across
and it liquefies and you sink into it. For this
reason, wet sand is given a special classification
as a non-Newtonian fluid.
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2.2 Solids, liquids and gases

Each of the states of matter has its
own characteristic properties that
can be explained using a simple
model called the particle model.

\2

INUIRY]
science 4 fun

Get packing

Collect this ...

e 1 cup uncooked rice

e plastic or glass container (with lid)

e small ball that will fit in jar (such as a squash
ball or ping-pong ball)

Do this ...

I Pour uncooked rice into your container until it
is half to three-quarters full.

2 Push the ball under the rice.

3 Put the lid on and shake the container jar
sideways (not up and down).

Record this ...
Describe what happened.
Explain why you think this happens.

PEARSON science NEW SOUTH WALES

Models in science

Scientists often use models to test or explain something
that is difficult to understand. Sometimes, the model
will be a physical model like the one shown in

Figure 2.2.1. These models are commonly used by
scientists and engineers to test how something acts
under certain conditions. For example, a model could be
used to test how a building withstands an earthquake,
how a car crumples in an accident or how a landscape
will be changed by a flood.

Engineers use models and wind tunnels to test
how new aircraft perform at high speeds.
Problems can then be fixed before an
expensive full-size aircraft is built.




Analogies

The heart is often compared with a water pump. This
simple type of model is known as an ‘analogy’. An
analogy uses a common, everyday thing to help us
understand how something that is complicated works.
Likewise, a computer is sometimes used as an analogy
for the brain.

Thought models

Models can also be ‘thought’ models. ‘Thought’ models
help scientists imagine objects and events that are
difficult to understand. This might be because the object
or event is incredibly large. For example, the universe is
so huge that it is difficult to imagine how it is arranged
and how it began. For this reason, ‘thought’ models have
been developed for our solar system and the Big Bang,
the event which started the whole universe off around
13 billion years ago (Figure 2.2.2).

Thought models are also helpful when you are trying to
understand incredibly tiny things and what they do. For

A computer artwork showing a ‘thought’ model
that describes the evolution of the universe
from the Big Bang to now.

example, scientists and doctors use a model to explain
how microscopic bacteria or viruses (germs) spread
from one person to another during a disease outbreak.

Good scientific thought models are always supported by
lots of scientific observations and evidence. Bad thought
models are often quickly dismissed because they don’t
have much real science behind them!

The particle model

The particle model is a ‘thought’ model that attempts to
explain the properties of substances.

In the particle model, all substances are thought to be
made of incredibly small, hard, spherical balls called
particles. Each ball has energy and moves according to
how much energy it has. If a particle has lots of energy,
then it will move about a lot. If the particle has very little
energy, then it will be sluggish and move about slowly.
You add energy to a substance whenever you heat it.
This causes the particles to move about more, and faster.
If you cool a substance, then the reverse happens: the
particles move about less and move more slowly.

The particle model assumes the following:

e All substances are made up of tiny, hard particles that
are too small to see even with a normal microscope.

e The particles always have energy and are moving.

e The particles move about more and move faster as
temperature is increased.

* vcloser the particles are to one another, the stronger
the attraction between them.

Colder than cold

As a substance is cooled, energy is removed from
its particles, making them vibrate less and less.
Eventually they have no energy at all and all

vibrations stop. This happens at a temperature of
absolute zero (-273°C). The particles can’t move
any slower and so absolute zero is the lowest
temperature that is possible.




Explaining solids

In solids the particles are closely packed in fixed
positions. Forces between neighbouring particles form
bonds that hold all the particles in the solid closely
together. The particles in a solid have energy and jiggle
about as shown in Figure 2.2.3. The particles don’t break
out of position but just vibrate about on the spot. If you
increase the temperature, the particles have more and
more energy and so they vibrate about more and more.

Table 2.2.1 shows how the physical properties of solids
are explained by the particle model.

The particles in
a solid are
closely packed
together and
just jiggle about
on the spot.

Table 2.2.1 How the particle model explains the physical
properties of solids

Property of solids How the particle model
explains it

Solids have a defined The particles in solids are
shape (they do not flow). | strongly bonded to their
neighbours, fixing their positions.

Solids are
incompressible.

The particles in a solid cannot
be pushed closer to each other
because they are so closely
packed that there is almost no
space between them.

Solids expand when
heated and contract
when cooled.

Heating causes the particles in
a solid to vibrate faster, making
them spread further apart and
causing the solid to expand.
Cooling slows down vibrations
and the opposite happens.

An exception to the rule

Water is an odd substance in that it expands

when it cools to form ice, and contracts when ice
melts to form liquid water.

PEARSON science NEW SOUTH WALES

Explaining liquids

In a liquid, the particles are still packed closely together
but they are far more loosely bonded (joined) to their
neighbours than the particles are in a solid. This is
shown in Figure 2.2.4. The loose bonding allows the
particles to move about and over each other, allowing
the liquid to flow, drip and fill the bottom of whatever
container it is in. As the liquid is heated, this movement
gets faster.

Table 2.2.2 shows how the particle model explains the
properties of liquids.

The particles in a liquid
are packed closely
together but are able
to move about and
over one another. This
gives the particles the
ability to flow.

Prac1
p. 60

Table 2.2.2 How the particle model explains
the physical properties of liquids

Property of liquids How the particle model

explains it

Liquids flow to take the
shape of the bottom of
their container.

Bonds are strong but loose
enough to allow the particles in
liquids to slip over one another.

Liquids are
incompressible.

The particles in a liquid cannot
be pushed closer to each other
because they are so closely
packed that there is almost no
space between them.

Liquids expand when
heated and contract
when cooled.

Heating causes the particles

in a liquid to move over each
other faster, making them spread
further apart and causing the
liquid to expand. Cooling slows
down this movement and the
opposite happens.




Explaining gases

Gases have nothing holding their particles together. This
lack of bonds allows the gas particles to travel randomly
in straight lines until they hit something. The particles
could hit other gas particles or the walls of the container
they are in (as shown in Figure 2.2.5).

Table 2.2.3 shows how the particle model explains the
properties of gases.

The particles in a gas are a long way apart and
move fast and in straight lines. The particles
only change direction when they hit the walls of
their container or each other.
In this case the gas is — l =

. . Prac2 2.3
contained in balloons. p. 61 —

Table 2.2.3 How the particle model explains the physical
properties of gases

Property of gases How the particle model
explains it

Gases are often Particles in a gas are spread so

invisible. far apart that you cannot see
the gas.

Gases can be Particles in a gas are spread so

compressed. far that there is plenty of vacant

space between them. This
space allows them to be pushed
closer together.

Gases spread to fill their | There are no bonds between gas
container. particles and so they are able

to move unrestricted by other
particles. They travel until they
hit the walls of the container.

Gases expand when Heating causes the particles in a
heated and contract gas to move faster, making them
when cooled. spread further apart and causing

the gas to expand. Cooling
slows down this movement and
the opposite happens.

INQUIRY|

Pop the lid

Can pressure pop the lid of a
soft-drink bottle?

Collect this ...
¢ hot tap water | =

e any size plastic soft-drink ;\*M
bottle with its lid

e any container a little Be careful handling
bigger than the base of hot water.

the soft-drink bottle | |

Do this ...
1 Remove the lid from the soft-drink bottle.

2 Run hot water from a tap into the container
until it is about 5 cm deep.

3 Lightly wet the top of the lid and then place it
UPSIDE DOWN on the bottle. It should stick
slightly to it.

4. Carefully lower the soft-drink bottle into the
container until the hot water reaches a few
centimetres up the side of the bottle.

Turn the lid upside down
|
|

—
——

Wet the rim

\J/ hot water
/

container

Record this ...
Describe what happened.
Explain why you think it happened.



Pressure

Any gas particle that hits a wall will bounce off, giving
the wall a little push as it does so. The combined push
of all the gas particles bouncing off the walls of their
container is known as the pressure of the gas.

Increasing pressure

The pressure of a gas can be increased by:

» forcing more gas into a particular space

e squashing the gas into a smaller space

e heating the gas up.

Forcing air into a balloon increases the pressure inside
it by increasing the number of gas particles and the
number of collisions with the walls of the balloon. This
forces the balloon to expand (get bigger). The balloon
keeps expanding until the pressure inside and outside
the balloon becomes the same. This occurs when the
gas inside the balloon is pushing the walls out with the

same force as that of the outside air pushing the walls in.

Forcing more air into the balloon causes the pressure to
increase again and so the balloon expands once more.
With each breath, the balloon will keep expanding until
the rubber it is made of becomes so thin that it breaks.

A balloon has very flexible walls but the walls of the gas
bottles shown in Figure 2.2.6 are not flexible. Forcing
more gas into a gas bottle increases the pressure inside
it. Sometimes, there is so much gas inside the bottle
that the gas particles are pushed close enough to attract
each other and form a liquid such as LPG (liquefied
petroleum gas).

Gas bottles have rigid walls. Forcing more gas
into them increases the pressure inside.
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Heating a gas causes its particles to move faster. The
particles collide harder with the walls and so pressure
increases. A car engine uses the pressure of a hot gas to
force its pistons downwards. As Figure 2.2.7 shows,
petrol vapour is let into the cylinder and then an
electrical spark causes it to explode. The gas formed by
the explosion is now extremely hot and its pressure rams
the piston downwards. This power is then transmitted to
the car’s driving wheels. The hot gas is then allowed to
escape and the procedure repeats once more.

valves let petrol in and
' exhaust gases out
‘ 2% spark plug ignites
petrol vapour

“ cylinder wall
‘g -

%

exploding petrol
vapour
L

Heat from explosions increases the pressure of
gases inside the cylinders of a car engine. This
pressure forces the piston downwards and the
power generated is used to get the car moving.

Decreasing pressure

Gas pressure can be reduced by reducing the amount of
gas in a container, increasing the size of the container

or by cooling the gas. For example, balloons, and car
and bike tyres go ‘flat’ because the pressure inside has
dropped so much that they cannot keep their shape. The
reason is usually that a hole or leaky valve has allowed
air to escape.



ADDITIONAL

LEARNING ACROSS
THE CURRICULUM

l CRITICAL AND CREATIVE THINKING

"N

INDIRECT EVIDENCE AND
PARTICLES

Scientists have long wondered what
makes up substances. The ancient Greeks
thought that all substances were built up
from incredibly tiny particles that they

called atomos (meaning indivisible). We
now call these particles atoms.

Atoms are far too small to be seen with your eyes
or even with a normal microscope. However an
image of them can sometimes be obtained with a
powerful type of microscope called a scanning
tunnelling microscope (STM). You can see one of
these images in Figure 2.2.8.

Even before the invention of the STM, scientists
had an extremely good idea that substances were
made from tiny atom-like particles.

This is because you don’t always need to see
something to know that it exists. Observations
indicated that, although they are ‘invisible’, atoms
do exist. These types of observations are known as
indirect evidence. You use indirect evidence every
day: you know what you are having for dinner from
smells coming from the kitchen, and you can often
guess what’s in a package by its weight and shape
and the sounds it makes when shaken.

BEHAVIOUR OF GASES

During the 17th and 18th centuries, scientists
including Robert Boyle, Amedeo Avogadro and
Joseph Louis Gay-Lussac investigated how the
pressure and volume of a gas were linked to the
amount of gas and the temperature. They found that:

e gas pressure depended on temperature: an
increase in temperature led to an increase in
pressure

a
ks
-

Each bump in this
STM image
represents an atom.

gas pressure depended on the volume of

its container—decreasing the volume of a
container increased the pressure of any gas

in it

the same amount of gas would always take up
the same volume under the same conditions
regardless of what type of gas it was.

From these observations, the gas laws were
developed. These laws use mathematics to
predict what gases will do under different
conditions. Most importantly, the laws were easily
explained if it was assumed that gases were made
of fast-moving, widely spaced particles with little
or no attraction between them.

DIFFUSION

Perfume quickly spreads throughout the air of a
room. Its smell gets weaker until eventually you
can’t smell it. This spreading process is called
diffusion. In 1833, the Scottish chemist Thomas
Graham used the idea of particles to explain how
diffusion might work. Perfume particles are
constantly moving and over time they will move

through the gaps between the air particles.
Likewise, the air particles will move through the
gaps between the perfume particles. In this way,
the two gases diffuse (mix and spread). The
process also happens when two liquids are mixed.
This is shown in Figure 2.2.9 on page 58.
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This coloured liquid is easily seen
as a twisting ribbon of orange
when first added to water but
soon diffuses throughout it.
Cordial diffuses through water in a
similar way, spreading its colour
and flavour throughout.

BROWNIAN MOTION

Some of the most convincing indirect evidence for
particles came from the work of the Scottish
botanist Robert Brown. In 1827, Brown was using
his microscope to study tiny pollen grains that
were floating on some water. He expected the

Robert Brown’s original notes marking
the positions of pollen grains every
30 seconds.

pollen grains to be still but they were moving REVIEW

about, as if being jostled about by something in

the water. His sketches of their motion are shown 1
in Figure 2.2.10. Brown could not explain what

was happening and it was 1905 before Albert

Einstein explained it: ‘invisible’ particles in the

water were constantly moving about, colliding

with the pollen grains and pushing them around

as they did so. 3

Brown was not the first to notice this type of

motion. In 1785, Jan Ingenhousz had observed

similar movement in coal dust suspended in

alcohol, and the ancient Roman Lucretius wrote in 4
around 60 BCE of dust particles jiggling about in

a beam of sunlight. You may have already noticed

something similar. This jiggling eventually became

known as Brownian motion.

science

Outline three scientific discoveries that
advanced our understanding of the particle
model.

The gas laws predict that the pressure of a gas
doubles if the volume of the container it is in is
halved. Use the particle model to explain why.

A drop of dye added to a swimming pool
spreads and diffuses until eventually you can’t
see any of its colour. Use the particle model to
propose a way this might happen.

a Outline what Brownian motion is.

b Use the particle model to explain Brownian
motion.

Describe an example of it in action.




2.2 Unit review

Remembering Creating

1 State what causes atoms to move constantly. 11 Construct a Venn diagram showing which
properties are shared between solids, liquids and
gases and which properties belong to only one state.
Follow these instructions.

2 State what temperature is absolute zero.

U n d e I‘Sta n d N g a Draw a diagram like that in Figure 2.2.11 in your
kbook.
3 Match the state of matter with the movement of its workboo
particles that describes it best.
Solid  Particles move very fast in straight lines.
Liquid Particles vibrate on the spot. gas
Gas Particles vibrate but can also move over
one another.
4 Explain what happens to the particles in a
substance when it is:
a heated
b cooled. solid
5 Describe the arrangement of the particles in a:
a solid
b liquid b Identify which of the following properties is
¢ oas shared by all three states and write it in the
8as. overlap of all three circles.
6 Define the following terms: has energy fixed shape
a vibrate changing shape fixed volume
b bonds. changing volume can be compressed
. ] ) incompressible closely packed
7 Predict what would happen in the science4fun loosely packed

activity on page 55 when the bottom of the soft-

h ¢ . ¢ Identify the properties shared by two states (for
drink bottle is placed in:

example, solid and gas) and list them in the
a  hotwater relevant overlaps.
b icewater. d Identify the properties displayed by only one
state and list these in the appropriate spaces.
Applying

8 Use the particle model to explain why: In qu irin g
a solids keep their shape
b agascan be compressed 1 Research how LPG is made commercially.
¢ liquids take the shape of the container into Present your findings as a flow chart showing the
which they are poured main steps in its production.

d asolid cannot be compressed. . .
P 2 Find the main differences between a petrol car

engine and a diesel one.

Eva I uatin g Present your research as a table or a series of

9 Barbecue gas cylinders are usually weighed as they diagrams that compares the two engine types.

are being filled. Propose a reason why.

10 The ball in the science4fun activity on page 52 rises
when the container of rice is shaken. Use packing to
propose a reason why.
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2.2 Practical investigations

0 Liquid thermometer |

Purpose Results

To build a model thermometer. 1 Hold the conical flask in your hands. Don't squeeze
but just let your hands warm it up.

Materials 2 Release your hold on the flask and record what

e water happens to the water level.

*  2dropsoffood dye 3 After it reaches the line again, put the flask into a

¢ Plasticine sink of cold water. Record what happens.

e 250 mL conical flask
¢ clear drinking straw

Practical review

1 Explain what happened in this experiment by
copying the following sentences and choosing the
Procedure correct term.
a Adding heat causes liquids to expand/contract.
This caused the liquid to rise/drop in the

e permanent marker pen

1 Set up the apparatus as shown in Figure 2.2.12a.

2 Carefully blow down the drinking straw. Water drinking straw.
should rise up it. Stop blowing when the water rises b Removing heat causes liquids to expand/
about 1 cm above the Plasticine plug. contract. This caused the liquid to rise/drop in

) the drinking straw.
3 Use the permanent marker to mark this water level

as shown in Figure 2.2.12b. This level represents the 2 Thermometers usually do not use water but instead
‘temperature’ of the room today. use alcohol (coloured red) or mercury. Propose a
reason why.

straw
a e

Plasticine

conical flask

science




QCompressing liquids and gases

Purpose

To determine whether liquids and gases can be

compressed.

Materials

e water '

* plastic syringe T
(without needle) SAFETY

¢ 250mL beaker Do not use the syringe

to squirt water at other
Procedure people.

1 Fill the beaker with water T
and use the syringe to
suck up water until it is full.

2 Push the nozzle of the syringe against your finger as

shown in Figure 2.2.13.

3 Push the plunger down and observe what happens.

Can you compress the water?

4 Take the syringe apart, empty it of its water and
re-assemble it.

5 The syringe is now full of air (with a little water that
will help seal it). Once again, push the nozzle against
your finger and attempt to push the plunger down.
Observe what happens. Can you compress the air?

Practical review

1 Explain your observations in terms of the spacing of
particles in liquids and gases.

2 Construct a conclusion for your investigation.

Pressure can protect

Purpose

To design and test a container that uses pressure to
protect an egg.

Materials
e 1 fresh egg (uncooked) = -
e 2zip-lock bags SAFETY

1 drinking straw A Risk Assessment

sticky-tape is required for this
investigation.

Procedure I

1 Design:

a acontainer that uses air pressure and the
materials listed above to protect a fresh egg
when it is dropped onto a hard surface.

b an experiment that will test how far your
container needs to drop for the egg to break.

2 Before you start constructing your container or start
testing, assess your procedure. List any risks that
your procedure might involve and what you might
do to minimise those risks. Show your teacher your
procedure and your assessment of its risks. If they
approve, then collect all the required materials and
start work.

Results
Construct a table to show the results of your egg drops

and the heights they were dropped from.
Practical review

1 State the height from which the egg eventually
broke (if it ever broke).

2 Explain how you used air pressure to protect your
egg.




2.3 Changing state

Liquid water freezes to form frost on

cold mornings. When it’s really cold

water can form ice and snow. As the

temperature increases during the

day, the frost, ice and snow begin to

melt to form pools of liquid water.
Water can be changed from one

state into another by adding energy

to it or by removing energy from it.
This is done by heating it up or
cooling it down.

Adding heat

A solid, liquid or gas might just increase its temperature
when heated. However, if you add enough heat, the
substance will change its state. Given enough heat,
solids will change into liquids and liquids will change
into gases. You can see this in Figure 2.3.1.

« s gas

<% 3
y N
‘ evaporationf
B €
! adding energy

=

melting

Adding heat to a solid or liquid causes its
particles to move about more, and faster. If
enough heat is added, particles break free from
each other and the substance changes state:

it may melt, evaporate or sublime.

PEARSON science NEW SOUTH WALES

Melting

Melting is the process in which heat causes a solid to
change into a liquid. Although the physical properties
of the substance change, the substance itself is exactly
the same as it was before. Ice (solid water) is exactly the
same substance as the liquid water it melts into when it
is heated. Likewise, the solid wax that makes up a candle
is exactly the same substance as the clear, molten drips
of wax that slide down its side.

Heat adds energy to the particles in a solid, making
them vibrate faster. If you add enough heat, then the
particles at the edges of the solid will be vibrating so
violently that they will break free, allowing them to melt
away from the others in the solid. You can see this in the

melting butter in Figure 2.3.2.

Melting starts at the
edges of the solid
because these
particles are the first
to receive heat from
outside. This is why
butter and ice cubes
melt from the outside
towards the centre.



Melting point

The temperature at which a solid melts is known as its
melting point. A substance is solid below its melting
point and is molten (a melted liquid) above it. For
example, water, has a melting point of 0°C.

Different substances have different melting points, as
Table 2.3.1 shows.

Table 2.3.1 The boiling, melting and freezing points
of various substances

Substance Boiling Melting Freezing
point (°C) point (°C) point (°C)

Ethanol 78 -114 -114

(alcohol)

Water 100 0 0

Mercury 357 -39 -39

Silver 2193 961 961

Evaporation

Evaporation is the process in which heat causes a liquid
to change into a gas. Evaporation is sometimes also
known as vaporisation. For example, heat causes liquid
water to evaporate (or vaporise), turning it into the gas
known as water vapour. Wet clothes eventually dry out
because the liquid water in them has evaporated to
become water vapour. This water vapour then escapes
from the clothes and joins the other gases of the air.
Figure 2.3.3 shows this process being used.

The bonds between the particles in a liquid are just strong
enough to hold them all together to form a fixed volume of
liquid. These bonds are too weak to stop the particles from
moving about within the liquid, slipping and sliding over
one another. Adding energy to a liquid causes its particles
to move faster and loosens their bonds even more. If
sufficient energy is added, then the particles at the liquid
surface move so fast that they can break away completely
from the rest of the particles in the liquid. They are now
particles of gas, and escape into the atmosphere.

Prac1
p. 67

Boiling
Boiling is a special case of evaporation. Evaporation
occurs at any temperature, but boiling only happens

at a temperature known as the boiling point. Boiling is
obvious because bubbles appear throughout the liquid.
These bubbles are formed by the evaporation of pockets
of liquid deep inside the liquid. These pockets change
into gas, which expands to form a bubble. The bubble
then rises and escapes into the atmosphere when it
reaches the surface of the liquid.

Boiling point
The boiling point of a substance is the temperature at
which it changes from a liquid into a gas. Water has

a boiling point of 100°C. This represents the highest
temperature that liquid water can be, and the lowest
temperature at which water vapour can be.

e

Evaporation occurs at all temperatures because there will always be some
particles moving fast enough to break free from the liquid. This explains
why clothes on the line will eventually dry, even on cold days.



Sublimation

Most substances change from solid to gas in two
stages: first they melt, and then they evaporate.
A few substances change from solid into a gas
directly, without going through a liquid stage. This
process is called sublimation.

Two substances that sublime are iodine (Figure
2.3.4) and solid carbon dioxide (dry ice).

lodine doesn’t melt. Instead, the black crystals
sublime to produce a purple vapour (gas).

Identifying boiling

Although boiling is accompanied by the
release of bubbles from deep within a liquid,

it is not the only time bubbles are released
when a liquid is heated. Most liquids contain
some dissolved gases, such as the oxygen that
fish use to breathe. These gases form small
bubbles soon after heating begins and can trick
you into believing that boiling is happening.
However, the bubbles appear at temperatures
well below the boiling point and are generally
much smaller than big bubbles seen at boiling,
shown in Figure 2.3.5. After a short time, these
small bubbles stop being released and no more
bubbles appear until the liquid itself is boiling.

Continuous bubbling is a sign of boiling.

PEARSON science NEW SOUTH WALES

Removing heat

The temperature of a substance drops when heat is
removed from it. A substance might change state if
sufficient heat is removed from it, as seen in Figure 2.3.6.

gas QPQQ /,Q
< »
‘condensation \Q

- .

removing energy
liquid

N
‘ freezing

Substances will condense or freeze if enough
heat is removed from them.

Freezing

Freezing (also known as solidification) occurs when
heat is lost and a liquid changes into a solid. An example
of freezing is shown in Figure 2.3.7. These snowflakes
show some of the amazing shapes that can form.

Snow is a form of ice. It is caused by liquid
water freezing around a speck of dust high in
the atmosphere to form fantastically shaped
snowflakes. Likewise, frost is dew (liquid
water) that has frozen overnight.



As aliquid cools, energy is lost from its particles and

the particles move more slowly than before. If you
remove enough energy, then the particles will end up
just vibrating on the spot. Bonds form between the
particles, locking them into their position to form a solid
of definite shape and size.

Freezing point

The freezing point is the temperature at which a liquid
changes into a solid. Freezing is the opposite process

to melting, and so freezing and melting occur at exactly
the same temperature. For water, the freezing

point is 0°C. Prac3
p.-70

Role play

Collect this...
e masking tape
e a clear space of floor (a carpeted area is ideal)

Do this...
1 Use the masking tape to mark out a closed
rectangle on the floor or on a grassed area.

2 Stand within the marked-out area with all the
other students in the class.

3 Imagine you are all particles within a solid and
that the masking tape represents solid walls.
Move about to model what the particles would
be doing when:

e very cold

the solid is being heated

the solid is starting to melt

the liquid formed is being heated
the liquid is starting to evaporate
¢ the gas formed is being heated.

Record this...
Describe what happened.
Explain why you think this happened.

Condensation

Condensation occurs when a substance loses heat and
changes from a gas into a liquid. Your lungs are full of
water vapour (gaseous water) that will condense into
tiny droplets of liquid water when you breathe out onto
something cold, like a window or mirror. Likewise, water
vapour in the air will condense on a cold night to form
droplets of liquid dew that will make the lawn and
spider webs wet. This is shown in Figure 2.3.8.

Figure\ The dew on this spider web is caused by
2.3.8 / water vapour condensing overnight.

As a gas is cooled, its particles slow down. When they
have slowed enough, the individual particles begin to
attract each other and form bonds that will tie their
movement to the other particles in the substance. They
now act as a group, forming droplets of liquid.

Steam is water vapour that has condensed to form a
cloud of tiny but visible liquid water droplets in the air.
Water vapour emerges as a gas from a kettle or from a
boiling pot on the stove but quickly cools in the air to
form a visible fog of tiny liquid water droplets.

Prac4 2.4 2.5
p. 70
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Remembering

1 State the temperature at which liquid water:

a Dboils b freezes.

2 Name two substances that sublime.

3 State alternative words for:
a evaporation b freezing.

4 Recall the various changes of state by copying and
completing Figure 2.3.9.

gas

&

Understanding

5 Explain why the melting point and freezing points
of a substance are at exactly the same temperature.

6 Describe the signs that show that water is boiling.

7 You peg some wet clothes on a clothes line. Explain
why the water in the clothes evaporates despite the
temperature never getting near the boiling point of
water.

8 Explain how:
a snow forms
b dew forms
c frost forms.

Applying
9 Identify two substances that:

a melt at relatively low temperatures
b evaporate at relatively low temperatures.

10 Identify the change of state that happens when:
a ice-cream starts to drip
b jellysets
¢ the bathroom mirror gets foggy.

science

11 Use the information from Table 2.3.1 to predict
what state ethanol, water, mercury and silver would
be in at the following temperatures.

a -20°C b 50°C
c 200°C d 500°C

12 Sunglasses often fog up when you walk outside from
an air conditioned building on a humid summer
day. Use the idea of condensation to explain why.

Analysing
13 Contrast:

a melting and sublimation
b steam and water vapour.

Evaluating

14 The science4fun on page 65 models a substance
being heated and changing states. Your class is to
role play a substance being cooled and changing
states. Propose how each performer should model
particles that are in:

a agas

b agas thatis starting to condense

¢ aliquid

d aliquid that is starting to freeze

e asolid.

15 The addition of impurities such as salt to water
lowers its freezing point and increases its boiling
point. Use this information to propose reasons why:
a saltis spread on the roads in northern United
States and Canada to help keep the roads clear
of ice.

b additives can stop a car radiator from boiling
over.

¢ ice-cream makers are cooled with a mixture of
salt and ice.

Inquiring

1 Search the internet to download 20 images of
different-shaped snowflakes.

Present your images as a slide show.

2 Find out what supercooled water is and what it does
when ice is added to it.

Present your findings as a weblink or
downloaded video.



2.3 Practical investigations

o Rates of evaporation

Purpose

To determine whether water or alcohol evaporates
faster.

Hypothesis

Which do you think will evaporate faster—water or
the alcohol that you find in substances like Deep Heat
or Dencorub? Before you go any further with this
investigation, write a hypothesis in your workbook.

Materials

e 10 mL water
(about % tablespoon)

e 10 mL alcohol (about %
tablespoon)

s
SAFETY
A Risk Assessment
is required for this
investigation. This kind
of alcohol is extremely
poisonous so do not
sniff or taste it. It
irritates eyes and open
cuts so wear rubber
gloves and safety
glasses at all times.
Alcohol is flammable
so keep it away from
all open flames.

e 1 cotton bud

e 2 x 250 mL beakers or
similar to act as supports

* 2x100 mL beakers

¢ 1 sheet thick paper towel
e pencil

e sticky-tape

e plastic ruler

¢ rubber gloves

Procedure
Part A

1 Cut two identical strips of paper towel from the
sheet. Each strip needs to be about 3 cm wide and as
long as the width of the sheet of paper towel. Label
one strip Water. Keep these for Part B.

2 Use the cotton bud to paint a streak of water on
the leftover paper towel. Use the other end of the
cotton bud to paint an identical streak of alcohol on
the same sheet of leftover paper towel as shown in
Figure 2.3.10.

3 Lay the sheet of paper towel on your workbench.
Note which streak ‘disappears’ first.

PartB

4 Set up the apparatus as shown in Figure 2.3.11,
taping the pencil so that it cannot move.

5 Pour 10 mL of water into one of the 100 mL beakers.

cotton bud

paper towel

water streak / /

alcohol streak

paper strip
soaked
in water

&

250 mL beaker

pencil sticky-tape

paper strip
soaked
in alcohol

6 Dip one strip marked Water into the beaker of water
so that it soaks it up. Remove the strip from the
water, making sure it does not rip. Drape the wet
strip over one end of the ruler.

7 Pour 10 mL of alcohol into the other 100 mL beaker.

8 Roll the other strip of paper into a coil and place it in
the beaker of alcohol. Once it has soaked up most of
the alcohol, quickly remove it and drape it over the
other end of the ruler.

9 Quickly balance the ruler and its strips on the pencil,
noting which is the water end and which is the
alcohol end.

10 Watch what happens to the ruler as the substances
start to evaporate.

Results

Part A: Record which streak ‘disappeared’ first.

Part B: Record which end of the ruler drops.

Practical review
1 Compare your results from Parts A and B.

2 The water and alcohol don'’t really ‘disappear’ in
Part A. Describe what really happens to them.

e
_ Rates of evaporation continued on next page




2.3 Practical investigations

/f_:Bates of evaporation continued

3 The soaked paper strips in Part B become lighter as b  Assess whether your hypothesis was supported
the experiment proceeds. Explain why. or not.
4 The ruler becomes unbalanced if one of the 6 You used two different methods here to test the
substances evaporates faster than the other. Identify same thing.
which end would drop if: a Assess why this is considered good science.
a water evaporated faster than alcohol b Evaluate both methods used in this prac and
b alcohol evaporated faster than water. determine which is better at answering the
. question ‘Which evaporated faster?’
5 a Useyour answers to questions 1-4 to construct . .
. . . ¢ Justify your choice.
a conclusion for your investigation.

\_

( \
9 Temperature graphs Procedure
1 Copy the table from the Results section into your
Purpose workbook.
To determine what effect salt has on the melting and 2 Your teacher will tell you which of the following two

boiling points of water. groups you and your lab partners will be part of:

¢ The control water group: this group will heat a

Hypothesis mixture of tap water and ice.
What do you think will happen when salt is added to e The experimental group: this group will heat a
water — will it increase or decrease its melting and boiling mixture of salt, pure water and ice.
points? Before you go any further with this investigation, 3 Both groups need to add crushed ice or ice cubes
write a hypothesis in your workbook. to their beaker so that the ice comes up to about the
100 mL mark.
Materials 4 Add water to the ice cubes so that it surrounds the
¢ handful of . ice and also comes up to about the 100 mL mark.
crushed ice or ice cubes N —,
«  water R 5 The experimental group also needs to add salt (a
SAFETY couple of large spatula loads) to their ice-water
: 23?3; ?:lf[) large spatulas | ;. long hair back so it mixture.
won’t get in the flame. 6 Set up the apparatus as shown in Figure 2.3.12.
e 250 mL beaker Whenever you are
e thermometer not using the Bunsen

burner, sets its flame
to yellow so that you

e stirring rod thermometer

* spatula can see it.

* stopwatch, watch or Water can spit when @
clock heated so wear safety )

* Bunsen burner, bench glasses at all times. o ive + water + salt
2::’ tripod and gauze Equipment will be hot

so let it cool before

e retort stand and clamp packing it away. gauze mat
*  graph paper — Bunsen burner oo

1]
e ruler

e grey-lead pencil

bench mat

\  Temperature graphs continued on next pagé:;a
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7 Measure and record the starting temperature of the
ice-water or ice-water—salt mixture.

8 Light the Bunsen burner and turn the collar so
that the airhole is open and the flame is blue. Start
timing immediately.

9 Measure and record the temperature every minute.
Use the stirring rod to stir the mixture gently before
measuring the temperature.

10 Continue measuring and recording the temperature
until the water has been boiling for 2 or 3 minutes.
Once it is boiling, you may need to turn the collar on
the Bunsen burner to partly close the airhole.

Results

1 Record all your measurements in a table like the one
below.

Time (min) Temperature (°C)
0 (before heating starts)
1
2

3

2 Copy the graph template shown in Figure 2.3.13
onto graph paper. Ensure that your scale uses equal
intervals. Plot your data on the graph and join the
points with straight lines.

O unit1.4

3 Your graph probably has two parts that are
reasonably flat with little or no increase in
temperature. Highlight those sections of your graph.
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Practical review

1 Use your graph to:

a
b

C

identify the melting point and boiling point
state the water temperature 5 minutes after you
started heating

state the length of time it took your sample to
reach 80°C

predict the temperature of your sample

10 minutes after it started to boil.

Compare your graph with those of other groups.

Use the graphs to compare the melting and
boiling points of salt water with those of tap
water.

3 Figure 2.3.12 showed the equipment used in this
prac in three dimensions (3D). Construct a scientific
diagram that shows it in two dimensions (2D).

4 a
b

Temperature (°C)

A

Figure

2.3.14

Construct a conclusion for your investigation.

Assess whether your hypothesis was supported
or not.

Graphing changes of state

A substance changes state because heat
causes bonds between its particles to break.
The temperature will not change while this is
happening, as shown by the flat sections on
the graph of temperature versus time in
Figure 2.3.14.

liquid is
boiling

~“— solid is melting

Y

Time (min)




2.3 Practical investigations

STUDENT DESIGN

Freezing

Purpose
To determine whether hot or cold water freezes faster.

Hypothesis

Which do you think will freeze faster—hot water or cold
water? Before you go any further with this investigation,
write a hypothesis in your workbook.

Materials
To be selected by students.

SAFETY

A Risk Assessment

Procedure

1 Design an experiment

that will test whether . . .
is required for this
hot or cold water freezes . L
investigation.
faster.

©unit15

2 Write your procedure in your workbook.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Hints
Make sure that you use identical containers and the

same volume of cold and hot water.
Practical review
1 State which water sample froze first.
2 Propose a reason why.

3 a Construct a conclusion for your investigation.

b Assess whether your hypothesis was supported
or not.

science

STUDENT DESIGN

Condensation

Purpose
To observe condensation.

Hypothesis

Drops of liquid water (condensation) quickly appear on
the outside of a glass beaker that contains ice and water.
Where do these drops come from—from the beaker and
its contents or from the air? Before you go any further with
this investigation, write a hypothesis in your workbook.

Materials
e icecubes

e water -
e 2zip-lock plastic bags R o 7
(each large enough to ‘SAI ETY
hold a 250 mL beaker) A Risk Assessment
e 250 mL beakers is required for this
e drinking straw(s) investigation.

I
Procedure

1 Design an experiment that uses the above materials
and which tests where the droplets of liquid water
on the outside of a beaker come from.

2 Write your procedure in your workbook.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Hints

Air has gaseous water vapour (humidity) in it.
Suck the air out of a zip-lock bag and you will suck out
the water vapour too.

Results
Construct labelled diagrams to show what happened.

Practical review
1 Compare the beakers that you tested.
2 Explain any differences you saw.

3 a Construct a conclusion for your investigation.
b Assess whether your hypothesis was supported
or not.




Some materials like lead, gold,
granite and steel are very heavy
for their size. Other materials like
foam rubber, cork, balsa wood and
feathers are so light that huge
piles don’t weigh much at all.
Density measures how much
matter is packed into a space.
Density determines how heavy a
handful of a substance will be and
whether it floats or sinks in water.

Density: a physical property
The physical properties of a substance describe things

Salty lava lamp such as:

Can you make your own lava lamp?

e its appearance
¢ the temperatures at which it melts, freezes and boils

?Z:::itn;holi - e its hardness (how easy it is to scratch the material).

e salt shaker Density is one of the physical properties of a substance.
e food dye Density depends on how heavy a substance is, but it is
o water not the same as its weight or mass. For example,

1 kilogram of lead always weighs exactly the same as
1 kilogram of polystyrene, which weighs as much as

e tall glass or 250 mL beaker

Do this... 1 kilogram of feathers. Density instead measures
1 Pour water into the glass or beaker until it is how much matter is packed into a specific space
one-third full. (Figure 2.4.1).

2 Add a few drops of food dye.
3 Pour in an equal quantity of cooking oil and

observe which layer is on top.
4. Sprinkle salt into the glass and carefully
observe what happens to the grains of salt.

Stones are much more
Record this... dense than feathers. This
makes a small pile of
stones weigh a lot more
Explain why you think this happened. than a big pile of

feathers.

Describe what happened.



Density and packing

The particles in a solid are usually packed more closely
than they are in a liquid, making most solids a little
denser than liquids of the same material.

When heated, the particles in solids and liquids move a
little further apart, causing the substance to expand
slightly. The substance takes up more space and so its
density decreases. You can see this in Figure 2.4.2.

o
§§§ ‘
o o
solid liquid gas

Density depends on the packing of the particles
making up a substance. The more closely
packed, the denser the substance will be.

When a gas is heated, its particles spread out even
further, lowering its density even more. For this reason,
hot air is less dense than cold air and will rise above it
(Figure 2.4.3). This is why smoke rises—the air is hot
and it carries soot and burnt material up with it.
Likewise, bubbles of gas rise through the liquid, as seen
in Figure 2.4.4.

The overall density of a ‘
hot-air balloon is less than \.
the density of the air )
around it, allowing it to rise N
into the sky.
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Gases are much less dense than liquids and
will bubble upwards through them.

Danny Deckchair

Helium is a gas that is less dense than air.

In 1982, US man Larry Walters tied 45 large
helium-filled balloons to his aluminium garden
chair and floated to a height of 4900 metres.
After 45 minutes he punctured some of his
balloons and crashed down among power lines.
A similar flight was used in the plot of the 2003
Australian film Danny Deckchair.

Mass, volume and
density

Density depends on the amount of substance (its
mass) and the space it takes up (its volume) and so its
unit includes the units for mass and volume.

Density is normally measured in gram per centimetre
cubed (g/cm?®). The densities of different gases, liquids
and solids can be seen in Tables 2.4.1, 2.4.2 and 2.4.3.



Table 2.4.1 Densities of gases

Gas | Density (g/cm?)
Hydrogen (at 0°C) 0.000 09
Helium (at 0°C) 0.000 18

Air (at 40°C) 0.001 1

Air (at 0°C) 0.001 3
Oxygen (at 0°C) 0.001 4

Table 2.4.2 Densities of liquids at 25°C

Liquid | Density (g/cm?®)
Petrol 0.80
Vegetable oil 0.91
Water 1.00
Honey 1.36
Mercury 13.6

Table 2.4.3 Densities of solids

Solid | Density (g/cm?®)
Polystyrene foam 0.03
Wood (oak) 0.65
Concrete 2.40
Copper 8.90

Gold 18.9

Density depends on mass

Mass measures how much matter is in a substance. It is
sometimes incorrectly referred to as weight. Scientists
use grams (g) to measure small masses such as a twig, a
mouse or a spatula load of chemicals, kilograms (kg) for
heavier masses such as a dog or a human, and tonnes (t)
for even bigger masses such as a car or an aircraft. Mass
is measured using a beam balance or electronic balance.

A substance will be denser if more mass is packed into the
same volume. The four cubes shown in Figure 2.4.5 are all
exactly the same volume but their masses are all different.
This means that their densities are different too.

Qunit7.3

glass

steel

All of the cubes have exactly a volume of 1 cm?.
This makes the heaviest cube (lead) the
densest and the lightest cube (foam rubber) the
least dense.

Density depends on volume

Volume is the amount of space a substance takes up.
Figure 2.4.6 shows that denser substances pack the same
mass into smaller volumes.

10 g water
(in glass jar)

10 g brass
10 g balsa wood

These substances all have the same mass of
Figure\ 10 grams. Denser substances require less
2:4.6 / \olume to pack in the same mass. Here, the
smallest volume represents the densest
substance (brass).



The volume of a liquid can be measured accurately using
a measuring cylinder. The volume of liquids is usually
measured in litres (L). For example, large bottles of soft
drink come in 1.25 L and 2 L sizes. Smaller volumes are
usually measured in millilitres (mL). For example, cans of
soft drink normally hold a volume of 375 mL.

As Figure 2.4.7 shows, a measuring cylinder can also be
used to find the volume of a solid. When you place a
solid in water, it displaces (takes the place of) a volume
of water equivalent to its own volume. That’s why the
level of water in the bath goes up when you get in.

Burekal

Archimedes (about 287 to 212 BCE) needed to
calculate the density of the wreath or crown of
his king to determine whether it

was pure gold. But how could

he measure its volume

without destroying it? He

realised how when he got

into his bath and saw the
water level rise. So
excited, he supposedly

ran naked down the street
screaming ‘eureka, eureka’!

1]

ot R S——
= coll

= 30 mL
— o8

I

The volume of a solid can be determined by
dropping it into a measuring cylinder. If the
level goes up by 30 mL then the solid’s
volume must be 30 mL.
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Unit conversions

Density is measured in g/cm?®. This means that
mass must be in gram and volume in cm?®. But
a measuring cylinder gives its volumes in mL.
This means that volume needs to be converted
from mL to cm?®. This is easy since 1 mL is
exactly the same as 1 cm?®.

1mL=1cm?

Likewise, masses are sometimes measured in
kilogram or tonne. If so, then they need to be
converted into gram. Table 2.4.4 shows how.

Table 2.4.4 Converting mass and volume

Measurement From Convert To
by
Mass tonne (t) | x 1000000 | gram (g)
kilogram | x 1000 gram (g)
(kg)
Volume litre (L) x 1000 millilitre (mL)
millilitre x1 cubic
(mL) centimetres
(em?)

WORKED EXAMPLE

Unit conversions

Problem
1 Convert3kginto g.

2 Convert2.5tinto g.
3 Convert 375 mL into cm?®.

4 Convert 1.25 L into cm?®.

Solution
1 3x1000=3000g

2 2.5x1000000=2500000 g
3 375x1=375cm?

4 1.25x1000=1250 cm?
Practice £

Calculate what these measurements are in the units
indicated.

a 2Lincm?
b 4kging

c llting




Calculating density

Density measures the mass packed into a
certain volume. This can be represented by the
mathematical formula:

) mass
density Yolume
Using symbols, this formula can be written as:
m
a = v

Mass is normally measured in grams (g) | ——
and volume in cubic centimetres (cm?). e

WORKED EXAMPLE

Calculating density

Problem

Calculate the density of a pebble with a mass of 20 g and
avolume of 10 cm?.

Solution
density = _mass__ 20 _ 2 g/cm?®
" volume = 10 &
Practice [
Calculate the density of:

a apiece of pine with a mass of 50 g and a volume of
100 cm?

b asausage with a mass of 30 g and a volume of 30 mL.

Floating and sinking

Density determines how different substances will
arrange themselves when mixed together. The densest
substance will drop to the very bottom while the least
dense will rise to the top.

For example, cooking oil floats on top of water because
its density is less than that of water. A steel bolt will sink
in water because its density is far greater than that of
water.

The density of water is 1.0 g/cm?. Anything more dense
than this will sink when placed in water. Anything less
dense will float on top of the water. Figure 2.4.8 shows
two types of rock of very different densities.

Pumice is less
dense than water
and so it floats.

Obsidian is more
dense than water
and so it sinks.

Density determines whether

things float or sink. ract
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Water and ice

Water acts just like other liquids above 4°C and ice acts
just like other solids below 0°C—it expands when heated
and contracts when cooled. However, between 0°C and
4°C, water does the exact opposite. Water at 4°C is denser
than at any other temperature, and drops to the bottom
of any pond, lake or swimming pool. Colder water floats
on top of it, and any ice will float on the surface of that
colder water. This is shown in Figure 2.4.9.

ice layer

2°C

3°C

The water at the bottom of a pond, lake or
swimming pool is always the densest. Even in
freezing conditions, this layer is unlikely to
drop below 4°C, giving fish some chance

of survival.



Icebergs

Thicker, heavier chunks of ice will be partly submerged
with only their top exposed, forming an iceberg. Despite
their huge size and mass, icebergs float because their
density is less than that of pure water and seawater, as
shown in Table 2.4.5.

Table 2.4.5 Densities of water

Substance ‘ Density (g/cm?)
Ice 0.92
Pure water 1.00
Seawater 1.03

Icebergs are incredibly dangerous to shipping because:

¢ they shift with ocean currents and winds, often into
shipping lanes.

* 80-90% of the iceberg lies hidden below the water as
shown in Figure 2.4.10. This hidden part doesn’'t melt
as fast as the ice above the water, and so it usually
extends wider than the ice visible above the water
line. Any ship that comes near can collide with this
bulge, making a hole and sinking the ship.

Figure\ Most of an iceberg lies below
2.4.10 / the surface of the water.
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Although radar gives modern shipping some warning
of a nearby iceberg, disaster can still happen. In 2007,
the Canadian cruise ship MS Explorer (shown in Figure
2.4.11) hit submerged ice off Antarctica and sank.

There was no radar in 1912 when RMS Titanic hit an
iceberg and sank on its maiden (first) voyage from
England to the USA. Although the crew knew that
icebergs lay in the path of the ship and were watching
out for them, it was a moonless night and the iceberg
was only seen at the last moment.

When MS Explorer sank, all 154 passengers
and crew were saved by a nearby cruise ship.

Iceberg seen in Sydney Harbour!

In 1978, businessman Dick Smith towed an
iceberg into Sydney Harbour so that it could be
broken up and sold off as ice cubes. However,
rain soon exposed the ‘iceberg’ as a fake! It
quickly washed off the shaving cream and
firefighting foam and revealed white plastic
beneath! It was April Fool’s Day!



2.4 Unit review

Remembering

1 State whether each of the following is true or false.
a 1kgoflead has a greater mass than 1 kg of

polystyrene.

b 1kgoflead takes up less space than 1 kg of
polystyrene.

¢ 1kgoflead has the same density as 1 kg of
polystyrene.

2 Recall the densities of different states and forms of
water by arranging the following in order from least
dense to most dense:

ice seawater
pure water at 1°C pure water at 4°C
water vapour
Understanding
3 Explain why it is easier to float in the sea than in a
freshwater lake.

4 For the science4fun activity on page 71, predict:
a which layer (the water or oil) will start on top

b what might happen once the salt is sprinkled on
top.

Applying

5 Use the particle model to explain why:
a gases are less dense than liquids and solids.
b gases become less dense as they are heated.

6 Use the densities in Tables 2.4.1, 2.4.2 and 2.4.3 on
page 73 to explain why:
a lifesaving rings are usually made of polystyrene
b helium balloons rise
c spilt petrol forms a layer floating on top of water.

7 Figure 2.4.12 shows four diagrams of exactly the same
substance. Identify which diagram best represents it:

a asasolid b asaliquid

c asahotgas d asacool gas

e atits most dense f atitsleast dense.
A B c

% o -

Analysing

8 Calculate the density of a solid that has a
volume of 2 cm® and a mass of 3 g.

9 The pebble in Figure 2.4.7 had a mass of 60 g.
Calculate its density.

10 Calculate the missing numbers in the following
unit conversions:

a 7kg=_ g b 600mL=__cm?
c 4t=_ g d 2L=__cm?
Evaluating
11 a Predict whether you are more or less dense than
water.

b Justify your answer.

12 Newspaper usually floats on water but then sinks
after a while. Propose reasons why.

Creating

13 a Construct a diagram showing a measuring
cylinder containing all the liquids shown in
Table 2.4.2 on page 73.

b Small lumps of wood, copper and gold were
then dropped into the measuring cylinder.
Modify your diagram to show where each would
settle.

Inquiring

1 Find evacuation procedures recommended by your
state fire service.

Present your findings as a simple poster that
displays an evacuation procedure.

2 The older ice in a glacier or an iceberg often
has an incredible blue colour. Find images of a
glacier or iceberg that has this blue colouring.

Explain:

¢ what causes the blue colour

¢ how itis connected to density

e why there are different shades of blue in the ice.

Present your research in digital form.
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2.4 Practical investigations

“ Density tower

Materials

Purpose
To construct a tower of different liquids, layered
according to their densities.

50 mL
(maximum)
each of corn syrup or
honey, vegetable oil,
ethanol or methylated
spirits, coloured
dishwashing liquid, water

a variety of small solids
(such as a cornflake,
single penne pasta, cork,
sultana, bolt)

SAFETY
Ethanol and
methylated spirits are
flammable so keep

away from naked
flames.

Wear safety glasses
at all times.

a few drops of food dye

rubber stopper, grape,
Lego™ block

large measuring cylinder
small beaker
digital camera or mobile phone (optional)

Procedure

1 Carefully squeeze the honey into the measuring

cylinder so that it forms a layer at least 1 cm thick on
the bottom.

Carefully squeeze or pour a similar quantity of
dishwashing liquid into the measuring cylinder.

Do this by tilting the cylinder and slowly pouring the
dishwashing liquid down its side.

Choose a food dye that is a different colour from the
dishwashing liquid. Add a few drops of it to a small
beaker of water. Tilt the cylinder again, and carefully
pour the coloured water in to form a 1 cm layer of
about the same thickness as the others.

4 Use the same method to carefully pour a 1 cm layer
of vegetable oil on top of the coloured water.

5 Add afew drops of food dye to a small beaker of
ethanol or methylated spirits. As before, make
another 1 cm layer by gently pouring the ethanol or
methylated spirits down the side of the measuring
cylinder.

6 Stand the measuring cylinder upright and allow the
contents to settle.

7 Gently lower the small solids, one by one, into the
measuring cylinder.

Results

1 Construct a labelled sketch showing the layering of
liquids in the tower. Alternatively, photograph the
tower with a digital camera or the camera function
of your mobile phone.

2 Record on your diagram the level at which each
small solid settles.

Practical review
1 Explain why:

a theliquids formed layers
b some objects floated and others sank.

2 Identify the least dense:
a liquid
b object.
3 Explain your answers to question 2.

4 Listin order from most to least dense all the:
a liquids you tested
b solids you tested
¢ liquids and solids you tested.

science




9 Icebergs and eggbergs

Purpose
To demonstrate how the different densities of fresh and
salt water change how something floats.

Hypothesis

Which do you think is more dense—an ice cube or an
egg? Before you go any further with this investigation,
write a hypothesis in your workbook.

Materials

For Part A: Icebergs
e 2icecubes
e salt

e water

e 250 mL beaker
e plastic 30 cm ruler
* spoon

For Part B: Eggbergs
e fresh uncooked egg
* salt

° water

o 2 tall glasses, tall beakers or large measuring
cylinders, wide enough to take an egg

e spoon
Method

Part A: Icebergs
1 Three-quarters fill the glass or beaker with water.
2 Slide in a cube of ice.

3 Use the ruler to measure how much of the ice cube
is above water and how much is below water.

4 Use a calculator to calculate the percentage of [
the ice cube that lies below the water.

_ how much ice cube is below water

%= total height of ice cube x 100

5 Use the spoon to remove the ice cube. Add salt to
the water and stir. Keep stirring and adding salt until
no more will dissolve.

6 Slide in another cube of ice and repeat your
measurements.

Part B: Eggbergs

7

10

11
12

13

Fill two tall glasses, tall beakers or large measuring
cylinders with approximately the same amount of
water.

Add spoonfuls of salt to one glass until no more
will dissolve.

Use the spoon to lower the fresh egg gently into
the glass of fresh (non-salty) water. Observe what
happens.

Lower the egg into the glass of salt water. Observe
what happens.

Remove the egg and pour half of the salt water out.

Very slowly add half of the fresh water, making sure
that it does not mix with the salt water. The best way
of doing this is by slowly pouring the fresh water
down the inside of the glass.

Use the spoon to lower the egg gently into the water.
Watch where the egg settles.

Results

Record your observations at each stage in Part A and
Part B.

Practical review

1

5

List the evidence that suggests that salt water is
more dense than fresh water.

List the following substances in order from most
dense to least dense:

egg, fresh water, ice cube, salt water

Use the evidence found in this experiment to
explain why icebergs are so dangerous to shipping.

Although many attempts were made to find the
wreck of RMS Titanic, it was only discovered in
1985, 21 km away from its last recorded position.
Some scientists think that the wreck may not have
hit the bottom immediately but settled somewhere
in the water above it. Use observations made in this
activity to explain how this might have happened.

a Construct a conclusion that compares the
densities of ice cubes and eggs.

b Assess whether your hypothesis was supported
or not.
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2.4 Practical investigations

Calculating density

Purpose
To calculate the density of different objects.

Materials

e selection of small masses
(such as pebbles, bolts,
rubber stopper, Lego
blocks)

SAFETY
A Risk Assessment

is required for this
investigation.

e large measuring cylinder

e access to electronic scales
or beam balance

Procedure

1 Design an experiment that:

¢ identifies which of the selected objects sink and
which float in water

* gives the measurements you need to calculate
the density of each object.

2 Write your procedure in your workbook.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Hints

You will need to measure the mass and volume of each
object you have.

Some objects might float so you will need a way of
keeping them underwater without affecting your
volume measurements.

When using a measuring cylinder, make sure you read
volumes from the bottom of the meniscus.

Qunit1.2

Results
Construct a table like the one below to record all your
measurements and results from any calculations.

Volume
(mL or cm?d)

Density
(g/cm?d)

Object

float? (<))

Sink/ Mass

Practical review
1 State the density of water.

2 List the objects that:
a floated (if any)
b sank.

3 Compare the density of each object with the density
of water.

4 Read the following statement and determine if your
results agree or disagree with it.

Objects more dense than water sink while objects less
dense than water float.

J
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2 Chapter review

Remembering
1 State two physical properties each for:
a solids b liquids C gases.

2 State what happens to particles in the following

states when they are heated.
a solid b liquid c gas
3 Name the opposite process to:

a melting b evaporation.

Understanding
4 Gases are less dense than liquids or solids of the same

material. Explain why.

5 Describe the property that makes gases ideal for
filling jumping castles.

6 Predict which of the following is most likelyto [\
be the melting point of butter:

A -20°C B 0°C
C 30°C D 100°C

7 Predict what might happen when you place an
empty balloon around the rim of a conical flask
with some water in it (shown in Figure 2.5.2) and
heat the flask.

Applying

8 When you dive into a swimming pool, the water
parts around you as you enter it. Use the particle
model to explain:

a what happens to the water particles as you
dive in

b why the swimming pool water gives you a
‘punch’ in the stomach when you do a
‘belly flop’ and not a clean dive.

9 Figure 2.5.1 shows a balloon full of gas. Identify
which of the following diagrams best shows the gas
and balloon after the gas is warmed up.

heat

Analysing

10 Use the particle model to contrast:
a melting and freezing
b evaporation and condensation.

Evaluating

11 a Propose what would happen to you if you
jumped around in a jumping castle filled with
water instead of gas.

b Refer to the particle model to justify your
prediction.

12 Aerosol cans should never be thrown in a fire.
Propose reasons why.

13 a Determine whether you can or cannot answer
the questions on page 42 at the start of this
chapter.

b  Assess how well you understand the material
presented in this chapter.

Creating

14 Use the following ten key words to construct a visual
summary of the information presented in this chapter.

matter solid liquid

gas melt freeze N
evaporate condense 2.10
sublime heat —




Thinking scientifically

Q1

Q2

The properties of a substance never

change. Properties describe what a substance
looks like, how heavy, dense, hard and brittle
it is and how it acts when heated, cooled or
mixed with other chemicals. Below are several
statements that describe solid gold. Assess
which is not a property of solid gold.

A Gold is yellow and shiny.
B Gold melts at a temperature of 1064°C.
C One gram cost $49.05 in August 2012.

D Gold reacts with strong acids to form
hydrogen gas.

All the blocks in the diagram below have

exactly the same mass. Density measures how
much of a substance fits into a volume. Which of
the following shows the correct order of
densities from highest to lowest density?

A Highest density = concrete
lead
wood
Lowest density =  polystyrene

B Highest density = lead
concrete
wood
polystyrene
concrete
wood

lead
polystyrene

Lowest density =
C Highest density =

Lowest density =
D Highest density = lead

polystyrene
concrete
Lowest density =  wood
(%
lead
concrete
—‘/ polystyrene

wood
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Q3 Liquids do not always mix together.

Sometimes one liquid floats on top of another.
Alice filled a container with some liquids as
shown. P, Q, R and S are different objects
floating in the liquids.

v el
X B |
W\'A' J

What would happen if liquids X and Y were
removed?

A B C D
z| ° L I w|
@ Il | YrEI S P
wl | wl w Z\ja

Q4 Angus placed a plastic cup in a plastic

container filled with water. He marked the level
of the water on the cup and the container.

mark on plastic cup
plastic cup

mark on — plastic container

plastic ——f—=——
container

—1—water

- J

Angus then placed a heavy rock inside the
plastic cup. What did he observe?

A B C D

-




Unit 2.1

Biodegradable: bacteria
or fungi breaks down the
substance into simpler
substances

Chemical properties: how
substances react with other
substances

Compressed: squashed

Incompressible: not able to
be compressed or squashed

Chemical
properties

Non-biodegradable: doesn’t rot
or break down

Odour: smell

Physical properties: describe things about the
substance like its appearance, melting, freezing and
boiling points and its hardness

Plasma: the fourth state of matter; found in sparks,
lightning bolts and in stars

States (phases): solid, liquid, gas (also plasma at
temperatures above 6000°C)

Unit 2.2

Bonds: forces of attraction that hold particles together
(verb: bonds)

Brownian motion: random motion of particles caused
by being bumped and jostled by other particles

Diffusion: a process in which two liquids or gases mix
Gas laws: laws that describe how gas particles behave

Indirect evidence: facts and evidence from which
something else can be inferred or reasoned

Particle model: the model used to help describe and
explain the behaviour of particles in solids, liquids and
gases

Pressure:
combined push
of gas particles
bouncing off
the walls of
their container

(+]
Particle model

about on the spot (verb: vibrates)

Vibration: jiggling

Unit 2.3

Boiling: when vigorous
bubbling appears
(verb: boils)

Boiling point: the
temperature at which
a liquid boils; 100°C for
water

Condensation: removal of
heat, changing a gas into a liquid
(verb: condenses)

Evaporation: heat changing a liquid into a gas (verb:
evaporates). Also known as vaporisation

Freezing: removal of heat, changing a liquid into a solid
(verb: freezes)

Freezing point: the temperature at which a liquid
freezes; 0°C for water

Melting: heat changing a
solid into a liquid
(verb: melts)

Melting point: the
temperature at which a
solid melts; 0°C for ice /

Molting.

Steam: condensation of water vapour, forming a visible
fog of water droplets

Solidification: removal
of heat, changing a
liquid into a solid (verb:
solidifies). Also known as
freezing

Vaporisation: heat changing a liquid into a gas (verb:
vaporises). Also known as evaporation

Unit 2.4

Density: a measure of the mass per unit volume of a
substance, d = % (unit: g/cm?®)

Displaces: when one object takes the place of another,
for example a solid pushes water upwards

Mass: measures how much matter is in a substance
(unit: g)

Volume: measures how much space is occupied by a
substance (units: mL or cm?)



3 Earth resources

»

!

Have you ever wondered...

84 PEARSON

if humans could run out of resources

like coal or 0il?

why you should save energy?

how clouds form?

why people should care about what they

put in the air or soil?

] p— ;

describe uses of a variety of
natural and made resources

classify Earth’s resources as
renewable or
non-renewable

outline features of
non-renewable resources

investigate strategies used to
conserve and manage non-
renewable resources

discuss different viewpoints
that people may use in making
decisions about the use of a
major non-renewable resource

NEW SOUTH WALES

outline the choices that need
to be made when considering
whether to obtain a resource

identify that water is an
important resource that cycles
through the environment

explain the physical processes
involved in the water cycle

demonstrate how understanding
the water cycle has influenced
water management practices

e research how Aboriginal

and Torres Strait Islander
peoples’ knowledge is used in
management of resources

¢ describe ways technology has

increased the variety of made
resources

debate the economic and
environmental impacts of mining
and resource exploration

debate intergenerational
aspects of using non-renewable
resources.




3.1 Natural and made resources

Humans need many things to
stay alive, like food, air, water
and shelter. Other living things
have similar needs. These
needs are met by the natural
resources on Earth. It is the
responsibility of everyone to
protect these vital resources.

What is in soil?

e samples of different § e \

soils
e stereomicroscope or
hand lens Wear rubber

e rubber gloves gloves and mask.

Study one of the soil

samples with a stereomicroscope at about
x40 magnification or with a hand lens. Is the
material in the soil all the same or is it made of
different materials? Try to work out what things
are in this soil.

Study the other soils to see if they have the
same materials in them.

Describe what you saw.

Explain why some samples were similar while
others were different.

Natural resources

A resource is anything obtained from the Earth to satisfy
a particular need of humans or other living things.

Most natural resources are substances, such as rocks,

air or water. However, sunlight is a vital resource too.
Sunlight is not a substance but is a form of energy. It is
needed by almost all living things on Earth and so it can
be considered to be an Earth resource (even though it
comes from space).

The major natural resources of Earth are:

e rocks

e minerals (including metals) and fossil fuels (like coal
and oil) found in rocks

e soil

e air

* water

e living things

e sunlight.

Some of these resources are shown in Figure 3.1.1 on

page 86.



Animals, trees, soil, rocks, water, air
and sunlight are natural resources.

All life depends on these resources. Protecting them
gives all living things (including us) a better chance of
survival.

Made resources

Not all resources are natural. Some are made by us
humans. Made resources start as natural resources.
Some important made resources are:

* foods, such as pasta and the bread in Figure 3.1.2,
made from plant seeds

¢ Jleather, made from animal skins

e natural fibres, made from plants (such as cotton and
linen) or animals (such as wool)

 plastics and synthetic fibres (such as polyester) made
from oil

e fuels like petrol, diesel and kerosene, made from oil

e metals (such as iron and aluminium) made from
minerals found in rocks

 glass, made from minerals found in sand

e ceramics (such as bricks and porcelain) made from
clay

e cements, made from limestone, clay and other
minerals found in rock

e medicines, made from plants, animals and minerals.

PEARSON science NEW SOUTH WALES

Bread is a made resource. It’s produced from
natural resources such as plant seeds like
wheat, soy and rye.

Technology and made
resources

The variety of made resources increases as new
technology is discovered. This means that new materials
are continually being developed. For example, plastics
were invented around 1900. Since that time, the use

of plastics has become so widespread that they now
replace wood, metal, cardboard and paper in many
applications such as toys, computer cases, furniture,
shopping bags, packaging trays, banknotes, and car and
aircraft body parts.

Carbon fibre was developed more recently as a strong
but lighter replacement for metal. It is now used in F1
racing cars, tennis racquets, golf clubs, hockey sticks,

bike frames and wheels, and the masts of yachts.

Our ever-increasing understanding of genetics has led
us to breed better plants and animals. In this way the
amount and variety of food being grown is constantly
increasing.

Renewable and non-
renewable resources

Some resources, such as sunlight, are renewable and will
never run out. Other resources, such as minerals like
iron, are non-renewable and can never be replaced once
they are all used.

A renewable resource is one that is replaced by natural
processes at about the same rate at which it is being
used. If the amount being used suddenly rises, then the



resource may eventually run out. Careful management
is required to ensure that this does not happen.

An example is the timber in a forest. If the trees are cut
down only as fast as new ones can grow then the forest
will be renewable. In contrast, if all the trees are cut
down at once, then the forest may never regrow. In this
way, poor management of the resource can make it non-
renewable. Figure 3.1.3 shows logging in the Amazon
rainforest, the largest forest on Earth.

The Amazon rainforest in Brazil is a renewable
resource only if the trees can regrow as fast as
they are used.

Air, water, sunlight and living things are considered to be
renewable resources.

Non-renewable resources are those that take a very long
time to be replaced, usually much longer than a human
lifetime. Coal, oil and natural gas take many millions of
years to form. Therefore, they are non-renewable and
will eventually run out (Figure 3.1.4). Rocks, the minerals
they contain, and soils are also non-renewable because
they usually take
thousands to
millions of years
to form.

This gas platform is
used to drill for oil
and gas on the
ocean bottom. Qil
and gas are not
renewable resources
because they take
millions of years to
form.

Living things as a resource

Living things are a resource for humans and other
organisms. For instance, animals eat plants and other
animals. Sometimes living things even use other
organisms as places to live. For example, tapeworms live
in the gut of other animals. Plants use waste materials
from animals and other plants as nutrients. Some plants
rely on animals as a way of pollinating flowers, such as
in Figure 3.1.5. Humans use plants and animals for food,
shelter, building materials, clothing, medicines,
fertilisers, fuel and many other purposes.

This plant relies on the honeyeater to pollinate
its flowers. To attract the honeyeater the plant
produces a sugary substance called nectar.

Living things also depend on their surroundings to
supply other resources that they need. Water, rocks, air
and soil supply the materials needed for all life. Sunlight
is essential for plants to make their own food and to
keep the Earth warm enough for life to exist.

Living things: a renewable resource

Living things are a renewable resource because they
reproduce. A forest that has been cut down can regrow.
Replacing some forests may take just a few decades,
while other forests would take much longer to replace.
Plantations (where trees are planted for timber) can be
replaced faster than a natural forest. Animals, like the
cows in Figure 3.1.6 on page 88, are replaced through
reproduction. Replacing animals on farms may only take
ayear or so.



Animals are a renewable resource because they

reproduce.

Air as a resource

Air is a mixture of gases and suspended particles such
as dust, smoke and water droplets. The main gases in
air and their importance to life on Earth can be seen in

Table 3.1.1.

Table 3.1.1 Gases in the air

Gas

Nitrogen

Percentage
in air

78%

Importance to life

Provides nutrients for plants
to make proteins and other
chemicals, which humans
and other animals can use
as food.

Oxygen

21%

Essential for most living
things, to release energy
from food for their bodies
to use.

Carbon
dioxide

0.03%

Essential for plants to
make their own food by
photosynthesis.

Other gases
such as
ozone, water
vapour and
argon

0.97%

Many uses depending on
the gas.

e Ozone shields humans
from ultraviolet rays
(reducing our risk of skin
cancers).

e Water vapour is part
of the water cycle that
carries water around the
planet.

e Argon is used in light
globes.
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Air: a renewable resource

About 21% of the air is oxygen gas. Oxygen is constantly
being used by animals and plants but is also constantly
being replaced by plants. Green plants, like the one

in Figure 3.1.7, use the energy from sunlight, carbon
dioxide and water to make their own food. The process
is called photosynthesis. As well as producing the
plant’s food, photosynthesis also produces oxygen.

This production allows the oxygen in the atmosphere
to stay at about the same level. Scientists describe the
movement of materials from one place to another and
back again as a ‘cycle’. Oxygen cycles through the Earth’s
atmosphere, soils, rocks, water and organisms.

Green plants use carbon dioxide, water and
energy from sunlight to make their food (sugar)
by the process of photosynthesis.

Earth’s fragile atmosphere

The atmosphere is the very thin layer of air
around the Earth’s surface. The first astronauts
who ventured into space were amazed at how
thin and fragile the atmosphere looked from
space. Many said it made them think very deeply
about the damage humans are doing to the
atmosphere.



Only about 0.03% of air is carbon dioxide. This is enough
to supply the carbon dioxide needed by plants to carry
out photosynthesis. Animals breathe out carbon dioxide
because it is a waste product of the processes that
release energy in their bodies. So carbon dioxide is also
being replaced in the air. It is part of a cycle, in which it
goes from the atmosphere to plants, and then back
again from animals to the air. This cycle of oxygen and
carbon dioxide is shown in Figure 3.1.8.

plant uses
carbon dioxide
to make sugar

plant produces
oxygen

animal takes
in oxygen

plant takes in
carbon dioxide

The exchange of oxygen and carbon dioxide
between plants and animals renews these
gases in the atmosphere.

Figure

3.1.8

The most abundant gas in air is nitrogen

(78%). Nitrogen gas also has its own cycleasit ~ — ‘
is absorbed by some organisms and released Prac1
by others. Lo

Sunlight as a resource

Sunlight is essential for life on Earth. This is because:

e plants use sunlight to produce food

e sunlight warms the Earth’s atmosphere, land and
water, keeping it warm enough for most water to
stay liquid. If the Earth cooled too much, then all
water would freeze and turn to ice. Living organisms
contain a lot of water and so they would freeze too!

Sunlight: a renewable resource

Sunlight is a renewable resource and will be for as long
as the Sun keeps shining. The Sun is a star, and it will
continue to shine for billions of years.

Water as a resource

Water covers most of Earth’s surface and all living things
(like the bird in Figure 3.1.9) need it. No organism can
live without water for long. For this reason, water is
Earth’s most important resource.

Water is the most
important resource
on Earth because
no living thing can
survive without it.

Living on other planets

Life cannot exist without water. For this reason,
scientists searching for signs of life in space are

only looking at planets and moons where water
can be detected.

Water: a renewable resource

Water is a renewable resource because it can move from
place to place and replenish an area. It has a cycle. Only
a tiny fraction of the water on Earth is made new each
day. Some water is made whenever:

¢ living things like trees burn

¢ fossil fuels like petrol and coal burn

¢ living things release energy in their bodies.

The total amount of water on Earth is thought not to
have changed much since the planet formed.

Y unit 33
W unit34



Rocks as a resource

Rocks provide two different resources:

 therocks themselves

e minerals found in rocks.

There are many different types of rock. Some types are
hard and can be used without altering them or removing
any materials from them. These rocks are used mainly
for roads and buildings, like the one shown in Figure
3.1.10. Other types of rocks are soft, like limestone and
sandstone. These rocks are easy to cut, so they are used
in paving and walls. Many of the early buildings of
Sydney are built from local sandstone.

Figure Stone buildings are built from rocks.

3.1.10

Rocks are made from substances called minerals.
Minerals differ in their physical properties such as
colour and hardness. You can see how minerals appear
in a magnified view of a rock in Figure 3.1.11. Many
minerals are important resources for humans. A variety
of minerals and their uses

are shown in
Table 3.1.2.

Thisis a
magnified

view of a rock
showing that it
is composed of
different minerals.
Each different colour
is a different mineral.
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Table 3.1.2 Minerals and their uses

Mineral | Main use

Bauxite Contains aluminium. Aluminium is used for
making aircraft, drink cans and high voltage
powerlines.

Haematite Contains iron. Iron is used to make steel,
which is used in car bodies, nails, ships
and bridges.

Malachite Contains copper. Copper is used in
electrical wiring.

Halite Contains sodium chloride (table salt). Sodium

chloride is used in food preparation and
medical applications.

Rocks contain some of the minerals that are needed by
living things. As the rocks gradually break down, they
release minerals which end up in the water of oceans
and lakes, and in the soil. From the water and soil, the
minerals are taken up by plants and animals, providing
them with necessary trace elements.

Rocks also contain resources that are not minerals.
Water is often found in rocks. The fossil fuels oil, natural
gas and coal are energy sources that are found in or
between layers of rock deep below the ground.

Rocks: a non-renewable resource

Most of the rocks of the Earth were formed millions

of years ago. However, in a few places, rocks are still
forming today. Some form when hot liquid rock
(magma) from inside the Earth cools and solidifies. This
type of rock is called igneous rock. Volcanoes are places
where igneous rocks form. The igneous rocks that form
when magma cools below ground can take thousands
to millions of years to form. In contrast, igneous rocks
form on the surface in a day or so (Figure 3.1.12). This is
because the liquid rock (lava) cools quickly in the air or
under the sea.

Although new rocks form every day, they
cannot be considered renewable because the
overall process takes so long.



Other types of rocks form when sediments (sand, silt
and clay) stick together and harden to become rock.
This type of rock is called sedimentary rock. Most
sedimentary rocks form over many thousands or
millions of years.

Only a tiny fraction of Earth’s rocks is being replaced
each year. The replacement takes so long that rocks
cannot be considered to be renewable resources.
Therefore the minerals in the rocks are considered to be
non-renewable resources too.

Fossil fuels, like oil and coal, were formed from dead
plants and animals that lived many millions of years ago
and are not being formed today. For this reason, fossil
fuels are also non-renewable resources.

@ Pearson science NSW 8 Chapter 8

Soil as a resource

Rocks are broken down (weathered) into smaller
particles such as sand, silt and clay. The small particles
are carried away by wind, water and ice in a process
called erosion. The particles are then dropped
somewhere when the wind, water or ice stops carrying
them. When the particles drop, this is called deposition.
You can see sand being deposited in Figure 3.1.13.

This sandstorm approaching the Saudi Arabian
capital Riyadh shows how much erosion and
deposition the wind can cause.

The deposited sediments are added to any soil they fall
on, making new soil in the process. Soils are composed of:
¢ fine rock particles (sediments)

¢ living organisms (such as worms and moss)

¢ humus (decaying wastes and dead organisms)

e water

¢ dissolved minerals and gases.

Soil: a non-renewable resource

In some places the rock particles carried by water, wind
and ice can build up quickly. An example is where many
rivers carrying sediments meet in a river flood plain. In
this way the soil is continually added to. Soil can also be
enriched in home gardens or on farms by adding
fertilisers or mulch (rotting leaves, bark and twigs) to
add nutrients to it.

However, in most places on Earth, soils are not being
renewed. If a farmer’s soil blows away in the wind (or

a tornado like the one in Figure 3.1.14) or is washed
away in floods, then it is not likely to be replaced in the
farmer’s lifetime. Some soils form in places where the
rocks on the Earth’s surface are weathered. However, this
process takes hundreds or thousands of years to form
soil only a few centimetres thick. Therefore most soils
are considered to be a

non-renewable resource. Prac2 Prac3 3.1
p. 97 p- 98

Figure\ Tornadoes can strip topsoil from the ground
3.1.14/ and make it very difficult for any crops to grow.



Conserving resources

There are several ways we all can save our valuable

resources.

Limiting consumption: Everyone should avoid
wasting resources by only using as much of the
resources as is needed. For example, you can save
energy by turning off lights that are not needed in
rooms.

Increasing the price: One strategy used by
governments to encourage people to limit resource
use is to charge a lot for resources such as water, gas
and electricity. This works because people will not
waste a resource if it costs them a lot of money.
Using alternative resources: Another strategy to limit
the use of a resource is to develop alternatives to it.
For example, cars with electric engines save petrol,
which keeps oil for other vital uses such as making
plastics (Figure 3.1.15).

Q) unit3.2

¢ Public awareness campaigns: Public awareness
campaigns use the media to educate people about
the need to conserve resources. These campaigns
encourage people to limit their consumption because
it saves them money and is better for the community:.

* Recycling: Recycling is the process of re-using
materials rather than throwing them away then
having to make more of the material. For example,
re-using aluminium means that less bauxite
(aluminium ore) needs to be mined. Recycling
materials such as iron, glass, copper, paper, wood
and clay bricks also saves resources. Using the
recycling bins that your council provides is an
important way of recycling materials.

Recycle and save (the planet!)

Each aluminium can you recycle saves about as
much energy as it takes to run your TV for three

hours!

Hybrid cars have both electric and petrol engines that save fuel. Although
currently more expensive to buy, hybrid cars are much cheaper to run.

PEARSON science NEW SOUTH WALES



- LEARNING ACROSS

- THE CURRICULUM *

¥ Figure
3.1.16

A protest in NSW against
using fracking to extract

DIFFERENCE AND DIVERSITY

The economic benefit gained from mining a particular
resource is affected by the changing prices obtained
for the resource and the ‘life’ of the mine. Mines only
continue while they are profitable or until the resource
runs out. New technology can make some old mines
profitable to use again.

Sometimes new technology allows an entirely new
type of mining. An example of this is fracking, in
which water and other chemicals are pumped into
rocks, causing them to fracture (break). The cracks
allow resources to escape from the rock so that they
can be extracted.

In Australia, fracking is used to release natural gas
from coal. This gas is known as coal seam gas.
However, there have been cases in the USA where
fracking has contaminated water supplies. In rural
NSW, groups have protested against the use of
fracking. One such protest is shown in Figure 3.1.16.

coal seam gas.

Cost and efficiency are major considerations with any
new technology. The new method will be favoured if it
is more efficient in supplying the resource or if it is
cheaper than the old method. The new technology will
also be favoured if it causes less damage to the
environment. The most difficult decision is whether to
allow some environmental damage because the
technology is cheaper.

One major issue at present in Australia is the burning
of coal to generate power. Coal burning produces
carbon dioxide gas, which most scientists believe has
caused warming of the Earth’s atmosphere and is
changing some climates. There is debate about
whether Australia should try to switch from coal to
other less polluting forms of generating electricity
such as solar energy and wind power.

Yoo
L 104
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INDIGENOUS AUSTRALIANS
AND RESOURCES

The knowledge of Indigenous Australians has been
useful in protecting the environment in resource
developments. Their knowledge of plants and animals,
rock art and fossil sites (Figure 3.1.17) has been used
by state and federal governments when making
decisions about whether projects should proceed and
how the environment should be protected.

In NSW:

e All local governments have been encouraged
to involve Indigenous people when developing
resources such as parks and reserves.

‘Green Teams’ made up of Indigenous people visit
sites and advise on resource developments.

State laws define what is an Aboriginal Place,
protecting places of significance to indigenous
people.

Native Title laws enable Indigenous people to
make a claim to traditional land where they and
their ancestors have lived.

REVIEW

1

State the two major factors that affect resource
development.

Describe the process of fracking.

Propose why farmers and miners in rural NSW
may have different, opposing views on using
fracking to mine coal seam gas.

Propose why it is a difficult decision to use new
technology that may be much cheaper but could
cause damage to the environment.

Assess whether economics (money) should be
as important as environmental damage when
considering the long-term survival of life on Earth.

Clarify why the knowledge of Indigenous
Australians is useful in determining the
environmental impact of a mine.

Aboriginal rock art at Nourlangie Rock in Kakadu National Park, Northern Territory.
The area is so important that it is protected as a World Heritage Site.

science




3.1 Unit review

Remembering

1 List the major natural resources of the Earth.
2 List ten made resources that help humans survive.

3 List five strategies that assist in conserving
resources.

4 Recall two factors that must be considered when
deciding whether to develop resources.

Understanding

5 Define the term resource.

6 Explain why it is important to conserve
non-renewable resources.

7 Explain why living things can be considered a
renewable resource.

8 Explain why minerals in rocks are not considered a
renewable resource.

9 Explain how each of the following assists in
conserving non-renewable resources:
a recycling
b public awareness campaigns
¢ increasing their price.

Applying
10 Identify the major resource on Earth that sustains
all life.

11 Identify the major Earth resources that are:
a renewable
b non-renewable.

12 Identify what you would expect to see when looking
through a hand lens or stereomicroscope at the soil
in the science4fun on page 85.

Analysing

13 Classify the following as renewable or
non-renewable:

a gum trees

b water
¢ sand
d cows.
14 Compare:
a renewable resources with non-renewable
resources

b made and natural resources.

Evaluating

15 Justify the following statements:
a Forests are renewable resources.
b Soils are non-renewable resources.

Creating

16 Construct a plan involving five strategies you could
use in your home to conserve natural resources.
Include in your plan discussion of the resources that
are being conserved and how your
strategy conserves the resource.

Inquiring

1 Research how the knowledge of
Indigenous people in Australia has been used
in protecting the environment during resource
developments. In your research discuss a specific
example for each of the following:
* major resource developments
e creating parks and reserves
e Green Teams
¢ local government initiatives.
Present your findings as a PowerPoint presentation
or poster.

ADDITIONAL h 4

2 Research any existing (or planned) mine in
Australia. Find the economic benefits it has had (or
will have) and the likely environmental impacts.

Present your findings as an argument for or against
the mine, to be used as a class debate.

Al NA ‘
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3.1 Practical investigations

o Renewing air suniight

Purpose -t T
To investigate whether a green plant produces oxygen.

Materials

e pieces of a leafy green plant such as geranium

e 3 x 250 mL conical flasks labelled A, B and C
e 3 small test-tubes

* 3 one-hole stoppers each with a filter funnel
e aluminium foil to cover one conical flask

e drinking straw g
e 3test-tube stoppers Flask A Flask B

e test-tube rack plant, water, plant, water plant, water and
. carbon dioxide and light, no carbon dioxide,
* wooden splint and light carbon dioxide no light

e matches

Procedure Figure

3.1.18

1 Place enough plant shoots in each flask to fill it, then
fill the flasks to the brim with tap water.

2 Using the drinking straw, blow bubbles through the Results
water in flasks A and C for one minute. This adds Record your results in a table like the one below.
carbon dioxide to the flasks.

3 Place a stopper with the filter funnel into each flask.

Make sure some water enters the stem of the funnel. Test-tube A Test-tube B Test-tube C

4 Wrap flask C with foil so no light can enter.

5 Carefully add water to three-quarter fill each filter
funnel. Then fill each test-tube with water and
carefully turn the test-tubes upside down and place
them in the filter funnels as shown in Figure 3.1.18.

6 Place the conical flasks outside in direct sunlight for
the day if possible. Otherwise use a strong light in
the laboratory and leave it on until the next day.

Practical review

7 The next day, carefully lift the test-tube out of 1 Describe the results for each test-tube.
flask A, place a stopper in the top of the test-tube 2 Oxygen gas has the ability to make a glowing splint
and place it in a test-tube rack. of wood catch fire again. Deduce whether any of the

8 Light the wooden splint and hold it near the test-tubes contained oxygen.

test-tube in the rack. Quickly blow out the wooden 3 Propose what happened in the three conical flasks.
splint, remove the test-tube stopper and hold the

glowing splint in the test-tube 4 Explain how this experiment is relevant to the

importance of air as a resource.
9 Repeat steps 7 and 8 with the other test-tubes and

record what happens. 5 Explain how this prac shows that sunlight is a

resource.
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6Water-holding capacity of soil

Purpose
To compare the water-holding capacity of different soils.

Hypothesis

Which soil type do you think will be able to hold more
water—sand, loam or clay? Before you go any further
with this investigation, write a hypothesis in your
workbook.

Materials

e 100 mL each of dry clay,
loam and sand

-

e 3 plastic filter funnels SAFETY

e retortstand and 3 clamps, | Do not inhale or touch
or filter stands the soil with bare

e 3 x 100 mL beakers hands—it can contain

dangerous organisms
(pathogens) and can

* cottonwool also trigger asthma.

e rubber gloves Wear rubber gloves

at all times and wash
Procedure your hands afterwards.

1 Setup the equipmentas
shown in Figure 3.1.19,
with a cotton wool plug in the neck of each funnel.

e 50 mL measuring cylinder

filter funnel

clay
clamp
=] cotton —]
wool
retort
stand
beaker

water

2 Halffill each funnel with a different type of soil.

3 Pour 20 mL of water into each funnel and collect
any water that comes through. If no water comes
through a particular soil, add another 20 mL of
water to that soil until some water runs through it.

Results
Record in a table how much water you added to each
soil and how much water collected in the beaker.

Practical review

1 a Identify the soil which has the largest water-
holding capacity and the soil that has the
smallest capacity.

Justify your decision.

Construct a conclusion for your investigation.
Assess whether your hypothesis was supported
or not.

N
T o T

3 Outline some possible reasons why the soils had
different water-holding capacities.

4 Soils described as ‘well drained’ allow much of
the water that enters them to pass through them.
Labels on plants at a plant nursery sometimes say
that the plant likes well-drained soils. Propose the
characteristics of soils that make them well drained.

loam sand




3.1 Practical investigations

STUDENT DESIGN
€) Erosion on a slope

Purpose Results
To test if the amount of soil erosion depends on the Record your results and observations.
slope of the land over which the water runs.

Practical review

Hypothesis 1 Evaluate your procedure.
Which slope do you think will have the greatest
erosion—a shallow or a steep slope? Before you go any
further with this investigation, write a hypothesis in
your workbook.

2 Outline how your procedure could have been
improved.

3 a Construct a conclusion for your investigation.
b  Assess whether your hypothesis was supported

Materials or not.

e 20Ldrysand
e 20Ldryloam

e plastic gutter

Do not inhale or touch
* bucket the soil with bare

e tap hands—it can contain
 hand lens or microscope | dangerous organisms
(pathogens) and can

also trigger asthma.
* wooden blocks or bricks | wear rubber gloves

° protractor

e rubber gloves at all times and wash
your hands afterwards.
Procedure
1 Design an investigation
that will test how the angle of a slope affects the
amount of soil erosion when water runs down it.
Figure 3.1.20 shows water cascading down a hill.

2 Inyour design you can use any equipment your
teacher has provided or agreed to supply to you.

3 Decide in your group how you will proceed.
Draw a diagram of the equipment you need
and the procedure you will use to conduct your
investigation.

4 Write your procedure in your workbook.

5 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work. Figure\ Does the slope of the land affect the amount of

3.1.20 / soil erosion caused by water?
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3.2 Energy sources

In Australia, the burning of coal generates most of our
electricity. Fossil fuels produce vast amounts of the greenhouse
gas carbon dioxide. This gives Australia one of the highest rates
of greenhouse gas emissions per person in the world.

Renewable resources such as wind, solar, tidal, hydroelectricity
.~ and biomass provide sustainable and clean alternatives.

science £} fun |

Using the Sun

What energy changes occur in a solar cell?

Collect this...

e solar cell

e connecting wires

e electric motor with a fan

Do this...
1 Use the connecting wires to connect the solar
cell to the electric motor.

Stand outside (preferably on a sunny day) with
the solar cell facing the Sun.

Now partially or fully cover the cell and observe.

Record this...
Describe what happened.
Explain why you think this happened.




Energy demand

Early humans had basic energy needs. Without
electricity and fossil fuels, their energy needs were met
from sunlight and from burning fuels like wood and
dried animal manure. Since then, energy demands have
risen dramatically. Figure 3.2.1 shows how the demand
for electrical energy has grown in NSW since 1989.
Appliances and gadgets, such as televisions, mobile
phones, home entertainment units, gaming consoles
and computers, require a lot of energy to manufacture.
They also require ongoing energy to use. Air
conditioning and the convenience of car and air travel
come at an energy cost too. Table 3.2.1 shows that,
relative to many parts of the world, Australia and other
Western societies, such as the United States and
Europe, consume large amounts of energy.

1700

1600 /

Increasing

% 1500 A~ / population and
g / lifestyle changes
3 / have resulted in
3 1400 N
& /‘/ increased demand
g / for electricity in
Z 1300 / NSW. 1 petajoule
= —— = 1000 million

1200 million joules.

1100

TTT T T T T T T[T ITrrrrrT)
1990 2000 2010

Year

Table 3.2.1 Energy use per person (in gigajoules, GJ)
in various countries as stated by the World Bank, 2008-12

Yearly energy use per person (GJ)

[1GJ = 1000 million J]

Australia 235
Canada 310
China 76
Egypt 38
El Salvador 28
Ethiopia 17
Greece 103
Italy 119
Pakistan 20
United Kingdom 137
United States 301
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Non-renewable energy
sources

Oil, coal, gas and nuclear are energy sources that cannot
be replaced. Energy sources such as these are called
non-renewable energy sources.

Oil, coal, gas and their products (such as petrol and
diesel) are known as fossil fuels. Some 300 million years
ago, the dead remains of prehistoric animals and plants
were covered by layers of mud, sand and dirt. Pressure
and heat below the Earth’s surface gradually transformed
these remains into the different fossil fuels found today.
The original source of energy for these fuels was the
sunlight absorbed by the prehistoric plants. It was stored
in their remains or in the remains of the animals that ate
the plants. When burnt, fossil fuels release large amounts
of energy but also large amounts of the greenhouse gas
carbon dioxide. This increased concentration of carbon
dioxide in the atmosphere is thought to contribute to
climate change.

Nuclear fuels, such as uranium and plutonium, are non-
renewable sources of energy that are used as the main
power source in many countries overseas. There are no
nuclear power plants in Australia. The nuclear reactor

at Lucas Heights in Sydney only produces radioisotopes
for use in medicine and engineering. Small amounts of
these fuels can produce large amounts of energy in a
chain reaction in a process called nuclear fission. This
chain reaction is carefully controlled in a nuclear power
plant. The heat created is used to generate electricity.
Nuclear power plants do not produce greenhouse gas
emissions. However, the process of nuclear fission used
produces wastes that remain radioactive for thousands
of years. Long-term safe storage of these wastes remains
a problem.

Figure 3.2.2 shows that more than 80% of the world’s
energy supply is obtained from oil, coal and gas. These
are all non-renewable fossil fuels. Australia has plentiful
supplies of coal and it is relatively cheap. Major energy
sources used in Australia include:

e black and brown coal, to produce steam used to
generate most of our electricity

e petrol to power most of our cars, with some using
LPG (liquefied petroleum gas, another fossil fuel)

 diesel to power most trucks, cars and tractors and
some trains

e natural gas for much of our cooking, central heating
and hot water services.



Oil 37% Coal 25%

Nuclear 6%

Solar heat 0.5% Wind 0.3%

Solar photovoltaic 0.04%

This chart shows where the world’s energy comes from. The second and third rows
show detail that cannot be seen in the smallest bands of the row above.

Ren ewa b | e en ergy sources You pay slightly more but you buy electricity that has

been sourced from renewable energy. Key sources of

Renewable energy sources can be used over and over
8y renewable energy are:

again. If we want to build an energy supply for the future

and to limit greenhouse gas emissions then we need * moving water * heatwithin ﬂ.le Barth
to switch from fossil fuels to renewable sources. Power * Sun * oceans and rivers
companies offer households the option to buy all or * wind * biomass.

some of their electricity from a green power provider. Figure 3.2.3 highlights the regions of the world best

suited to each type of renewable energy.

The depth of
yellow shading
indicates the
average solar
radiation reaching
the surface of the
Earth. The purple
zones indicate
regions of high
wind speed. The
blue lines indicate
high tidal activity.
The dotted zones
indicate where
heat is relatively

close under the Average wave | Geothermal power | Average wind speed (km/h) World energy generation (TWh/year)
flux (kW per Depth (metres) to C i
Earth’s crust. o Current Technical
metre; of t reach 170 Cr)fabove % 2z &9 s 3 Source production potential
wavefront) ?verage tsu ace Average solar radiation (over 24 hours) | Geothermal 59 138000
emperature at Earth’s surface (W/m?) Wind 130 106 000
— 25-49 2000 6000 C m— ]
: 0 50 100 150 200 250 300 as0 | Solar 4 43600
- 50-74 Biomass 239 23000
w— 75-100 @ World’s largest renewable Wave and tidal 0.5 not available
electricity plants




A major problem with renewable energy sources is that
their energy output is not continuous. Wind turbines,
solar systems and wave generators rely upon the

wind blowing, sun shining and waves breaking. Better
methods need to be developed to store renewable
energy when demand is low so that it can be used later
when demand rises.

Hydroelectricity

Gravity causes things to fall, including water. Water
falling from a higher to a lower level (such as from the
dam shown in Figure 3.2.4) can be used to turn turbines
and generate electricity. This form of electricity is called
hydroelectricity. The Snowy Mountains hydroelectric
scheme in NSW is the largest hydroelectric power
scheme in Australia. It consists of 16 dams, 7 power
stations and over 145 km of tunnels. Hydroelectric
schemes are a renewable energy resource. However,
large-scale projects change the way rivers flow and alter
the environment.

“:Qéj

The energy of falling water is used to turn
turbines that generate electricity in a
hydroelectric power station.

A sugar rush

Brazil produces vast crops of sugarcane and
uses some to produce ethanol. Most new cars

are designed to run on ethanol. This change has
lessened Brazil’s dependence on oil - its cars are
essentially solar powered!
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Biomass

Biomass is material, such as dead plants, other types of
plant matter, or animals and their wastes, from which
energy can be obtained. These materials contain stored
energy captured from the Sun. This energy can be
released for use in many different ways:

¢ Heat energy is released when products such as wood,
peat or dried manure, such as cow pats, are burnt.

* When organic wastes such as fruit peelings and
grass clippings are put into landfill, they decompose,
producing methane and carbon dioxide gases. This
gas mixture, called biogas, can be collected from
landfill sites and the methane gas then used as a fuel.
Biogas can also be produced from human sewage
and animal wastes.

¢ Biofuel is liquid fuel made from living things like
plants or algae. For example, ethanol can be
fermented from agricultural crops, such as sugarcane
or corn (shown in Figure 3.2.5), or from agricultural
wastes, such as rice husks. Biodiesel fuel can be made
from vegetable oils extracted from plant seeds, such
as palm oil, sunflower, canola,
soybean, sesame and linseed, orby | 3.4 Prac
harvesting algae. p.110

Corn ethanol is produced in this processing
plant in lowa, USA. The corn grain shown here
is a waste product of the process and is sold as
animal feed.



Solar energy

Light from the Sun is a valuable renewable resource. It
can be used in many ways to provide energy.

¢ The direction a house faces (its orientation) can help
to reduce the need for additional heating and cooling.
Using interior materials that absorb sunlight through
the day and then release heat at night also helps.

* Sunlight can be used to heat water flowing through
rooftop solar collectors to provide households with
hot water.

@ Pearson science NSW 8 Unit 5.2

* Solar cells (such as those shown in Figure 3.2.6)
use materials called semiconductors to convert
sunlight directly into electricity. Rooftop solar
cells can provide household electricity, and any
extra electricity generated can be fed back into
the electricity grid or into storage batteries. Solar
cells are expensive to produce, but the amount of
electricity they make is increasing each year. This
increased efficiency of solar cells is making them
more affordable to householders.

Solar cells are useful for
providing energy to
small-scale devices, such
as calculators or garden
lighting, and for providing
electricity in remote
areas.

¢ Asolar pond consists of a large volume of water to
which salt is added. The pond is lined with black
plastic. Sunlight heats water at the base of the pond,
and the heat can be used to generate electricity.

e Large-scale solar energy systems, such as that
shown in Figure 3.2.7, rely upon vast arrays of
mirrors to concentrate sunlight. These devices can
be used to generate electricity with no greenhouse
gas emissions.

Wind energy

Wind energy has been used for centuries and windmills
have long been used in Australia to pump water. Wind
turbines are like large windmills but are used to generate
electricity. Wind farms are located in windy

places. You can see a wind farm in Figure 3.2.8. o

p.111 |

Wind energy generates no greenhouse gas
emissions. Nearby residents may object to wind
farms because they produce some noise and
birds may be injured by the turbines as they spin.

A solar furnace can produce temperatures up to
3800°C. Solar furnaces, such as this one in
Odeillo, France, can be used to generate
electricity.

Sun’s rays

£

parabolic reflector concentrates

; parabolic reflector
Sun’s energy

4
it |
|
{ K ’—é mirrors (heliostats)

track the Sun and direct
the Sun’s rays into the




Energy from the ocean

There are a number of different techniques that harness
energy from the ocean. Although these techniques

are generally expensive to establish, they offer a clean
energy source once they are operating. An oscillating
wave column (shown in Figure 3.2.9) and a tidal barrage
(shown in Figure 3.2.10) are two examples.

Turbine turns in same
direction irrespective
of direction of airflow

Incoming wave
forces air out

turbine

Retreating wave
sucks air back in

The oscillating wave column relies on the
pressure of the waves to suck air in and out
around a turbine to generate electricity.

Geothermal energy

Beneath the Earth’s crust lies molten magma (melted
rock). In Iceland, Japan and New Zealand, this heat lies
fairly close to the surface and heated water may burst
from the surface as a natural hot spring or geyser like
the one shown in Figure 3.2.11. This heated water can
be used directly to generate electricity. Another way to
use geothermal energy is to pump water underground
through drilled channels and circulate it through the
hot rock. The water is heated by the rock and is used to
generate electricity when it returns to the surface. This
is shown in Figure 3.2.12. A geothermal power plant
has been built at Birdsville, in Queensland, and plants
are being developed in South Australia. Geothermal
power plants tap into a plentiful natural energy source.
However, they are limited to specific areas and can
result in pollutant gases escaping from below Earth’s
surface.
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barrage

t

H basin

turbine

As the tide rises,

water moves into
the basin, turning
a turbine.

low tide

At high tide, the
gates are shut.

high tide

At low tide, the gates
are opened. The

< turbine is rotated as

water flows back out
of the basin.

low tide

At low tide, the gates of the tidal barrage open
to allow water to fill a basin. These gates are
shut at high tide. When the tide is low, the
gates are reopened and the pressure of water
rushing out is used to generate electricity.

This steam is produced by geothermally
heated water in Iceland.



generator
building

pump house —

A geothermal power plant pumps cold water
below the surface where it is naturally heated
over hot rocks. It then returns to the surface.

Powering NSW

Fossil fuels supply 94% of the energy needed in NSW.
Coal and petroleum (petrol) make up most of the fossil
fuels used. As Figure 3.2.13 shows, electricity supplied by
renewable sources is a small part of the total energy used
in the state.

Electricity generated from renewable sources is on the
rise. From 2001-08, electricity from renewable sources
contributed 6% of the total electricity produced but by
2010 this type of energy supply had doubled. In NSW,
the main renewables used are hydroelectricity, biomass
(wood, wood waste, biogas, biofuels) and, increasingly,
wind and solar energy.
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The abundant and accessible reserves of black coal

in NSW have been a source of massive economic
benefit. In 2008, exports of black coal contributed
more than 8 billion dollars to the Australian economy
and the industry employed more than 13000 people.
Figure 3.2.14 shows the location of the coalfields of the
Gunnedah basin.
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The Gunnedah basin contains almost all of the
coal resources found in NSW. This area of
land is approximately 500 km long by 150 km
wide.

Figure
3.2.14

Powerful Gunnedah

In the 1800s, trains, steamships and most
machinery were driven by steam engines, which
burned coal. Back then, coal was as important as

oil is to us today. The rich coal seam beneath the
Gunnedah region was discovered in 1877 by a
local farmer boring for water. Prior to that, the
area derived its wealth from sheep and wheat
farming.

This graph shows the increasing use of coal to
meet energy demands in NSW and the ACT.



The coal mining industry provides a reliable source of
energy, income and employment, but there are serious
concerns about its impact on the environment. These

include:

e the emission (release) of large quantities of
greenhouse gases (particularly carbon dioxide)
produced when coal is burnt

 pollution of surface and groundwater

e erosion and changes to the landform (Figure 3.2.15)

e changes to the environment that might make it more
difficult for different types of animals and plants to
survive.

Carbon capture and storage is the process whereby
carbon dioxide gas is isolated and captured either
before or after coal is burnt. Once captured, the carbon
dioxide is liquefied (changed into a liquid). It is then
pumped into geological formations where it is to be
stored underground. This is shown in Figure 3.2.16. Such
‘clean coal technologies’ aim to reduce greenhouse gas
emissions generated when burning coal. Smallscale
trials have been conducted, but the process has not
yet been used on a large scale. Some scientists fear

the process could trigger instability within the Earth,
potentially leading to earthquakes.

The impact of coal
mining on the
environment can be
seen in this open cut
mine near Lake =

power station

Macquarie, NSW. feo "
lI =ls
5

methane

Carbon capture and
storage aims to isolate
and safely store carbon
dioxide produced when
coal is burnt.

—p . =t 3 oil rig 4
53

(2)

@ Carbon dioxide can be pumped into abandoned coal mines. As carbon dioxide is pumped in,
methane gas can be pumped out for use as an energy source.

@ Carbon dioxide can be pumped into geological formations, such as deep saline aquifers, in which
it is believed it can be safely stored.

@ Carbon dioxide can be pumped into oil fields in which output is dropping. This process can increase
oil recovery output from the oil field.
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LEARNING ACROSS

THE CURRICULUM

ETHICAL UNDERSTANDING

For many generations, fishermen living by the
shores of Lake Victoria, in Eastern Africa, have
relied upon kerosene lamps to light their homes
and catch fish at night. Kerosene is a non-
renewable resource. It is readily available in
remote areas and easy to buy in small quantities.
However, it is expensive and highly flammable,
and at times kerosene leaks into the lake, adding
to its pollution. It is estimated that the burning of
kerosene in lamps around the lake produces about
50000 tonnes of carbon dioxide gas every year.

In April 2008, a lighting company built the first
‘energy hub’ on the banks of Lake Victoria. Its
name is Umeme Kwa Wote, Swabhili for energy for
all. It is an energy station consisting of 42 solar
panels installed on its roof. These panels convert
the renewable resource of sunlight into a clean
supply of electricity. Three hubs have been built
in Kenya and one in Uganda, with hopes to build
another 100 energy hubs in Africa and 20 in Asia.

For a small fee, locals can use this electricity

to recharge energy-efficient fluorescent lamps

for use on their boats and in their homes. They
can also take a rechargeable battery from the
energy hub to power fishing lamps. Typical lamps
are shown in Figures 3.2.17 and 3.2.18. They

rely on an 11 W globe and are watertight and
dust resistant. Costs are much lower than the
equivalent costs for kerosene, the light from the
lamps is brighter, it carries no health risks, and no
greenhouse gases are produced in the process.
The battery can also be used to operate or
charge small appliances such as mobile phones
and radios. When the batteries are flat, they are
brought back to the hub for recharging and are
swapped for a charged battery.
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This Kenyan woman carries a chargeable
solar-powered lamp.

The woman shown in Figure 3.2.17 is carrying a

lantern with an internal rechargeable battery. This
lantern operates for 8 hours, or even longer when
switched to a lower power LED light designed to
provide enough light to read a book at night.

These fishermen on Lake Victoria plan

;igt’:g to catch sardines attracted by the
light source.
REVIEW

1 State the fraction of the world’s population
that has no access to electricity.

2 List the disadvantages of using kerosene as a
light source in remote communities.

3 Outline how the program Umeme Kwa Wote
provides solar lights in Kenya.

4 Propose areas in Australia that might benefit
from a similar scheme.




Remembering

1 Refer to Figure 3.2.1 on page 100 and state the
approximate energy use (in petajoules) in NSW in

the years:
a 1990
b 1999-2000
c 2010.
2 a State one key advantage of fossil fuels.
b State two key disadvantages fossil fuel.

3 State one advantage and one disadvantage
associated with the use of nuclear fuel.

4 List the three sources of energy that supply the
majority of the world’s needs.

5 List five types of plant seeds that can be used to
produce biodiesel fuel.

6 Recall another name for a solar cell.

7 Name the region of NSW that contains the richest
reserves of coal.

Understanding

8 Refer to Figure 3.2.1 on page 100 and describe
how the demand for electricity has varied in
NSW between 1990 and 2010.

9 Explain the difference between renewable and non-
renewable sources of energy, giving an example of
each type.

10 Outline how fossil fuels are formed.
11 Define the term biomass.

12 Describe five different ways sunlight can be used as
an energy source.

13 Discuss at least three positive and three negative
effects of coal mining in NSW.

14 Explain the process of carbon capture and storage.

Applying
15 a State the average energy use in gigajoules (GJ) of

an Australian over a year.
b Calculate this value in joules (J).
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16

17

18

Each situation a-h below describes different energy
changes. Use the options below to identify which
type of energy is being used in each case.

hydroelectricity
oscillating wave column
biomass

fossil fuel

tidal barrage

solar energy
geothermal energy
wind energy

a Wood is burnt in a camp oven to boil a kettle.

b Natural gas is used to heat a saucepan of pasta
on a stove.

¢ Falling water turns turbines that generate
electricity.

d Sunlight falling on a photovoltaic cell is directly
converted into electricity.

e Turbines rotate as air flows through them and
this is used to generate electricity.

f  Aturbine rotates in one direction and then the
other as moving water sucks air past its blades.

g Water flows rapidly over a turbine, which is used
to generate electricity.

h  Water pumped below the surface of the Earth is
heated and used to generate electricity.

Use Figure 3.2.2 on page 101 to state the
percentage of world energy consumption
supplied by:

a oil

b solar photovoltaic energy

¢ nuclear energy.

Use Figure 3.2.13 on page 105 to list the energy
sources used to provide electricity for NSW in order
from the largest to the smallest contributor.

Analysing

19

20

a Identify the source of energy being used in the
science4fun activity on page 99.

b Classify this as a non-renewable or a renewable
energy source.

Compare the key advantages and disadvantages
of two renewable energy sources, such as solar,
wind, tidal, geothermal or hydroelectric energy
production.




Evaluating

21 a Assess whether nuclear energy is a renewable
or non-renewable energy source.

b Justify your answer.

22 Refer to Figure 3.2.3 on page 101 to answer the
following questions.

a State the current production of electricity from
solar sources (in terawatt hours per year,
TWh/yr).

b State how much electricity could potentially be
produced from solar sources (in TWh/yr).

c Propose three regions of the world that would
be best suited to utilising:

i solar energy
il wind energy
ili ocean energy
iv geothermal energy.

d Looking at Australia on this illustration, propose
which renewable resource you think would be
best suited to development in NSW.

23 Propose what is meant by the term
green energy.

24 Propose reasons why electricity demand in
NSW drops occasionally during a day or over a year.

Creating

25 Australia has plenty of brown and black coal. It is
relatively easily mined and relatively cheap.
a Construct an argument for or against the use of
coal as an energy resource.
b Use the arguments of the class to run a debate
on whether coal should continue to be used as a
major source of electrical energy in Australia.

Inquiring

1 Many remote communities in Australia are located
large distances from the electricity grid. These
communities generally rely on isolated diesel power
stations. Such diesel power stations are affected by
price variations in diesel fuel and also contribute
greenhouse gases to the atmosphere.

Research other sources of electricity that
are being used or could be used in remote
communities.

Collect photos of some examples of other
sources that provide energy.

Link each photo of a source with its position on
a map of Australia.

Investigate factors that affect the cost of
supplying electricity to remote communities.
Summarise any improvements that are being

made to the delivery of electric power in such
regions.

Present your findings as a poster or as a
digital presentation.

ADDITIONAL h 4

2 The phrase intergenerational justice can be
used when discussing the use of non-renewable
resources. To investigate this concept:

Research what intergenerational means.

Explain what is meant by the term non-
renewable resource.

Outline what you think is meant by the term
intergenerational justice when linked with non-
renewable resources.

Construct arguments that agree or disagree with
the statement that:

People today must have a sense of
intergenerational justice when using
non-renewable resources.

Present your findings as a Word document.
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3.2 Practical investigations

o Energy from food (biomass)

The stored chemical energy in food can be used to
produce biofuels. Food is also used to produce chemical
energy inside your body.

Purpose

To burn a sample of
food and calculate its
energy content.

SAFETY
Do not use peanuts
or any nut product

because of possible
food allergies.

Watch the burning food
sample at all times.

Materials

¢ food samples (such as
Cheezels, crusty bread,
Marie biscuit)

e cork
e aluminium foil
e paper clip

e retortstand and clamp Ensure that the room
is well ventilated

or complete this
experiment inside a

e electronic balance fume cupboard.

¢ small measuring cylinder =~
Procedure

e thermometer
e test-tube

1 Copy the results table below into your workbook.

2 Using the measuring cylinder, carefully measure
20 mL of water. Pour it into the test-tube.

3 Cover the cork with aluminium foil. Shape the paper
clip like a hook and poke it into the cork.

4 Cut a small piece of your first food sample. Measure
and record its mass in your table.

5 Setup the equipment as shown in Figure 3.2.19 so
that the food sample will sit about 2 cm below the
test-tube.

6 Measure and record the initial temperature of the
water.

7 Use the Bunsen burner to set the food sample alight,
and then carefully place the burning sample under
the test-tube.

8 When the sample stops burning, measure the final
temperature of the water and record this result.

9 Repeat the activity using two other food samples.
Results
1 Record all your measurements in the results table.

2 Calculate the change in water temperatureby [
subtracting the initial temperature from the final
temperature.

3 For each sample, divide the change in water (N |
temperature by the mass of the sample.

Practical review

Compare the different samples and list them in order
from the one that contains the most energy per gram to
the one that has the least energy per gram.

thermometer

clamp

paper clip

cork
covered in
aluminium
foil

Change in water

Food sample

Mass of

sample (g)

Initial
temperature
of water ('C)

Final
temperature
of water (°C)

Change in water
temperature (°C)

temperature +
mass of sample
(C/g)
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STUDENT DESIGN

Purpose

To investigate the effect that wind direction has on wind

power.

Hypothesis

Harnessing the wind

Which direction of wind will make a turbine spin the
fastest—will it be when the wind hits the turbine from

straight in front or at an angle? Before you go any further

in your investigation, write your hypothesis in your

workbook.

Materials

e pedestal fan or a
hairdryer

¢ pinwheel made from a
sheet of light cardboard

e nail or drawing pin

e bamboo skewer

e  protractor

¢ masking tape

e cardboard cylinder

e length of string

e paper clip

Procedure

SAFETY
A Risk Assessment

is required for this
investigation. Do not
operate the hairdryer
near water or insert
any materials inside
the fan.

1 Produce a cardboard pinwheel by following these

instructions:

i Enlarge the template of the pinwheel shown in
Figure 3.2.20 and print it onto a sheet of paper

or cardboard.

ii  Cutalong the unbroken lines.

ili Carefully bend each of the four corners towards

the centre of the pinwheel.
iv Secure the corners at the centre using a nail or

drawing pin.

v Press the nail into the bamboo skewer.

2 Design an experiment to test the speed at which the

turbine will spin when wind hits the turbine from
directly in front or when it hits from an angle.
Figure 3.2.21 may give you some ideas.

3 Write your procedure in your workbook.

4 Before you start any practical work, assess your

Use this template
to make your
pinwheel ‘turbine’.

cardboard

holes in cylinder

pin wheel

bamboo
skewer

™~ string

@/ paper clip

make sure cylinder
is secure

If the cylinder is unstable, tape it to a thick
cardboard base so it is sturdy when standing

upright.

procedure. Assess any risks that your procedure
might involve and what you might do to minimise
those risks. Show your teacher your procedure and
your assessment of its risks. If they approve, then
collect all the required materials and start work.

Results

Present your results in a table.

Practical review

1 Construct a conclusion for your investigation.

2 Assess whether your hypothesis was supported or

not.




3.3 The water cycle
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Water is one of the most important
substances on Earth. Water is present in
the atmosphere, on the surface of the
land and underground. About 70% of the
== human body is made up of water.
Humans can survive for weeks without

.= food but only a few days without water.
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science 4 fun

Dripping glass Water on Earth

Where did the water on the outside

 the dl from? Look at the map of the Earth in Figure 3.3.1. It shows
of the glass come from?

that there is far more water than land. About 70% of the

Collect this... Earth’s surface is covered by water.

e cold water from the fridge However, almost all (97.5%) of the water that covers

e glass Earth is in oceans and salt water lakes. This makes it

e sticky-tape or marker pen (optional) unsuitable for drinking and most other uses. The other

e paper towel

Do this..
1 Half f||| the glass with cold water.

2 Dry the outside of the glass with the paper
towel.

3 Mark the level of the water with the
sticky-tape or marker pen.

4 Place the glass on a piece of paper towel on
a bench and leave for 5 to 10 minutes.

Record this...
Describe what happened.
Explain why you think this happened.

Seventy per cent of the Earth’s surface is
covered by water.

PEARSON science NEW SOUTH WALES



2.5% is fresh water, but almost all of that cannot be used
because it is either trapped underground or frozen in
glaciers and in the ice caps of the North and South poles.
Only about 0.01% of all water on Earth is renewable
fresh water and is available for use. The tiny dark blue
square in Figure 3.3.2 shows the very small proportion of
water on Earth that is available for use by humans and
other living things.

é 5 56 S 6 55 g;eg%
A8 %y P Y

underground
water (2.5%)

renewable fresh water—
the water on Earth available
for our use (0.01%)

The amount of water on Earth available for our
use is very small compared to the total amount
of water on Earth.

The water cycle

The water on Earth has been recycled over and over
again since the planet was formed.

The natural process of recycling water is known as the
water cycle. As water moves through the cycle it changes
state. Figure 3.3.3 shows that energy from the Sun causes
water to evaporate from bodies of water such as the
ocean, rivers and lakes. Liquid water in the ocean has
changed into water vapour in the atmosphere.

As the water vapour rises, it cools. At a certain height the
air cannot hold any more water vapour and the air is said
to be saturated. Any further cooling causes water vapour
in the air to condense, changing into tiny drops of liquid
water. These tiny droplets form clouds, like the one in
Figure 3.3.4.

Sun
EVAPORATION

Evaporation moves water from oceans, rivers
and lakes into the atmosphere. About 86% of the
evaporation in the water cycle is from the oceans
because they are the largest bodies of water.

cloud

CONDENSATION

air is saturat

air gets colder

humidity increases

Cool air holds less water vapour than warm air.
In cool air, water vapour condenses to form
clouds.

When the air cools further, the droplets of water
combine to become larger and heavier droplets, which
then fall back to Earth as precipitation. The
precipitation may be in the form of liquid rain or it may
be frozen, falling to Earth as snow or hail (Figure 3.3.5).

Water droplets in the clouds freeze when the
atmosphere falls below 0°C. Precipitation then
happens as snow or hail.



As Figure 3.3.6 shows, two things may happen to the
precipitation that falls on land.

¢ [t may flow over the surface as run-off, moving back
into rivers, lakes and streams, and eventually flow
back to the oceans.

¢ [t may soak down into the soil in a process called
percolation.

precipitation

i

RUN-OFF
—

Once precipitation has landed on Earth it may
flow over the surface or percolate into the soil
and rocks beneath.

Some of the water that percolates through the soil is
taken up by the roots of plants. This water then moves
up through the plant. The heat of the Sun causes some
of this water to evaporate from the stems, flowers and
leaves of plants. The process of the evaporation of water
from plants is called transpiration. It is shown in
Figure 3.3.7. About 10% of the water vapour entering
Earth’s atmosphere comes from transpiration.

transpiration

evaporation
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TRANSPIRATION

water travels up
through trunk

water in soil

Transpiration is the evaporation of water from
leaves and other parts of a plant. Through
transpiration, water is carried from the soil and
returned to the atmosphere.

Animals drink fresh water from rivers and lakes. This
water is returned to the atmosphere as it evaporates
from their bodies, or returned to the ground when it is
excreted (removed from their bodies) as urine.

Putting all these processes together creates the water
cycle, as shown in Figure 3.3.8.

Prac1

Figure The water cycle p-120 | | ==

3.3.8

condensation

evaporation




Groundwater

Rainwater, rivers and dams are major sources of water
for Australia. However, more than 20% of the water used
in Australia each year comes from groundwater.
Groundwater is water that exists underground. Most
groundwater is not in underground lakes or rivers but is
trapped in the tiny spaces between grains of sand or
within pervious rocks. Pervious rocks are rocks that
allow water to soak into them. Pervious rocks contain
tiny spaces into which water can soak. Figure 3.3.9
shows how this works.
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The effect of pervious rocks is like pouring
water into a jar of pebbles or sand. The water
does not sit on top. Instead, the water moves
down, filling up the spaces between the sand
or pebbles.

When the water within the pervious rocks can be
extracted using a bore or well, then the layer of rock is
known as an aquifer. Perth in Western Australia gets
about 60% of its water from an aquifer.

The Great Artesian Basin

The Great Artesian Basin is one of the largest
groundwater basins in the world. About one-fifth of

bore (windmill)

springs

mean sea level

LEGEND

[ impervious rock
(mudstone, siltstone)

pervious rock (sandstone)

B bedrock

-«— direction of water movement

Australia is sitting on top of it. Many millions of years
ago there was an inland sea in Australia. Under this sea,
rocks formed in alternating layers of pervious rock and
impervious rock. Impervious rock does not allow water
to soak into it. Movement of the land has exposed areas
of the pervious rock. Water can soak into the pervious
rock and flow underground. The impervious rock
prevents the water from escaping. The result is a very
large store of groundwater—the Great Artesian Basin.
You can see its structure in Figure 3.3.10.

It takes a very long time for the water to soak through
the rock and into the aquifers. Some of the water in the
Great Artesian Basin has been there for

millions of years. Prac2
Ip.120

Factors affecting the
water cycle

Many natural factors influence the rate at which water
moves through the water cycle. It can take a few days

to thousands of years for an individual particle of water
to move through the water cycle. In that time the water
goes from ocean to atmosphere to land and back to
ocean again. Some of it slowly seeps through the rocks
and is then trapped underground. This water is still part
of the cycle but will not move on to a different stage
until the water is carried up to the surface through a
bore or well.

States of water

The water that is trapped as ice at the North and South
poles, in glaciers and on the top of high mountains is
also part of the water cycle. The water in the ice and
snow of Figure 3.3.11 on page 116 cannot move on to the
next stage until it melts.

LD unit2.3

recharge areas

Figure
3.3.10
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The Great Artesian Basin
is made up of alternating
layers of pervious and
impervious rocks. Water
is extracted from the
pervious rocks using
aquifers. These aquifers
supply water to large
areas of inland Australia.



The water in ice and snow is still part of the
water cycle. However, it may be hundreds or
thousands of years before the water is able to
move on to the next stage of the cycle.

Ice cannot be taken up by plants. Many trees living in
areas where water in the soil is frozen for part of the year
are deciduous. Deciduous trees lose all their leaves in
winter. Without leaves there is very little transpiration.
Without leaves the trees are able to survive until the
weather becomes warmer and water becomes liquid again.

Martian water

Ice is found at the polar ice caps of the planet

Mars. Some scientists think there may be liquid m
water on Mars. NASA photographs have revealed (@)
soil deposits, suggesting that water had carried ‘
sediment through two small valleys in the time |
between the Mars mission in 2005 and the next

Mars mission in 2012. Analysis of rock samples Q

collected by the Mars Curiosity Rover in 2013
provided evidence that in the past, water on Mars
may have been good enough to drink.

Air temperature

Air temperature affects the rate of evaporation from
bodies of water and soil. It also affects the rate of
transpiration. As the air temperature increases, the rate
of evaporation and transpiration both increase. Plants
can slow transpiration down if they are losing water
more quickly than they can take it in through their roots.
Plants have special openings through which the water
evaporates. Plants are able to close these openings if
they are losing too much water. In this way plants are
able to reduce the rate of transpiration and slow down
the movement of water through the water cycle.

PEARSON science NEW SOUTH WALES

Humidity

Humidity is the amount of water vapour in the air.
Water vapour can be added to the air until the air
becomes saturated. When this happens, the air cannot
hold any more water vapour. As the air above a surface
reaches saturation point the rate of evaporation (and
transpiration) slows down and stops.

You may have experienced the effect of saturated air.
When you sweat on a hot day with low humidity, the
sweat dries (evaporates) off your skin quickly and cools
you. However, if the air is very humid then the sweat
remains on your skin and you feel hot and sticky.

Air movement

Air moving across a wet surface increases the rate of
evaporation. Moving air carries away the saturated air,
allowing evaporation and transpiration to continue.
This is why turning on a fan makes you feel cooler and
more comfortable on a hot, humid day: the breeze
blows away the saturated air allowing your sweat to start
evaporating again. Figure 3.3.12 shows how —

this happens. Prac3
p.121

slow evaporation

If there is no wind,

< the air above a
moist surface can

become saturated.

moist surface

rapid evaporation

If wind blows away
the saturated air, the
rate of evaporation
increases again.

moist surface <

Air becomes saturated and evaporation is slow
if there is no wind. Wind blows away moist air
and so evaporation increases.



Landscape

Topography is the hills, valleys, rivers and other physical
features of the landscape. The topography of an area
affects run-off and percolation. Rain falling on smooth
rock and steep slopes (such as the one in Figure 3.3.13)
will quickly run over the surface and into streams and

rivers. These streams and rivers will move the water
quickly back into the ocean.

Water moves very quickly downhill when there
is no vegetation to slow it down.

Where there are broken rock surfaces and areas of dense
vegetation, run-off will be slower. Slower run-off allows
more time for percolation to take place. Some soils like
sand have many large spaces between the particles.
Water can easily percolate into these soils and there is
very little run-off. Other soils have small particles that
are closely packed together. It takes a long time for water
to percolate through these soils and more of the water
will flow over the surface as run-off.

Hills and mountains experience more precipitation
than low-lying areas. As air moves towards hills and
mountains it rises to get over them. The rising air cools
and the water vapour it holds condenses, resulting in
clouds or precipitation. As Figure 3.3.14 shows, clouds
are often seen over mountains when there are otherwise
few clouds around.

The clouds on high mountains spoil the view of
the top. However, they are evidence of the
water cycle at work.

Figure
3.3.14

Boiling water

At sea level water boils at 100°C.
At the top of Mt Everest there is less air pressure

and water boils at just 68°C. Deep in the ocean,
water pressure increases. Water near deep
geothermal vents remains liquid at temperatures
much higher than 100°C.

Vegetation

The type of environment a plant is growing in will affect
the rate of transpiration. For example, cacti and many
Australian plants have spikes or small narrow leaves.
These are characteristics that help them conserve water
so that they can survive in dry climates. They transpire
less than plants without these characteristics.

Amount of sunshine

In nature the energy needed to evaporate water comes
from the Sun. In parts of the world where there is a lot of
sunshine there is more evaporation than in areas with
little sunshine and heavy cloud.
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Remembering

1 State how much of the Earth'’s surface is covered in
water.

2 State how much of Earth’s water is:
a salt water
b fresh.

3 State the word that describes rain, hail and snow.

4 List three natural factors that influence the water
cycle.

Understanding

5 Explain why it is important that water is recycled in
nature.

6 Explain why water is considered to be a resource
that is in short supply when there is so much of it on
Earth.

7 Outline what could happen to the rain that falls
onto a field of grass.

8 Describe the role that animals such as cows or
kangaroos play in the water cycle.

9 Explain what is meant by the phrase The air is
saturated.

10 Discuss the statement All the water you use is
recycled.

11 For the science4fun on page 112, predict what
would happen to:

a the outside of the glass
b the level of water in the glass.

Applying

12 Identify the process that moves water from:
a rivers to the atmosphere

oceans to the ice cap at the South Pole

the atmosphere to freshwater lakes

surface water to aquifers

surface water to rivers.

®O 2 0 T

13 Use diagrams to demonstrate how water droplets in
a cloud develop into rain.

14 Sketch a simple version of Figure 3.3.15 and use it to
demonstrate what would happen to water that fell
on the piece of ground represented by the diagram.

science

ground surface
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Analysing

15 Compare:
a evaporation and transpiration
b pervious and impervious rocks
c percolation and run-off.

16 Use the table below to answer the questions that

follow.
Oceans 97.24
Rivers and freshwater lakes 0.01
Inland seas 0.008
Ice caps and glaciers 2.14
Soil moisture 0.005
Groundwater 0.61
Atmosphere 0.001

a Oceans are the largest source of water on Earth.
Identify the next largest source of water.

b Identify which holds more water, the soil or the
atmosphere.

¢ Compare the amount of water in inland seas,
and in freshwater lakes and rivers.



17 Compare the formation of clouds in the atmosphere
with the formation of water on the outside of a glass
or can of cold soft drink.

Evaluating

18 a Propose how you would respond to someone
who says that all the water you use is recycled
water.

b  Explain your response.

19 a Deduce which set of conditions shown in
Figure 3.3.16 would cause the greater rate of
transpiration.

b Justify your answer.

Figure
3.3.16

20 a Deduce which set of conditions shown in Figure
3.3.17 the would dry the washing quicker.

b Justify your answer using your understanding of
the water cycle.

Creating

21 Construct a diagram that demonstrates how the
cloud on top of the mountain in Figure 3.3.14 on
page 120 could have formed.

22 Construct a bar or column graph to accurately
show the information in the table in question 16.

23 Use information from this unit to construct a
pie graph (sector graph) showing the different
percentages of water on Earth’s surface.

Inquiring

1 More than 97% of all water on Earth is sea water.
It would be very useful if we could drink it but we
can't. Research to find out:

¢ how sea water compares with the water we drink
e what would happen to your body if you drank it.

Present your research as a series of tables, labelled
diagrams and/or graphs.

2 Some parts of the world have very cold winters. In
these places lakes and ponds may freeze. Research
what happens to fish and other living things in these
bodies of water. Find out:

e which part of the water freezes first and why this
happens

e whether all living things use the same strategy
for survival. Describe the strategies.

¢ how the survival of some living things could be
different in a very severe winter compared to an
average winter, or in a relatively shallow pond
compared to a deep lake.

Present your findings as a poster.

3 Hailstones are lumps of ice that may be the size of a
grain of rice or as big as a tennis ball. Research the
formation of hailstones to find:

¢ where they are formed

e what conditions cause hail to be created rather
than rain

e why tropical summer thunderstorms often
produce very large hailstones.

Present your research as a series of labelled photos
and/or diagrams.

Earth resources 1 1 9




3.3 Practical investigations

o Water CyC|e é Se ,/ ice in plastic bag |

Purpose s . plastic fim
To construct a model of the water cycle. ! \
tape

Materials
e crushedice (1 small handful)

— beaker
e water at room temperature (about 50 mL)
¢ 500 mL beaker Model of the
» clear plastic film water cycle B 50 mL water
e small plastic bag
e tape (optional) 2 Use labelled diagrams to record any changes you

observed.
Procedure

1 Set up the equipment as shown in Figure 3.3.18. Practical review

1 Identify the part of the water cycle represented by

2 Observe your model of the water cycle for about the water in the beaker.
20 minutes. Take note of what happens in the first 2 a  Explain what was happening to the water in the
minute and after about 5 minutes and 10 minutes. beaker.
Results b Identify the process in the water cycle that this
) ) represents.
1 Look at the underside of the plastic film (where . ) o
the air in the beaker is in contact with the plastic). 3 a Explain what was happening to the air in the
Describe the changes you observed: beaker when it was in contact with the plastic film.
a in the first minute of your investigation b Identify the process in the water cycle that this
b after about 5 minutes represents.
c after about 10 minutes. 4 Describe how precipitation was represented in the
model. v
/l
aRun off or soak in? * 3x250mL beakers ‘
¢ 100 mL measuring cylinder
Purpose e marker pen
To observe the percolation of water through different
surfaces. Procedure

1 Label the three beakers: gravel, sand and clay
Hypothesis (Figure 3.3.19).
Which soil do you think will allow the water to percolate
into it the quickest—gravel, sand or clay? Before you go
any further with this investigation, write a hypothesis in
your workbook.

Materials

e very fine gravel to half fill the beaker
e sand to half fill the beaker

e clay soil to half fill the beaker

* water

N ~ Run off or soak in? continued on next pagé::‘;
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Run off or soak in continued

2 Fill the gravel beaker with gravel until it is half
full. Gently tap the side of the beaker to settle the
contents. Add more gravel if necessary.

3 Fill the sand beaker with sand in the same way.

4 Add some clay soil to the clay beaker and push it
down firmly. Add more clay soil and push it down
again. Repeat this process until the beaker is half full.

5 Measure 100 mL of water and pour it into the top
of the gravel beaker. Pour it over the whole surface,
not just in one place. Observe what happens for
5 minutes.

6 Repeat step 5 for the other two beakers.
Results

1 Record your observations of the way the water
percolates through the three different materials.

2 Record whether any of the materials had water lying
on the top after 5 minutes.

Practical review

1 Propose why it was necessary to push the clay soil
down firmly instead of just tapping the side of the
beaker.

2 Identify the material through which percolation
occurred most quickly.

3 Identify the material through which percolation
occurred most slowly.

4 Explain why the different rates of percolation
occurred.

5 a Identify the material from which run-off is
most likely to occur.

b  Justify your response.

6 a Construct a conclusion for your investigation.

b Assess whether your hypothesis was supported
or not.

Measuring evaporation

Purpose
To test the effect of sunshine on the rate of evaporation.

Hypothesis

Which do you think will evaporate faster—water in in
the sun or water in the shade? Before you go any further
with this investigation, write a hypothesis in your
workbook.

Materials

° water

SAFETY
A Risk Assessment

is required for this
investigation.

I
e electronic balance

(or kitchen scales that measure in 1 g intervals)
* marker pen

e 2 shallow containers of
the same size, material
and depth, such as
rectangular takeaway
food containers

e ruler

Procedure

1 As agroup, identify variables that might affect your
investigation and design a way to control them.

2 Decide how your group is going to:
* measure the amount of evaporation

e measure or calculate how fast it is happening
(its rate)

¢ record your results.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you will do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect

the required materials and start work.
Practical review

1 a Calculate the amount of water lost from each
container.

b Compare the amount of water lost.

2 Compare your results with the results from other
groups.

3 Identify any factors that you were not able to control
that might have affected your results.

4 a Construct a conclusion on the effect of sun and
shade on the rate of evaporation.

b  Assess whether your hypothesis was supported
or not.




3.4 Water management

In nature plants and animals
get water from rain, rivers
and natural stores such as
lakes. In modern society,
water is needed for cities,
industry and agriculture. To
meet the needs of modern
society, water resources have &=
to be managed differently.
This management changes
the movement of water
through the water cycle.

|NQU‘R"

science 4 fun

Storing water in dams

Ants an d Water Australia is the driest permanently inhabited continent.
Can ants help locate a water source? The rain that does fall is not distributed evenly over the

) country. Dams are built to capture and store the rain.
Collect this...

. Most farms in Australia have dams. The water collected
¢ shallow container for water

is used for cattle to drink and may be used to irrigate

Do this.. crops. There are also many much larger dams such

1 Fill the container with water. as Warragamba Dam near Sydney. You can see this in

2 Place it on a path or on the grass in a partially Figure 3.4.1. These large dams collect and store water to
shaded part of the garden. be used by industry and households in the cities.

3 Leave the container undisturbed for
about an hour.

Record this... All ice, no water!

Australia might be dry but the continent of

Describe any change in the behaviour of ants in < ) s .
Antarctica is even drier! This is because all of its

the area.

water exists as ice. The constant freezing
Explain why this happened. temperatures never allow the ice to melt.

PEARSON science NEW SOUTH WALES



Large dams like Warragamba Dam near Sydney

are needed to collect enough water for the
needs of cities.

All dams interrupt the water cycle because water stored

in them does not flow down the river and into the ocean.

Water from the surface of the dam evaporates and is

returned to the water cycle. However, in a very deep dam

some water may not be available for evaporation for a
very long time.

That’s big!
The tallest dam in the world is the Nurek in
Tajikistan in the Himalayan Mountains. The dam

wall is 300 metres high. In 2014 when the
Jinping-lI Dam in China is completed it will be
taller at 305 metres. Compare this with
Warragamba Dam. It is just 142 metres high!

Irrigation

Most of the farm crops grown in Australia have been
introduced here from other parts of the world. This
means that they do not have characteristics that allow
them to grow with only small amounts of water. These
crops need continuous supplies of water and farmers
provide this water through irrigation. Irrigation is a
practice used in agriculture that provides water to crops
using pumps, pipes and ditches.

There are two ways farmers irrigate their land:
e spray irrigation
e flood irrigation.

Spray irrigation

You can see spray irrigation in Figure 3.4.2. In spray
irrigation a pump forces small droplets of water into the
air. The water falls on the soil and percolates down to the
roots of plants. The water then moves up through the

plant and is eventually lost back to the atmosphere
through transpiration.

Spray irrigation is like having rain fall on the
crop whenever it is needed.

There are some differences between spray irrigation
and rain. When it rains there are usually clouds in the
sky and the air is very humid. These factors reduce the
rate of evaporation. Spray irrigators may be used on hot
days when there is bright sunshine. The tiny droplets of
water produced by the spraying equipment evaporate
quickly in hot, dry air. Water landing on the leaves

also evaporates more quickly than in a natural rain
storm. Therefore a lot of the water that would normally
percolate into the soil evaporates into the atmosphere
instead.



Flood irrigation

In flood irrigation, water is released into channels
between the crop plants. This is shown in Figure 3.4.3.
The water percolates into the soil to the plant roots.
However, the water will evaporate quickly if the soil and
irrigation channels are not shaded.

With flood irrigation the water reaches the
roots. However, if there is not a good cover of
vegetation much of the water will evaporate.

Moving water around

Dams and pipes can be used to move water from an area
where there is plenty of water to areas where there is not
enough. The Snowy Mountains Scheme was a very
ambitious project that began in 1949 and was completed
in 1974. Figure 3.4.4 shows part of the scheme’s dam and
pipelines. Most of the scheme is underground. The
Snowy River in New South Wales is fed from melting
snow and rain in the Snowy Mountains. Its location can
be seen in Figure 3.4.5. The tunnels, dams and pipes
divert most of the water from the Snowy River.

The Snowy
Mountains Scheme
is one of the
largest irrigation
projects in the
world, with about
225 km of tunnels
and pipelines.
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The water is used to irrigate large farming areas in the
Murrumbidgee Irrigation Area. Irrigation has enabled
this area to become one of the main wine and food
producing parts of Australia. Water that once flowed
very quickly into the ocean is spread across land that is
naturally dry.

The water used for irrigation is returned to the
atmosphere through transpiration and evaporation
from soil. Irrigation water also percolates through the
soil into the groundwater. Eventually the excess water
flows via the Murrumbidgee and Murray rivers into the
ocean on Australia’s southern coast. Meanwhile the
Snowy River carries only 1 per cent of its original flows.
This has affected ecosystems along the banks of the
river.

Using stormwater

Building cities replaces pervious soil with impervious
concrete and bitumen surfaces. Water that lands on
soil percolates about 15 mm into the ground before
there is any run-off. Water that falls on roofs, roads and
footpaths runs off immediately. The water flows into
stormwater drains (like the one in Figure 3.4.6) and out
to the ocean.
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Water flowing off roofs, streets and other
impervious city surfaces goes straight into
stormwater drains. From there it goes directly
to rivers and the ocean.

In many parts of Australia, attempts are being made to
use stormwater. In some Sydney suburbs, stormwater

is being collected in tanks and pits. Harmful substances
are removed from the water and then it is used to irrigate
parkland and sports fields and to water trees in the city.

In the city of Orange in New South Wales, some of

the water that flows into Blackman’s Swamp Creek
during storms is captured and then transferred to a
nearby dam. Figure 3.4.7 shows how much water flows
out during such a storm. All this stormwater is now
collected, increasing the water supply for the city.

Baldwin Swamp is a natural wetland in the Queensland
city of Bundaberg (Figure 3.4.8). As well as being a
habitat for a wide variety of birds and animals it has
another important function. Three main drainage

channels from the city carry run-off from the city streets
into the swamp. When it rains, the stormwater flows to
Baldwin Swamp, carrying with it rubbish and pollutants.
The rubbish has to be collected by City Council workers.
Natural processes in the wetland absorb pollutants from
water and improve the quality of the water before it
flows out into the river and ocean.

The ability of wetlands to clean water has been used by
city councils and land developers in projects such as
rain gardens.

Baldwin Swamp in Bundaberg is a natural
wetland that is home to over 150 species of
birds and many other animals.

Figure
3.4.8

A large amount of
water flows along
Blackman’s
Swamp Creek
during a storm.



Rain gardens

Rain gardens are a much smaller scale way of dealing
with stormwater. Figure 3.4.9 shows how rain gardens
slow down the rate of flow and clean pollution from the
stormwater before it enters creeks and rivers.

Stormwater is channelled into the rain garden bed. In
the garden bed is a layer of sand that filters the water.
The filtered water is similar in quality to the water in
undisturbed streams. It is not drinking quality but it is
suitable for irrigation.

Rain gardens can be landscaped into suburban gardens
as well as city parks, school yards and large nature strips
that divide freeways. Figure 3.4.10 shows a working rain
garden.

downpipe
- directs
stormwater
water collects on top )
L to rain
of garden in times of
h . garden
eavy rain
v
(%) plants

water overflow pipe

filters

through soil and

sand filter

"~ coarse sand

stormwater
ipe

PP perforated pipe

collects filtered

water

A rain garden cleans stormwater before it
enters creeks and rivers.
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Changing vegetation

Changes in vegetation affect the water cycle of the area.
Planting trees will increase the amount of water that
moves from the soil through the plant and is transpired
into the air. Low-growing shrubs and grasses reduce the
amount of evaporation from the soil surface.

When trees are cut down and replaced with grass or
bare soil, the movement of water over the land surface
is changed. Trees, shrubs and long grass slow the rate at
which water can flow over the ground. This means that
there is more time for the water to soak into the soil.

In the absence of vegetation, water moves quickly over
bare ground and often carries large amounts of soil.
This eroded soil is carried with the water as it flows into

streams and rivers. Figure 3.4.11 shows the effect of this
fast-moving water.

@ Unit 3.1 Prac1 Prac2
p. 131 | p. 132

These channels in the soil (known as rills) have
been created by erosion of soil by fast-flowing
water.

€]
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Rain gardens are attractive to look at and they
also serve a very useful function.
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A mature ghost gum has a thick trunk that is
covered in very white bark, giving it its name.
Its presence indicates that water is nearby.

Indigenous Australians are able to live in some of the

driest parts of Australia. They can do this because
they are able to use their observations to find sources
of water. In the middle of a dry area, ghost gum trees
(such as the one in Figure 3.4.12) indicate where there
is underground water. Ant trails also lead to
underground water and dingo tracks lead to rock
pools and waterholes.

Traditional methods used by Indigenous Australians
to obtain water include creating shallow wells and
digging tunnels to reach water deeper underground.
The mouth of the well or tunnel is covered to reduce
evaporation and to prevent animals from drinking the
water and polluting it.

In the past, the location of water sources determined

the routes Indigenous Australians used to travel

around the country. Markings such as these in Figure

3.4.13 were made on the rocks to indicate where

water could be found. In this way they were sure to These circular rock markings show that a
have reliable sources of water. 4. number of waterholes are nearby.
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There are many springs where water from the Great
Artesian Basin comes to the surface. One is shown in
Figure 3.4.14. These springs were a major source of
water for Indigenous Australians and for native plants
and animals. Some European explorers and early
settlers learned how to find water from the
Indigenous people and so they too could get their
water from springs.

In general, non-Indigenous Australians see water as a
resource to be used. Indigenous Australians also view
water as essential for survival but it is also an
important part of their culture. There are many
ceremonies, songs and customs which have been
followed for thousands of years to make sure that
rains come to keep the land, plants and animals
healthy.

Early explorers were glad of the help Indigenous
Australians could give them. However, Indigenous
knowledge of land was not valued when decisions
were being made about development of land and use
of water. This is beginning to change as decision
makers develop a respect for Indigenous knowledge.
For example, in the Kimberley region of Western

Australia the knowledge of the wetlands held by the
Karajarri people was almost the same as the
information required by the scientists studying the
area for possible development. However, the Karajarri
described the information in a different way.
Indigenous Australians are now involved in decision
making relating to the use of water and any
developments that may cause changes to water
sources.

REVIEW

1 Recall two observations Indigenous Australians
used to help them find water sources.

Explain how Indigenous Australians protected
underground water sources from pollution by
animals.

Describe a difference in the ways that Indigenous
Australians and non-Indigenous Australians think
about water.

Propose one reason for Indigenous
knowledge now being part of decision
making about future developments.

Springs from the aquifers of the Great Artesian
Basin were used by native animals and later as
watering points for cattle.

science
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3.4 Unit review

Remembering

1 List three ways that human actions change the
water cycle.

2 Name two types of irrigation.

3 a State one way water from rain gardens can be
used.

b State one use that cannot be made of water from
rain gardens.

Understanding

4 Explain why dams are built near large cities.
5 Explain how a dam interrupts the water cycle.

6 Atthe end of winter the snow in the Snowy
Mountains melts and the water flows into streams
and rivers.

a Describe what would have happened to that
water before the Snowy Mountains Scheme was
built.

b Describe what happens to the water from the
Snowy Mountains now.

¢ Describe the benefits that have resulted from
the Snowy Mountains Scheme.

d Describe any disadvantages the scheme may
have brought to the environment.

7 Describe two ways in which run-off from cities is
being reduced.

Applying

8 Figure 3.4.15 represents an area where part of a
forest has been cut down. Apply your understanding
of the water cycle to:

a explain how and why the humidity of the air at
points A and B would be different

b explain how and why the rate of flow of water
over the surface at points C and D would be
different.

Figure
3.4.15

Analysing

9 Compare spray irrigation and flood irrigation by
focusing on the effect they have on the water cycle.

10 Compare spray irrigation and a natural shower of
rain.

Evaluating

11 A severe storm passes over Sydney.
a Explain what happens to the rain that falls on
the city.
b Deduce what would have happened to the rain
before the city was built.

12 Figure 3.4.16 shows a valley that has been flooded
by the construction of a dam. Deduce the major
change that the presence of the dam will have on the
water cycle in that area.

Figure
3.4.16
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3.4 Unit review

13 Explorers in the desert observed the animal tracks
shown in Figure 3.4.17. Copy the diagram into your
workbook.

a Propose the most likely position for a source of
water. Add this to your diagram.
b  Justify your answer.

Figure
3.4.17

Creating

14 Imagine a city block in the middle of a large city
such as Sydney. Construct a diagram of the water
cycle for that city block.

Inquiring

1 Design a project that would reduce the run-off from
your school grounds and would make better use of
stormwater.

Present your project as a series of labelled sketches
or photos.

2 Research any projects in your area that are designed
to reduce the amount of stormwater flowing directly
to rivers and oceans.

e Find a map showing the locations of rivers and
creeks in your area.

¢ Identify locations where stormwater flows into
these waterways.

¢ Find out different ways that stormwater is
treated before release. Wetlands and rain
gardens are only two methods. There are others.

* Record one advantage and one disadvantage of
each method you identify.

¢ Locate on the map places where the different
methods are used.

Present your findings as a poster or in digital

form. In your presentation include a statement

about the effectiveness of stormwater treatment

in your area.

1 30 science

Figure

3.4.18

3 The construction of the Snowy Mountains Scheme

reduced the flow of water in the Snowy River by 99%.
Research the effects the loss of water had on the
environment of the river.

Topics to consider include:

¢ The effect a reduced flow of water may have on
the animals living in the water

*  Ways the plants on the river banks may be
affected when the water level drops

e Thereaction of local land owners to changes
that have occurred

¢ Comments made by environmentalists about
changes to water flow

o If there are any plans to address any effects.

Present your findings as an illustrated report on the
health of the Snowy River.

The Aswan High Dam (shown in Figure 3.4.18) was
built on the river Nile in Egypt between 1960 and
1970. Research the Aswan High Dam or the Three
Gorges Dam in China to:

¢ identify the reasons for the dam being built

e compare the flow of the river before and after
the dam was built

e describe the effect that any changes have had on
the environment downstream of the dam.

Present your findings as a poster or in
digital form.

Aswan High Dam, Egypt



3.4 Practical investigations

d Water from leaves

Purpose
To extract water from leaves.

Materials

e plastic bag approximately the size of an A4 piece
of paper (make sure there are no holes in the bag)

e string

e access to trees with low branches
e marker pen

e 100 mL measuring cylinder

Procedure
1 Write your name on the plastic bag.

2 Select a twig on your tree that has healthy-looking
leaves.

3 Carefully place your bag over the twig so thata
number of leaves are enclosed as in Figure 3.4.19.
The twig must still be attached to the tree.

4 Use the string to tie the bag on tightly.
5 Leave the bag in place for 24 hours.

plastic bag

Figure
3.4.19

-

Results

1 After 24 hours remove the bag from the twig.
Be careful not to lose any of the water.

2 Carefully pour the water into the measuring
cylinder.

3 Record the amount of water collected.
Practical review
1 Explain how the water got into the bag.

2 Describe how the humidity inside the bag
would have changed during the 24 hours of the
experiment.

3 Propose how this change in humidity could have
affected the amount of water collected.

4 Demonstrate how the information you have
collected relates to the water cycle.

5 Predict how much water you would collect after two
or more days. If your teacher agrees, carry out an
investigation to test your prediction.

branch with
fresh leaves




3.4 Practical investigations

STUDENT DESIGN
9 More water from leaves

Purpose 2 Revisit the hypothesis you wrote down earlier and
To investigate factors affecting water loss from leaves. make sure it covers the variable you are going to test.
. If not, then write a new hypothesis.

Hypothesis ] )
What factors do you think will affect the amount of 3 Write your procedure in your workbook.
water lost from leaves—amount of sunlight, leaf type 4 Before you start any practical work, assess your
and number or some other factor? Before you go any procedure. List any risks that your procedure might
further with your investigation, write a list of factors and involve and what you might do to minimise those
how you think each one will affect the amount of water risks. Show your teacher your procedure and your
lost. Write your hypothesis in your workbook. assessment of its risks. If they approve, then collect

. all the required materials and start work.
Materials

Hints

Materials as per prac 1.

Make sure you only change one variable (such as
Procedure sunlight). Keep all the other variables (such as type of

1 Design an experiment SAFETY plant and number of leaves) the same.
that compares the A Risk Assessment Results
amount of water lost is required for this
from leaves in different investigation.

circumstances. Before _ Practical review

you start work, first

Record your observations in your workbook.

decide on which factor or variable you are going to 1 a Construct a conclusion for your investigation.
test. You might try: b Assess whether your hypothesis was supported
» leaves in the shade and in bright sunlight ornot.
¢ old and young leaves 2 a Evaluate the procedure used in your
e Australian native trees (such as eucalypts or experiment.
melaleucas) and non-natives (such as camellias b Describe what could have been done to improve
or roses) the outcome.

e green and variegated leaves

¢ length of time for water collection.

Will leaves in sunlight or shade lose water
faster?

science




3 Chapter review

Remembering

1

Name the following:

a The process of small particles of rock being
carried away from the parent rocks by wind,
water and ice.

b The process of re-using materials rather than
disposing of them and then having to make
more of them.

¢ Anatural resource that is replaced by natural
processes at about the same rate at which it is
being used.

List ten devices that may be found in your home
that use energy but did not exist 50 years ago.

List the three changes of state that water passes
through in the water cycle.

Understanding

4

Modify the following definitions to make them

correct.

a Anatural resource is a substance supplied by the
Earth for humans to make products they need.

b Arenewable natural resource is one that is
replaced by natural processes that occur on
Earth on a timescale much longer than a human
life.

¢ Deposition is the process by which sediments
are carried away by a moving stream of water, air
orice.

Explain the advantages of recycling metals instead
of making them from natural resources.

Renewable energy researchers are working to
develop better ways to store energy. Explain why
this technology is important.

Describe the effect that the ice sheets at the North
and South poles have on the movement of water
through the water cycle.

a Describe how the rate of evaporation changes
on a windy day compared with a calm day.

b Explain why this change happens.

Figure 3.5.1 is a simplified diagram of the water

cycle.

a Copy the diagram into your workbook.

b Modify the diagram by adding the names of the
changes of state that are taking place.

¢ Predict places where water could stay for along
time before moving on.

d Predict places where the movement to the next
part of the cycle could be fast.

Applying

10 Demonstrate your understanding of how resources

11

12

13

can be conserved by discussing at least five different
strategies.

Identify the original source of the energy in fossil
fuels.

Identify the source of heat in water springing from a
geyser.

Identify the part of the water cycle that is
represented in Figure 3.5.2.




3 Chapter review

Analysing

14 Compare how long it takes to renew soils with how
long it takes to replace water in the soil.

15 Compare how long it takes to replace rocks with
how long it takes to renew gases such as oxygen in
the air.

16 Classify these energy sources as either renewable or
non-renewable:
* solar energy
e oil
e coal
¢ wind energy
* wave energy
e tidal energy

e LPGgas

e geothermal energy
e wood

e paper

e uranium.

17 Compare the amount of water lost from a field
of bean plants when it is irrigated using spray
irrigation and when it is not irrigated at all.

Evaluating

18 Tides are local temporary currents caused by the
gravity of the Moon. Propose how a tide may affect
soil erosion.

19 Considering the impact of greenhouse gases on
global warming, it could be argued that the world
should immediately stop using non-renewable
forms of energy such as oil, coal and gas. Evaluate
this argument.

20 Algae can grow in salty or waste waters and do
not require the fresh water needed for many other
biodiesel crops. Propose why algae could potentially
offer a good source of biofuel.

21 Deduce why some clouds pass overhead without
producing any rain.

22 Flexible solar cells are currently being developed for
use instead of the rigid panels currently being used.
Propose three ways in which flexible solar cells may
be used in the future.

PEARSON science NEW SOUTH WALES

23 a List the major sources of energy used in
Australia to power appliances and for
transportation.

b Propose what Australia’s major energy sources
might be in 50 years time.

24 Stormwater that has passed through a wetland
before entering a creek is less polluted than
stormwater that has gone directly from a street to a
creek. Propose a reason why.

25 a Determine whether you can or cannot answer
the questions on page 84 at the start of this
chapter.

b  Assess how well you understand the material
presented in this chapter.

Creating

26 When storing water is it better to have one large dam
or a number of smaller dams? Design an experiment
that could be used to answer this question.

27 Use the following key terms to construct a visual
summary of the information presented in this
chapter:

renewable resource

non-renewable resource

renewable energy source

solar energy

fossil fuels

water cycle

change of state

transpiration

precipitation 3.10
human impacts



Thinking scientifically

Q4 If the air temperature increased
throughout the world, the rate at which water
moves through the water cycle would:

Q1 A renewable natural resource is one that
is replaced by natural processes that occur in a
timescale less than an average human lifetime.
Some students were asked to classify some of
Earth’s resources into renewable resources and
non-renewable resources. Their answer is
shown in the following table.

A stay the same

B decrease

C increase

D increase in some areas and decrease in others

Renewable Non-renewable
resources resources Q5 As water goes through the water cycle
1 rocks 7 wind again and again, the amount of water on Earth:
2 water 8 air A increases
3 sunlight 9 coal B decreases

. C stays the same
4 soil 10 petroleum i . .

D varies from time to time

5 waves 11 natural gas
6 hydroelectric 12 nuclear Q6 An experiment testing whether oxygen in

air can be renewed was set up as in the diagram
below. The flasks were placed in strong sunlight
for a day. The gas collected in test-tube A made
a glowing splint ignite. From the results, you

Which resources (using the number) did
the students classify incorrectly?

A 1,478 could conclude that:

B 230910 A sunlight turns water into oxygen and carbon
C 5,6,11,12 dioxide

D 9,10,11,12

B plants take in oxygen from the air and give
out carbon dioxide

Q2 A non—renewab_le energy source cannot t.)e C plants produce oxygen if they have sunlight
replaced. Identify which list below contains and carbon dioxide
only non-renewable energy resources.
D all the oxygen in the atmosphere comes from
A coal, oil, sunlight, wind green plants
B natural gas, sunlight, wind, tidal energy
C oil, uranium, sunlight, tidal energy
D natural gas, coal, oil, uranium sunlight
Q3 The change of state from gas to liquid

represents:

A the changes taking place as the water level in

a lake decreases in dry weather

B the change that takes place in saturated air as

it cools

C the change that takes place in leaves of trees

with the Sun shining on them

D the change of state necessary for water to be

able to percolate through soll

Flask C

Flask A Flask B

plant, water, plant, water plant, water and
carbon dioxide and light, no carbon dioxide,
and light carbon dioxide no light



Unit 3.1

Atmosphere: layer of gases above the Earth’s surface

Coal seam gas: natural gas released from coal by
fracking

Deposition: the process in which sediments drop out of
a moving stream of water, air or ice

Erosion: the removal of e —
sediments away from the |
place of their formation or
deposition

Fracking: a form of mining
in which water and other
chemicals are pumped
into rocks, causing them
to fracture (break) and release
the non-renewable resource

Humus: decaying plants and animals and their wastes

Igneous rock: rock formed
by the cooling of molten
rock, for example basalt

Minerals: substances found
in rocks

Non-renewable resource:
aresource that takes
longer than the average
human lifespan to be replaced

Igneous rock

Photosynthesis: the process by which plants use
carbon dioxide, water and sunlight to make food

Renewable resource: aresource that is always being
replaced naturally

Resource: something
that satisfies a particular
purpose or need

Sediment: material such
as silt and sand that is
transported and deposited
by water, ice and wind
and forms layers on the
Earth’s surface. In time it can
become compacted to form
sedimentary rock

Renewable
resource

Sedimentary rock: rock formed by compacting and
sticking together of sediments, for example sandstone

Weathering: the process of breaking rocks down into
smaller pieces

PEARSON science NEW SOUTH WALES

Unit 3.2

Biofuel: fuel obtained from plants, agricultural waste or
algae

Biogas: a gas produced from the fermentation of organic
waste, such as waste from sugarcane, and used as fuel

Biomass: all plant and animal matter found on Earth

Carbon capture and storage: the process whereby
carbon dioxide gas is isolated and captured for
underground storage after coal is burnt

Fossil fuels: fuels such as coal, oil and natural gas,
formed from the remains of living things buried
millions of years ago

Geothermal energy: energy sources from heat below
the Earth’s crust

Greenhouse gas: gas that traps heat close to Earth’s
surface

Hydroelectricity: the process of using water falling from
a height to turn turbines and generate electricity

Non-renewable energy
source: a source of
energy that cannot be
replaced after it is used,
such as oil or coal

Nuclear fuel: a material
that can be used to
generate energy by
splitting apart in a
nuclear reaction

Non-renewable
energy source

Oscillating wave column:
a chamber containing
a turbine that is fixed
in the ocean. As water
flows into and out of the
chamber, air pushes the
turbine back and forth.
This rotation is used to
generate electricity

Renewable
energy source

Renewable energy source:
a source of energy that can
be replaced after it is used,
such as solar or wind energy

Solar cell: a device that absorbs
solar energy and converts it
directly into electrical energy




Tidal barrage: a construction in which water fills a
basin as a tide comes in, rotating a turbine as it flows.
The water is stored until low tide, when it is released
and again turns the turbine. This rotation is used to
generate electricity

Wind energy: harnessing energy from the movement of
air using wind turbines

Unit 3.3

Aquifer: a layer of pervious rock from which water can
be extracted using a bore or well

Groundwater: water that exists underground

Humidity: the amount of water vapour in the air

Impervious rock: rock that does not allow water to soak
into it

Percolation: the process of water soaking into the soil

Pervious rock: rock that allows water to soak into it

Precipitation: any water
falling from the sky

Run-off: rainwater not
absorbed by the soil

Saturated: not able to
hold any more water
vapour

States: solid, liquid and
gas (another state called
plasma exists at
temperatures above 6 000°C)

Precipitation

Topography: the hills,
valleys, rivers and other
physical features of the
landscape

Transpiration: the
evaporation of water from
plants

Water cycle: the natural
process of recycling water

Unit 3.4

Flood irrigation:
a type of irrigation
where water is
released in between
crops in channels

Irrigation: a practice
used in agriculture

that provides water PPN
to crops using pipes - .
and ditches Flood irrigation

Rills: channels in bare
soil created by fast-flowing
water

Spray irrigation: a type of
irrigation where a pump
sprays water droplets into
the air, which fall onto
crops like rain

Springs: places where
underground water comes
to the surface

7
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SCIENCE
TAKES YOU
PLACES

ENVIRONMENTAL
SCIENTIST

My name is Adeline Morrissey and
| am an environmental scientist
working in the mining industry.

In my job | help mining companies
to look after the environment. One
of my jobs is to do water sampling
to check whether the mine site is
contaminating the groundwater.

| also study how well a company
has restored the areas where

they have mined. This involves
studying the soil and plants. |
assist with surveys of animals
before companies mine areas to
see what animals are present,
such as rare species. | am
regularly back in the city for report
writing and data analysis after |
do the field work. The sciences |
studied at school and university
that | use in my everyday job
include chemistry, biology, soil
science, plant science and animal
sciences.

TAXONOMIST

My name is Dr Will White and

| am a fish taxonomist with the
CSIRO Marine and Atmospheric
Research laboratories.

| work on applied taxonomy
and biogeography of Indo-
Pacific fishes, mostly sharks
and rays. A large proportion

of my work has involved field
trips to Indonesia to look at the
fisheries over there and | have
discovered a large number of
new species of sharks and rays
during this work. | have been
involved in the description

SEWAGE
QUALITY
ENGINEER

My name is Brett Maurer and
| am a sewage quality engineer
working for City West Water.

Trade waste (waste released
into the sewers from industry)
can potentially contaminate
and damage pipes and sewage
treatment plants. It can also
put our sewer workers at risk,
particularly if it is releasing
dangerous gases. | take
samples of sewage and test
them to determine what
contaminants they contain

and whether they meet the
regulations for discharging

into the sewer. | also collect
samples from the space in the
pipe above the flowing sewage

Look who is using science

of almost 50 new species of
sharks and rays. | always had
an interest in sharks and rays
and have always enjoyed diving
and underwater photography.
Science has been a great way
not only to learn new things but
also to lead a varied work life
with a large amount of travel.

to determine what gases are
there. The information obtained
also helps our business identify
ways of treating and recycling
industrial water and using
biosolids—the nutrient-rich
sludge that is generated from
the treatment plant process.
Water is essential for living and
my work helps to ensure that
supply meets the increasing
demand of our increasing
population.
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4 Mixtures
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Have you ever wondered...
where bubbles in a soft drink come from?
where sugar goes when you stir it into tea?
how recycled garbage is separated?

where clean tap water comes from?
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After completing this chapter students should be able to:

e describe aqueous mixtures in
terms of solute, solvent and
solution

¢ investigate how physical

describe a range of physical
separation techniques,
including filtration, decantation,
evaporation, crystallisation,
chromatography and distillation

N
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separation techniques are used
in everyday situations or in
industrial processes, such as
water filtering, sorting waste
materials, extracting pigments or
oils from plants, separating blood
products or cleaning up oil spills

¢ research how different
occupations and industries carry
out separation techniques

¢ describe the importance of water
as a solvent in daily life, industry
and the environment.




4.1 Types of mixtures

Most of the substances that you

deal with every day are not pure Bz,
¥

substances; they are mixtures.
The air you breathe is a mixture,
as are an artist’s paints and the
water you get from a tap.

Mixing oil and water

Do oil and water mix?

Collect this...

e cooking oil

e detergent

e 2 small thin clear containers with lids
(such as pill bottles)

Do this...
1 Pour about 5cm of water into each container.

2 Add about 5 drops of detergent to one container.
Mark the container so that you remember that it
contains detergent.

3 Pour about half a centimetre of oil into each
container.

4 Put alid on each container and shake each for
about 20 seconds.

Record this...
Describe what happened.
Explain why you think this happened.

What is a mixture?

Paints, drinks, foods, seawater and air are not pure
substances; they are mixtures. In science a mixture is
a substance made from two or more pure substances
or pure chemicals that have been stirred together. For
it to be called a mixture, you must be able to separate
them again.

Solutions

Watch carefully as sugar is stirred into water and the
solid sugar will seem to disappear! The sugar has
dissolved. The sugar breaks up into tiny particles that
are too small to see. These particles then spread
throughout the water. Although these sugar particles
cannot be seen, the sweetness of the liquid tells you they
are still there. This is what is meant when something is
said to dissolve. A substance that dissolves like this is
described as soluble. A substance that does not dissolve
is described as insoluble.

When things mix really well, like when sugar dissolves in
water, the mixture is known as a solution. When you stir
sugar into water, you make a sugar solution.

45
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Solutes and solvents

When you make a solution, the substance that dissolves
is known as the solute. In a sugar solution, the sugar is
the solute. The substance that dissolves the other one is
the solvent. So in this case the water is the solvent.

The soft drink in Figure 4.1.1 has sugars, preservatives
and flavourings dissolved in water. There is also carbon
dioxide gas dissolved in it to give the drink its bubbles.
This shows that solutes don't always need to be solid.
Table 4.1.1 shows other types of solutions made by
combining different solvents with different solutes.

Soft drinks have liquid water
as their solvent. Dissolved
flavourings, sugars and
preservatives give the
soft drink its sweetness,
colour and taste. The
carbon dioxide gas
bubbles to the surface
when you release the
pressure in the

bottle by removing

the lid.

Table 4.1.1 Common types of solution

Type of solution ’ Examples

Solid dissolved in Grease dissolved in petrol, sugar
a liquid dissolved in water

Liquid dissolved
in another liquid

Liquid detergent dissolved in
water, oil dissolved in petrol

Gas dissolved in a liquid | Oxygen gas dissolved in water,

oxygen gas dissolved in blood

Gas dissolved in
another gas

Oxygen gas, carbon dioxide gas
and water vapour dissolved in
the other gases of the air

Most of the solutions you will meet in science and at
home are aqueous solutions. An aqueous solution
always has water as its solvent. Sugar dissolves in water,
so a sugar solution is classified as an aqueous solution.
Likewise, soft drink is an aqueous solution of sugars,
preservatives, flavouring and carbon dioxide.
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A particular solute will dissolve in some solvents and not
in others. For example, grease will not dissolve in water
but will dissolve in the fluids used by drycleaners.
Particular solvents will dissolve some substances and not
others. For example, water will dissolve detergent, but not
oil. You can see this in Figure 4.1.2.

iy

oil in water Q ot detergent
o & in water
SIA |

Oil will not dissolve in water but detergent will.

Solution or not?

Light passes easily through a solution, allowing you

to see through it. This is one way of telling whether a
mixture is a solution or not. Solutions are transparent
(see-through). You can describe solutions such as this as
‘clear’, meaning you can see through them.

Solutions can be colourless, looking much like water.
Other solutions are coloured. For example, blue copper
sulfate solid dissolves in water to form a blue-coloured
solution. You know that a solution has been formed
because you can see straight through it. You can see its
preparation in Figure 4.1.3.

solute (copper sulfate)

solution (aqueous solution
of copper sulfate)

solvent (water)

Preparation of an aqueous solution of copper
sulfate



Colourless and clear are not the same. Clear means that
you can see though it. Colourless means it is not
coloured. Figure 4.1.4 helps explain these different
meanings.

i
clear,
colourless
solution
blue solid
Solutions can be (not clear)
coloured or colourless
and are always
transparent. You can
see through them.
clear,
coloured
solution

Dilute, concentrated and
saturated solutions

A solution is said to be concentrated if there is a lot of
solute dissolved in the solvent. If there is only a little
solute in the solution, then it is a dilute solution. Four
spoonsful of sugar dissolved in a swimming pool will
produce a dilute solution. In contrast, four spoonsful
of sugar in a cup of tea will make it concentrated. A

concentrated solution and a dilute solution are shown in

Figure 4.1.5.

solute solvent

concentrated

Concentrated solutions have a lot of solute dissolved

in them while dilute solutions have very little.

Shake your bottle

Many medicines need to be shaken up before
you take them. If you don’t, then one of the
important ingredients in the medicine might

remain as a sediment on the bottom of the bottle
and so you would receive an incorrect dose.
That is why you are told to ‘shake the bottle
before using’.

Imagine you took a glass of water and kept adding
spoonsful of salt to it, stirring each time. You would find
that eventually the salt would stop dissolving. When a
substance will no longer dissolve in a solvent, the
solution is said to be saturated. Any undissolved solute
then falls to the bottom as sediment. This is shown in
Figure 4.1.6.

wons{ul added 19 spoon/sful adde/
N ..\\\_ = ’ r N ( = _,// r

solvent | sediment
(water) i (undissolved

/ solute)
S y @ /j

saturated solution

unsaturated solution

The solution that is saturated with salt has the
higher concentration—so high that no more salt
will dissolve.

dilute



In the natural world, solutions sometimes become
saturated. This can cause solid salt to be deposited (left
behind) around the edges of salt lakes when the salt
reaches a high concentration. The solution becomes
saturated because of the water evaporating and also
because of high levels of salt entering the lake.

Figure 4.1.7 shows Lake Gairdner, a salt lake in South
Australia.
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Salt crystals often form around the edges of
salt lakes.

Sweet teal

If you tried to saturate a hot cup of tea with cane
sugar (sucrose) then you would need to add

about 700 g or 100 teaspoons of sugar! Your cup
would overflow long before the tea became
saturated.

PEARSON science NEW SOUTH WALES

Suspensions

Sand does not dissolve when it is mixed into water.
Instead it stays solid and spreads throughout the
water. This type of mixture is called a suspension. In
suspensions, substances like sand do not dissolve but
disperse (spread) through a liquid or gas. Figure 4.1.8
shows dust floating in the air. This is another example
of a suspension. Usually, the suspended particles are
too large and heavy to stay in suspension and will fall
and settle if left undisturbed. Sand mixed into a beaker
of water will, after a while, settle on the bottom of the
beaker. In the same way, dust in the air eventually drops
to cover floors and other surfaces.Table 4.1.2 lists some
different types of suspension.

Table 4.1.2 Types of suspension

Type of suspension ‘ Examples

Solid suspended in a liquid | Most suspensions are made
of large solid particles that
stay mixed with a liquid for a
short time, before settling out.
Sand in water is an example.

Solids suspended in agas | Sand carried by the wind
drops out of the air it is
suspended in as soon as the

wind stops.

Liquids suspended in
another liquid

Many medicines are
suspensions of liquids within
another liquid. Oil paints are
generally suspensions of one
liquid in another.

Dust floating in the air forms a
suspension of a solid (dust) in a gas
(air). Eventually, the dust will settle onto
the furniture.

Figure

4.1.8



4.1 Unit review

Remembering

1 List two examples each of a solute, a solvent and
a solution.

2 List four types of solution and give an example of each.

3 List three types of suspension and give an example
of each.

4 Recall the correct names for these mixtures.

a A type of mixture in which one substance does
not dissolve in another but quickly separates out
to form a sediment

b A clear mixture in which a substance dissolves
in another

Understanding

5 Explain why cooking oil forms clumps of drops
when added to water but seems to ‘disappear’ when
added to detergent.

6 Define the term concentrated solution.

7 Mylanta® is an antacid liquid used to relieve
heartburn. The label tells you to shake the bottle
well before use. Explain why.

8 Outline how you could show that a sugar solution is
just saturated.

Applying

9 A chef dissolved salt in boiling water that he was
going to use to cook pasta. Identify whether the salt,
water or salty water was the:

a solute
b solvent
c aqueous solution.

10 Identify a solvent that will dissolve:
a sugar
b grease.

11 Ina 250 mL cup of water, it would take about
90 g of salt to saturate the water. This is about 13
teaspoonsful. Calculate how many teaspoonsful you
think it would take to saturate a 1 L (1000 mL)
bottle of water.

Analysing

12

13

14

15

Compare a concentrated sugar solution with a
dilute sugar solution.

Compare a sugar solution with a suspension of sand
in water.

Melting occurs when a solid changes state to form a
liquid. Use this information to compare dissolving
and melting.

Classify each of the following as a solution or a
suspension.

cordial in water

carbon dioxide gas in lemonade

clouds

food colouring in water

dust in air

- 0 Q0 T O

smoke from a car exhaust

Evaluating

16

17

Fiona found that 10 mL of water tasted just as sweet
whether she mixed 5 teaspoons or 10 teaspoons of
sugar into the liquid. Propose an explanation for this.

Figure 4.1.9 shows milk being poured into salt water.
a Identify which substance is the solution.
b  Justify your answer.
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18 Vitamin C in food is soluble in water. Vitamins A, D
and K are soluble in oils. Chefs recommend that:

e vegetables are not soaked in water before or
during cooking

e steaming or microwaving is better than boiling.

One reason for these recommendations is to stop heat
destroying the vitamins. Propose another reason.

19 Figure 4.1.10 shows beams of sunlight passing

through foggy air.
a Identify whether the air is a solution or a
suspension.

b Justify your answer.

Figure
4.1.10

20 Solutions are transparent. This means that there are
no particles in the solution big enough to reflect or
scatter the light as it passes through. Figure 4.1.11
shows two test-tubes A and B that contain different
mixtures. Green and red lights are shone through
both.

a Identify the test-tube that contains a solution.

b Justify your choice.

Figure
4.1.11
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Creating

21 Think of a common mixture and write down what
is in it, but don’t tell your partner what it is. Your
partner does the same. Now construct a series of
questions you could ask your partner to work out
the secret identity of their mixture. Write down your
questions, again keeping them secret. Your task is to
identify your partner’s mixture. Toss a coin to decide
who goes first. The winner is the person who needs
the smallest number of questions to identify the
mixture.

Inquiring

It is impossible to sink in the Dead Sea, which is

bordered by Jordan, Israel and Palestine. No fish live in

it and people with cuts are advised not to swim in it.

Research the Dead Sea and find:

e amap showing its location

e thereason that fish cannot live in it

e an explanation of why it is impossible to sink in it

¢ the reason that people with cuts are advised not to
swim in it

e photographs or video of people trying to swim in it

¢ information on the major industries around the
Dead Sea

¢ thereason behind the current drop in sea level of
about 1 metre per year.

Present your findings as a PowerPoint presentation.



4.1 Practical investigations

dSquble and insoluble substances

Purpose 6 Do not tip anything down the sink. Return all test-
To investigate what substances will dissolve in water and tubes and liquid to your teacher.

kerosene. Results

Materials 1 Record your observations in the following table.

e 15 spatula copper
carbonate (CuCO,)

e U5 spatula copper sulfate
(CusO0,)

e 1 spatula table salt (NaCl)

* cooking oil in dropping
bottles

e 6 mL kerosene

e 6 medium-sized test-
tubes with stoppers to fit

e test-tube rack

e marking pen or sticky
labels

e spatula

Procedure

SAFETY
Copper sulfate and
copper carbonate are
toxic so do not touch,
sniff or taste them.

Kerosene is flammable
and should be kept
away from naked
flames. Wear safety
glasses and rubber
gloves at all times

to avoid contact with
your skin and eyes.
Avoid inhaling its
fumes by using a fume
cupboard.

1 Copy the table in the Results section into your

workbook.

2 Place the test-tubes in the rack. Use the marking pen
or sticky labels to number them 1 to 6.

3 Add about 5 cm of tap water to test-tubes 1 to 4.
Pour 3 cm of kerosene into test-tubes 5 and 6.

4 Add different solutes to the different test-tubes as

shown in Figure 4.1.12.

5 Place a stopper in each test-tube. Shake each of
the test-tubes for about 1 minute. Place all the test-
tubes in the test-tube rack and record what you see.

n/ stopper

5cm water 5cm water

+ 2 spatula + Y2 spatula 5cm water
copper copper + Y2 spatula
carbonate sulfate salt

Test-tube | Solvent Solute Observation
number
1 water copper
carbonate

2 water copper

sulfate
3 water salt
4 water oil
5 kerosene oil
6 kerosene salt

Practical review

1

Describe an easy way of telling whether a solution

has been formed or not.

Specify the test-tubes in which a solution formed.

3 Name the substances that were insoluble in water.

4 Name the substances that were insoluble in

5cm water
+0.5cm oil

kerosene.

Name the substance that is a solvent of salt but not

of oil.

Name the substance that is a solvent of copper
sulfate but not of copper carbonate.

3cm kerosene
+ 0.5cm oil

3cm kerosene
+ ¥2 spatula salt




4.1 Practical investigations

STUDENT DESIGN

ODissoIving and surface area

146

Purpose
To test whether breaking up a solute into smaller
particles can change how fast it dissolves.

Hypothesis

Which do you think will dissolve faster—a whole
Sugarine® tablet or a crushed Sugarine tablet? Before
you go any further with this investigation, write a
hypothesis in your workbook.

Materials

SAFETY
A Risk Assessment

is required for this
investigation.

e 2 Sugarine tablets

e 2 test-tubes and stoppers

e an object to crush one
of the tablets (such as a
teaspoon or mortar and
pestle)

e stopwatch (optional)

Procedure

1 Design an experiment that will test whether a
crushed Sugarine tablet dissolves faster or slower
than a whole Sugarine tablet. Figure 4.1.13 might
give you some ideas on how to do this.

stopper

- water

powdered
Sugarine
tablet

~Sugarine tablet

i

N \'\

2 Write your procedure in your workbook.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Hints

¢ You should use the same size test-tubes with the
same amount of water in each.

*  You only need to find out which tablet dissolves
faster—you do not need to find the exact time each
tablet takes to dissolve.

Results

Record which tablet (whole or crushed) dissolved first. If
you measured the time taken for each to dissolve, then
record the times as well.

Practical review

1 List the variables that you controlled (kept constant)
during this experiment.

2 State the variable that you changed.

w

a Construct a conclusion for your investigation.

b  Assess whether your hypothesis was supported
or not.

4 In this investigation, it was not necessary to measure
the length of time it takes for the two tablets to
dissolve. Explain why.

5 A crushed Sugarine tablet has more surface area and
more contact with the water than a whole tablet.
Use this information to explain your results.

6 You sometimes take an aspirin tablet or capsule
when you have a bad headache. Capsules contain
roughly the same amount of aspirin as a tablet.
However, a capsule has its aspirin as small particles
held in a shell that dissolves when you swallow it.

a Assess whether a tablet or a capsule would go to
work on your headache faster.

b Justify your answer.

science




Investigating dissolving

Purpose
To investigate how things dissolve.

Hypothesis
Once you have decided which investigation to perform,
write a hypothesis in your workbook.

Materials
SAFETY
A Risk Assessment

is required for this
investigation.

Students to choose from:

e sugar
* copper sulfate (CuSO,)
° salt

e 3varieties of liquid
dishwashing detergent

e source of grease (such as oil)
Procedure
1 Design an experiment that will answer one of the

following questions.

e Can sugar and copper sulfate both dissolve in
the same container of water?

e Isthe amount of salt that can dissolve in water
more or less than the amount of sugar that can
dissolve in the same volume of water?

e Can copper sulfate dissolve in a saturated
solution of salt?

e Are all dishwashing liquid detergents equally
good at dissolving grease?

2 Write your procedure in your workbook. Include a
diagram of your design for your experiment

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Results
Record your results and observations in your workbook.
Practical review

1 Construct a conclusion for your investigation.

2 Assess whether your hypothesis was supported
or not.
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4.2 Separating insoluble substances

" r

Mixtures often need to be separated into the
substances that make them up. Being able to
separate insoluble substances from each other is
important to many organisms. For example, humans
have kidneys that filter our blood of impurities. Grey

whales scoop up sand from the sea floor and filter s
34 out their food through structures called baleen.

science

llfun

Panning for gold

Could you find gold?

Collect this...

e metal bowl or old cereal bowl (shallow with
gently sloping sides)

e fairly clean sand or loam sail

e small metal objects such as nails or washers

* bucket of water or hose

Do this...

1 The small metal objects are your ‘gold’. Mix them
up with the soil and put the mixture in
the bowl.

2 Half fill the bowl with water.

PEARSON science NEW SOUTH WALES

Hold the bowl with a hand on each side. Move
the bowl around in a circular motion to swirl the
water through the soil. The soil should start lifting
up into the water.

Let the water wash over the sides of the bowl as
you move it around. The aim is to wash some of
the soil out of the bowl with the water.

Keep adding water and swirling the soil around
so it is gradually removed from the bowl. You
should see the ‘gold’ collecting on the bottom of
the bowl.

See how pure you can get the ‘gold’. You may
have to practise to improve your technique.

Record this...
Describe what happened.
Explain why you think this happened.



Magnetic separation

Your recycle bin at home contains a mixture of
insoluble solids. It probably contains steel cans, glass
jars, aluminium cans, paper, cardboard, plastic bottles
and packaging. After collection, this mixture needs to
be separated so that the different substances can be
recycled and then re-used.

Magnets are a convenient way of separating any
rubbish made of iron or steel. Iron is always attracted
to magnets. As steel is more than 95% iron, it too is
attracted to magnets. Magnets also attract the metals
nickel and cobalt, but do not attract other metals such
as aluminium, copper or gold or substances such as
plastic, paper or glass. Magnetic attraction allows iron
and steel to be easily removed from piles of rubbish,
leaving the non-magnetic materials behind. One way in
which magnets are used to separate rubbish is shown
in Figure 4.2.1. Magnetic separation is also used in the
mining industry and in the scrap metal business.

incoming rubbish

magnetic drum

conveyor belt

non-magnetic %
material \ @.. drum rotates
® e\
0/ Vo0 magnetic material

S®

Eh By

bin bin

A rotating drum can be used to separate
magnetic materials from municipal rubbish.

&) Unit 7.4

Making non-magnetic

metals magnetic

Non-magnetic metals can be made temporarily
magnetic if they are good conductors of
electricity. A strong magnet placed near to some

rubbish can make an electric current flow
through the metals. While the current flows
through them, these metals are also magnetic.
This allows another magnet to pull normally non-
magnetic metal items such as aluminium cans
and bottle tops out of the rubbish.

Gravity separation

Not all mixtures contain a collection of solids like those
in your recycle bin. Many mixtures are suspensions
which contain insoluble solids dispersed through a
liquid. Gravity separation uses gravity to separate heavier
substances from a suspension. The heavier particles sink
to the bottom of the container. Gold panning (shown

in Figure 4.2.2) uses gravity separation. The heavy gold
particles drop to the bottom of the pan, allowing the
lighter mud and water to be poured off.

L unit7.3

Panning for gold uses gravity separation.

Decantation is a type of gravity separation that lets
suspensions of solids or liquids separate naturally. The
top layer can then be poured or scraped off. The top
layer could be a:

¢ liquid, such as oil
¢ solid, such as plant material like leaves and twigs

in soil
e liquid, if a heavy solid has settled to the bottom.
Decanting is used in a kitchen to pour off cooking water
from vegetables in a saucepan. Sometimes sediment will
collect at the bottom of a bottle of wine that has been
left to stand. Pouring the bottle into a glass container (a
decanter) leaves the sediment in the bottle. Decanting is
used in many industries. Figure 4.2.3 on page 150 shows
one method used in science laboratories.



sediment

decanted
liquid

Decanting pours off the liquid to leave the
solids behind.

Sieving

A sieve is a barrier with holes in it. Small solid particles
can get through, but large ones cannot. The process is
called sieving. A colander is a sieve that is used in the
kitchen to strain water from food. Likewise, large lumps
in flour can be removed before baking by sifting the
flour through a strainer, or flour sifter. The fishing net
shown in Figure 4.2.4 is also a sieve.

A fishing net is a kind of sieve. The small fish and
water go through while the larger fish get stuck in
the net.

Figure
4.2.4

Sieves are graded to a specific size for the job they do.
They are used in mining to ensure that only rocks of the
correct size enter a rock crusher. They are also used to
grade soil into its different-sized particles to classify the
soil being studied.

Human filters
Your kidneys filter your blood and produce urine.

Your whole blood supply passes through your
kidneys in about 1 hour. This means your blood has
passed through your kidneys about 24 times in a
day. From this you make about 1 litre of urine.

Q
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Filtration

Filtration, also known as filtering, is a widely used
method of separating:

* solids from gases

¢ solids from liquids

e liquids from gases

e liquids from other liquids.

Filtration uses a filter. A filter is like a sieve in that it is a
barrier with many, many small holes (often microscopic
in size) in it. These holes are smaller than the particles
being separated and so these particles get caught in the
filter. However, smaller particles pass straight through.
Many filters are a mesh of fine fibres like cotton wool.
Others include rock with fine pores (small holes) in it.

Filters are used to separate coffee grounds from filter
coffee. Likewise, tea bags are a type of filter that allows
water to move through them while keeping the tea leaves
in the bag. The face mask shown in Figure 4.2.5 is a filter
that separates dust from air. A similar filter is used in
most vacuum cleaners. The filtered, clean air is then
blown back into the room. Filters can also be found in
air conditioners, washing machines, dryers, swimming
pools, car engines, fuel systems and air cleaners.

Filters are also used in the laboratory. Several different
methods are used, but the most common uses filter

paper.

People working in dirty or dusty environments
stop dust from entering their airways by wearing
face masks.

4.3



Folding a filter paper

There are two methods to fold filter paper. The
method you choose depends on the material
you are filtering. The conical fold is shown in
Figure 4.2.6.

4.2.6 / How to make a conical fold for filter paper

The other method of folding is called fluting.
This is shown in Figure 4.2.7.

<M

|
l Open out.

Fold each section
in two, alternately
folding up and down.

/\/\l/\/\//\/\ end on

l Open out.

Two folds will be

the ‘wrong’ way,

but it will work.

You could bend

both these sections
inwards in the centre.

‘ How to fold a fluted filter paper

Fluting increases the amount of surface in
contact with the liquid and increases the
filtration rate. It is useful for very fine suspensions
that can block many of the holes in the paper.

How to filter

To filter, set up the equipment as shown in
Figure 4.2.8.

filter funnel

/ bosshead

filt
ilter paper clamp

residue

beaker

retort stand

filtrate

A special filter stand can be used
instead of a retort stand and clamp

Some rules to follow when filtering are:

= Do not let the liquid in the filter go over
the top of the paper, or solids will enter the
filtrate.

= Do not touch the filter while filtering _
—it will break and solids will enter 4.4
the filtrate. .

Prac1 ) | Prac2
p. 155 p. 156

Centrifuging

A simple centrifuge is shown in Figure 4.2.9. It has
chambers that are spun very fast around a shaft. Any
tiny particles suspended in the liquid are forced to the
sides and then to the bottom of each chamber.

Figure\ A simple centrifuge is used to separate
4.2.9 / substances in the laboratory.




A common use of a centrifuge is in the spin cycle on a
washing machine, in which the clothes are spun very
fast in the bowl. Figure 4.2.10 shows how this works.
Water is forced out of the clothes and through the holes
in the bowl. It then drains away and is pumped out of
the machine. In a similar way, salad spinners are used in
the kitchen to dry washed lettuce.

wet

spinner
clothes P

> water forced
out through
small holes

A washing machine spin cycle acts as a simple
centrifuge.

Figure
4.2.10

There are many other designs for centrifuges. Some
very complicated ones are used in mining. Centrifuging
is also widely used in laboratories.

Centrifuging blood

Blood transfusions are often needed to replace blood
lost in serious accidents and during major surgery.
However, sometimes the blood collected at blood banks
(Figure 4.2.11) is centrifuged instead. This is done to
separate it into red and white blood cells and liquid
plasma, shown in Figure 4.2.12. These components

are then used directly or are further separated to treat
particular health conditions.

Plasma is used to treat burns patients. Some other
conditions don’t require plasma but instead need
particular chemicals extracted from it. For example,
chemicals called clotting factors are extracted from
plasma to treat people who have haemophilia. Patients
with this disease can bleed to death because

their blood does not clot to seal a cut.

PEARSON science NEW SOUTH WALES

Patients with anaemia have insufficient red blood cells
in their blood. They can be given whole unseparated
blood but this can stress their heart if they also have
heart problems. Instead, they are given transfusions of
red blood cells because these place less stress on the
heart.

Blood is being collected from these blood
Figure\ donors. In Australia many people donate their
4.2.11/ plood to the Red Cross Blood Bank to save the
lives of others.
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Figure\ Blood that has been centrifuged separates out
4.2.12/ into layers.



4.2 Unit review

Remembering

1 List examples of sieving and filtering around your
home.

2 Name an example of centrifuging that is used at
home.

3 State at least two methods of separation that can be
used to separate a:

a solid from another solid
b solid from a liquid
¢ liquid from another liquid.

Understanding

4 Describe how magnetic separation can be used to
separate magnetic and non-magnetic metals from

household rubbish.

5 Explain why particles of gold fall to the bottom of
the pan when panning for gold.

6 a Describe what a paper filter would look like if
you could magnify it enough.
b Explain how it works to filter out particles.

7 Explain why filtration cannot separate sugar from
water.

8 Draw a diagram that shows how to set up
equipment for filtration.

Applying
9 Identify a method of separation that could be used

for the following situations.

a You want some fine clean sand without any
sticks or stones from the soil in your garden.

b You drop some nails into the sand in your
backyard.

¢ You drop some hundreds-and-thousands into
the flour your mum is using for a cake.

d The gravel border along the driveway at home
has become covered by bark, and leaves and
fine sticks are mixed with the gravel.

e Your tea bag breaks in your cup of tea.

Analysing

10 Compare gravity separation and centrifugation by
listing their similarities and differences.

11 Compare filtering and sieving.

12 Compare the two different methods of folding filter
paper by listing the advantages and disadvantages
of each.

13 Car air cleaners are structured as shown in
Figure 4.2.13.

Figure
4.2.13

a Compare the structure of the air cleaner with
that of a fluted filter paper.

b Describe why this design is effective as an air
cleaner.

Evaluating

14 When car tyres are replaced, the installer attaches
small weights to the wheel rim to check that the
wheel is balanced, with an even mass distribution all
around. This is because anything that spins fast and
is unbalanced can put an enormous stress on the
shaft it is attached to. Propose how this could apply
to a centrifuge if it was not used properly and was
unbalanced.

15 Propose a reason why vehicle air, fuel and oil filters
need to be changed regularly.

16 You are fixing your skateboard and accidentally drop
a steel wheel nut into a drain that is too deep to put
your arm in. Propose a method of recovering the nut
from the drain.




4.2 Unit review

17 Some washing machines do some test spins before
starting the spin-dry cycle. After doing this, the
machine may not spin the clothes but instead
agitate them back and forth for a while, before
trying another test spin. Propose a reason why the
machine has been designed to do this.

Creating

18 In the laboratory, you are given a mixture of sugar,
sand and gravel. Design a way of separating these
three substances.

19 Construct a table in which you:
a list each of the five methods of separation in this
unit
b  describe how each method works
¢ specify an example where it may be used.

Inquiring

1 Research what an eddy current is. Search the
internet for videos that show eddy currents being
used to separate aluminium cans and aluminium
foil from other recycled rubbish. Describe an eddy
current and what happened in the video.

2 Research two separation methods used in blood Cleaning up ocean oil spills can be achieved
banks or the wine industry. Figure ) Ly several methods. This string of polystyrene
4.2.14 floats (called a boom) has trapped oil floating
on the ocean’s surface.

Present your findings as a digital presentation
that includes relevant photographs.

3 Research a method of cleaning up oil spills in
the ocean. Such methods could include the use
of sorbents, separating devices, dispersants or
skimming. Figure 4.2.14 shows one method of
cleaning up an oil spill.

T
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Present your findings in digital form in which
you briefly outline the procedure for the method
you have chosen to research, and how the method
works.

1 54 science




4.2 Practical investigations

6Comparing filters

Purpose Results

To compare conical and fluted filter papers. 1 Record the appearance of the filtrate, for both the

sand and the copper carbonate.

Hypothesis

Which filters better—a conical filter paper or a fluted 2 Record the time it took for all of the liquid to pass

filter paper? Before you go any further with this through each filter.

investigation, write a hypothesis in your workbook. Practical review

Materials A 1 Compare the rate at which the twg differently folded

' filter papers filtered each of the mixtures.

e 1 spatulasand e N et

« 1 spatula copper SAFETY 2 Construct a conclusion for your investigation.
carbonate (CuCO,) Copper carbonate is 3 Assess whether your hypothesis was supported

toxic so do not touch, or not.

* 1spatula sniff or taste it.

e 2 funnels

e 4 filter papers

e 4x100 mL beakers
e 2stirring rods

e 2 stopwatches or timers

e retort stand, bosshead and clamp or filter stand

4 Propose a reason why one folding method was
better than the other.

Procedure

1 Place two funnels in the clamp or filter stand. Place
a beaker under each funnel to collect the filtrate.

conical
filter

paper

2 Fold one filter paper into a conical shape and the
other into the fluted shape (as shown in Figure
4.2.15). Place each filter in a funnel.

3 Collect one spatula of sand and place it in 40 mL of
water in a beaker. Repeat for the other beaker.

4 Now pour the contents of one beaker into the
conical filter paper. Start the timer as soon as the
first water goes into the conical filter paper.

5 Pour the same amount of water from the other
beaker into the fluted paper. Start the second timer
as soon as the water goes into the fluted filter.

fluted

filter

paper

6 Add more of the sand and water mixture to each
filter paper until all of the liquid has been filtered.
Stop the timer when the filter stops filtering. Leave
any remaining sand in the beaker. Note the time
taken for each filter, and how clear the filtrate is.

7 Repeat steps 1-6 with new filter papers, but this time
use copper carbonate instead of sand.




4.2 Practical investigations

STUDENT DESIGN

Separating solids

Purpose
To separate a mixture of sand, salt and iron filings.

Materials
e 1spatulasand

e 1 spatulasalt

SAFETY
A Risk Assessment

is required for this
investigation.

e 1 spatulairon filings

e 100 mL beaker

e 3 sgpatulas

* magnet (wrapped in
plastic)

e achoice of equipment
such as filter paper, funnels, extra beakers

Procedure

1 Use different spatulas to measure out one spatula
each of sand, iron filings and salt into a beaker. Use
one of the spatulas to mix the three solids together
well.

2 Design a method to separate these three solids from
each other.

3 Write your procedure in your workbook.

4 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Hints

e Saltis soluble in water but sand isn't.

e Make sure that the magnet stays covered in
its plastic.

Practical review
Construct a report using the headings listed in Unit 1.4.

O unit14
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STUDENT DESIGN

N
Oil spills
Sorbents are materials that can soak up substances.
Sorbents are commonly used to soak up oil that has
spilled into the sea, rivers or lakes.
Purpose
To compare three different sorbents that could be used
to clean up oil spills.
Hypothesis
Which sorbent do you think will soak up more oil—
paper towel, cotton balls or a sponge? Before you go
any further with this investigation, write a hypothesis in
your workbook.
Materials
* 50 mL cooking oil s
e detergent (for cleaning up) L
e equal masses of cotton . g

b?llS, paper towel and SAFETY

kitchen sponge - -
« 3 plastic cups A Risk Assessme.nt
« 2 wide-mouth jars is reql.uretli for this

investigation.

* tweezers I —

* access to timer
Procedure
1 Carefully read the list of materials provided.

2 Design a method that will allow you to compare how
well cotton balls, paper towel and a kitchen sponge
absorb cooking oil that has been mixed with water.

3 Write your procedure in your workbook.

4 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect

all the required materials and start work.
Practical review
1 Construct a conclusion for your investigation.

2 Assess whether your hypothesis was supported
or not.

3 Construct a report using the headings listed in Unit 1.4.

Qunit1.4
\
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4.3 Separating soluble substances

The soluble substances in a
solution are far too small to settle
or be trapped in filter papers.
Different methods are therefore
needed to separate them from the
solvent they are dissolved in. In
the photo a separation method
called distillation is being used to
make perfume from rose petals.

‘.-“

science 4 fun

Separating colours
Are inks in marker pens and food colours
made of just one pure substance?

Collect this...

e water

e food colouring (green is good)

e marker pen

e sheet of newspaper

e pair of scissors

® 4 narrow drinking glasses

e sticky-tape or Blu Tack

e four pencils (hexagonal cross-section is better
than round) or icy-pole sticks

Do this...

| Cut four blank strips of newspaper. Each strip
should be a few centimetres taller than your glass.

2 Across two of the paper strips, make a line with
the felt-tip pen 3 cm from the end. Repeat this for
the other two strips using food colouring.

3

4

oty

sticky-tape

— C — é icy-pole stick

or pencil
eglass

newspaper strip

<
B oo cpouy

L/ <— water

Set up the paper as shown. It is best to put the
water in first. The water level must be below the
coloured line on the paper.

When the water has almost reached the top of
each strip, take the strips out and let them dry.

Record this...

Describe what happened.

Explain why you think this happened.



Chromatography

Chromatography is a process that can separate a
mixture by making it move through another substance
such as a gel, column of liquid or strip of paper, as
shown in Figure 4.3.1. Here, water is the solvent. It
dissolves the dyes from ink or food dyes and carries the
colours with it as it moves up the paper.

INQUIRY |

Candy crystals

Can you grow big candy crystals?
Chromatography works because different chemicals in

. ) Collect this...
mixtures are attracted to the paper by different amounts.
e sugar (sucrose)
Substances that are strongly attracted to the paper are o water

harder for the solvent to move along. These substances

e food colouring (optional)
do not move very far. Weakly attracted substances move

e flavouring (optional)

the furthest. e clean glass jar
Chromatography is very important in industry. It is e clean cotton or string
used to find out what is in oil and gas, and to identify ¢ pencil or icy-pole stick
pollutants. e metal saucepan

. . e stove
Chromatography is also used by pharmaceutical
manufacturers to analyse plants and animals for Do this...

Pour 3 cups of sugar and 1 cup of water into
the saucepan.

possible useful medical drugs and to test the quality of 1
their products. Environmental scientists use

chromatography to identify chemical pollutants.

solvent carries dye is weakly

2 Heat, stirring constantly, until all the sugar has

dissolved. Try not to boil the solution. A few
drops of food colouring and %> teaspoon of
flavouring can be added, but this may slow

dyes upward attracted to

your crystal formation.

3 Cool the sugar syrup in the refrigerator until it
is at about room temperature.

4. Soak the string in the syrup and then hang it
to dry in the air.

5 Set up your equipment as shown in the
diagram.

paper

ink sample

3 cover (plastic bag)
strongly

attracted ¥ \/ s
to paper

solvent (water)

|<—— icy-pole stick
} ~~  or pencil
Paper chromatography separates mixtures such

as inks and dyes. jar— cotton/string

sugar syrup

Lawbreakers beware!

Chromatography can help catch drug cheats in
sports by identifying banned drugs in urine.

leave bottom
. of bag open

If you write a letter with a particular pen, then
chromatography can be used to identify the ink
you used and match it to your pen.

6 You can eat the candy after the week. Do not
eat the string.

Record this...

Describe what happened.
Explain why you think this happened.

PEARSON science NEW SOUTH WALES



Evaporation

Evaporation is the change of state that occurs when
heat causes a liquid to change into a gas. It is a natural
process that dries up pools of water on the road and
clothes on a line. Water boils at 100°C but it does

not need to be 100°C for water to evaporate. Water
evaporates at all temperatures above 0°C, meaning
that wet clothes will dry at any temperature above 0°C.

However, evaporation speeds up at higher temperatures.

This explains why clothes dry more quickly on a hot day
than a cold one.

If the water has any solute dissolved in it, then
evaporation will leave that solute behind. For example,
sea water is an aqueous solution of salt dissolved in
water. After swimming in the sea, the water on your skin
evaporates, leaving a thin layer of salt behind.

Evaporation is commonly used in the laboratory to
separate a solvent from its solute. The solution can be
left in the air to evaporate using the heat of the room,
but a Bunsen burner or hotplate speeds the process up.
Figure 4.3.2 shows how this can be done. The solute is
left behind in the evaporating dish, while the solvent
(usually water) is lost to the air. This means that you can
only collect the solute.

evaporating basin

You can collect the solute from a =
solution by using an evaporating Pr1ac1
dish and evaporating off the solvent. p163

Crystallisation

The solute left behind by evaporation often forms
crystals. You can see some different crystals in Figure
4.3.3. Crystals have distinctive shapes because the
solute particles lock into one another like pieces of a
jigsaw. As the solvent evaporates, the solution becomes
more and more concentrated. (Cooks commonly use
evaporation to concentrate the flavours of their sauces.)
Eventually the solution becomes so concentrated

that it is saturated. The solute particles start to lock in
with one another, and the crystals grow as more of the

solvent evaporates. This process is called crystallisation.

Smaller crystals form when the solvent evaporates
quickly. In contrast, larger crystals form when the
solvent evaporates slowly.

copper sulfate

Crystals come in a variety of different shapes.
They form because the solvent evaporated,
leaving solute crystals behind.

Evaporation and crystallisation are used in industry to
remove soluble substances from solutions and to purify
substances. For example, salt producers make salt by
using the heat from the Sun to evaporate water from
pools of salt water. This leaves crystals of salt behind to
be collected (Figure 4.3.4).

Figure \ Salt crystals recovered from sea water have
been scraped into piles.

Crystallisation is also used in industry to purify
substances such as pharmaceuticals (medical drugs).
A solution may have unwanted substances dissolved in
it as well as substances that are wanted. The unwanted
substances are called impurities.



The particles of impurities generally do not have the
same shape as the solute particles. So if you crystallise
the solute, the impurities generally will not have the
right shape to lock into the growing crystals (Figure
4.3.5). Instead, the impurities stay in solution and the
crystals formed stay pure.

solute particle
fits perfectly
into the growing
crystal

\

AVAV A
VAV
v

VAVAV

impurity particle

is the wrong shapN
and size to fit into

the growing crystal

AVAY @
VAV
v

VAVAV

Impurities have the wrong shape to lock into
crystals. Crystallisation is often used to purify
substances such as medical drugs.

Distillation

Evaporation is the process in which a liquid turns into
a gas. Condensation is the opposite: a gas cools to
form a liquid. Distillation uses both evaporation and
condensation to separate substances.

Evaporation loses the liquid solvent to the atmosphere,
but sometimes you need to keep the liquid as well. In
distillation, the gas is condensed back into a liquid so that
it can be collected. If the solvent is water, distillation first
evaporates off the water. It then cools the water vapour so
that it condenses back into liquid water. The apparatus
that converts the gas back to the liquid is called the
condenser. Figure 4.3.6 shows a special apparatus called a
Liebig condenser that is often used in the laboratory.

Smelling nice

The oldest written records of perfume being made
by steam distillation date to around 1000 CE. The

Persian scientist Avicenna is said to have
invented the process to make rose water. There is
now a perfume named Avicenna in his honour.

PEARSON science NEW SOUTH WALES

The gas then passes into
a water-cooled tube called

the condenser, where it
condenses back to liquid.

The distillate that drips into
the flask will be very pure
because the solutes do not
evaporate and pass into
the condenser.

/\ Cold,WatefT distillate
n
The Bunsen
burner boils The solute
the solvent remaining in
so that it the heated This liquid
evaporates flask is called is known as
very quickly. the residue. the distillate.

Distillation is often carried out in the
laboratory using a Liebig condenser.

Figure
4.3.6

Distillation is able to separate several liquids from each
other if they have different boiling points. For example,
alcohol has a boiling point of 78°C while water boils at
100°C. These two liquids can therefore be separated by
distillation. All of the alcohol will evaporate from the
mixture first (at 78°C), leaving the water behind. The
water will then evaporate off at 100°C, leaving behind
whatever solute was dissolved in it.

As well as separating solutions in laboratories,
distillation is used in:
producing alcoholic drinks such as vodka and
bourbon

e separating crude oil into petrol, diesel, lubricating
oils and other components

e removing impurities from drinking water

separating oxygen, nitrogen and argon from air for
industrial use

e perfume manufacture.

|

Prac2 | |
p-164

|

2]



4.3 Unit review

Remembering

1 Recall methods of separating mixtures by matching
each method with its correct description. Choose
from A, B or C.

a chromatography

b evaporation

¢ distillation

A A process using evaporation and condensation
to separate and recover both solute and solvent

B A process that can separate a mixture by making
it move through another substance like a paper
strip

C Aprocess in which heat changes a liquid into a
gas, allowing recovery of the solute but not the
solvent

2 From the examples in this unit, name the separation
process used to:

a separate different coloured substances from
food colouring or ink

b collect salt crystals from seawater
¢ make alcoholic drinks like gin and whisky.

Understanding

3 Explain the process by which chromatography can
separate substances.

4 Explain the process by which distillation can
separate a solute and a solvent and allow you to
recover both substances.

5 You are making copper sulfate crystals in the
laboratory by evaporating water from a solution of
copper sulfate. Describe how you could:

a make the crystals rapidly

b form larger crystals by evaporating the water
slowly.

6 Draw a diagram that shows how crystallisation stops
impurities from becoming part of a growing crystal.

Applying
7 Identify a separation method that could be used for

each of the following purposes:

a To purify water from a washing machine enough
to drink it

b To recover the sugar from a bag that you
accidentally dropped into a saucepan of water
while you were cooking.

8 Identify the process used in the science4fun on
page 157 to separate the colours in marker pen inks
or food colouring.

Analysing

9 Ifyou are lost in the bush and have no drinking
water, you can make a ‘bush still’ to try to collect
some.

a Compare the ‘bush still’ shown in Figure 4.3.7
with distillation apparatus.

b Explain how it can be considered an example
of distillation.

larger
rock

larger
rock

vegetation

10 Compare evaporation of water and boiling of water.

11 Two identical solutions are allowed to evaporate.
One evaporates slowly. The other evaporates quickly.
Compare the size of crystals formed from each
solution.

Evaluating

12 A whisky maker wants to reduce the amount of
water in a mixture to give a higher concentration
of alcohol. Justify the choice of distillation rather
than evaporation as a separation method. Note that
alcohol boils at 78°C and water boils at 100°C.

13 When you dry your bathers after swimming in the
sea, they are crisp with salt. However, if you rinse
them in fresh water first, they dry clean and salt-free.
Propose why the two methods of drying produce
such different results.




4.3 Unit review

14 Candy crystals are formed in the science4fun on 3 Some people wear odour-eating innersoles in
page 158. their shoes to stop them getting too smelly. These
a Identify the process that allows these crystals to innersoles use a process called adsorption to remove
form. soluble substances that cause smell from the sweat
b Propose a way of making even larger candy that builds up in shoes. Research adsorption to find:
crystals. *  how adsorption works
15 a Outline why impurities tend not to join with * whatactivated carbon is (Figure 4.3.8)
crystals formed through evaporation. e how charcoal tablets are used to control
b Pure crystals are often left behind once all the ‘traveller’s diarrhoea’
solvent has evaporated. Impurities are left e other examples of how adsorption is used to
behind too. Propose a way of separating these separate substances.

impurities from the pure crystals. Present your research in digital form with

photographs and diagrams.

Creating ¢

16 Construct a card game of nine cards in which each
card describes a different method of separation.

activated carbon

filter disc

e Use no more than five lines. particle filter

* Do not use diagrams.

¢ Do not use the name of the method of
separation or similar words.

e Write the separation method on the back so that
someone else can check what it was later.

Inquiring

1 Research how:
e saltis collected from commercial salt pans
e liquid nitrogen or liquid oxygen is made
e crude oil is cracked using fractional distillation.

Present your findings as a flow diagram outlining the
major steps involved in the process.

2 There is a cave in Chihuahua, Mexico, known
as the Cave of Crystals. It contains crystals
11 metres long (the largest crystals ever found).
Research the cave and its crystals to find:
e the substance that makes up the crystals
¢ the shape of the crystals
e the special conditions that allowed such huge
crystals to form.
Present your findings as a digital presentation
(for example, PowerPoint).

Figure
4.3.8

This face mask has a carbon filter for adsorbing
poisonous gases.
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4.3 Practical investigations

dFast and slow evaporation

Purpose
To grow copper sulfate crystals and compare their sizes
when formed by fast and by slow evaporation.

Hypothesis

Which do you think will produce larger crystals—slow
cooling or fast cooling? Before you go any further with
this investigation, write a hypothesis in your workbook.

Materials

e, O
SAFETY
Copper sulfate is toxic

so do not touch, sniff
or taste it.

e 50 mL copper sulfate
solution (CuSO,)

e 2 evaporating basins
* 100 mL beaker

e Bunsen burner, bench

: Tie long hair back. Turn
mat, tripod and gauze

the Bunsen burner

mat flame to yellow when it
is not being used. Allow
equipment to cool
Procedure before packing it away.
Slow evaporation I

1 Pour some copper sulfate into one of the
evaporating basins until it is about one-quarter full.
Set it aside somewhere in the room where it will not
be disturbed. Observe what happens over the next
day or so.

Fast evaporation
2 Collect about 50 mL of copper sulfate solution in

your beaker, and set up the equipment as shown in
Figure 4.3.9. Do not turn on the Bunsen burner yet.

tripod

gauze mat

3 Pour copper sulfate solution into your evaporating
basin until it is about half full.

4 Heat the solution with a hot flame with the Bunsen
burner airhole about half open, watching carefully
that material does not ‘spit’ out of the basin. If it
does spit, close the collar on the Bunsen burner a
little, or use the gas hose to move the Bunsen burner
carefully in and out of the tripod.

5 When only a small pool of the liquid is left, turn
the Bunsen burner off. The rest of the liquid will
evaporate with the heat left in the basin.

6 Allow the basin to cool for several minutes.
Practical review

1 Describe the crystals formed by fast and slow
evaporation.

2 a Construct a conclusion for your investigation.

b  Assess whether or not your hypothesis was
supported.

3 Figure 4.3.9 shows the equipment used in this prac
in three dimensions (3D). Construct a scientific
diagram that shows it in two dimensions (2D).

Qunit1.3

4 Use the results from this prac to explain the
formation of salt crystals around the edges of
salt lakes.

evaporating basin

bench mat




4.3 Practical investigations

OChromatography investigations

Purpose
To use chromatography to separate food dyes.

Hypothesis

What colours do you think make up the coloured shells
of Smarties or M&Ms? Before you go any further in this
investigation, pick a colour you will test and write a
hypothesis in your workbook.

Materials ol | = 2

¢ selection of different *
coloured Smarties or -
M&Ms

A Risk Assessment
is required for this
investigation. Do

e filter paper
e eyedropper

e other equipment as not eat or taste the
selected by students Smarties or M&Ms.
(such as 250 mL beakers)

A forensic scientist inspects the pigments used
in different black industrial dyes. A drop of dye
was placed in the centre of a piece of filter
paper and chromatography separated its
colours to form rings.

1 64 science

Procedure

1 Design an experiment that will use chromatography
to separate the colours that make up the candy shell
of a Smartie or an M&M. Figure 4.3.10 might give
you some ideas.

2 Write your procedure in your workbook.

3 Before you start any practical work, assess your
procedure. List any risks that your procedure might
involve and what you might do to minimise those
risks. Show your teacher your procedure and your
assessment of its risks. If they approve, then collect
all the required materials and start work.

Hints

In your experiment:

e use water as a solvent

e raise the filter paper on something (such as a
beaker).

Results
Record what you saw.
Practical review
1 Construct a conclusion for your investigation.

2 Assess whether your hypothesis was supported
or not.




4.4 Water as a solvent

b & ekl
Water is vital for life. Drought in much of |
Australia has forced us to conserve water
as never before, and explore new ways of W
obtaining water to drink, cook with and
shower in. Traditionally water has come
from rivers and dams, but increasingly we
are turning to groundwater and new
technologies such as desalination to
provide us with a reliable supply.

1

N
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science I. fun

Cleaning water

; n margarine or
Can dirt clean water? sand Iayer-% S ice-orear
Collect this... stones layer container
e some fairly clean sand i | small hole in
e some small stones like blue metal or road gravel ) container
brick——> ——
* bucket of muddy water A P
¢ ice-cream or margarine container - beaker
e some bricks or rocks for a stand —
e 3 beakers to catch liquid 4 Continue pouring the collected sample through
the sand and stones until the sample you collect
Do this... at the bottom has little suspended mud in it.
1 Set up your equipment as shown. 5 Compare this final sample with the original

2 Pour some muddy water in and let it pass sample you set aside.

through into the container at the bottom. Put this
sample aside. Record this...
3 Repeat step 2, but instead of setting the sample Describe what happened.
aside, pour it through the sand and stones again. Explain why you think this happened.



Is water pure or a mixture?

The term water means different things to different
people. To scientists, water is a pure chemical with
the chemical formula H,0. However, to the rest of the
community, water is what comes out of a tap and is
found in rivers, lakes, swimming pools, rain

and the sea.

In these cases, ‘water’ is not pure but is an aqueous
solution with H,O water as its solvent, or a suspension
with H,O water as its dispersion medium. Sometimes
it’s both. For example, seawater is H,O but it also has
dissolved salt (forming an aqueous salt solution),
sand floating around in it (forming a suspension),

and organisms ranging from microscopic bacteria to
seaweed and fish in it. Seawater also has dissolved
oxygen in it, which is used by all the organisms that live
there, and dissolved carbon dioxide, which is used by
seaweed.

Water in rivers and lakes has dissolved oxygen, as well
as fish, yabbies and bacteria and possibly particles of
dirt (forming a muddy suspension). Swimming pools

contain dissolved chlorine or other treatment chemicals.

Tap water is a mixture of many substances. Some of
these enter the water naturally through contact with
soil and rock. Others are added deliberately by water
authorities to protect public health. So what is in your
water depends on the source of the water, and how it
was treated. Water filters like the one shown in Figure
4.4.1 can be used to remove impurities in areas where
this is a problem.

Some people use
filters to clean their
water of impurities.

Water world

Of the world’s water,
98% is salt water in
the oceans. Of the
world’s fresh water,
77% is ice.
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Water and life

Water is the most important substance needed for life. It
is essential, for without it all living things die. This is
because living things are made of microscopic building
blocks called cells. Cells contain chemicals dissolved in
water. These chemicals carry out the reactions needed
for life. To do this, the chemicals need to be able to move
quickly around the cell. This can only happen if they are
dissolved in water. If the cells lose all their water then
the chemicals stop moving around and the cells die. The
whole organism then dies.

Too much water

It is possible to drink too much water. A man in the
UK died after drinking about 7 litres of water in a

short period. Excessive amounts of water like this
can cause a condition where sodium is flushed out
of the body and brain cells are damaged.

Water in daily life

Water is the solvent that dissolves the detergent and
soap that helps you to wash yourself, shampoo your hair
and to wash clothes, dishes and cars. It is the solvent
that dissolves the sugars, flavourings and colourings in
soft drinks and fruit juices. Water is used in cooking and
food preparation and keeps the plants in the garden
alive.

Water in industry

Water allows dissolved chemicals to move around and

so it allows chemical reactions to take place. For this
reason, water is used as a solvent in many industries that
make substances such as foods, medicines, fertilisers,
paints, pesticides, adhesives and paper (Figure 4.4.2).
The final product from these industries may even be an
aqueous solution such as a cleaning fluid or dye.

Water is also used as a solvent in mining. For example,
leach mining uses a series of wells to inject water or an
aqueous acid solution into rocks below ground. The
mineral being mined is dissolved and is then pumped up
to the surface. Some copper minerals and types of salt are
mined this way. Leach mining is shown in Figure 4.4.3.

The processing of many metals also requires water.
For example, copper is extracted by passing an electric
current through an aqueous solution that contains
dissolved copper.



Water is used as a solvent in industry to make
many products such as medicines, dyes, drinks
and fertilisers.

Figure

4.4.2

uranium solution
to processing plant

mining solution
from processing plant

sands, clays
and gravel

uranium
deposits

Leach mining uses water to dissolve
underground minerals. The dissolved mineral is
pumped back to the surface.

Figure

4.4.3

Water in the environment

Minerals containing calcium, iron, phosphate,
potassium and zinc are essential for life.

These minerals enter water when rocks break down.
Plants absorb water and so they absorb these minerals too.
The minerals pass into animals whenever they eat plants
or when they drink water from a stream, river or lake.

Water also dissolves minerals containing copper and
lead in the rocks. These minerals are toxic (poisonous)
when they are at high levels. High levels of salt (sodium
chloride) are also toxic to many organisms and are a
threat to farmers’ crops. You can see this in Figure 4.4.4.

In much of Australia, salt is a threat to crops
and native animals and plants. Salt has made
much of this farm unproductive.

High levels of phosphates and nitrates found in farm
run-off and wastewater from homes and industry may
enter waterways, threatening the environment. High
levels of these chemicals cause algae to grow. This
growth is known as an algal bloom (Figure 4.4.5). It
removes much of the oxygen from the water, killing
animals such as fish.

L unita3 €D unit3.a

An algal bloom is caused by high levels of
phosphates and nitrates entering water from
fertilisers and poor wastewater treatment.



Water sources

In Australia, some homes, farms and factories collect
their own rainwater in tanks. The water for everyone else
comes from a number of sources:

¢ Rivers—Rivers are the way rainfall gets to the sea.
Sometimes this water is pumped out directly to
provide water to a town or to irrigate a farm. Much of
Adelaide’s drinking water is pumped from the Murray
River (Figure 4.4.6).

The Murray-Darling is Australia’s largest river
Figure \ system, with a combined length of about

4.4.6 / 3700 km. Most of its water is used for irrigation.
Adelaide uses some of the remainder for
drinking water.

e Dams and lakes—Rivers flow into natural lakes or
artificial reservoirs (formed by building a dam across
ariver). The water is stored for later use by nearby
towns and cities. For example, Sydney gets most of
its water from Warragamba Dam while Albury gets it
from Lake Hume.

¢ Groundwater—This is rainwater that has seeped
into the soil and rocks to build up in special layers
of rock called aquifers. The top layer of water in the
soil is called the water table. Groundwater is reached
by drilling a bore. The water then rises naturally or is
pumped to the surface. Figure 4.4.7 shows how this
is done. Sometimes a windmill is used to power the

pump.
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impervious rock
(water cannot
pass through)

pervious rock (water is stored)

Aquifers have rock layers containing water.
Windmills are often used to pump groundwater
to the surface.

Whatever its source, the water obtained is never

pure. It also contains other substances. Most of these
substances come from the rocks and soil that the water
passes over.

These unwanted substances can cause health and other
problems if not removed before the water is used. For
example, rubbish washed from gutters into rivers, dams
and lakes encourages microscopic disease-causing
bacteria to grow in the water. Likewise, pollutants might
be toxic. The high salt content of groundwater rusts
away hot water systems and washing machines, often
causing them to burst. Clay and other sediments can
also block pipes and clog motors.



Water treatment

Water fit to drink is called potable water, while water
unfit to drink is known as non-potable. Water from dams
and groundwater goes to a treatment plant before it is
supplied as potable water to homes and businesses.

There are five stages of water treatment:

¢ Flocculation—The fine solid particles like clay
are separated out of the water. Chemicals called
flocculants are added to make the tiny clay particles
clump together. These clumps either float and are
skimmed off, or sink to the bottom so the water can be
drained off.

¢ Filtration—The water is pumped through filters to
remove any remaining particles.

e Sterilisation—Chlorine is added to kill micro-
organisms like bacteria.

e Balancing pH—The pH level (the measure of acidity)
is adjusted so the water is not acid or alkaline.

¢ Fluoridation—Fluoride is added to reduce
the chance of tooth decay.

Desalination

Dams, lakes and groundwater may not be able to supply
all of Australia’s needs in the future. This is because

the water in them comes from rainfall, and rainfall is
declining in many parts of the country. Another source
of drinking water is salt water, such as seawater or water
from salt lakes or salty rivers. Before we can drink this,
the salt must be removed. Desalination is the process of
removing salts such as sodium chloride from the water.

Desalination can be achieved by distillation, but this
process is expensive and so is rarely used on a large
scale. A newer method is reverse osmosis, a process
using filtration. Salt water is placed under high pressure,
which forces it through a very fine filter or membrane.
The membrane has microscopically small holes that
only the water particles pass through. The salt is left
behind. In this way the salt is separated from the water.
Sydney’s new desalination plant at Kurnell (Figure 4.4.8)
processes its salt water this way:.

Sewage

Sewage is wastewater from places like kitchens,
bathrooms, toilets and laundries.

In Australia, two methods are used to remove and
process sewage:

¢ The sewerage system—This is a system of
underground pipes that carry the sewage away to a
waste treatment plant, which makes the water safe
enough to pump into the ocean or to be used to
irrigate crops and vegetable gardens. A typical sewage
treatment plant is shown in Figure 4.4.9 on page 170.
e Septic tanks—These tanks process the sewage from
houses and businesses located beyond the sewerage
system. They are made up of a series of tanks, usually
buried somewhere close to the building. Processed
water soaks through the bottom of the final tanks
to join groundwater in the aquifers. You
can see how a typical septic tank works in
Figure 4.4.10 on page 170.

Sydney’s desalination plant will eventually
provide the city with 15% of its water.




Blowers pump air
into aeration tank to

encourage bacteria blowers Settling tank
to grow. Bacteria and UV lamps
other solids Pebble filters UV light a-nFi/or chlorine is
settle to the Suspended used to disinfect sewage.
Screen removes bottom in a solids are
larger objects. thick sludge. wavad UV lamps

sewage in

settling tank pebble filter

fh;rzfgli \V4 \V }W outfall
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Aeration tank Outfall

Bacteria help break down Treated sewage is

the sewage by feeding sludge released into the

on it. Added chemicals removed ocean or recycled.
pump convert dissolved wastes

into solids. These fall to

the bottom of the tank. Sludge removal

Sludge is removed and air dried and stored
for several years. After this some of it may

A sewage treatment plant treats sewage be sold for use in soil and fertiliser products.
in a process involving several steps.

The world’s smelliest job?

Septic tanks have to be emptied out from time to
time when the solids build up too much. Trucks
with long hoses and pumps are used. The hose is

pushed into an inspection hole at the top of the
tank. However, occasionally the worker has to
take the lid off the tank to clear blockages. You
need a strong stomach and an ability to cope
with bad smells in that job.

side view

Septic tanks consist of tanks and soak wells. Processed sewage then seeps into the ground.
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WHY IS IT BEING CONSIDERED?

Australia is the driest inhabited continent
(Figure 4.4.11). With regular droughts and an
increasing population we simply do not have
enough water available to meet the demand. This
is why water authorities are trying to find
| alternative water supplies and looking for ways to
reduce water usage. At present water usage is
increasing rather than decreasing.

L]

5

Parts of Australia are very dry. Recycling
sewage is a possible solution to our
shortage of water.

Bl et A
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SHOULD WE USE IT?

The proposals have caused a lot of debate. For
example, Toowoomba residents in south-east
Queensland rejected the proposal to recycle their
wastewater. One reason against using it is the ‘yuk
factor’. This means people don’t like the thought of
drinking recycled water. However, tests have shown
that people cannot taste the difference between tap
water, bottled water and recycled water.

Water authorities in Australia believe that there is no
scientific or health reason against recycling wastewater
for drinking. This is based on the conclusions of much
scientific research. Recycled wastewater is successfully
used to top up drinking water supplies in the United
States, Singapore and Namibia.

HOW WOULD IT BE DONE?

Some methods of recycling wastewater are shown in
Figure 4.4.12. The main proposal at present is that
Australia should adopt indirect potable (drinkable
water) re-use. This means first sending wastewater to
a water treatment plant. There it is highly treated to
make it safe. The highly treated water is then pumped
back into an existing drinking water source such as a
reservoir, river or aquifer. The reservoir or aquifer

+

helps treat the water by natural processes going on
there, such as filtration by soil particles and
decomposition by bacteria. Then, when the water is
needed, it is pumped out of the reservoir to another
water treatment plant just as at present.

Reverse osmosis is one of the processes that can be
used for recycling sewage. In Toowoomba, for
example, the wastewater would have been treated
using filtration, reverse osmosis, ultraviolet
disinfection and oxidation processes to destroy
micro-organisms. Reverse osmosis is already
used around the world to provide water for
industry, as well as drinking water on ships.

REVIEW

Define the term potable.

Explain why some authorities are looking at
sewage as a potential source of drinking water.

Name the process used to recycle sewage.

List the advantages and disadvantages of using
recycled sewage as a major water supply.

Assess whether NSW should plan to use recycled
sewage in the future.

I l city
\wastewater

disinfectant
well

1 Direct industrial re-use
2 Direct agricultural re-use

3 Groundwater recharge
4 Indirect potable re-use from river

Figure

4.4.12 Some possible methods of recycling wastewater
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water treatment

5 Indirect potable re-use from well
6 Potable water supply system
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mixed
effluent and
natural run-off

groundwater

7 Indirect agricultural reusable
re-use from river




4.4 Unit review

Remembering Analysing

1 List ten uses of water as a solvent in industry. 13 Compare the benefits of water as a solvent with the

2 State the origin of groundwater. problems caused by water as a solvent.

3 List the steps in water treatment before it can be -
used for potable water. Eva I W atl n g
4 List the steps in sewage treatment before the water 14 Prop'os‘e areason why camping and fishing are often
is ready to use for irrigation. prohibited near dams.
5 Name the reservoir that provides most of the water 15 Your basins at home have an 'S’ bend in the water
to: pipes below the drain hole, as shown in Figure 4.4.13.
a Sydney The bend keeps some water trapped in it. When you
flush the basin the trapped water is pushed out and
b Albury.
replaced by new water. You have a similar water trap
i in your toilet. Propose some reasons why a water
U n d ersta n d iNn g trap is needed in basins.
6 Define these terms. '
a potable

b non-potable
¢ flocculant
d desalination

7 You wouldn'’t stay alive for long without water in
you. Explain why:.

8 Explain how the action of water on rocks can benefit
living things.

9 Outline the role of water in the process of leach
mining.

10 a Describe the desalination process known as
reverse 0smosis.

| | —>

b Name the site of the first such desalination plant : to sewerage system
in NSW. Figure
4.4.13
Applying
16 Much of the sewage of Sydney was once released
11 Identify four separation methods used in the sewage untreated through long pipes into the ocean near
treatment plant in Figure 4.4.9 on page 170. Manly, North Bondi and Malabar. Propose a list of

12 a Explain how the arrangement of different sized problems this might have caused.

particles like sand and pebbles in the science4fun 17 Water flowing through the ground may be

on page 165 can clean muddy water. underground for hundreds or thousands of years
b Identify the separation technique being used in before it is removed from a bore or until it reaches

the science4fun. the surface in a spring. In contrast, the water in

shallow lakes or dams does not remain there for
long. Use this information to propose why the
concentration of dissolved salts is much higher in
groundwater than in most surface water.
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4.4 Unit review

18 In the past, some detergents contained
phosphates. However, they are not used now due to
the environmental problems they caused. Justify the
decision to ban phosphates from detergents.

19 Septic tanks require bacteria living in them to break
down the wastes. The soil filters out solids and
dissolved materials and keeps the groundwater
clean. Propose a reason why owners of septic tanks
should not tip the following down the sink:

a disinfectants and bleaches
b paint.

20 If the store of water in dams is decreasing (Figure
4.4.14), propose a reason why <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>